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ABSTRACT: Exhaust valve is termed as essential 

component of an IC engine as it provides path to 

expel out the exhaust gases generated after 

combustion of the fuel in the combustion chamber. If 

there is improper design of exhaust valve then it 

indirectly affects its reliability i.e.  

An Exhaust valves are subjected to the axial stresses 

due to exhaust gas pressure, cyclic stresses due to 

return spring load, thermal stresses due to very high 

temperature inside the combustion chamber and 

inertia force arising on the account of valve 

assembly. The result of which maximum stress 

concentration is at the junction of fillet and valve 

stem of exhaust valve.  

In this project, IC engine’s exhaust valve is designed 

by selecting suitable fillet radius to reduce the stress 

and temperatures further best alternative material is 

recommended through finite element analysis in 

order to increase the working life of exhaust valve 

1.INTRODUCTION TO IC ENGINE VALVE 

 

Valves Train Components for Internal 

Combustions Engines, which include  

 1. Inlet and Exhaust Valves  

 2. Valve Guides  

 3. Tappets  

 4. Camshafts 

What does an engine do? 

•  It generates the power required for moving 

the vehicle or any other specific purpose.   

•  It converts the energy contained in fuel to 

useful mechanical energy, by burning the 

fuel inside a combustion chamber.  

•  An engine contains number of parts like 

Valves and other Valve train components, 

Piston, camshaft, Connecting rod,  Cylinder 

block, Cylinder head etc., from  which 

REVL supplying some of the valve  train 

components to engine manufacturers  

 

 

        

 

 

 Types of Engines 

                       From the basic concept there are 2 

major types of engine which are subdivided               

further based on their working principle.  

1. Internal Combustion Engines (IC Engines)  

     a) 2 Stroke Engines  

     b) 4 Stroke Engines  

2. External combustion Engines (EC Engines) 

     a) Steam engines (Eg. Locomotives)  

     b) Turbine engines (Eg. Aircraft) 

Types of Engines 

Based on the Fuel Used, IC Engines can be classified 

as follows  

 1. Diesel Engines (CI Engines)  

     a) DI / IDI / CRDI  

     b) NA / Turbo Charged  

 2. Petrol Engines (SI Engines)  

     a) Carburetor Engines  

     b) SPFI / MPFI Engines  

 3. Gas Engines  

     a) LPG  

     b) CNG 

Types of Engines 

Based on the Application, IC Engines can be 

classified as follows  

 1. Automotive Engines  

     a) On road Vehicles  

     b) Off road Vehicles  

     c) Marine Applications  

     d) Racing Vehicles  

 2. Stationary Engines  

     a) Generators  

     b) Power Plants 

Types of Engines 

Automotive Applications can be further subdivided 

as follows  

 1. On road Vehicles  

     a) 2 Wheelers  

     b) Passenger cars  

     c) Multi Utility Vehicles  

     b) Light Commercial Vehicles    

    d) Heavy Commercial Vehicles  
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 2. Off road Vehicles  

     a) Tractors & Farm Equipments  

     b) Earth Moving Equipments 

 

What is a Valve Train? 

• It is the set of components in a 4-stroke 

engine, responsible for smooth functioning 

of the inlet and exhaust valve   

•  It makes the valve to open and close as per 

the timing required for the correct 

functioning of the engine  

•  The performance of the engine is severely 

depends proper functioning of valve train. 

Any malfunctioning in the valve train 

system could even lead to severe damage to 

the engine 

 

 
  Figure.1.2 

About Valves: 

        Engine Valve is one of the main parts which are 

used in all IC Engines. Each cylinder in the engine  

has one inlet and one exhaust valve. Now a days 

engine are designed with multi valves viz., two inlet 

and one exhaust or Two inlet and Two exhaust valves 

which prevents air pollution and    improves engine 

efficiency. 

Function of Inlet Valve: The inlet which operates by 

the action of Tappet movement, allows air and fuel 

mixture into the cylinder.  

 

Function of Exhaust valve: The exhaust valve 

allows burnt gases to escape from the cylinder to 

atmosphere. 

. 

Valve Efficiency: Depends on the following 

characteristics like Hardness, Face roundness and 

sliding properties capable to withstand high 

temperature etc.As compared to inlet, exhaust valve 

operates at high temperature as exhaust gases (around 

800 Deg C) escape through it. As it resulting in early 

ways and gets corrosion, austenitic steel is used for 

manufacture of exhaust valve and martens tic steel is 

used for manufacture of inlet valve.The 

manufacturing process involves upset and forging, 

heat treatment and machining (turning and grinding) 

and special processes like TIG welding, Projection 

Welding, PTA Welding, Friction Welding, Induction 

Hardening and Nitriding. 

 

 

VALVE DIMENSIONS:  

 
 

Figure.1.3 

 

Working Requirements for Valves 

1. Inlet Valve  

    a) Allow incoming charge into the engine  

    b) Seal the port with out leak for remaining period  

    c) Resistance to wear at the mating surfaces     

   d) Good sliding surface for seizure resistance  

2. Exhaust Valve  

    a) Allow gases go out of the engine  

    b) Seal the port with out leak for remaining period  

    c) Strength to with stand high temperatures  

    d) Resistance to wear at the mating surfaces     

   e) Good sliding surface for seizure resistance 
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Figure.1.7 

 

DESIGN CALCULATIONS OF EXHAUST 

VALVE  

 

 
 

 

DESIGN OF OUTLET VALVE 

 a. Size of valve port 

          

                     V = 90m/s = 90000mm/s 

    
                

     
       

    

   
 

 
    

  

    
  

     

 
            =                

b .Thickness of valve disc 

  t = K  √
 

  
 

   t = 0.42      √
      

   
 

       

c. Maximum lift of the valve 

  h = lift of the valve 

h = 
  

     
 

     

        
     

    
     

d. Valve steam diameter 

   
     

 
       or 

             

                    

     
      

 
  

 
 

  
      

  

 

      
         

  

 

   
     

     
             

2D DRAWING 

 
 

 

2. LITERATURE REVIEW 

Sanoj. T et al. [1] proposed the Thermo Mechanical 

Analysis of Engine Valve. In this thermal and 

structural analysis of valve with different materials 

(Nimonic 80A and Nimonic 105A) were used for 

valve analysis. The different works are performed on 

the exhaust valve for different parameters in recent 

years. 

 Lucjan Witek [2] work on ¯Failure and thermo-

mechanical stress analysis of the exhaust valve of 

diesel engine‖ In this work the failure analysis of the 

exhaust valve of diesel engine was performed. In 

order to explain the reason of premature valve 

damage, the non-linear finite element analysis was 

utilized. The results of stress analysis performed for 

the valve with the carbon deposit showed, that in the 

valve stem a high bending stresses were occurred. 

Kum-Chul, et al. [3] presented ¯A Study of 

Durability Analysis Methodology for Engine Valve 

Considering Head Thermal Deformation and 
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Dynamic Behavior‖ the authors describe the problem 

of exhaust valve fracture of gasoline engines. From 

the results, it was found that the maximum stress 

occurred at the stem region and that stem region is 

the same region at which higher temperature 

occurred. The stress at the valve head is similar to the 

stress under the combustion pressure condition, but 

the stress on the valve neck goes up to high level 

where the failure occurred.  

Yuvraj K Lavhale et al. [4] had studied the overview 

of failure trends of inlet and exhaust valve. There are 

different causes for the failure of the exhaust valve 

such as fatiguefailure, wear, thermal. 

GAP IN LITERATURE REVIEW  

From the literature review it is seen that most of the 

studies on exhaust valve design had focused on 

fatigue behavior, wear behavior, deformation 

mechanisms in metallic materials. However, very less 

research is done in design of exhaust valve based on 

optimization of its any parameter.  

Therefore this study is conducted to design the 

exhaust valve by optimizing the fillet radius and to 

recommend the best alternative material for valve 

through analytical validation in order to increase the 

working life of exhaust valve. 

METHODOLOGY 

1) Study the basics of valve and different modes of 

failure in exhaust valve 

 2) Design the valve as per the specification and 

model it in CATIA and analyze it in ANSYS 

software.  

3) Study the different valve materials and recommend 

the best alternative material for valve with stress and 

weight as a selection criterion  

4) Conduct the static and thermal analysis to find 

stress and temperatures with help of ANSYS 

software. 

3D MODEL OF EXHAUST VALVE 

 

 
INTRODUCTION TO FEA 

Finite element analysis is a method of solving, 

usually approximately, certain problems in 

engineering and science. It is used mainly for 

problems for which no exact solution, expressible in 

some mathematical form, is available. As such, it is a 

numerical rather than an analytical method. Methods 

of this type are needed because analytical methods 

cannot cope with the real, complicated problems that 

are met with in engineering. 

INTRODUCTION TO ANSYS 
ANSYS is general-purpose finite element analysis 

(FEA) software package.  Finite Element Analysis is 

a numerical method of deconstructing a complex 

system into very small pieces (of user-designated 

size) called elements. The software implements 

equations that govern the behaviour of these elements 

and solves them all; creating a comprehensive 

explanation of how the system acts as a whole. 

CALCULATIONS TO DETERMINE 

PROPERTIES OF FLUID BY CHANGING 

VOLUME FRACTIONS 

Volume fraction=0.2, 0.4,0 .6 & 0.8 

MATERIAL PROPERTIES 

Methane  

Density = 3880 kg/m
3
 

Thermal conductivity =40 W/m-k 

Specific heat = 910J/kg-k 

Viscosity =  

Ethane  

Density = 4930 kg/m
3
 

Thermal conductivity =330 W/m-k 

Specific heat = 711 J/kg-k 

Viscosity =  

 

NOMENCLATURE 

ρnf = Density of nano fluid (kg/m
3
) 

ρs = Density of solid material (kg/m
3
) 

ρw = Density of fluid material (water)  (kg/m
3
) 

ϕ = Volume fraction 

Cpw = Specific heat of fluid material (water) (j/kg-k) 

Cps = Specific heat of solid material  (j/kg-k) 

µw = Viscosity of fluid (water)  (kg/m-s) 

µnf = Viscosity of Nano fluid   

 (kg/m-s) 

Kw = Thermal conductivity of fluid material (water)

 (W/m-k) 

Ks = Thermal conductivity of solid material 

 (W/m-k) 

NANO FLUID CALCULATIONS  

ALUMINUM OXIDE 

DENSITY OF NANO FLUID  

 

ρnf = ϕ×ρs + [(1-ϕ) × ρw] 

 

SPECIFIC HEAT OF NANO FLUID 
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Cp nf = 
  ρ            ρ       

  ρ        ρ 
 

VISCOSITY OF NANO FLUID 

 

µnf =µw (1+2.5ϕ) 

 

 

THERMAL CONDUCTIVITY OF NANO FLUID 

 

Knf =  
                

                 
 × k1 

 

 

Volu

me 

fractio

n  

Density(

ρ) 

Specific 

heat (Cp) 

Thermal 

conductiv

ity (w/m-

k) 

Viscosi

ty 

(kg/m-

s) 

0.2 0.9276 1674.76 0.01901 0.0001

11 

0.4 1.1982 1655.990

4 

0.02073 0.0001

48 

0.6 1.4688 1644.134 0.022456 0.0001

85 

0.8 1.7394 1635.967

92 

0.024177 0.0002

22 

CFD ANALYSIS OF VALVE 

→→Ansys  → workbench→ select analysis system 

→ fluid flow fluent → double click  

→→Select geometry → right click → import 

geometry → select browse →open part → ok 

 

 
→→ select mesh on work bench → right click →edit 

→ select mesh on left side part tree → right click → 

generate mesh →  

 
Select faces → right click → create named section → 

enter name → water inlet  

Select faces → right click → create named section → 

enter name → water outlet 

 

Model → energy equation → on. 

Viscous → edit → k- epsilon  

Enhanced Wall Treatment → ok 

Materials → new → create or edit → specify fluid  

material or specify properties → ok 

Select gasoline 

Boundary conditions → select fluid inlet → Edit → 

Enter velocity → 10m/s and Inlet Temperature –  

Solution → Solution Initialization → Hybrid 

Initialization →done 

Run calculations → no of iterations = 50 → calculate   

→  calculation complete 

→→ Results → graphics and animations → 

contours → setup 

Velocity = 10m/s 

Volume fraction =0.2 

Static pressure 

 
Velocity 

 

 

The International journal of analytical and experimental modal analysis

Volume XIII, Issue X, October/2021

ISSN NO:0886-9367

Page No: 863



Heat transfer coefficient  

 
Mass flow rate 

 
Heat transfer rate 

 
THERMAL ANALYSIS OF HOLLOW 

EXHAUST VALVE 

MATERIAL-STAINLESS STEEL 

Open work bench 14.5>select steady state thermal 

in analysis systems>select geometry>right click on 

the geometry>import geometry>select IGES 

file>open 

IMPORTED MODEL 

 
MESHED MODEL 

 
Finite element analysis or FEA representing 

a real project as a “mesh” a series of small, regularly 

shaped tetrahedron connected elements, as shown in 

the above fig.And then setting up and solving huge 

arrays of simultaneous equations. The finer the mesh, 

the more accurate the results but more computing 

power is required. 

 

BOUNDARY CONDITIONS 

 
T =1073K 

Select steady state thermal >right click>insert>select 

convection> enter film coefficient value Select steady 

state thermal >right click>insert>select heat flux 

Select steady state thermal >right click>solve 

 Solution>right click on solution>insert>select 

temperature 

 

TEMPERATURE 

 
HEAT FLUX 
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RESULT TABLES 

CFD RESULTS 

 

THERMAL RESULTS 

 

THEORETICAL CALCULATIONS  

Volume fraction (Φ) = 0.2 

 

 Re     =
     

 
 

           =
               

        
 

           = 8941.72  

 

 Pr      =
    

  
 

    =
                

       
 

    = 9.778 

 

          Nu     = 0.024×(Re)^0.8×(Pr)^0.4 

     = 

0.024×(8941.72)^0.8×(9.778)^0.4 

                    = 86.586 

 

           hfc    = 
     

  
 

                     = 
              

    
 

     =  32.919 w/m
2
-k 

Volume fraction (Φ) = 0.4 

 

 Re = 
     

 
 

      = 
               

        
 

      = 8662.66 

  

 Pr = 
    

  
 

      = 
                  

       
 

      = 11.822 

 

 Nu = 0.024×(Re)^0.8×(Pr)^0.4 

       = 

0.024×(8662.66)^0.8×(11.822)^0.4 

       = 91.0769 

 

 hfc= 
     

  
 

                       = 
               

    
 

                       = 37.760 w/m
2
-k 

Volume fraction (Φ) = 0.6 

 

 Re = 
     

 
 

       = 
               

        
 

       = 8495.22 

  

 Pr = 
    

  
 

      = 
                 

        
 

      = 13.544 

  

 Nu = 0.024×(Re)^0.8×(Pr)^0.4 

        

=0.024×(8495.22)^0.8×(13.544)^0.4 

        = 94.6781 

 

 hfc= 
     

  
 

        = 
               

    
 

        = 42.521 w/m
2
-k 

Volume fraction (Φ) = 0.8 

 

 Re = 
     

 
 

       = 
               

        
 

       = 8383.59 

 

 Pr = 
    

  
 

      = 
                   

        
 

      = 15.0219 

 

 Nu = 0.024×(Re)^0.8×(Pr)^0.4 

        

=0.024×(8383.59)^0.8×(15.021)^0.4 

        = 97.6415 

 

 hfc = 
     

  
 

        = 
               

    
 

        = 47.2135 w/m
2
-k 
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COMPARISON OF ANALYTICAL AND 

THEORETICAL  

Analytical  Theoretical  

Heat transfer 

coefficient(w/m
2
-k) 

Heat transfer 

coefficient(w/m
2
-k) 

2.90e+02 3.2e+02 

3.26e+02 3.7e+02 

3.62e+02 4.2e+02 

3.97e+02 4.7e+02 

CONCLUSION 

In this thesis, methane fluid is mixed with ethane are 

calculated for their combination properties. The 

volume fraction 0.2, 0.4, 0.6 & 0.8. Theoretical 

calculations are done determine the properties for 

fluids and those properties are used as inputs for 

analysis. 

 In this thesis, a finite-element method is used for 

modeling the thermal analysis of an exhaust valve. 

The temperature distribution and resultant thermal 

stresses are evaluated. Detailed analyses are 

performed to estimate the boundary conditions of an 

internal combustion engine. In this thesis, CREO 

parametric is employed for modeling and ANSYS is 

used for analysis of the exhaust valve. 

By observing the CFD analysis results the pressure 

and heat transfer coefficient values are increases by 

increasing the volume fraction and mass flow rate 

and heat transfer rate values are more at volume 

fraction 0.6. So it can be concluded the methane and 

ethane mixture volume fraction at 0.6 is better fluid. 

By observing the thermal analysis results the more 

heat flux value for aluminum alloy.the extra 

warmness flux price for aluminum alloy. 
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ABSTRACT   

A turbine blade is the individual component 

which makes up the turbine section of a gas 

turbine. The blades are responsible for extracting 

energy from the high temperature, high pressure 

gas produced by the combustor. In this paper, a 

turbine blade is designed and modeled in 3D 

modeling software Pro/Engineer. The design is 

modified by changing the base of the blade to 

increase the cooling efficiency. Since the design 

of turbo machinery is complex, and efficiency is 

directly related to material performance, 

material selection is of prime importance. In this 

project, two materials are considered for turbine 

blade chromium steel and stainless steel 316L. 

Optimization is done by varying the materials 

chromium steel and stainless steel 316L by 

performing coupled field analysis (thermal and 

structural) on the turbine blade for the designs 

(without holes, internal cooling, external cooling 

and internal-external cooling) . 

key words:CFD,thermal and strctural. 

1. INTRODUCTION 

A gas turbine, also called a combustion turbine, is a 

type of internal combustion engine. It has an 

upstream rotating compressor coupled to a 

downstream turbine, and a combustion chamber or 

area, called a combustor, in between. 

The basic operation of the gas turbine is similar to 

that of the steam power plant except that air is used 

instead of water. Fresh atmospheric air flows through 

a compressor that brings it to higher 

pressure. Energy is then added by spraying fuel into 

the air and igniting it so the combustion generates a 

high-temperature flow. This high-temperature high-

pressure gas enters a turbine, where it expands down 

to the exhaust pressure, producing a shaft work 

output in the process. The turbine shaft work is used 

to drive the compressor and other devices such as 

an electric generator that may be coupled to the shaft. 

The energy that is not used for shaft work comes out 

in the exhaust gases, so these have either a high 

temperature or a high velocity. The purpose of the 

gas turbine determines the design so that the most 

desirable energy form is maximized. Gas turbines are 

used to power aircraft, trains, ships, electrical 

generators, and tanks. 

Theory of operation 

In an ideal gas turbine, gases undergo four 

thermodynamic processes: an isentropic compression, 

isobaric (constant pressure) combustion, an isentropic 

expansion and heat rejection. Together, these make 

up the Brayton cycle. 

 

 

2. LITERATURE REVIEW  

 

The objective of this project is to design and 

stresses analyze a turbine blade of a jet 

engine. An investigation for the usage of new 
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materials is required. In the present work 

turbine blade was designed with two different 

materials named as Inconel 718 and Titanium 

T-6. An attempt has been made to investigate 

the effect of temperature and induced stresses 

on the turbine blade. A thermal analysis has 

been carried out to investigate the direction of 

the temperature flow which is been develops 

due to the thermal loading. A structural 

analysis has been carried out to investigate the 

stresses, shear stress and displacements of the 

turbine blade which is been develop due to the 

coupling effect of thermal and centrifugal 

loads. An attempt is also made to suggest the 

best material for a turbine blade by comparing 

the results obtained for two different materials 

(Inconel 718 and titanium T6). Based on the 

plots and results Inconel718 can be consider 

as the best material which is economical, as 

well as it has good material properties at 

higher temperature as compare to that of 

TitaniumT6.  

3. INTRODUCTION TO CAD/CAE: 

Computer-aided design (CAD), also 

known as computer-aided design and 

drafting (CADD), is the use of computer 

technology for the process of design and 

design-documentation.  

3.1. INTRODUCTION TO PRO-

ENGINEER 

Pro/ENGINEER Wildfire is the standard in 

3D product design, featuring industry-

leading productivity tools that promote best 

practices in design while ensuring 

compliance with your industry and company 

standards. Integrated Pro/ENGINEER 

CAD/CAM/CAE solutions allow you to 

design faster than ever, while maximizing 

innovation and quality to ultimately create 

exceptional products. 

Different modules in pro/engineer 

Part design, Assembly, Drawing& Sheet 

metal. 

3.2. INTRODUCTION TO FINITE 

ELEMENT METHOD: 

Finite Element Method (FEM) is also called 

as Finite Element Analysis (FEA). Finite 

Element Method is a basic analysis 

technique for resolving and substituting 

complicated problems by simpler ones, 

obtaining approximate solutions Finite 

element method being a flexible tool is used 

in various industries to solve several 

practical engineering problems. In finite 

element method it is feasible to generate the 

relative results. 

4. RESULTS AND DISCUSSIONS: 

4.1. Models of pro-e wildfire 5.0:  

Gas turbine blade 3D model (without 

holes)  
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with holes 

 
CFD ANALYSIS OF FILM COOLING 

TURBINE BLADE 

PRESSURE 

 
VELOCITY 

 

 

HEAT TRANSFER COEFFICIENT 

 

 
 

STATIC ANALYSIS OF GAS 

TURBINE BLADE 

Deformation 

 
STRESS 
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STRAIN 

 

 
 

THERMAL ANALYSIS ON GAS 

TURBINE BLADE 

TEMPERATURE  

 

 
HEAT FLUX  

 

. 

RESULTS AND DISCUSSIONS  

STATIC ANALYSIS RESULT TABLE  

 
 

 

 

 

THERMAL ANALYSIS RESULT 

TABLE 

 

 
 

5.CONCLUSION  

In our project we have designed a turbine blade used 

in gas turbines and modeled in 3D modeling software 

PRO-E. Models are (without holes, internal cooling, 

external cooling and internal-external cooling). 

We have done structural and thermal analysis on all 

the models of turbine blades using chromium steel 

and stainless steel 316L. By observing the analysis 

results, the analyzed stress values are less than their 

permissible stress values. So using both the materials 

is safe. The stress and deformation values are more 

for stainless steel 316L. 

By observing the thermal results, thermal flux is 

more for stainless steel 316L and chromium steel. So 

using stainless steel 316L is better than chromium 

steel. But the main advantage is its weight. 

So we can conclude that by using stainless steel 316L 

with internal – external cooling method   is better.  
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Abstract: Two most important concerns in diesel-fuelled CI engine are NOx and soot emissions. 

The improvement of air and fuel mixture will improve combustion engine performance. There 

are many ways to improve the air–fuel mixture inside a cylinder, and changing piston bowl 

geometry is one of them. Several researchers have worked on combustion chamber and different 

types of piston bowl geometry. This paper represents the effect of piston bowl geometry on the 

performance and emissions of a direct-injection diesel engine. Different piston bowl profiles, 

namely, hemispherical combustion chamber (HCC), shallow depth combustion chamber (SCC) 

and toroidal combustion chamber (TCC), have been created by using cad tool CATIA and 

analyzing with CAE tool ANSYS workbench. Furthermore, Karanja oil mixed with base fluid 

Diesel are calculated for their combination properties. The fluids are Karanja and Diesel at 

different volume fractions such as 0.2%, 0.3% and 0.4%. Theoretical calculations are done 

determine the properties for nano fluids and those properties are used as inputs for analysis. CFD 

analysis is done on the different geometries at different fluid volume fractions and thermal 

analysis is done piston bowl geometries with different composite materials (carbon fiber and 

armide fiber). 

1. INTRODUCTION 

Compression ignition engine is preferred for heavy-duty usage due to their durability and higher 

thermal efficiency compared to spark ignition engines [1, 2]. However, conventional diesel 

combustion (CDC) engines are facing significant challenges in meeting increasingly stringent 

emission regulations due to high oxides of nitrogen (NOX) and particulate matter (PM) emissions 

[3]. Improvements in the accuracy and flexibility of common-rail injection systems [4] have 

allowed detailed investigation of low-temperature combustion (LTC) concepts such as, 

homogeneous charge compression ignition (HCCI) [5–7] and partially premixed combustion 

(PPC) [8,9], reactivity controlled compression ignition (RCCI) [10,11], intelligent charge 

compression ignition (ICCI) [12,13], diesel methanol dual fuel (DMDF) [14–16]. In these LTC 

engines, one fuel is usually injected directly into the cylinder during the intake/compression 

stroke to form a relatively lean and stratified fuel/air mixture before the onset of ignition [17]. 

Thus, LTC engines always require a high compression ratio (CR) (similar to the CDC engine) to 

ignite the lean mixture. Staged combustion is observed due to the in-cylinder mixture 

stratification, which offers an opportunity to simultaneously achieve high thermal efficiency and 

low NOX and PM emissions without using expensive after-treatment technologies [1,5]. 

Compared to diesel fuel, low reactive fuels, like gasoline, have a prolonged ignition delay and 
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hence an improved fuel–air mixing, which shows great advantages in the load extension and 

knock control in direct-injection compression ignition (DICI) engines [18]. However, gasoline 

DICI engines suffer from high unburned hydrocarbons (UHC) and carbon monoxide (CO) 

emissions, and coldstart problems at low loads owing to the low fuel reactivity [19,20]. Further 

improvements are required for gasoline DICI engines to achieve optimized fuel distribution in 

the cylinder, which is strongly affected by the fuel injection system, injection strategy, injector-

nozzle designparameters, fuel physical and chemical properties, combustion chamber (piston 

bowl) shape and operation conditions (CR, intake pressure and temperature). 

 

2. LITERATURE REVIEW 

Arumugam et.al [21] produced the rice bran oil methyl ester and test in a diesel engine using of 

rice bran oil methyl ester with ethanol at various proportions such as 1%, 3% and 5% by volume 

basis. The results showed that the increase in biodiesel concentration in the fuel blend influences 

CO2 and NOx emissions and decreases the CO and HC emissions. It is also reported that 

emission of ethanol-B20ROME blends, reduces CO2 and NOx which are the major contributors 

to global warming. With the addition of ethanol by 1, 3, and 5% to B20ROME. 

Senthil, R., et. al [22] studied the performance, emission, and combustion characteristics of 

single cylinder direct injection Diesel engine Annona methyl ester as a fuel with the addition of 

anti oxidents such as p-phenylenediamine, a-tocopherol acetate,1,4-dioxane,and l-ascorbic acid. 

Results showed that anti-oxidant additives are very effective in controlling the NOx emission. 

Among different antioxidant additives, 0.010%-m concentration of p-phenylenedimineadditive is 

optimum for NOx emission reduction up to 42.15% when compared to that of neat biodiesel. 

Mark Robert Ellis [23] studied the effective air and fuel mixing is significantly increased by 

modifing the combustion chamber by suitable piston bowl can significantly increased the peak 

pressure heat release rate. 

 Montajir et al [24] have attempted to achieve improvement in mixture formation by changing 

the combustion chamber geometry. They found that the reentrant cavity with round lip produces 

larger spray volumes and wider spray spreading. They found that introduction of a bottom corner 

radius helps to disperse the fuel accumulated at the bottom corner and the spray volume 

increases. 

Gnanamoorhi, et. Al., [25] studied the effect of combustion chamber geometry on performance, 

combustion and emissions of ethanol-diesel blend in a diesel engine. It is reported that the 

toroidal combustion chamber creates better turbulence, squish, and swirl at high compression 

ratios of 19.5:1 compared to that of hemispherical cavity combustion chamber. It is also reported 

that the brake thermal efficiency for toroidal combustion chamber is 33% and the peak pressure 

in the cylinder as well as peak heat release rate is also increased. Further, it is also concluded that 

60% of CO emission, 20% of HC emission, 40% of NOx emission, and 90% in smoke emissions 

were reduced for toroidal combustion chamber, compared to that of hemispherical combustion 

chamber. 

Viswanathan et.al [26] investigated the performance and emission characteristics of 20% orange 

oil methyl ester and 80% diesel in hemispherical combustion chamber and toroidal combustion 

chamber. It is reported that NOx and HC emission is reduced in toroidal combustion chamber 

engine. However, smoke emission is found to be lower in hemispherical combustion chamber 

engine. 
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Rajan and Senthilkumar [27] tested the performance of a diesel engine using Jatropha methyl 

ester with internal jet using and reported that the BTE was improved and the exhaust gas 

emissions are reduced significantly at full load due to enhancement of turbulence motion of air 

by the internal jets. 

Saito et al. [28] compared conventional combustion chambers and re-entrant combustion 

chambers in terms of the combustion process, engine performance, and NOx and smoke 

emissions for diesel engine. It was reported that re-entrant combustion chamber, enhanced 

combustion because of the higher in-cylinder velocity accompanied by increased turbulence. 

Li et al [29] numerically studied of the effects of piston bowl geometry on combustion and 

emission characteristics of a diesel engine fueled with biodiesel and its diesel blends. They 

reported that CO emissions were lower and NO emissions were higher for Omega combustion 

chamber operation with biodiesel. 

Prasad et al [30] studied the effect of high swirl inducing piston to reduce exhaust emissions 

numerically. They found that an injection timing of 8.6o CA bTDC was found to be optimum 

and it leads to a 27% reduction in NOx emissions and 85% reduction in soot levels as compared 

to the base engine. 

Jaichandar and Annamalai [31] studied the effect of injection pressure and reentrant combustion 

chamber using 20% Ponga mia biodiesel in a diesel engine. They reported that CO, UBHC and 

smoke were reduced and NO emission was increased for reentrant combustion chamber with 

increased injection pressure of 220bar due to improved combustion. Brake Thermal Efficiency is 

increased and brake specific fuel consumption decreased for biodiesel as compared to hemi 

spherical bowl geometry of the piston for diesel engine. Hence, the objective of the research 

work is to investigate the combined effect of varying injection pressure and combustion chamber 

geometry on the performance of a 25% corn biodiesel blend in a diesel engine and the results 

were compared to diesel and the the 25% corn biodiesel blend. 

Wamankar and Murugan[32] experimentally analyzed the effect of internal jet induced piston 

bowl with emulsified diesel fuel. The researcher uses this piston bowl achieved a superior 

emission reduction through the modified piston bowl because swirl variation and fuel-air 

interaction. About above of paper, we can found main goal that combustion bowl profile 

modification can be utilized for the improvement of performance and emission behavior of diesel 

and biodiesel fuels. 

Jaichandar and Annamalai[33] experimentally studied the toroidal and shallow depth re-entrant 

combustion bowl using pongamia biodiesel to power a diesel engine. So they found the reentrant 

bowls tended to improve the mixture formation by better fuel and air interaction resulting in the 

improvement of the performance characteristics. 

Ramesh Bapu et al.[34] probed the consequence of a modified combustion bowl profile on a 

diesel engine powered by Calophylluminophyllum methyl ester. This investigation can be found 

that the bowl with the lower diameter to depth ratio would have superior squish flow resulting in 

the enhancement of the performance characteristics. 

Li et al. [35] carried out the impact of piston bowl geometry use CFD tool and the fuel using 

biodiesel-powered diesel engine with three different combustion bowls, and the name of three 

bowls are Hemispherical, Shallow depth, and Omega Combustion cylinder with the same 

cylinder. This research can be found the Omega Combustion chamber got high-speed engines 

owing to superior squish motion, and the 3geometry of piston made the fuel and air complete 

mixture cause the engine performance improvement. 
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B. Harshavardhan and J. M. Mallikarjuna[36] work on “CFD analysis of in-cylinder flow and 

air-fuel interaction on different combustion chamber geometry in DISI Engine”. They carried the 

work by fixing the engine speed and crank angle. The engine speed which they took was 1500 

rpm. They have concluded that flat piston has slightly high Tumble Ratio when compared to the 

other piston configurations i.e., dome piston with centre bowl, Pentroof Offset Bowl Piston 

(POBP), flat piston with centre bowl,the Turbulent Kinetic Energy (TKE) is distributed all over 

the combustion chamber; TKE of Flat Piston (FP) is high about 12.56% when compared to the 

POBP. They didn’t analyze the contours of turbulent kinetic energy and turbulent intensity of all 

four geometries. 

V. V. PrathibaBharathi and G. prasanthi[37] work on “Influence of in-cylinder air swirl on diesel 

engines performance and emissions” have concluded that lesser smoke can be achieved by the 

complete combustion, lesser carbon deposits in the combustion chamber, piston crown and 

exhaust system occur due to the controlled complete combustion, better fuel economy can be 

achieved by the improved and complete combustion, there will be raise in the cylinder pressure 

due to the effective combustion. But Pressure and velocity contours have not been analyzed. 

Jinou song, Chunde Yao, Yike Liu and Zejun Jiang[39] work on “Investigation on flow field in 

simplified piston bowls for Direct Injection diesel engine” have concluded that squish flow plays 

an important role in the turbulence generation process near the TDC during compression, the 

coupling among the swirl, squish, bowl shape and turbulence is much more pronounced for the 

flow fields in the combustion chambers and the piston bowl configurations should be designed to 

coincide with the contour lines of the turbulence. 

C. Morley, R. J. Price, N. P. Tait and C. R. McDonald [40] work on “Understanding how fuels 

behave in engines” concluded that differences in the fuel composition can sometimes play a 

significant role on the performance of the engine as they lead to the formation of combustion 

chamber deposits. Fuel components considerably differ in their deposit forming tendency, 

combustion chamber deposits in gasoline engines can increase NOx and hydro carbon emissions. 

2.1 PROBLEM DESCRIPTION 

The objective of this project is to make a 3D model of the piston bowl geometries study the CFD 

and structural behavior of the Different piston bowl profiles, namely, hemispherical combustion 

chamber (HCC), shallow depth combustion chamber (SCC) and toroidal combustion chamber 

(TCC), have been created by using cad tool CATIA by performing the finite element analysis. 

2.2 The methodology followed in the project is as follows: 

 Study the literature review  

 Create a 3D model of the piston bowl geometries  using parametric software CATIA 

 Convert the surface model into Para solid file and import the model into ANSYS to do 

analysis. 

 Perform static analysis on the different geometries at different materials is to be 

determine the deformation, stress and strain. 

 Perform Thermal analysis on the different geometries at different materials is to be 

determine the Temperature distribution and heat flux. 

 Perform CFD analysis on the existing model of the piston bowl geometry for Velocity 

inlet to find out the Turbulence intensity, pressure drop and Emissions(NOx,CO….etc).   
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Fig: 1 Flow Chart of Work 

3. MATERIALS AND METHODS  

Biodiesel is produced from renewable resources like vegetable oils and animal fats. It can use as 

a fuel in diesel engine by blending with diesel or in pure form. Biodiesel blended diesel fuel 

emits less harmful gasses compare to diesel fuel. India is developing country where more than 

70% of petroleum products are import. Biodiesel production from local resources provides 

energy security; reduce import bill, generate employment and reduced emissions of harmful 

gasses. Production of biodiesel from edible oil is not economical for India due to its higher price. 

Various non-edible oil seeds like Jatropha, Karanja, Mahua, Sal, Neem etc. are widely available 

in India. It is less costly compared to edible oils. Among them, Karanja has a potential to be used 

as a basic feedstock for the production of biodiesel. Karanja trees can grow on sides of roads, 

canal and boundary portion of agricultural lands with minimum care. 

Table:1 Thermo Physical Properties of  Fluids 

Specification  Diesel Karanja 

Density(kg/m
3
) 959 920 

Thermal 

conductivity(w/m-k) 

0.13 0.0168 

Specific heat(j/kg-k) 2220 1572 

Viscosity (kg/m-s) 0.006123 0.003831 

3.1 Calculations to Determine Properties of Fluid by Changing Volume Fractions 

Density Of Fluid  

 Eq(1)                                     [dل × (1-Φ)] + kل×f= Φل

 

Problem identification  

Selection of bowl geometries  

Create a 3D model in CATIA 

Analyzing the model  in CFD ,thermal analysis and 
static 

Comparing the results  
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Specific Heat Of Fluid 

Cpnf = 
 (     ل)(   )      ل  

 ل (   )  ل  
                          Eq(2)   

Viscosity of Fluid 

µnf =µw (1+2.5ϕ)           Eq(3) 

Thermal Conductivity Of Fluid 

Knf =  
        (     )(   )   

       (     )(   )   
 × Kd                     Eq(4) 

Table 2: from Eq (1,2,3 and 4) calculating the Thermo Physical Properties of Diesel fuel mixed 

with karanja oil at different volume fractions  

 

4. MODELING AND SIMULATION  

4.1 CATIA PARAMETRIC SOFTWARE  

Computer Aided Design (CAD) is the use of computer software to design a product or an object. 

Computer Aided Manufacturing (CAM) is the use of computer software and hardware to plan, 

manage and control the operations of a manufacturing plant. Computer Aided Engineering is the 

use of computer software to solve engineering problems and analyze products created using 

CAD.CATIA is an acronym for Computer Aided Three-dimensional Interactive Application. It is 

one of the leading 3D software used by organizations in multiple industries ranging from 

aerospace, automobile to consumer products. CATIA is a multi platform 3D software suite 

developed by Dassault Systems, encompassing CAD, CAM as well as CAE. 

4.2 ANSYS 

The governing equations in ANSYS Forte follow mainly the Continuity equation, Momentum 

equation (Navier Stokes equation) and Energy equation to solve computational fluid dynamics 

problem.  

The conservation equation for species is given by :  

Volume 

fraction (ɸ) 

Density 

(kg/m
3
) 

Specific heat 

(j/kg-k) 

Thermal 

conductivity (w/m-

k) 

Viscosity 

(kg/m-s) 

B10 951.21 2094.650 0.13944 0.00918 

B15 947.3 2031.202 0.14433 0.01071 

B20 943.4 1967.229 0.149349 0.01224 
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                                 (5) 

Where:   is the density, subscript   is the species index,   is the total number of species,   is the 

flow velocity vector. Application of Fick’s Law of diffusion results in a mixture-averaged 

turbulent diffusion coefficient DT.     and    s are source terms due to chemical reactions and 

spray evaporation, respectively. The summation of Equation 1 over all species gives the 

continuity equation for the total fluid 

  

  
   (   )       (6) 

Steady-state thermal analyses calculate the effects of steady thermal loads on a system or 

component. Users often perform a steady-state analysis before doing a transient thermal analysis, 

to help establish initial conditions. A steady-state analysis also can be the last step of a transient 

thermal analysis; performed after all transient effects have diminished. ANSYS can be used to 

determine temperatures, thermal gradients, heat flow rates, and heat fluxes in an object that are 

caused by thermal loads that do not vary over time. 

Computational fluid dynamics, usually abbreviated as CFD, is a branch of fluid mechanics that 

uses numerical methods and algorithms to solve and analyze problems that involve fluid flows. 

Computers are used to perform the calculations required to simulate the interaction of liquids and 

gases with surfaces defined by boundary conditions. With high-speed supercomputers, better 

solutions can be achieved. Ongoing research yields software that improves the accuracy and 

speed of complex simulation scenarios such as transonic or turbulent flows. Initial experimental 

validation of such software is performed using a wind tunnel with the final validation coming in 

full-scale testing, e.g. flight tests. 

Designs of CFD Domains 

  

        Fig: 2 hemispherical chamber                                                     Fig: 3 2D drawing of hemispherical chamber 
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        Fig: 4 Toroidal Chamber                                              Fig: 5 2D drawing of Toroidal Chamber 

 

        Fig: 6 Shallow depth chamber                                             Fig: 7  2D drawing of Shallow depth chamber 

3D MODEL OF PISTON BOWL GEOMETRIES 

 

Fig: 8 hemispherical chamber          Fig:9 Toroidal Chamber              Fig: 10 Shallow depth chamber 

5. RESULTS AND DISCUSSIONS  

5.1 Grid models of HCC, TCC, and SCC 

Grid independency is checking the result for solution is independent from different mesh types 

and size, result is only depend the CFD domain’s Boundary conditions. 
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Fig: 11 meshing models of HCC, TCC and SCC piston bowl geometries 

The model is designed with the help of CATIA and then import on ANSYS for Meshing and 

analysis. The analysis by CFD approach is used in order to calculating pressure, turbulence 

intensity, velocity, N2 plots and CO2. For meshing, the fluid ring is divided into two connected 

volumes. Then all thickness edges are meshed with 360 intervals. A tetrahedral structure mesh is 

used. So the total number of nodes and elements is 21264and 109297. 

 

Table 4: Input parameter of CFD domain 

 

Parameter Magnitude 

Crank shaft speed 1500 

Crank radius 47 

Bore 85 

Stroke 85 

Fuel Diesel +B20(karanja oil) 

 

 

 

(a)                    (b) 
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(c)                                                                        (d) 

 

(e) 

Fig: 12 The following above figures geometry is HCC at fluid diesel+B20, Path lines counter 

plots (a) pressure plot (b) velocity plot (c) Turbulence intensity (d)molar concentration of N2 (e) 

molar concentration of CO2 

 

 

 

 

(a)               (b) 
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   (c)                                                                            (d) 

 

          (e) 

Fig: 13 The following above figures geometry is TCC at fluid diesel+B20, Path lines counter 

plots (a) pressure plot (b) velocity plot (c) Turbulence intensity (d)molar concentration of N2 (e) 

molar concentration of CO2 
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(a)               (b) 

     

(c)            (d) 

 

(e) 

 

Fig: 14 The following above figures geometry is SCC at fluid diesel+B20, Path lines counter 

plots (a) pressure plot (b) velocity plot (c) Turbulence intensity (d)molar concentration of N2 (e) 

molar concentration of CO2 

 

Table: 5 CFD analysis results  

Shape of  

Geometry  

Fluid 

and 

volume 

fraction 

(%)  

Pressure 

(Pa) 

Velocity  

(m/s) 

Turbulence  

Intensity 

(%) 

Molar 

concentrat

ion of N2 

Molar 

concentrat

ion of CO2 

Hemispheri

cal  

Diesel  1.95e+05 4.16 9.81e+03 0.0542 1.85e-07 

B10 2.01e+05 4.72 9.99e+03 0.0492 1.95e-07 

B15 2.12e+05 5.12 1.13e+04 0.0421 2.01e-08 

B20 2.25e+05 5.45 1.56e+04 0.0391 2.05e-08 

Torodial 

chamber  

Diesel  2.45e+05 6.83 2.13e+04 0.0611 8.91e-05 

B10 2.76e+05 8.12 2.34e+04 0.0593 8.08e-05 

B15 3.27e+05 9.16 2.56e+04 0.0445 9.07e-05 
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B20 3.76e+05 10.04 2.74e+04 0.0419 4.04e-06 

Shallow 

depth 

chamber  

Diesel  1.75e+05 4.23 1.12e+04 0.0552 2.95e-07 

B10 1.91e+05 4.84 1.34e+04 0.0498 5.95e-07 

B15 1.99e+05 5.25 1.67e+04 0.0412 8.45e-07 

B20 2.13e+05 5.84 1.94e+04 0.0396 9.13e-08 

 

5.2 OBSERVATIONS 

Following observations were made after analyzing the results of CFD analysis of hemispherical, 

toroidal and shallow depth piston bowl geometry.  

The observations were found by referring figure 12 (a,b,c,d and e) for hemispherical piston 

bowl.For toroidal from figure 13(a,b,c,d and e ) for shallow depth  shape from figure 14 (a,b,c,d 

and e ). In analysis of hemispherical piston it was observed that air molecules were not 

distributed properly, pressure distribution was uneven and velocity distribution was also uneven. 

For toroidal piston air molecules distribution and swirl was uniform, pressure distribution was 

more uniform as compared to hemispherical  bowl and velocity distribution was uniform but 

velocity of air molecules was found low. In case of shallow depth piston, air molecules 

distribution and swirl production was enhanced pressure distribution was enhanced, velocity 

distribution is more uniform and velocity of air molecules inside the cylinder was also increased. 

 

 
The above graph is plotted between Pressure and piston bowl geometries .The graph compares 

the pressure of various fuels (D100, B10, B15, and B20) used in the diesel engine. The pressure 

is an important parameter of an engine because it takes care of both mass flow rate and heating 

value of the fuel. The above graph shows that while increasing in the blend composition 

automatically it increases the pressure. The above graph shows that biodiesel blend B20 is higher 

than the diesel (D100) fuel under loading condition.  
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The above graph is plotted between Velocity and piston bowl geometries .The graph compares 

the velocity of various fuels (D100, B10, B15, and B20) used in the diesel engine. The Velocity 

is an important parameter of an engine because it takes care of both mass flow rate and heating 

value of the fuel. The above graph shows that while increasing in the blend composition 

automatically it increases the velocity. The above graph shows that biodiesel blend B20 is higher 

at torodial piston bowl than the diesel (D100) fuel under loading condition.  

 

The above graph is plotted between turbulence intensity and piston bowl geometries .The graph 

compares the turbulence intensity of various fuels (D100, B10, B15, and B20) used in the diesel 

engine. The turbulence intensity is an important parameter of an engine because it takes care of 

both mass flow rate and heating value of the fuel. The above graph shows that while increasing 

in the blend composition automatically it increases the turbulence intensity. The above graph 

shows that biodiesel blend B20 is higher at torodial piston bowl than the diesel (D100) fuel 

under loading condition.  

0

2

4

6

8

10

12

Diesel B10 B15 B20

V
e

lo
ci

ty
(m

/s
) 

fluids  

Hemispherical

Torodial chamber

Shallow depth
chamber

0.00E+00

5.00E+03

1.00E+04

1.50E+04

2.00E+04

2.50E+04

3.00E+04

Diesel B10 B15 B20

Tu
rb

u
le

n
ce

 In
te

n
si

ty
(%

) 

fluids  

Hemispherical

Torodial chamber

Shallow depth
chamber

The International journal of analytical and experimental modal analysis

Volume XIII, Issue XII, December/2021

ISSN NO:0886-9367

Page No: 882



 

The above graph is plotted between fluids and N2The graph compares the N2 emissions of 

various fuels (D100, B10, B15, B20) used in the diesel engine. It shows that increasing in blend 

compositions automatically Decrease in NOₓ emissions.  
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The above graph is plotted between fluids and CO2 The graph compares the CO2 emissions of 

various fuels (D100, B10, B15, B20) used in the diesel engine. It shows that increasing in blend 

compositions automatically Decrease in CO2emissions.  

Conclusion 

Karanja oil mixed with base fluid Diesel are calculated for their combination properties. The 

fluids are Karanja and Diesel at different volume fractions such as 0.2%, 0.3% and 0.4%. Hence 

from 3D Modeling using CATIA and the results of CFD analysis from ANSYS of the piston 

bowl geometry, it was concluded that in order to achieve proper combustion to increase power 

output, the swirl formation can be enhanced by modifying piston bowl geometry. Turbulence 

intensity of various fuels (D100, B10, B15, and B20) used in the diesel engine. The turbulence 

intensity is an important parameter of an engine because it takes care of both mass flow rate and 

heating value of the fuel. While increasing in the blend composition automatically it increases 

the turbulence intensity. N2 and CO2 emissions of various fuels used in the diesel engine. It 

shows that increasing in blend compositions automatically Decrease in NOₓ emissions.  
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Abstract   

Steam boiler is a closed vessel in which water or other 

fluid is heated under pressure and the steam released 

out by the boiler is used for various heating 

applications. In this thesis the steam flow in steam 

boiler is modeled using SOLIDWORKS parametric 

design software. The thesis will focus on thermal and 

CFD analysis with different inlet velocities (10, 25, 

35& 45m/s). In this paper, the CFD analysis to 

determine the heat transfer coefficient, heat transfer 

rate, mass flow rate, pressure drop. Thermal analysis 

to determine the temperature distribution, heat flux for 

models steam boiler with different materials such as 

EN 31 steel, stainless steel 316L and copper. 3D 

modeled in parametric software SOLIDWORKS, and 

analysis done in ANSYS.  

Keywords: CFD analysis, SOLIDWORKS, ANSYS. 

 

1. INTRODUCTION  

A closed vessel in which the fluid(water) is heated is 

known as boiler. The liquid doesn't actually bubble. If 

the plan is not to heat up the liquid, the expression 

heater is frequently applied in North America. For 

using in warming applications or different procedures 

including water warming, focal warming, heater-based 

force age, cooking, and sanitation the disintegrated 

liquid or warmed liquid leaves the evaporator. Water-

tube heater: In this type, the various potential 

arrangements are the tubes are burdened up with water 

and these are arranged inside a heater. Frequently the 

water tubes interface huge drums, water is contained 

in lower ones and steam along with water is contained 

in upper; in different cases, The water is coursed by a 

siphon through a succession of curls in mono-tube 

heater is the example for this sort. The high steam 

creation rates are most part gives for this sort, however 

lesser capacity limit than aforementioned. The most 

commonly favoured in high-pressure applications are 

Water tube boilers can be intended to misuse any 

warmth source since inside little breadth pipes the 

high-pressure water/steam is contained. which can 

withstand the weight with a slenderer divider. 

Generally, these boilers are made set up, four-sided fit 

as a fiddle, and can be various levels high. 

Steam Boiler   

The outcome is soaked steam at the point when the 

water is heated up and additionally suggested to as 

"wet steam." Saturated steam, water smog, carries 

some unelaborated water as beads while comprising 

generally. Soaked steam is supportive for some 

reasons, because for cooking, warming and sanitation, 

however be situated alluring when steam is relied 

upon to clearance on verve to apparatus is the 

example, and a boat's impetus agenda or the 

"movement" of a steam train is also the example. This 

is on the grounds that unescapable temperature as well 

as weight hard luck that happens as steam ventures 

out from the heater to the hardware will cause some 

build up, fetching about fluid water being conveyed 

keen on the apparatus. The water entrained in the 

steam may harm turbine edges or on account of a 

responding steam motor, may cause genuine 

mechanical harm as of hydrostatic lock.  
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2. METHODOLOGY 

 

The objective of this project is to make a 3D model of 

the steam boiler and study the CFD and thermal 

behaviour of the steam boiler by performing the finite 

element analysis. 3D modeling software 

(SOLIDWORKS) was used for designing and analysis 

software (ANSYS) was used for CFD and thermal 

analysis. The methodology followed in the project is 

as follows. 

 Create a 3D model of the steam Boiler 

assembly using SolidWorks.  

 Convert the surface model into Para solid file 

and import the model into ANSYS to do 

analysis.  

 Perform thermal analysis on the steam Boiler 

assembly for thermal loads.  

 Perform CFD analysis on the existing model 

of the surface steam boiler for Velocity inlet 

to find out the mass flow rate, heat transfer 

rate, pressure drop.  

 

                                            

 
                   Figure.2.1 Analysis Tree 

 

3. MODELING 

 

To help in the creation, alteration, investigation, or 

upgrade of a structure computer-aided design (CAD) 

is used. To grow the productivity of the organizer PC 

supported writing computer programs were used, 

through documentation to improve the idea of 

arrangement, improve correspondences, and to make a 

database for accretion. For print, machining, or other 

gathering assignments helped configuration yield is 

normally as electronic records. The word CADD (for 

Computer Aided Design and Drafting) is moreover 

used. SOLIDWORKS is a abbreviating for Computer 

Aided Three-Dimensional Interactive Application. 

Vehicle to purchaser things It is one of the vital 3D 

programming used by connection in different 

organizations stretching out from flight, vehicle. 

SOLIDWORKS is a multi-organize 3D programming 

set made by Systems, it includes CAD, CAM likewise 

as CAE. French structure which is Dassault was 

mammoth dynamic in the field of flying, 3D 

structures, 3D progressed bogus ups, and thing 

lifespan the officials (PLM) software design. 2D 

model of steam boiler  

 

Modelling of Boiler 

The Following Design has made using SolidWorks.  

Design Dimension According to ASME Standard:   

ASME standard values for   

Diameter of Tubes = 0.05 m Furnace Plate Thickness 

= 0.016 m  

Dimensions Provided Boiler main shell:   

Thickness of the main shell provided = 0. 05 m  

Diameter of the main shell (I.D.) = 0.89 m provided   

Diameter of the main shell (O.D.) =0.94 m provided   

Length of the shell provided =2 m Fire tubes:   

Diameter of the smoke tubes =0.05 m   

Thickness of the smoke tubes = 0.012 m   

Length of the smoke tubes = 5 m Tube plate:   

Number of the tube plates = 2   

Thickness of the tube plate = 0.012 m   

Diameter of the tube plate = 0.980 m Reversal 

chamber dimensions:   

Length of the chamber = 0.280 m Diameter of the 

chamber = 0.980 m  

Front chamber dimensions:   

Length of the chamber = 0.280 m  

Diameter of the chamber = 0.980 m   

others details:   

Volume of the furnace = 0.4099 m3   

Volume of main shell = 10 m3   

Volume of smoke tubes (30 in no.) = 0.09188 m3   

Feed water quantity = 7000kg/hr.                                       
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             Figure.3.1 Boiler Design in SolidWorks 

 

4. ANALYSIS 

 

FEM/FEA  

During the planning stage for the evaluation of 

complicated structures in a system it is more helpful. 

With the help of computers and FEA which justifies 

the cost of the analysis the strength and design of the 

model can be improved. The design of the structures 

was prominently increased by FEA that were built 

many years ago.                                    

CFD  

CFD is usually abbreviated as Computational Fluid 

Dynamics, it is a branch of fluid mechanics to solve 

and analyze problems that involve fluid flows that 

uses numerical methods and algorithms. a qualitative 

(and sometimes even quantitative) estimation of fluid 

flows was provided by Computational Fluid 

Dynamics (CFD) by means of Mathematical 

modelling (partial differential equations) Numerical 

methods (discretization and solution techniques) 

Software tools (solvers, pre- and post-processing 

utilities) A software package known FLUENT is a 

computational fluid dynamic that is used to pretend 

fluid flow problems. such as Fluent, Ansys CFX, 

ACE, these are the variety of commercial CFD 

software’s which are available and as well as a wide 

range of suitable hardware and associated costs, 

dependent on the complication of the mesh and size of 

the calculation’s FLUENT exports CFD's data to 

third-party postprocessors and visualization tools such 

as Insights A wide range of fields such as Field view 

and Tech Plot as well as to VRML formats were used 

and also with emphasis on the materials process of 

industries POLYFLOW (And FIDAP) are also used. 

 

4.1 CFD analysis  

In the ANSYS workbench design module Steam 

boiler were built. It is a counter-flow Steam boiler. 

First, the fluid flow (fluent) module from the 

workbench is selected. A new window is opens by the 

design modeller is as the geometry is double clicked.  

→→Ansys → workbench→ select analysis system → 

fluid flow fluent → double click →→Select geometry 

→ right click → import geometry → select browse→ 

open part →ok   

     

   

 

                        Figure.4.1.1 Surface Model                                       

 

                                     
 

                        Figure.4.1.2 Meshed Model 

 

With the help of SOLIDWORKS the model is 

designed and for Meshing and analysis it is imported 
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on ANSYS. In order to calculating pressure profile 

and temperature distribution the analysis of CFD is 

used. The fluid ring is divided into two connected 

volumes for meshing, then all the thickness edges 

were meshed with 360 intervals. The total number of 

nodes and elements is 6576 and 3344 for these a 

tetrahedral structure mesh is used 

Condition: Inlet velocity-40 m/s  

        
 

                       Fig.4.1.3 Pressure Contour 

 

 
 

                     Figure.4.1.4 Velocity Contour  

 

                                                           

 4.2 Thermal Analysis 

Used Materials steel, copper, brass & stainless steel  

Copper material for tube   

EN 31 Steel, brass & stainless steel 316L for boiler 

casing    

Copper material properties   

Thermal conductivity             =   385w/m-k  

Specific heat                           =   0.385j/g
0
C    

Density                                   =        

0.00000776kg/mm
3
  

Steel material properties  

Thermal conductivity            =       93.0w/m-k  

Specific heat                    =        0.669j/g
0
C   

Density                                   =         

0.0000075kg/mm
3
   

Stainless Steel material properties  

Thermal conductivity             =  34.3w/m-k    

Specific heat                     =        0.620j/g
0
C    

Density                                   =         

0.00000901kg/mm
3
  

 

    
                        Figure.4.2.1 Meshed Model 

                                                      

 

   
         Figure.4.2.2 Temperature 
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                         Figure.4.2.3 Heat Flux 

 

As because of the steam passing inside of the tube the 

temperature distribution is maximum temperature 

according to the counter plot. For this reason, we are 

applying except inside the tubes then the temperature 

inside of the tube and applying the convection. Then 

the maximum temperature at tubes and minimum 

temperature at steam boiler casing.  

 

5. RESULTS AND DISCUSSION 

 

Veloc

ity 

(m/s) 

Pressure 

(Pa) 

Velocit

y (m/s) 

Mass 

flow rate 

(kg/s) 

Heat 

transfer 

Rate(W) 

20 4.53e+0

2 

3.86e+

01 

0.04368 21801.568

36 

35 1.58e+0

4 

5.14e+

01 

0.11344 5333.0664

1 

45 3.02e+0

3 

7.80e+

01 

0.15708 7213.4179

7 

50 4.76e+0

3 

9.62e+

01 

0.19678 9755.0390

6 

            Table.5.1 CFD Results 

  

Materials Temperature 

Deg C 

Heat Flux 

Mild Steel 103.82 7.3251 

 Stainless steel 104.14 19.221 

Copper 104.26 50.672 

Table.5.2 Thermal Results 

   

                  Figure.5.1 Inlet Velocity vs Pressure 

      

            Figure.5.2 Inlet Velocity vs Outlet Velocity 

 

                      

 

                             Figure.5.3 Mass Flow Rate 

 

1. A plot between maximum pressure and 

velocities by FEA approach is shown in 

above fig.5.1 From the plot the variation of 
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maximum static pressure is observed. 

Maximum static pressure increases with 

increases in velocities.  

2. A plot between maximum velocity and 

velocities by FEA approach is shown in 

above fig.5.2 From the plot the variation of 

maximum static velocity is observed. 

Maximum velocity increases with increases 

in velocities.    

3. A plot between maximum mass flow rate and 

velocities by FEA approach is shown in 

above fig.5.3 From the plot the variation of 

maximum mass flow rate is observed. 

Maximum mass flow rate increases with 

increases in velocities.  

 

6. CONCLUSION 

 

In this work, the steam boiler is modelled using 

SOLIDWORKS design software is implemented. The 

thesis will focus on thermal and CFD analysis with 

different velocities (20, 25, 45& 50m/s). Thermal 

analysis done for the steam boiler by steel, stainless 

steel& copper. By observing 

1. In the CFD analysis the pressure drops, 

velocity, heat transfer coefficient, mass flow 

rate & heat transfer rate increases by 

increasing the inlet velocities.  

2. In the thermal analysis, the taken heat 

transfer coefficient values are from CFD 

analysis. Heat flux value is more for copper 

material than steel& stainless steel.  

3. According to the above contour plot, the 

maximum heat flux is 7.362 w/mm
2
 and 

minimum heat flux is 0.8229 w/mm
2
. 

4. Maximum velocity, Static pressure, Mass 

flow Rate, Heat Transfer Rate, and Heat Flux 

increases with increases in velocities.  
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ABSTRACT: The use of renewable energy sources 

such as solar energy is the only long term solution to 

the present global energy crisis. This project reviews 

non-convective solar pond, a potential large surface 

area solar collector device with an additional 

advantage of long term storage capacity of thermal 

energy .It is a shallow body of water of about a 17 

centimeter deep containing dissolved salts like NaCl 

and fresh water to generate a stable density gradient 

(fresh water on top and denser salt at the bottom).Part 

of the incident solar radiation entering the pond is 

absorbed leading to temperatures near 1000C without 

convection due to the density gradient . Here we are 

obtaining the temperature about 600 
0
C. 

 The hot salt water can be used to drive turbine and 

electric generator with the use of suitable fluids, 

provision of process hot water for industrial and 

commercial purposes, space heating, air conditioning 

and hot water needs of community or individual 

apartment. 

1. INTRODUCTION  

Solar pond provides thermal energy at low 

temperatures on continuous basis and hence is 

usually designed as an energy system with 100% 

solar traction. The pond’s output depends on the 

quantity and quality of the energy stored which in 

turn depends on the depth of the storage zone (LCZ) 

and the collecting surface area apart from the local 

metrological factors and pond’s operating 

characteristics. Earlier studies have pointed out that 

there is no single exact method available for the 

design of the pond matching the given load. 

However, the estimation of rate of energy collected 

per unit pond area based on the R N model from 

which the estimation of collector area matching the 

demand loads. The sizing of the gradient or non-

convective zone (NCZ) plays an important role in the 

performance of the solar pond. The increase in NCZ 

thickness provides higher quality energy in terms of 

temperature stored in LCZ by reducing the top heat 

loss. However, increase in NCZ thickness reduces the 

fraction of radiation reaching LCZ thereby 

decreasing the quantity of energy stored. At 

Optimum NCZ thickness, the reduction in radiation 

input matches the reduced heat loss when the pond 

collection efficiency will be maximum. The present 

study deals with the determination of optimum 

thickness of NCZ by matching with the fraction of 

insulation reaching the LCZ. 

Manytheoreticalinvestigations show that decrease in 

NCZ thickness results in increased heat loss, lower 

temperature and lower collection efficiency. These 

studies have also shown that increase in NCZ 

thickness from the optimum value results in lower 

efficiency. So it is imperative that the optimum 

thickness of NCZ needs to be determined for 

maximizing the pond collection efficiency.Apart 

from these, studies have shown that the optimum 

thickness of NCZ also depends on local available 

solar isolation, temperature of operation and pond 

clarity. Results from earlier studies both theoretical 

and model simulation shown that the optimum 

thickness of NCZ ranges from 1.0 to 1.5m. In the 

present work an attempt is made to fix the 

optimumthickness of NCZ using the one dimensional 

three zone pond model. The performance of a solar 

pond is also influenced by the daily seasonal and 

intermittent effects of temperature gradient, salinity 

gradient, ambient temperature fluctuation, solar 

isolation, evaporation rate, surface wind and rainfall 

both at the free surface as well as at its interface with 

the gradient zone. A thin top convective layer (UCZ) 

will result in unstable UCZ-NCZ boundary and a 

thicker UCZ will result in reduced fraction of 

radiation reaching the storage zone. Hence the 

optimum thickness of UCZ needs to be fixed based 

on the pond operating temperature, ambient 

conditions and the intensity of solar isolation 

available locally.  
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  Fig 1.Types of solar pond 

 

 

2. LITERATURE REVIEW 

Hawlader and Brinkworth discussed on the thermal 

behavior of the non-convecting solar pond. They 

developed numerical solution for the dynamic 

equations, incorporating detailed representation of 

the losses from the surface andusing the hourly 

meteorological data for a site in Southern England. 

They showed that the pond temperatures are strongly 

dependent on the effective extinction coefficient for 

solar radiation and the thermal losses from the pond 

bottom.  

Wang and Akbarzadeh presented the optimum 

thickness of the density gradient layer under various 

conditions and also discussed on the effect of ground 

losses for wet soil where underground water level is 

high. Akbarzadeh discussed the effect of sloping 

walls on the salt concentration profile in solar ponds.  

He also obtained the general expression for salt 

concentration as a function of depth and presented 

the results for different pond configurations and also 

for different top and bottom salt concentration. Hillel 

Rubin, Barry A. Benedict and StefanBachu, have 

applied a finite difference implicit model in order to 

investigate the interaction among physical variables 

represented by various dimensionless parameters by 

considering that the convection currents in the pond 

are inhibited by salinity distribution. Hull et al 

modeled the ground heat losses for various perimeter 

insulation strategies and several pond sizes. They 

concluded that the un insulated sloping sidewalls are 

slightly more effective than insulated vertical 

sidewalls, expect for very small ponds. 

Ebtism Wilkins et. al discussed about the inherent 

problems encountered with the conventional salt 

gradient pondleading to the concept of the Solar Gel 

Pond in which the salt gradient is replaced by the 

transparent gel layer. Theydiscussed about the 

relevant properties of the gel. Mehta et al. analyzed 

the performance of a bittern-based solarpond of an 

area of 1600 m2 located at Bhavnagar, India. The 

thermal efficiency of the pond was worked out using 

correlations proposed by Kooi and Hull. Newell et al. 

reported on the construction and operation activities 

at the University of Illinois salt gradient solar pond. 

Tabor and Dorbon reported on the design, 

construction andoperational experiences of a 5 MWe 

solar pond power plant.  

Ebtism Wilkins discussed the design, 

construction and operation of trapezoidal 400 m
2
 and 

5 m deep gel pond. The pond obtained maximum 

temperature of 60
0
 C with optimal gel thickness of 60 

cm. Sherman and Limburger discussed on the control 

strategies designed to provide successful high 

temperature operation of a solar pond year round. 

They tested the Alice Springs solar pond and were 

able to maintain temperature in excess of 85
0
 C for 

several months. Zangrando discussed on the 

hydrodynamic issues like mass and energy balance; 

formation, stability, and maintenance of the gradient 

layer; energy extraction from the bottom mixed layer; 

stability of stratified fluids to shearing flows; 

interface dynamics; and wall effects that affect the 

performance of the solar pond as an energy collector 

and storage. Jaefarzadeh, reported on the 

performance ofa laboratory scale salt gradient solar 

pond for different methods of saline injection to the 

bottom layer and the corresponding temperature and 

concentration profiles as a function of depth has been 

reviewed and compared with experimental results. 

3. METHODOLOGY 

Ponds are frequently human constructed. In the 

countryside farmers and villagers dig a pond in their 

backyard or increase the depth of an existing pond by 

removing layers of mud during summer season. A 

wide variety of artificial bodies of water are 

classified as ponds. Some ponds are created 

specifically for habitat restoration, including water 

treatment. 

 Normal ponds receive sunlight a part of 

which is reflected at the surface, a part is 

absorbed and the remaining is transmitted to 

the bottom 

 Due to this the lower part gets heated up and 

the density decreases as a result of which it 

rises up and convection currents are set up. 

 As a result, the heated water reaches top 

layer and loses its heat by convection and 

evaporation. 
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Fig 2. Different layers in Solar pond 

WORKING OF SOLAR POND 

A solar pond is a mass of shallow water about 1 or 2 

meters deep with a large collection area, which acts 

as a heat trap. It contains dissolved salts to generate a 

stable density gradient.  

Part of the incident solar radiation entering the pond 

surface is absorbed throughout the depth and the 

remainder which penetrates the pond is absorbed at 

the black bottom. If the pond were initially filledwith 

fresh water, the lower layers would heat up, expand 

and rise to the surface. Because of the relatively low 

conductivity, the wateracts as an insulator and 

permits high temperature (over 900C) to develop in 

the bottom layers. At the bottom of the pond, a thick 

durable plastic layers liner is laid. Materials used for 

liners include butyl rubber, black polyethylene and 

hypalon reinforced withnylon mesh. Salts like 

magnesium chloride, sodium chloride or sodium 

nitrate are dissolved in the water, the concentration 

varying from 20 to 30 percent at the bottom to almost 

zero at the top. 

 

Fig 3. Construction of solar pond 

INTRODUCTION TO FEA 

Finite element analysis is a method of solving, 

usually approximately, certain problems in 

engineering and science. It is used mainly for 

problems for which no exact solution, expressible in 

some mathematical form, is available. As such, it is a 

numerical rather than an analytical method. Methods 

of this type are needed because analytical methods 

cannot cope with the real, complicated problems that 

are met with in engineering. 

4.ANSYS 
ANSYS is general-purpose finite element analysis 

(FEA) software package.  Finite Element Analysis is 

a numerical method of deconstructing a complex 

system into very small pieces (of user-designated 

size) called elements. The software implements 

equations that govern the behaviour of these elements 

and solves them all; creating a comprehensive 

explanation of how the system acts as a whole. 

 

 

Fig 4. Design of solar pond in ANSYS Geometry 
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Fig 5. Density mixture in plane 

The above figure shows the density variation in the 

salt mixture poured in the pond, as the red indicates 

high density and blue indicates lesser density and the 

remaining colors will represent their value of density.    

The diagram represents in plane at middle.   

 
 

Graph: Density and height variation graph 

 

 

 

Fig 6. Temperature distribution in plane 

The above figure shows the Temperature difference 

in the salt mixture poured in the pond, as the red 

indicates high temperature and blue indicates low 

temperature and the remaining colors will represents 

their value of different temperature regions.    

 

 

Fig 7. Pressure variation in plane 

The above figure shows the pressure difference in the 

salt mixture poured in the pond, as the red indicates 

high pressure and blue indicates lesser pressure and 

the remaining colors will represents their value of 

different in pressure in regions. 

5. RESULTS AND DISCUSSIONS  

Temperature distribution of solar pond using salt 

(NaCl): 

The temperature distribution of the solar pond using 

salt (NaCl) shows the change of temperature with 

time in the experiment. The temperatures are 

measured at 10’o clock, near the highest temperature. 

We can see that the temperature increases with time 

running and reaches steady state temperature about 5 

days later and the solar pond as reached stable 

working conditions. The highest temperature is 62°C 

occurs on the 6th day may be lying on the top part of 

the LCZ. In general, the trend of measured 

temperature is well represented by the model and the 

temperature increased with depth and the highest 

temperature is appeared around the top of LCZ. The 

maximum temperature error is about 1.7°C which 

appears on the middle of UCZ. The change of 

temperature goes on increasing according to the time 

and depth of the solar pond. Temperature of the 

upper convective zone (UCZ) is normal to the 

atmospheric temperature. In the non-convective zone 
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(NCZ), the temperature goes on increasing according 

to the time and solar radiation. In the lower 

convective zone (LCZ) where the high temperature is 

obtained is stored by the salt (NaCl) is used for 

further purpose 

 

Graph: Temperature distribution vs Depth 

Temperature distribution of the trapezoidal solar 

pond   

The graph shows the result of the temperature 

changing with time and depth. The stimulation starts 

at 6’o clock in the morning and finished at 6’o clock 

in the evening. The overall temperature is significant 

increased by solar radiation. Each day, temperature 

will get increased mostly in 12’o clock. 

 

Graph: Temperature distribution throughout the day 

Fortunately, we can see the drop of the temperature is 

very small during the night, because the heat stored 

in the pond mainly concentrates in the LCZ due to 

the thermal protection function of the side wall and 

the isolation function of NCZ. Therefore, the solar 

pond can maintain good performance of heat storing 

even during the night. It can have been seen that 

temperature of solar pond does not always increase 

with time, because the radiation observed by the solar 

pond is lower than the heat loss and it led to the 

reduction in overall temperature. The overall 

temperature of the solar pond is increasing with the 

time running, the top temperature of each day occurs 

near the 12’o clock and the highest temperature 

reaches to 62°C. The temperature of NCZ increases 

linearly with the depth. The upward trend in 

temperature is most obvious in the superior part of 

LCZ, because the heat loss caused by the low 

temperature surrounding limits the temperature 

increasing at the bottom of LCZ. We can conclude 

that the heat stability of the interfaces in solar pond is 

determined by temperature gradient. 

6.CONCLUSION 

This study has utilized Three-dimensional study state 

model to predict the performance of a salinity 

gradient solar pond in sunny climates. A specially 

designed code has been developed utilizing a 

predicted equation to use a single input data for 

calculating the solar radiation at any sunny part in the 

world with a good result. The monthly averaged daily 

solar irradiation methods have been used for these 

computations. Predicting the solar pond performance 

in a cold climate has been investigated and a 

comparison solar pond in terms of the input heat and 

the major heat loss. Coupling the salinity gradient 

solar pond with multi-effects desalination plant for a 

large pond has been studied. The following results 

have been concluded: 

1.Salt gradient solar pond technology is ideally suited 

to arid and semi-arid areas owing to the abundance of 

solar radiation, the thermal energy from which can 

then be employed to generate power for desalination 

purposes. Coupling a solar pond with a desalination 

unit could assist in addressing the single major issue 

in such areas, that of providing fresh potable water to 

the inhabitants. This combination could also work 

efficiently in cold climate countries to provide space 

heating. 

2.As expected, the greatest heat loss from the upper 

layer is a result of evaporation heat, and therefore 

covering the solar pond could significantly reduce 

this loss and may even improve the solar pond’s 

performance. It has been found that covering an 

SGSP can raise the average temperature by 30%, i.e., 

from 76.60 C to 1000 C, for example. The thickness 

of each of the three layers in a solar pond is critical to 

its performance, and must be carefully determined. It 

has been proved that the upper Convecting zone 

should be 0.2-0.3m, the non-Convecting gradient 

zone around 1m and the lower Convecting storage 

zone 0.3-1m. 

3.The cleanliness and transparency of a solar pond is 

also an extremely important issue, as impurities in the 

saline solution may scatter the solar radiation, 

thereby reducing the efficiency of the storage zone, 

which is certain to reduce the solar pond’s 

performance. 
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Abstract  

Solar thermal energy collector can be described as an energy balance between the solar energy 

absorbed by the collector and the thermal energy removed or lost from the collector. If no 

alternative mechanism is provided for removal of thermal energy, the collector receiver heat loss 

must equal the absorbed solar Energy. 

These paper will focus on thermal and CFD analysis with different fluid air, water and different 

solar collector’s i.e flat plate and parabolic trough was modeled by using CREO design software. 

Thermal analysis has done one the solar collectors with different materials (aluminum & copper). 

These values are taken from CFD analysis. Furthermore, CFD analysis to determine the heat 

transfer coefficient, heat transfer rate, mass flow rate, pressure drop and thermal analysis to 

determine the temperature distribution, heat flux with different materials.  

Key words: Flat plate, parabolic trough,  CFD, CREO. 

I.INTRODUCTION 

A parabolic trough is a type of solar thermal 

energy collector. It was constructed as a 

long parabolic mirror (usually Coated silver 
or polished aluminum) with a Dewar tube 

running its length at the focal point. 

Sunlight is reflected by The mirror and 

concentrated on the Dewar tube. The 

trough is usually aligned on a north-south 
axis, and rotated to 

track the sun as it moves across the sky 

each day. Alternatively the trough can be 

aligned on an east-west axis; this reduces 

the overall efficiency of the collector, due to 

cosine loss, but only requires the trough to 
be aligned with the change in seasons, 

avoiding the need for tracking motors. This 

tracking method works correctly at the 

spring and fall equinoxes with errors in the 

focusing of the light at other times during 
the year (the magnitude of this error varies 

Throughout the day, taking a minimum 

value at solar noon). There is also an error 

introduced due to the daily motion of the 

sun across the sky, this error also reaches 

a minimum at solar noon. Due to these 
sources of error, seasonally Adjusted 

parabolic troughs are generally designed 

with a lower solar concentration ratio. 

A. Flat Plate Collectors 

These collectors consist of airtight boxes 

with a glass, or other transparent materia, l 
cover. There are several designs on the 

arrangement of the internal tubing of flat 

plate collectors as shown in Figure 1. 

 

 

 
Fig.1.internal tubing arrangement in flat 

plate collectors 

Traditional collectors, like the Serpentine 

and Parallel tube examples above, consist 
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of a number of copper tubes, known as 

risers that are orientated vertically with 

respect to the collector and placed in 
thermal contact with a black colored, metal 

absorbing plate. The use of selective 

surfaces on absorbers improves the 

efficiency of solar water heaters 

significantly due to a very high absorbance 

(percentage of incoming energy that a 
material can absorb) and low remittance 

(percentage of energy that a material 

radiates away) of electromagnetic radiation. 

At the top and bottom of the metal 

absorbing plate, thicker copper pipes, 
known as headers, assist in the removal of 

heated water and the arrival of colder water 

to be heated. Insulation is placed between 

the absorbing plate and the external wall to 

prevent heat losses. 

Whilst the principles of operation for flat 

plate collectors are fairly consistent, 

significant improvements in the design of 

systems, particularly absorber plates have 

occurred. Flooded plate collectors are 
similar to their tubed cousins, except that 

two metal absorbing plates are sandwiched 

together, allowing the water to flow through 

the whole plate. The increased thermal 

contact results in significant improvements 
in the efficiency of the system. In recent 

years, much research has been conducted 

on selective surfaces, which has seen 

significant improvements in the efficiency of 

solar water heaters. Today, a majority of 

absorber plates are composed of solar 
selective surfaces, made of materials that 

strongly absorb electromagnetic radiation 

(i.e. sunlight) but only weakly emit.  

II. LITERATURE REVIEW 

A Novel Parabolic Trough Concentrating 

Solar Heating for Cut Tobacco Drying 

System.[1] A novel parabolic trough 

concentrating solar heating for cut tobacco 

drying system was established. The opening 

width effect of V type metal cavity absorber 

was investigated. A cut tobacco drying 

mathematical model calculated by fourth-

order Runge-Kutta numerical solution 

method was used to simulate the cut 

tobacco drying process. And finally the 

orthogonal test method was used to 

optimize the parameters of cut tobacco 

drying process. The result shows that the 

heating rate, acquisition factor, and 

collector system efficiency increase with 

increasing the opening width of the 

absorber. The simulation results are in 

good agreement with experimental data for 

cut tobacco drying process. 

 

Design, Fabrication and Experimental 

Testing of Solar Parabolic Trough 

Collectors with Automated Tracking 

Mechanism.[2]  

This paper was concerned with an 

experimental study of parabolic trough 

collector’s with its sun tracking system 

designed and manufactured. To facilitate 

rapid diffusion and widespread use of solar 

energy, the systems should also be easy to 

install, operate and maintain. In order to 

improve the performance of solar 

concentrator, different geometries and 

different types of reflectors were evaluated 

with respect to their optical and energy 

conversion efficiency. To assure good 

performance and long technical lifetime of a 

concentrating system, the solar reflectance 

of the reflectors must be high and long term 

stable. 

Development of a Compound Parabolic 

Solar Concentrator to Increase Solar 

Intensity and Duration of Effective 

Temperature.[3] For efficient drying of 

product through indirect drying method, a 

compound parabolic concentrator (CPC) 

was installed. Six numbers of semi-

cylindrical parabolic concentrators were 

interpolated on are Receiver plate for direct 

conversion of solar energy to thermal 

energy by trapping the maximum incident 

rays into metallic tubes which were placed 

on focus lines of the parabolas. 

Experiments were carried to study the 

comparative performance of a solar flat 

plate collector and compound parabolic 

concentrator of same size. 

Dehydration of Persimmon by 

Concentrating Parabolic Trough Solar Air 
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Heater.[4]  Parabolic Trough Solar (PTS) air 

heater was developed locally to solve the 

drying of persimmon with a parabolic 

trough and a drying box which contains a 

reflected steel sheet, an absorber tube, an 

angle iron and a fully insulated home script 

refrigerator. Solar irradiance results were 

noted for the months of Oct- Dec, 2012. 

Four air mass flow rates were conducted 

with one natural flow rate of 0.53 kg 

minute-1 (M-1) and three convective air 

mass flow rates of 1.35 kg M-1, 1.87 kg M-1 

and 1.97 kg M-1 respectively. 

 

 

 

 

III. SOFTWERES USED IN PARABOLIC 

SOLAR TROUGH AND FLAT PLATE 

COLLECTORS  

PTC CREO, formerly known as 

Pro/ENGINEER, is 3D modeling software 

used in mechanical engineering, design, 

manufacturing, and in CAD drafting service 

firms. It was one of the first 3D CAD 

modeling applications that used a rule-

based parametric system. Using 

parameters, dimensions and features to 

capture the behavior of the product, it can 

optimize the development product as well 

as the design itself. 

The name was changed in 2010 from 

Pro/ENGINEER Wildfire to CREO. It was 

announced by the company who developed 

it, Parametric Technology Company (PTC), 

during the launch of its suite of design 

products that includes applications such as 

assembly modeling, 2D orthographic views 

for technical drawing, finite element 

analysis and more. 

PTC CREO says it can offer a more efficient 

design experience than other modeling 

software because of its unique features 

including the integration of parametric and 

direct modeling in one platform. 

 

Fig:2 3D model of parabolic trough  

Diameter of parabolic trough-225mm 

Length -1115mm 

Stand height- 400 mm 

 

 

 

 

Fig: 3 3d Models of Flat plate collector  

 Diameter of tube-30mm 

Length -1005mm 

Thickness -6mm 

A.ANSYS 

ANSYS is capable of both steady state and 

transient analysis of any solid with thermal 

boundary conditions.  Steady-state thermal 

analyses calculate the effects of steady 

thermal loads on a system or component. 

Users often perform a steady-state analysis 
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before doing a transient thermal analysis, 

to help establish initial conditions. A 

steady-state analysis also can be the last 

step of a transient thermal analysis; 

performed after all transient effects have 

diminished. ANSYS can be used to 

determine temperatures, thermal gradients, 

heat flow rates, and heat fluxes in an object 

that are caused by thermal loads that do 

not vary over time. 

B.CFD 

Computational fluid dynamics, usually 

abbreviated as CFD, is a branch of fluid 

mechanics that uses numerical methods 

and algorithms to solve and analyze 

problems that involve fluid flows. 

Computers are used to perform the 

calculations required to simulate the 

interaction of liquids and gases with 

surfaces defined by boundary conditions. 

With high-speed supercomputers, better 

solutions can be achieved. Ongoing 

research yields software that improves the 

accuracy and speed of complex simulation 

scenarios such as transonic or turbulent 

flows. Initial experimental validation of 

such software is performed using a wind 

tunnel with the final validation coming in 

full-scale testing, e.g. flight tests. 

Refrigerant properties   

R- 30 properties  

Density = 1326.6 kg/m3 

Specific heat = 1043.0 j/kg/k 

Thermal conductivity = 0.0042 w/m-k 

Viscosity = 0.000279 kg/m-s 

R-160 properties  

Density = 921.0 kg/m3 

Specific heat = 1023.0 j/kg/k 

Thermal conductivity = 0.0337 w/m-k 

Viscosity = 0.00043 kg/m-s 

IV. CFD ANALYSIS OF SOLAR 

FLATPLATE 

 

The model is designed with the help of 

CREO and then import on ANSYS for 

Meshing and analysis. The analysis by CFD 

is used in order to calculating pressure 

profile and temperature distribution. For 

meshing, the fluid ring is divided into two 

connected volumes. Then all thickness 

edges are meshed with 360 intervals. A 

tetrahedral structure mesh is used. So the 

total number of nodes and elements is 6576 

and 3344. 

CFD Boundary conditions  

Mass Flow Rate → 0.0105Kg/s and Inlet 

Temperature – 303K 

Thermal analysis Boundary conditions  

Temperature – 313K 

Convection -1.80e+03 

 

Fig 4: Static Pressure 
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Fig 5: heat transfer coefficient 

 

A.CFD Analysis of Parabolic Solar Trough 

 

Fig 6: Static Pressure 

 

Fig 7: Temperature  

 

Fig 8: heat transfer coefficient 

 

 

 

 

 

 

 

B. Thermal Analysis Of Solar Parabolic 

Trough 

 

Fig 9: Temperature  
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Fig 10: Heat flux 

C. Thermal Analysis Solar Flat Plate 

Collector 

 

Fig 10: Temperature  

 

Fig 11: heat flux 

 

V.RESULTS AND DISCUSSIONS 

Table: 1 CFD Analysis results of Solar 

Flat Plate 

 

Table: 2 CFD Analysis results parabolic 

trough  

 

Table: 3 Thermal analysis results of 

parabolic trough  

 

Table: 4 Thermal analysis results of solar 

flat plate  

 

Graph:1  plotted between heat transfer 

coefficient and different working fluids 

 

graph :2 plotted between mass flow rate 

and different working fluids 
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IV CONCLUSION 

In this paper, the fluid flow through solar 

collectors (flat plate and parabolic trough) is 

modeled using design software. The thesis 

will focus on thermal and CFD analysis 

with different fluids air, water,R30 and R60 

of the solar collectors. Thermal analysis 

done for the solar collectors by aluminum & 

copper materials. 

By observing the CFD analysis the pressure 

drop & velocity values are more for water 

fluid at solar parabolic trough collectors 

compared with flat plate collector. The more 

heat transfer rate at fluid water. 

By observing the thermal analysis Heat flux 

value is more for copper material than 

aluminum and steel at solar collectors 

So we can conclude the copper material is 

better for solar collectors. 
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Abstract 

 

There is a continued research to increase heat transfer 

rates in industrial heat exchangers. Particularly at 

moderate Reynolds numbers in pipe flow the 

augmentation methods are divided into two types 

viz., passive techniques and active techniques. 

Placing different types of inserts in tubes serve as 

passive techniques. Active techniques, in which 

external power input is used, such as power work, are 

less preferred. 

The main aim of this thesis is to analyze the heat 

transfer in turbulent flow to horizontal tube using 

different types of inserts. The Reynolds number at 

12000 and two different fluids are used such as water 

and water 95%+ TiC- 5%. Furthermore, the three 

different types of inserts used. 1) Twisted tape 2) 

Perforated Twisted Tape3) Double Counter Twisted 

Tape .The data from ANSYS is used to calculate 

Friction factor and Nusselt number in the presence of 

inserts 

3D models of the horizontal tube with inserts are 

done in Pro/Engineer and analysis is done in ANSYS. 

1. INTRODUCTION 

Conventional resources of energy are depleting at an 

alarming rate, which makes future sustainable 

development of energy use very difficult. As a result, 

considerable emphasis has been placed on the 

development of various augmented heat transfer 

surfaces and devices. Heat transfer augmentation 

techniques are generally classified into three 

categories namely: active techniques, passive 

techniques and compound techniques. Passive heat 

transfer techniques (ex: tube inserts) do not require 

any direct input of external power. Hence many 

researchers preferred passive heat transfer 

enhancement techniques for their simplicity and 

applicability for many applications. Tube inserts 

present some advantages over other enhancement 

techniques, such as they can be installed in existing 

smooth tube that exchanger, and they maintain the 

mechanical strength of the smooth tube. Their 

installation is easy and cost is low. It relatively easy 

to take out for cleaning operations too.  

The process of improving the performance of a heat 

transfer system is referred as the heat transfer 

enhancement technique .In recent years, the high cost 

of energy and material has resulted in an increased 

effort aimed at producing more efficient heat 

exchange equipment .The major challenge in 

designing a heat transfer is to make the equipment 

compact and achieve a high heat transfer rate using 

minimum pumping power. The subject of heat 

transfer growth in heat exchanger is serious interest 

in the design of effective and economical heat 

exchanger. Augmentation techniques increase 

convective heat transfer by reducing thermal 

resistance in a heat exchanger. A decrease in heat 

transfer surface area, size, and hence weight of heat 

exchanger for a given heat duty and pressure drop. 

The heat transfer can be increased by the following 

different augmentation techniques. They are 

classified as (i) Passive Techniques (ii) Active 

Techniques (iii) Compound Techniques. 

The various heat transfer enhancement techniques 

can be classified broadly as passive and active 

techniques. Passive techniques do not require direct 

input of external power, unlike active techniques. 

They generally use surface or geometrical 

modifications to the flow channel, or incorporate an 

insert, material, or additional device. Except for 

extended surfaces, which increase the effective heat 

transfer surface area, these passive schemes promote 

higher heat transfer coefficients by disturbing or 

altering the existing flow behavior. This, however, is 

accompanied by an increase in the pressure drop. In 

the case of active techniques, the addition of external 

power essentially facilitates the desired flow 

modification and improvement in the rate of heat 

transfer. The use of two or more techniques (passive 

and/or active) in conjunction constitutes compound 

augmentation techniques. 
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The effectiveness of any of these methods is strongly 

dependent on the mode of heat transfer (single-phase 

free or forced convection, pool boiling, forced 

convection boiling or condensation, 

and convective mass transfer), and type and process 

application of the heat exchanger. 

Turbulent flow 

 The entrance lengths are much shorter for turbulent 

flows, because of the additional transport mechanism 

across the cross section. Thus, typical hydrodynamic 

entrance lengths in turbulent flow are 10-15 tube 

diameters, and the thermal entrance lengths are even 

smaller. Therefore, for most engineering situations 

where in 50 L /D ≥ , we use correlations for fully 

developed conditions. Correlations for turbulent flow 

are classified based on whether the interior wall of 

the tube is smooth or whether it is rough. Smooth 

tubes The earliest correlations for turbulent heat 

transfer in a smooth tube are due to Dittus and 

Boelter, McAdams, and Colburn. A common form to 

be used for fluids with Pr 0.5 >  

 

Reynolds Number 

 The value of the Reynolds number permits us to 

determine whether the flow is laminar or turbulent. 

We define the Reynolds number as follows. Reynolds 

number Here, D is the inside diameter of the tube (or 

pipe), V is the average velocity of the fluid, ρ is the 

density of the fluid and µ is its dynamic viscosity. It 

is common to use the kinematic viscosity ν = v= µ/ρ 

in defining the Reynolds number. Another common 

form involves using the  instead of the average 

velocity. The mass flow rate is related to the 

volumetricmass flow rate m  = ρ , and we can write 

2flow rate . 

2. LITERATURE SURVEY 

Heat Transfer Enhancement in Tube-in-Tube Heat 

Exchanger using Passive Techniques by Parag S. 

Desale, Nilesh C. Ghuege [1] The heat exchanger is 

an important device in almost all of the mechanical 

industries as in case of process industries it is key 

element. Thus from long time many researchers in 

this area are working to improve the performance of 

these heat exchangers in terms of heat transfer rate, 

keeping pressure drop in limit. This paper is a review 

of such techniques keeping focus on passive 

augmentation techniques used in heat exchangers. 

The thermal performance behavior for tube in tube 

heat exchanger is studies for wire coil inserts, twisted 

tape inserts and their combination. 

Experimental Investigations on Augmentation of 

Turbulent Flow Heat Transfer in A Horizontal Tube 

Using Square Leaf Inserts by S. Naga Sarada, P. Ram 

Reddy, Gugulothu Ravi[2] The present work deals 

with the results of the experimental investigations 

carried out on augmentation of turbulent flow heat 

transfer in a horizontal tube by the means of tube 

inserts, with air as working fluid. Experiments were 

carried out initially for the plain tube. Nusselt number 

and friction factor obtained experimentally were 

validated against those obtained from theoretical 

correlations. Secondly experimental investigations 

using five kinds (900, 600FW, 600 

BW, 300 FW, 300 BW) of louvered square leaf 

inserts were carried out to estimate the enhancement 

of heat transfer rate for air in the presence of insert. 

Nusselt number and pressure drop increased, overall 

enhancement ratio is calculated to determine the 

optimum geometry of tube insert. 

Heat transfer enhancement using passive 

enhancement technique by  Vinay Kumar Patel , N. 

K. Sagar [3] Among many techniques (both passive 

and active) investigated for augmentation of heat 

transfer rates inside circular tubes, a wide range of 

inserts has been utilized, particularly when turbulent 

flow is considered. The inserts studied included coil 

wire inserts, brush inserts, mesh inserts, strip inserts, 

twisted tape inserts etc. Augmentation of convective 

heat transfer in internal flows with twisted tape 

inserts in tubes is a well-acclaimed technique 

employed in industrial practices. CFD investigations 

on enhancement of turbulent flow heat transfer with 

twisted tape inserts in a horizontal tube under forced 

convection with air flowing inside is carried out 

using ANSYS FLUNT. The variations of heat 

transfer coefficients; Nusselt number in the 

horizontal tube fitted with twisted tape is studied. A 

CFD investigation is conducted to study forced 

convection of fully developed turbulent flow through 

circular tube with twisted tape inserts. CFD solutions 

are obtained using commercial software ANSYS 

FLUENT v12.1. The working fluid in all cases is air.  

CFD analysis of heat transfer augmentation for flow 

through a tube using wire coil inserts by Shalini Patra 

The need to increase the thermal performance of heat 

transfer equipment (for instance, heat exchangers), 

thereby effecting energy, material, and cost savings 

as well as a consequential mitigation of 

environmental degradation has led to the 

development and use of many heat transfer 

enhancement techniques. These methods are referred 

to as augmentation or intensification techniques. This 

project deals with the analysis of heat transfer 

augmentation for fluid flowing through pipes using 

CFD. Using CFD codes for modeling the heat and 

fluid flow is an efficient tool for predicting 

equipment performance. CFD offers a convenient 

means to study the detailed flows and heat exchange 

processes, which take place inside the tube 
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Enhancement of heat transfer using varying width 

twisted tape inserts by S. Naga Sarada , A.V. Sita 

Rama Raju , K. Kalyani Radha, L. Shyam Sunder[4] 

The  present work shows the results obtained from 

experimental investigations of the augmentation of 

turbulent flow heat transfer in a horizontal tube by 

means of varying width twisted tape inserts with air 

as the working fluid. In order to reduce excessive 

pressure drops associated with full width twisted tape 

inserts, with less corresponding reduction in heat 

transfer coefficients, reduced width twisted tapes of 

widths ranging from 10 mm to 22 mm, which are 

lower than the tube inside diameter of 27.5 mm are 

used. Experiments were carried out for plain tube 

with/without twisted tape insert at constant wall heat 

flux and different mass flow rates. The twisted tapes 

are of three different twist ratios (3, 4 and 5) each 

with five different widths (26-full width, 22, 18, 14 

and 10 mm) respectively. The Reynolds number 

varied from 6000 to 13500. Both heat transfer 

coefficient and pressure drop are calculated and the 

results are compared with those of plain tube. It was 

found that the enhancement of heat transfer with 

twisted tape inserts as compared to plain tube varied 

from 36 to 48% for full width (26mm) and 33 to 39% 

for reduced width (22 mm) inserts. Correlations are 

developed for friction factors and Nusselt numbers 

for a fully developed turbulent swirl flow, which are 

applicable to full width as well as reduced width 

twisted tapes, using a modified twist ratio as pitch to 

width ratio of the tape. 

 

2.1GAPS IN LITERATURE  

The gaps and recommendation for future research 

that can be concluded based on the present review are 

as follows:  

•To reach the best modification for twisted tape, more 

complete simulations involving a wide range of 

geometry parameters need to be conducted in the 

future.  

•Dispersion and random movement of nanoparticles 

due to swirl flow induced by twisted tape must be 

studied in order to know their effect to the overall 

enhancement ratio. 

Problem Identification and objective  

This project addressed an analytical investigation 

focused on flow patterns and heat transfer coefficient 

during flow boiling inside horizontal tubes for a wide 

range of experimental conditions. The following 

specific conclusions can be drawn based on the 

present study: 

The Reynolds number at 12000 and two different 

fluids are used such as water and water 95%+ TiC- 

5%. Furthermore, the three different types of inserts 

used. 1) Twisted tape 2) Perforated Twisted Tape3) 

Double Counter Twisted Tape .The data from 

ANSYS is used to calculate Friction factor and 

Nusselt number in the presence of inserts 

 

3.METHODOLOGY 

 

3.2 MODELING AND ANALYSIS   

Pro/ENGINEER Wildfire is the standard in 3D 

product design, featuring industry-leading 

productivity tools that promote best practices in 

design while ensuring compliance with your industry 

and company standards. Integrated Pro/ENGINEER 

CAD/CAM/CAE solutions allow you to design faster 

than ever, while maximizing innovation and quality 

to ultimately create exceptional products. 

Customer requirements may change and time 

pressures may continue to mount, but your product 

design needs remain the same - regardless of your 

project's scope, you need the powerful, easy-to-use, 

affordable solution that Pro/ENGINEER provides. 

 

Fig : Twisted tape 
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Fig: Perforated Twisted Tapes 

 

Fig :Double Counter Twisted Tapes 

 

NANO FLUID CALCULATIONS 

Density Of Nano Fluid  

ρnf = ϕ×ρs + [(1-ϕ) × ρw] 

Specific Heat Of Nano Fluid 

Cp nf = 
         (   )(      ) 

     (   )   
 

Thermal Conductivity Of Nano Fluid 

Knf =  
        (     )(   )   

       (     )(   )   
 × kw 

Table 1: Thermo physical properties of fluids  

Properties  Water  Water 

0.95%+ TiC 

0.05% 

Density(kg/m
3
) 998.2 344.829 

Thermal 

conductivity(W/m-

k) 

0.6 1.107 

Specific heat(J/kg-

k) 

4182 3429.394 

Viscosity(kg/m-s) 0.001003 0.0011283 

 

3.3 CFD 

Computational fluid dynamics, usually abbreviated as 

CFD, is a branch of fluid mechanics that uses 

numerical methods and algorithms to solve and 

analyze problems that involve fluid flows. Computers 

are used to perform the calculations required to 

simulate the interaction of liquids and gases with 

surfaces defined by boundary conditions. With high-

speed supercomputers, better solutions can be 

achieved. Ongoing research yields software that 

improves the accuracy and speed of complex 

simulation scenarios such as transonic or turbulent 

flows. Initial experimental validation of such 

software is performed using a wind tunnel with the 

final validation coming in full-scale testing, e.g. 

flight tests. 

4 CFD ANALYSIS ON HEAT TRANSFER 

ENHANCEMENT IN HORIZONTAL TUBE 

WITH INSERTS 

Pressure 

 

Friction coefficient 
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Nusselt number 

 

 Reynolds number 

 

5.RESULTS AND DISCUSSIONS 

Table: 2 results of water 

Geometr

y  

Pressu

re (Pa) 

Friction 

coefficie

nt  

Reynol

ds 

numbe

r 

Nusselt 

numbe

r 

Twisted 

Tape 

8.96e+

06 

2.64e+0

4 

1.29e+0

4 

4.74e+

00 

Perforat

ed 

Twisted 

Tape 

 

8.97e+

06 

2.71e+0

4 

1.31e+0

4 

4.82e+

00 

Double 

Counter 

Twisted 

Tape 

 

8.95e+

06 

2.77e+0

4 

1.34e+0

4 

4.89e+

00 

 

Table: 3 results of water 95%+ TiC- 5% 

Geometr

y  

Pressu

re (Pa) 

Friction 

coefficie

nt  

Reynol

ds 

numbe

r 

Nusselt 

numbe

r 

Twisted 

Tape 

3.76e+

05 

1.15e+0

4 

2.23e+0

3 

2.53e+

00 

Perforat

ed 

Twisted 

Tape 

3.89e+

05 

1.18e+0

4 

2.27e+0

3 

2.61e+

00 

 

Double 

Counter 

Twisted 

Tape 

 

3.96e+

05 

1.20e+0

4 

2.31e+0

3 

2.69e+

00 

6.CONCLUSION 

 

The Reynolds number at 12000 and two different 

fluids are used such as water and water 95%+ TiC- 

5%. Furthermore, the three different types of inserts 

used. 1) Twisted tape 2) Perforated Twisted Tape3) 

Double Counter Twisted Tape .The data from 

ANSYS is used to calculate Friction factor and 

Nusselt number in the presence of inserts 

 

From the CFD analysis results; the following 

conclusions can be made: 

 

The Nusselt number is more for Double Counter 

Twisted Tape than other inserts, friction factor, and 

Reynolds number are more for Double Counter 

Twisted Tape than other inserts. 
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Abstract 

In this thesis, a simulation of the economizer zone, 

which allows studying the flow patterns developed in 

the fluid, while it flows along the length of the 

economizer. The past failure details revels that 

erosion is more in U-bend areas of Economizer Unit 

because of increase in flue gas velocity near these 

bends. In this project heat transfer by convection in 

economizer varying the mass flow rates are 

determined by CFD and thermal analysis. The 

materials considered for tubes are Copper and 

Aluminium alloys 6061 and 7075. The mass flow 

rates are varied will be 100,90 and 70 Kg/sec. CFD 

analysis is done to determine temperature distribution 

and heat transfer rates by varying the mass flow rates 

. Heat transfer analysis is done on the economizer to 

evaluate the better material. 

3D modeling is done in CATIA and analysis is done 

in ANSYS. 

1. INTRODUCTION  

Boiler Economiser ( Sometimes Called Economizer ) 

is the Energy improving device that helps to reduce 

the cost of operation by saving the fuel. 

The economizer in Boiler tends to make the system 

more energy efficient. 

In boilers, economizers are generally Heat 

Exchangers which are designed to exchange heat 

with the fluid, generally water. 

 

 

Boiler Economizer and Waste Heat Recovery 

Concept 

Boilers are generally designed to produce steam from 

water. Water is converted to steam by transferring 

both sensible and latent heat. 

Sensible heat is the amount of heat required to 

increase the temperature of water at constant pressure 

without changing its liquid state, while Latent heat is 

the amount of heat required to change the state from 

Liquid to Vapor at constant temperature and pressure. 

The exhaust from the boilers is generally in the 

temperature range of 200°C – 250°C, so there are a 

huge amount of losses from the boiler if any heat 

recovery devices are not installed after it. 

 

Fig: Economizer 

THE FUNCTION OF BOILER ECONOMISER 

The Economizer in Boiler works on the principle of 

Heat Transfer. Heat transfer usually takes place from 

high temperature to low temperature. 

In the case of Boilers, flue gases or exhaust from the 

boiler outlet are at high temperature and water that 

needs to be preheated is at low temperature. 
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So, this temperature difference between water and 

flue gases helps to increase the feed water 

temperature. 

Depending on the type of operations, design of 

Economisers can be smoke tube type or water tube 

type. 

In smoke tube type flue gases are inside the tubes and 

water is on the shell side while in the water tube type, 

water is in the tube and flue gases are on the shell 

side. 

Working Principle of Economizer 

 
As shown in the figure above, the flue gases coming 

out of the steam boiler furnace carry a lot of heat. 

Function of economiser in thermal power plant is to 

recover some of the heat from the heat carried away 

in the flue gases up the chimney and utilize for 

heating the feed water to the boiler. It is simply a heat 

ex-changer with hot flue gas on shell side and water 

on tube side with extended heating surface like Fins 

or Gills. 

Economisers in thermal power plant must be sized 

for the volume and temperature of flue gas, the 

maximum pressure drop passed the stack, what kind 

of fuel is used in the boiler and how much energy 

needs to be recovered. 

LITERATURE REVIEW 

V.Malikarjuna et al [1] Preparing mathematical 

analysis an attempt has been made to study about the 

boiler and economizer. Hot air is necessary for rapid 

combustion in the furnace and also for drying coal in 

milling plants .so an essential boiler accessory which 

serves this purpose is air preheater. The air preheater 

are not essential for operation of steam generator, but 

they are used where a study of cost indicates that 

money can be saved or efficient combustion can be 

obtained by their use. The performance of the air 

preheater is improved. Load on fan are reduced thus 

power consumption is reduced and cost is reduced. 

Fuel consumption is also reduced, thus fuel is saved 

and cost is reduced. By comparing Rothemuhle with 

ljunstrom air leakage are more, gas side efficiency 

and air side efficiencies are less in Rothemuhle air 

preheater. The thermal performance of the ljunstrom 

air preheater is better than Rothemuhle  

P.N.Sapkal et al [2] Performed an analysis for the 

optimization of air preheater design with inline & 

staggered tube arrangement. The poor performance of 

an air preheater in the modern power plants is one of 

the main reason for higher unit heat rate & is 

responsible for deterioration in boiler efficiency.. In 

case of tubular air heaters a variety of single and 

multiple gas and air path arrangements can be used to 

optimum performance. Modern tubular air heaters 

can be shop assembled into large, transportable 

modules. Erosion of air preheater parts can be 

controlled by reducing velocities, removing erosive 

elements from the gas stream, or using sacrificial 

material. The performance of tubular air preheater 

can be evaluated with the help of CFD analysis for 

Inline & staggered tube arrangement with the latter 

being more thermally efficient. The model can be 

used while selecting a new type of surface geometry 

in order to have uniformly distributed flow pattern 

for optimizing the design of air preheater.  

Sangeeth G.S et al [3] Performed an analysis for 

energy efficiency of the process or equipment should 

prove itself to be economically feasible for gaining 

acceptance for implementation. The focus of the 

present work is to study the effect of system 

modification for improving energy efficiency. The 

objective of the study was to analyze the overall 

efficiency and the thermodynamic analysis of boiler. 

There are many factors, which are influencing the 

efficiency of the boiler. The fuel used for 

combustion, type of boiler, varying load, power plant 

age, heat exchanger fouling they lose efficiency. 

Much of this loss in efficiency is due to mechanical 

wear on variety of components resulting heat losses. 

Therefore, it is necessary to check all the equipments 

periodically. Moreover, it is noticed that the overall 

efficiency of any boiler depends upon the technical 

difficulties under unpredictable conditions. Hence, a 

viable study is carried out to assess the performance 

of boiler plant in this context. The paper set to show 

the weakness of depending on energy analysis only 

boilers as a performance measure that will help 

improve efficiency.  

Gaurav T. Dhanre et al [4] Performed an analysis for 

This reduction can be achieved by improving the 

efficiency of industrial operations and equipments. 

Energy audit plays an important role in identifying 

energy conservation opportunities in the industrial 

sector, while they do not provide the final answer to 

the problem; they do help to identify potential for 

energy conservation and induces the companies to 

concentrate their efforts in this area in a focused 

manner. which we are getting from energy auditing . 

Hence there is a need to prefer energy auditing of 
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every plant once in an year. For the research, it is 

found that it is also possible to do auditing at 

different load conditions and by comparison we get 

the actual consumption as well as wastage. 

PROBLEM IDENTIFICATION 

•The main objective of this project is to analyze flue 

gas temperature, velocity field of fluid flow within an 

economizer tube using the actual boundary 

conditions.  

•Later the analysis is extended by altering the design 

by changing the number of tubes and varying the 

cross section of the tubes.  

•Thus the variation of temperature, and velocity of 

flue gases is compared and results can be analyzed 

for better design. The temperature variation of the 

feed water is also measured to find the extent to 

which it is gaining the heat. 

METHODOLOGY 

 The solid model of the economizer is 

created using the CATIA. 

 The fluid model is required for the analysis 

is extracted .i.e. created using the CATIA 

software. 

 The created fluid model is imported in to the 

solid works flow simulation software to 

perform the CFD analysis.  

 The above steps are repeated for the 

different designs with modified bend radius 

of the tubes (25 mm,30 mm,35 mm and 40 

mm). 

 

 

MODELING OF ECONOMIZER 

CATIA is an acronym for Computer Aided Three-

dimensional Interactive Application. It is one of the 

leading 3D software used by organizations in 

multiple industries ranging from aerospace, 

automobile to consumer products. 

CATIA is a multi platform 3D software suite 

developed by Dassault Systems, encompassing CAD, 

CAM as well as CAE. Dassault is a French 

engineering giant active in the field of aviation, 3D 

design, 3D digital mock-ups, and product lifecycle 

management (PLM) software. CATIA is a solid 

modeling tool that unites the 3D parametric features 

with 2D tools and also addresses every design-to-

manufacturing process. In addition to creating solid 

models and assemblies, CATIA also provides 

generating orthographic, section, auxiliary, isometric 

or detailed 2D drawing views. It is also possible to 

generate model dimensions and create reference 

dimensions in the drawing views. The bi-

directionally associative property of CATIA ensures 

that the modifications made in the model are 

reflected in the drawing views and vice-versa. 

Table: (Geometrical specifications) 

 
3D MODEL OF ECONOMIZER  

 

 

COMPUTATIONAL FLUID DYNAMICS 

Computational Fluid Dynamics CFD is one of the 

best suited software for the analysis of flow patterns 

which involve the dynamic parameters in the flow. It 

is very stable robust and accurate in providing the 

required outputs. Generally experiments on moving 

fluid particles are not feasible. Dynamics study on 

moving particles involves many complex calculations 

and large variables. But their analysis can be easily 

carried with the help of CFD. 

Working of CFD 

CFD is based on Finite Volume Method. The area in 

the flow pattern for the analysis is first modelled in 

any of the modelling software. In terms of CFD this 

is called as Computational domain. This 

computational domain is discretized into many small 

elements of finite volume. This process of dividing 

the domain is termed as meshing. Hence here each 

volume is considered to be a control volume. The 

control volume have certain properties like mass, 

momentum, energy, turbulence quantities, and 

mixture fractions, species concentrations and material 

properties. Based on the flow problem we pick up the 

control volume properties to be analysed and solve 

the flow problem. The theoretical flow in control 

volume is represented physically with the help of 
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numerically solvable partial differential equations. 

These equations govern the flow of fluid in the 

computational domain.These equations also undergo 

the discretization process for the flow analysis. There 

are three equations which are applicable commonly 

to all fluid dynamics problems are the conservation 

of mass, momentum and the energy equations. 

Equations when represented in differential form 

CFD METHODOLOGY 

In all of these approaches the same basic procedure is 

followed. 

 During preprocessing 

 The geometry (physical bounds) of the 

problem is defined. 

 The volume occupied by the fluid is divided 

into discrete cells (the mesh). The mesh may 

be uniform or non-uniform. 

 The physical modeling is defined – for 

example, the equations of motion + enthalpy 

+ radiation + species conservation 

 

 

 

RESULTS AND DISCUSSIONS 

CFD ANALYSIS OF ECONOMIZER 

At mass flow rate-50 g/sec 

Pressure  

 

Temperature  

 

Heat transfer coefficient  

 

 

 

CASE: 2 WITH FINS  

Pressure  
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Temperature  

 

Heat transfer coefficient  

 

 

 

Thermal Analysis of Economizer 

Temperature 

 

Heat Flux 

 

 

 

RESULTS AND DISCUSSIONS 

Table: CFD RESULTS  

Geometry  Mass 

flow 

rate 

(kg/sec) 

Pressure 

(Pa) 

Temperature  

(k) 

Heat transfer 

coefficient(w/m2k) 

Mass 

flow 

rate 

(kg/sec) 
Without 

fin   
17.5 1.30e+11 7.99e+02 4.28e+05 0.089 

25 1.10e+11 7.98e+02 5.85e+05 0.19 

50 3.13e+11 7.90e+02 1.09e+06 0.35 

With fin  17.5 5.96e+10 7.89e+02 4.55e+05 0.103 

25 1.38e+11 7.88e+02 1.04e+06 0.32 

50 4.21e+11 7.86e+02 1.53e+06 0.47 
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Table: THERMAL RESULTS  

Geometry Materials  Temperature 

(k) 

Heat flux  

Without fin   Aluminum  789.75 11.699 

Copper  786.68 22.43 

With fin Aluminum  785.07 17.0928 

Copper  785.01 24.209 

 

CONCLUSION  

In this thesis, a simulation of the economizer zone, 

which allowsstudying the flow patterns developed in 

the fluid, while it flows along the length of the 

economizer. The materials considered for tubes are 

Copper and Aluminium alloys 6061 and 7075. The 

mass flow rates are varied will be 17.5,25 and 50 

Kg/sec. CFD analysis is done to determine 

temperature distribution and heat transfer rates by 

varying the mass flow rates . Heat transfer analysis is 

done on the economizer to evaluate the better 

material.3D modeling is done in CATIA and analysis 

is done in ANSYS. 

By observing the CFD analysis results, the maximum 

heat transfer coefficient at mass flow rate with 

50kg/sec with fins. 

By observing the thermal analysis results, the 

maximum heat flux at copper with fins. 
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ABSTRACT 

 
A low power two bit magnitude comparator has been proposed in the present work. The proposed magnitude 
comparator using the technology of coupling has been compared with the basic comparator circuit. The performance 
analysis of both the different comparators has been done for power consumption, delay and power delay-product 
(PDP) with VDD sweep. The simulations are carried on Tanner EDA (CMOS technology at 5 V supply. The 
simulation results of the coupled magnitude comparator circuits is in good agreement in terms of power 
consumption at percentage of 60.26% in greater than function and 56.14% in lesser than f unction and 59.48% in 
equals to function comparators. 

 

1. INTRODUCTION 

 

Due to rapid escalation in usage of portable devices, demand for high-performance circuits in electronic devices 
have become a crucial need. A modern highly complex electronic device requires ICs and processors that have 
high efficiency and speed . Therefore, efficient design mythologies are highly demanded in order to cope up with 
the expected performance parameters of modern devices. In order to meet the performance requirements, many 
efficient design techniques have been developed and implemented. 

MC in digital ALU is the component used for comparing two binary digits or numbers. By comparing two 
binary numbers, it provides output if they are greater than or equal to one-another. This component in ALU is 
highly utilized n parallel processing and digital signal processing. In addition, instruction sorting in 
microprocessors requires MC. Hence, because of having significant demand in VLSI design, an effective MC 
design will bring about great performance escalation of ALU. 

In this research, a hybrid two-bit magnitude comparator using PTL, TGL and C-CMOS logic has been 
presented. Performance of the proposed hybrid two-bit MC has been compared with the existing designs to 
validate its effectiveness. Cadence design tools have been used in this research for performance evaluation in 
standard 90 nm technology node. 

 

2. LITERATURE SURVEY 

a. Microcontroller Based Smart Home System with Enhanced Appliance Switching Capacity 

This paper introduces a low-cost android application (app) controlled smart home system that can remotely 
switch on/off as many as 208 appliances using only 4 digital pins of an ATmega328 microcontroller based 
Arduino UNO board. The appliance switching system requires approximately 70% less wiring cost for real life 
installation in home compared to the similar conventional systems. Moreover, the smart home system includes: 

 (1) automatic night light that only lights up at night if it detects any human in the close proximity; 
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 (2) `Outside Mode' that turns off every single appliance connected to the system with a touch from android 
app when user leaves the home;  

 

 

(3) a smart security system that sounds an alarm, sends message and makes call to the user using GSM 
module if it detects any intrusion in the house. The android application provides a user-friendly Graphical User 
Interface (GUI) to send command to the microcontroller via Bluetooth. Compared to the products available in 
market, cost of the proposed system is cheaper to a great extent. 

 

b. Low-Power and Fast Full Adder by Exploring New XOR and XNOR Gates 

In this paper, novel circuits for XOR/XNOR and simultaneous XOR-XNOR functions are proposed. The 
proposed circuits are highly optimized in terms of the power consumption and delay, which are due to low output 
capacitance and low short-circuit power dissipation. We also propose six new hybrid 1-bit full-adder (FA) circuits 
based on the novel full-swing XOR-XNOR or XOR/XNOR gates. Each of the proposed circuits has its own 
merits in terms of speed, power consumption, power-delay product (PDP), driving ability, and so on. To 
investigate the performance of the proposed designs, extensive HSPICE and Cadence Virtuoso simulations are 
performed. The simulation results, based on the 65-nm CMOS process technology model, indicate that the 
proposed designs have superior speed and power against other FA designs. 

 A new transistor sizing method is presented to optimize the PDP of the circuits. In the proposed method, the 
numerical computation particle swarm optimization algorithm is used to achieve the desired value for optimum 
PDP with fewer iterations. The proposed circuits are investigated in terms of variations of the supply and 
threshold voltages, output capacitance, input noise immunity, and the size of transistors. 

c. A New Robust and Hybrid High-Performance Full Adder  Cell 

A new 1-bit hybrid Full Adder cell is presented in this paper with the aim of reaching a robust and high-
performance adder structure. While most of recent Full Adders are proposed with the purpose of using fewer 
transistors, they suffer from some disadvantages such as output or internal non-full-swing nodes and poor driving 
capability. Considering these drawbacks, they might not be a good choice to operate in a practical environment. 
Lowering the number of transistors can inherently lead to smaller occupied area, higher speed and lower power 
consumption. However, other parameters, such as robustness to PVT variations and rail-to-rail operation, should 
also be considered. While the robustness is taken into account, HSPICE simulation demonstrates a great 
improvement in terms of speed and power-delay product (PDP). 

 

3. LITERATURE REVIEW OF TWO-BIT MAGNITUDE COMPARATOR DESIGNS 

Due to wide area of applications, MC has become prime subject of interest for which numerous two-bit MC 
designs have been implemented by researchers. Two-bit MC using PTL utilizes 40 CMOS transistors are reported 
in. The major disadvantage associated with this sort of design is degradation of voltage since N-MOS only passes 
strong logic 0(zero).Hence, PTLMC suffers from low driving power and has high power consumption. 

Later on, in order to overcome the disadvantages of PTL, C-CMOS logic has been developed. This design 
employs complementary set of N-MO Sand P-MOS transistors for full- swing logic implementation. Two-bit MC 
design using C- CMOS logic has been reported in .Transistor count (TC) for this design is 66. This high TC 
makes the input impedance high which accounts for high delay. However, in case of driving power, the design is 
significantly robust. 

TGL do not incorporate the weakness of voltage degradation unlike PTL .However, high TC in TGL results in 
high area in silicon chip. Moreover, driving power is also an issue in this sort of designs .Two-bit MC using TG 
Misreported in [23] which employs 66transistors. 

Two-bit MC design employing Full Adder (FA) cell is reported in .Thedesignemployed30transistorsandused 
FA design in. TC of this MC is low while compared to the previously mentioned PTL and C-CMOSMCs. 
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Gate Diffusion Input (GDI) method enables designers to build VLSI circuits with less TC compared to other 
design methods .Major drawback of this design is the voltage degradation like PTL. Two-bit MC using GDI 
technique in only requires 28 transistors which is the lowest TC reported in this research. 

 

Hybrid logic style based two-bit MC in  requires 46 transistors. The design used hybrid logic based AND and 
XNOR gates for internal logic signal generation. Then the internal signals are send to C-CMOS based circuit for 
generating output terms. Major advantage of this design lies in the intelligent use of C-CMOS method based 
circuit in the outer signal generation. 

Dynamic logic based MC designs are also available in literature. However, the proposed and the other MCs 
mentioned are static CMOS based for which comparison in this research is conducted only among static CMOS 
based designs. 

 

 

4. FUNDAMENTALS OF LOW POWER VLSIDESIGN 
 

The increasing prominence of portable systems and the need to limit power consumption (and hence, 
heat dissipation) in very-high density ULSI chips have led to rapid and innovative developments in low-power 
design during the recent years. The driving forces behind these developments are portable applications requiring 
low power dissipation and high throughput, such as notebook computers, portable communication devices and 
personal digital assistants(PDAs).In most of these cases, the requirements of low power consumption must be met 
along with equally demanding goals of high chip density and high throughput. Hence, low-power design of digital 
integrated circuits has emerged as a very active and rapidly developing field of CMOS design. 

 
The limited battery lifetime typically imposes very strict demands on the overall power consumption of 

the portable system. Although new rechargeable battery types such as Nickel-Metal Hydride  are being developed 
with high erenergy capacity than that of the conventional Nickel-Cadmium  batteries, revolutionary increase of 
the energy capacity is not expected in the near future. The energy density (amount of energy stored per unit 
weight)offered by the new battery technologies is about 30 Watt-hour/pound, which is still low in view of the 
expanding applications of portable systems. Therefore, reducing the power dissipation of integrated circuits 
through design improvements is a major challenge in portable systems design. 

 
The need for low-power design is also becoming a major issue in high-performance digital systems, such 

as microprocessors, digital signal processors (DSPs) and other applications .Increasing chip density and higher 
operating speed lead to the design of very complex chips with high clock frequencies. If the clock frequency of 
the chip increases then the power dissipation of the chip, and thus, the temperature, increase linearly. Since the 
dissipated heat must be removed effectively to keep the chip temperature at an acceptable level, the cost of 
packaging, cooling and heat removal becomes a significant factor. Several high-performance microprocessor 
chips designed in the early 1990s operate at clock frequencies in the range of 100 to 300 MHz, and their typical 
power consumption is between 20and 50 W. 

 
ULSI reliability is yet another concern which points to the need for low-power design. There is a close 

correlation between the peak power dissipation of digital circuits and reliability problems such as electro 
migration and hot-carrier induced device degradation. Also, the thermal stress caused by heat dissipation on chips 
major reliability concern. Consequently, there diction of power consumption is also crucial for reliability 
enhancement. 

 
The methodologies which are used to achieve low power consumption in digital systems span a wide 

range, from device/process level to algorithm level. Device characteristics (e.g., threshold voltage), device 
geometries and inter connect properties are significant factors in lowering the power consumption. Circuit-level 
measures such as the proper choice of circuit design styles, reduction of the voltage swing and clocking strategies 
can be used to reduce power dissipation at the transistor level. Architecture-level measures include smart power 
management of various system blocks, utilization of pipelining and parallelism, and design of bus structures. 
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Finally, the power consumed by the system can be reduced by a proper selection of the data processing 
algorithms, specifically to minimize the number of switching events for a given task. 

 
 
 
 

4.1 Sources of Power Dissipation 

 
TheaveragepowerdissipationinconventionalCMOSdigitalcircuitscanbeclassifiedintothreemain 

components, namely, 

(1) The dynamic (switching)power dissipation 

(2) The short-circuit power dissipation and 

(3) The leakage power dissipation. 
If the system or chip includes circuits other than conventional CMOS gates that have continuous current 

paths between the power supply and the ground, a fourth (static) power component should also be considered 
 

Switching Power Dissipation represents the power dissipation during a switching event. This means that 
the output node voltage of a CMOS logic gate makes a power consuming transition. In digital CMOS circuits, 
dynamic power is dissipated when energy is drawn from the power supply to charge up the output node 
capacitance. During the charge-up phase, the outputnode voltage typically makes a full transition from 0 to VDD, 
and the energy used for thetransitions relatively independent of the function performed by the circuit. 

 
To explain the dynamic power dissipation during switching, consider the circuit given inFig. below.  

 
 
Here, a two-input NOR gate drives two NAND gates, through inter connection lines. 
The total capacitive load at the output of the NOR gate consists of 
 

(1) The output capacitance of the gate itself 

(2) The total interconnect capacitance, and 

(3) The input capacitances of the driven gates. 

 
 
Output capacitance: 
 

The output capacitance of the gate consists mainly of the junction parasitic capacitances, which are due 
to the drain diffusion regions of the MOS transistors in the circuit. The important feature to highlight here is that 
the amount of capacitance is approximately a linear function of the junction area. So, the size of the total drain 
diffusion area determines the amount of parasitic capacitance. 

 

Total inter connect capacitance: 
The interconnect lines between the gates contribute to the total interconnect capacitance. Note 
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Particularly in sub-micron technologies, the inter connect capacitance can become the dominant component, 
compared to the transistor-related capacitances. 
Input capacitances: 
 

The input capacitances are mainly due to gate oxide-capacitances of the transistors connected to the 
input terminal. Again, the amount of the gate oxide capacitance is determined primarily by the gate area of each 
transistor. 

 
Generic representation of a CMOS logic gate 

 
 
4.2   DIGITAL COMPARATORS 

Digital Comparator and Magnitude Comparator 
 

Data comparison is needed in digital systems while performing arithmetic or logical operations. This comparison 
determines whether one number is greater than, equal, or less than the other number. 

 

 A digital comparator is widely used in combinational system and is specially designed to compare the relative 
magnitudes of binary numbers These are also available in IC form with different bit comparing configurations such 
as 4-bit, 8-bit, etc. More than one comparator can also be connected in cascade arrangement to perform comparison 
of numbers of longer lengths. Whenever we want to compare the two binary numbers, first we have to compare the 
most significant bits. If these MSBs are equal, then only we need to compare the next significant bits. But if the 
MSBs are not equal, then it would be clear that either A is greater than or less than B and the process of comparison 
ceases. For example, the two 2-bit number are A = A1A0 and B=B1B0. If A1 is not equal to B1, then it is clear that 
A is greater than B for A1 =1 & B1= 0 or else A is less than B for A0= 0 & B0 =1. At this stage the process of 
comparison ceases. If the MSBs are equal, i.e., A1=B1 only then we need to compare the next significant bits A0 
and B0 and decide whether the number is greater than, less than or equal. So, the comparator produces three outputs 
as L, E and G corresponds to less than, equal and greater than comparisons.  

Single Bit Magnitude Comparator 
 

A comparator used to compare two bits, i.e., two numbers each of single bit is called a single bit comparator. It 
consists of two inputs for allowing two single bit numbers and three outputs to generate less than, equal and greater 
than comparison outputs. 

The figure below shows the block diagram of a single bit magnitude comparator. This comparator compares the two 
bits and produces one of the 3 outputs as L (A<B), E (A=B) and G (A>B). 
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The truth table for the single bit comparator is given below. When A0 B0 = 00 & 11, both inputs are equal, therefore 
A=B output will be high. When A0 B0 = 01, B is more than A and hence AB is active. 

 

From the truth table logical expressions for each output can be expressed as 

 

By using these Boolean expressions, we can implement a logic circuit for this comparator using two AND gates, one 
NOT gate and one Ex-NOR gate as shown in below figure. AND gates are used to find whether a binary digit is less 
than greater than another bit whereas Ex-NOR gate is used to find whether two binary numbers are equal or not. 

In the figure, one AND gate has inputs of A0 (B0) ̅ and another has inputs (A0) ̅ B0. Therefore, one AND gate 
output is 1 if A0 > B0 (i.e., A0 =1 and B0 =0) and is zero if A0 < B0 (i.e., A0 =0 and B0 =1). Similarly, other AND 
gate output is one if A0 < B0 (i.e., A0 =0 and B0 =1) and is zero if A0 > B0 (i.e., A0 =1and B0 =0). 

The Ex-NOR gate has inputs A0 B0, hence the output of the Ex-NOR gate will be 1 if A0 = B0 and the output will 
be 0 if A0 is not equal to B0. 
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2-Bit Comparator 
A 2-bit comparator compares two binary numbers, each of two bits and produces their relation such as one number 
is equal or greater than or less than the other. The figure below shows the block diagram of a two-bit comparator 
which has four inputs and three outputs. 

The first number A is designated as A = A1A0 and the second number is designated as B = B1B0. This comparator 
produces three outputs as G (G = 1 if A>B), E (E = 1, if A = B) and L (L = 1 if A<B). 

 

From the above k-map simplification, each output can be expressed as  

 

By using above obtained Boolean equation for each output, the logic diagram can be implemented by using four 
NOT gates, seven AND gates, two OR gates and two Ex-NOR gates. 

The figure below shows the logic diagram of a 2-bit comparator using basic logic gates. It is also possible to 
construct this comparator by cascading of two 1-bit comparators. 
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4-Bit Comparator 
It can be used to compare two four-bit words. The two 4-bit numbers are A = A3 A2 A1 A0 and B3 B2 B1 B0 
where A3 and B3 are the most significant bits. 

It compares each of these bits in one number with bits in that of other number and produces one of the following 
outputs as A = B, A < B and A>B. The output logic statements of this converter are 

 If A3 = 1 and B3 = 0, then A is greater than B (A>B). Or 
 If A3 and B3 are equal, and if A2 = 1 and B2 = 0, then A > B. Or 
 If A3 and B3 are equal & A2 and B2 are equal, and if A1 = 1, and B1 = 0, then A>B. Or 
 If A3 and B3 are equal, A2 and B2 are equal and A1 and B1 are equal, and if A0 = 1 and B0 = 0, then A > 

B. 
From the above statements, the output A > B logic expression can be written as 

The equal output is produced when all the individual bits of one number are exactly coincides with corresponding 
bits of another number. Then the logical expression for A=B output can be written as 

E = (A3 Ex-NOR B3) (A2 Ex-NOR B2) (A1 Ex-NOR B1) (A0 Ex-NOR B0) 

From the above output Boolean expressions, the logic circuit for this comparator can be implemented by using logic 
gates as given below. In this the four outputs from Ex-NOR gates are applied to AND gate to give the binary 
variable E or A = B.  

5. PROPOSED DESIGN USING PASS TRANSISTOR LOGIC (PTL) STYLE 

Main idea behind PTL is to use purely NMOS Pass Transistors network for logic operation [1]. The 
basic difference of pass-transistor logic style compared to the CMOS logic style is that the source side of the 
logic transistor networks is connected to some input signals instead of the power lines as in Fig.12. In this design 
style, transistor acts as switch to pass logic levels from input to output [9]. Schematic of 2-bit magnitude 
comparator using pass transistor logic style is given inFig.13. 
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Figure 12. Symbol for AND Gate using Pass Transistor Logic 
 
Advantages 

 Design requires less number of transistors because one pass-transistor network (either NMOS or 
PMOS) is sufficient to perform the logic operation. 

 Speed is increased because less number of transistors are used for design. 
 Less area is required for design because PMOS is not used. 

Disadvantages 
 It does not provide full output voltage swing because PMOS is not used. 

. 

 
 
 
Figure 13. Schematic of 2-Bit Magnitude Comparator using Pass Transistor Logic style 

 

 

 

Fig 14 Block Diagram for proposed magnitude comparator 
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6. SIMULATION RESULT 
 

 
 

Figure 14. Waveform of 2-Bit Magnitude Comparator using Pass Transistor Logic style 

 

Considerinputbits0100thenaccordingtotruthtableinoutputside„1‟shouldbeobtainedinA>B& 
resttwooutputshouldbe„0‟.Aftersimulationoutput wave form( inFig.14) shows same result a sin truth 
table  for these input bit.  

 When input bits are 0101 then expected output in A=B should be „1‟,& wave form also shows same 
output as in truth table. Similarly, When input bits are 0110 then expected output in A<B should be 
„1‟,&waveformalsoshowssameoutputasintruthtable. 

 

7 CONCLUSIONS 

 
This works presented the design of a two-bit MC. The proposed MC utilized PTL and TGL based logic circuits for 
generating the initial signals from the inputs which reduced TC. Output terminals consisted C-CMOS circuits to 
provide robustness and driving power. For comparison purpose, proposed MC has been simulated in 90 nm CMOS 
process along with the existing ones. The proposed MC achieved quite satisfying performance parameters which 
proved its effectiveness. Due to the high performance obtained by the proposed design, it is proved that the design is 
highly useful for designing modern microprocessors. 
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ABSTRACT
This paper involves the design of ultra-low power standard cell library, standard cells are designed by Variable
Threshold CMOS (VTCMOS) has emerged as an effective circuit-level technique that attains a high performance,
while standby sub threshold leakage is minimized by providing substrate biasing. There by leakage power is
reduced by almost 9 times than without substrate bias of library with penalty of small amount of delay. By
using this library there is an almost infinite amount of consumer products like mobile phones, processors,
televisions, cameras, refrigerators, ovens and cars.

In this paper, the characterization of different components of standard cell is performed using worst-case and
best-case ASIC technology libraries. The worst-case library is characterized by a supply voltage of 0.96V,
operating temperature of 125°C, and slow process corner. The best-case library is characterized by a supply
voltage of 1.44V, operating temperature of -40°C, and fast process corner.This paper focused on the
implementation (physical) aspect. All standard cells leakage current, propagation delay, slew rate and dynamic
power are calculated by Cadence Schematic Composer and Cadence virtuso.

Keywords: CMOS, ASIC, Leakage Current, Body Bias, Power Dissipation, Slew Rate, Propagation Delay.

I. INTRODUCTION
This paper enumerates about library architecture, which will consists of standard cells, standard-cell libraries
are fixed set of well-characterized logic blocks. Basic logic functions are used several times on the same
integrated circuit. It will have leaf cells ranging from simple gates to latches and flip-flops. These can then be
used to build arithmetic blocks like adders and multipliers. ASIC designers commonly employ the use of
standard cell libraries due to their robustness and flexibility resulting in quick turnaround times.
The objective of this to develop a methodology for designing low power circuits and cells, and to implement this
methodology in constructing a general purpose cell library that can be used to design low power integrated
circuits. The design methodology encompasses all aspects of circuit design; it optimizes transistor size, logic
style, layout style, cell topology, and circuit design for low power operation. The entire cell library is
characterized to determine typical delay, average power consumption, and area for each cell so the IC designer
can make reasonable speed, area, and power estimations while still in the architecture design stage.

II. LITERATURE REVIEW
Lowering power consumption is critical for further improvements for operational speed in high-speed
applications and for low-power consumption in battery-supplied applications such as cellular phones. Reducing
the unwanted currents, called leakage currents or simply leakage, is vital for further growth in IC designs.
Leakage has two components: Sub-threshold leakage and gate-oxide leakage. Sub-threshold old leakage
consists of source-drain currents when the transistor is supposed to be non-conducting. These currents are
now flowing through the substrate of the transistors due to effects near the active regions of transistors that
heavily depend on the length of the transistor gate. Gate-oxide leakage comes from currents tunneling through
the very thin oxide layer between gate and source, drain or bulk. Clearly, both types of leakage depend on the
device sizes, and also depend on the voltages at the terminals. Further, altering the doping of the substrate, the
threshold voltage, Vth, can be changed enabling the design of low leakage transistors with higher Vth values.
Though, high Vth have weaker drive and will deteriorate the speed of the circuitry. When technology is scaled
down sub threshold leakage current is increases, so it is reduced by given below library architecture. Even
though gate leakage is increase beyond 90nm technology, we can’t control gate leakage. It is controlled by
foundry, but sub threshold leakage we can reduce by various techniques like VTCMOS, MTCMOS, Stacking effect
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etc. Library architecture consists of standard cells, charge pump and strap cells. Depending upon circuit
operation bias values are applied to cells, when bias values are applied threshold voltage of standard cells is
increased, there by leakage is decreases.

Fig. 1. Library Architecture

Table 1. Operation of the library architecture

CE POR Oscillator Bias ON/OFF Comment

0 0 OFF ON Active mode

0 1 ON OFF Standby mode

1 0 OFF ON Active mode

1 1 OFF ON Active mode

As shown in Fig. 1 strap cell which is used to connect VNW, VPW to bulk of the MOSFET. The charge pump
block, this will provide VNW, VPW depending upon standby mode and active mode of circuits. An Oscillator is
used to produce frequency to produce the bias values. Different standard cells are designed by using without
body bias technique and with body bias techniques and there by compared leakage current, delay and slew rate
and dynamic power.

III. TYPES OF STANDARD CELLS
Different Types of Standard Cells

A. NOR2

The NOR2 cell provides a logical NOR of two inputs (A, B). The output (Y) is represented by the logic equation:

  (1)

Table 2. Function of NOR2

A B Y

0 0 1

X 1 0

1 X 0

Table 2 shows the operation of the 2 input NOR.
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Fig 2: Schematic Diagram

Fig.2 shows, when both inputs A and B are low, transistors M3, M4 are OFF and M1, M2 are ON. Then output
becomes low .If both inputs are high, M3, M4 are ON and M1, M2 are OFF.

B. OAI21

The OAI21cell provides the logical inverted AND of one OR group and an additional input. The output (Y) is
represented by the logic equation:

  010  (2)

Table 3: Function of OAI21

A0 A1 B0 Y

0 0 X 1

X X 0 1

X 1 1 0

1 X 1 0

Fig. 3. Functional Schematic of OAI21
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IV. LEAKAGE POWER ANALYSIS AND BODY BIAS TECHNIQUES
In digital CMOS circuits there are three sources of power dissipation, the first is due to signal transition, the
second source of power dissipation comes from short circuit current which flows directly from supply to
ground terminal and the last is due to leakage currents. As technology scales down the short circuit power will
be comparable to dynamic power dissipation. Furthermore, the leakage power shall also become highly
significant.

High leakage current is becoming a significant contributor to power dissipation of CMOS circuits as threshold
voltage, channel length, and gate oxide thickness are reduced [3-4]. Consequently, the identification and
modeling of different leakage components is very important for estimation and reduction of leakage power
especially for low-power applications. Different leakage mechanisms contribute to the total leakage in a device.
The three major types of leakage mechanisms are sub threshold, gate, and reverse-biased, drain- and source-
substrate junction band-to-band-tunnelling (BTBT) with technology scaling, each of these leakage components
increases drastically, resulting in an increase in the total leakage current. The increase in different leakage
components with technology scaling has two major implications in leakage estimation and low power logic
design. First, these increases add up to a dramatic increase in total leakage. More importantly, each of the
leakage components becomes equally important in nano scaled devices. And hence, the relative magnitudes of
the leakage components play amatory role in low-leakage logic design.

BODY BIAS TECHNIQUE

The source biasing techniques described above decrease leakage by simultaneously reducing VGS and VBS, but
another class of techniques focuses specifically on the term VBS.

The primary method is to manipulate the body voltage to modulate the threshold voltage. Since sub threshold
leakage is inversely dependent upon the threshold voltage, increasing the threshold reduces the power
consumption. However, the gate performance degrades with increasing Vt, so techniques that statically increase
the body voltage are undesirable. Instead, by dynamically controlling the body voltage, the circuit can be tuned
to the best trade-off between power consumption and performance at any given time. This technique is
typically called Variable Threshold CMOS (VTCMOS) [13-14].

Although not always specifically called VTCMOS, schemes that modify the body bias to affect the threshold
voltage have been proposed for older process generations. The self-adjusting threshold-voltage scheme (SATS)
bounds the leakage regardless of the process corner and temperature using a sense stage that dynamically
tunes the body voltage to the set the minimum Vt to meet the performance requirements. The intention is to
switch between an active and a sleep mode. The VTCMOS approach depends on the ability to dynamically
change the threshold voltage.

V. RESULTS AND DISCUSSION
The results and discussion may be combined into a common section.

A. NOR2

The NOR2 cell provides a logical NOR of two inputs. The characterization of NOR2 cell is given below in terms
of speed, slew rate, leakage current, dynamic power and dynamic current.

1. PROPAGATION DELAY

Propagation delays are defined as the time interval between the input stimulus crossing 50% of VDD and the
output crossing 50% of VDD and the time interval between the input stimulus crossing 50% of VDD and the
output crossing 90% of VDD. The delay calculations are calculated at process corner Slow Slow (SS), supply
voltage of 0.96V and temperature 125oC. Comparisons for NOR2 circuits with and without bias technique are
given below.
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Table 4. Delay 50%Input to 50% Output for NOR2 at SS, 0.96V, 1250C

Input and output
signals considered

Propagation delays (ns)
%change

OLD NEW

A(r) to Y(f) 2.941 3.137 6.66

B(r) to Y(f) 2.948 3.121 5.86

A(f) to Y(r) 7.105 7.612 7.13

B(f) to Y(r) 7.092 7.685 8.36

Average Value 7.00

In Table 4, delay is calculated at 50% input to 50% output time lag for standard cell NOR2, at operating
conditions (SS, 0.96V, 125oC). The values under OLD show the delay without body bias Technique and the
values under NEW shows delay with body bias Technique for a NOR2 circuit. “A (r) to Y (f)” shows the time
difference between 50% of the input (A) rising edge and 50% of output (Y) waveform at falling edge. “B (f) to Y
(r)” has maximum percentage variation i.e., 8.36%. For “A (r) to Y (f)”, there is a minimum variation of 6.66%.
By using bias technique, delay increases with an average change of 7.0% as seen in last row and last column of
Table 4.

Table 5. Delay 50% Output to 90% Output for NOR2 at SS, 0.96V, 125 oC

Input and Output
signals

considered

Propagation delays(ns)
%change

OLD NEW

A(r) to Y(f) 1.35 1.399 3.62

B(r) to Y(f) 1.343 1.381 2.82

A(f) to Y(r) 13.96 15.2 8.88

B(f) to Y(r) 14.08 15.28 8.52

Average Value 5.96

From Table 5, delay is calculated at 50% input to 90% output time lag for standard cell NOR2, at operating
conditions (SS, 0.96V, 125oC). “A (f) to Y (r)” has maximum percentage variation i.e., 8.88%. For “B (r) to Y (f)”,
there is a minimum variation of 2.82%. By using body bias technique, delay increases with an average change of
5.96% as seen last row and last column of Table 5.

2. SLEW RATE

It is the time interval between the input stimulus crossing 10% of VDD and the output crossing 90% of VDD. The
delay is calculated at process corner SS, supply voltage of 0.96V, and temperature125oC given in Table 6.

From Table 6, the values under OLD show delay without body bias Technique in gate NOR2 and NEW shows
delay circuit with bias technique and with respect to this technique, delay increases with an average change of
9.83%.

Table 6. Delay 10% Output to 90% Output for NOR2 at SS, 0.96V, 125 oC

Output(Y)
Slew Rate (ns)

%Change
OLD NEW

Rise 5.496 6.075 10.5

Fall 3.347 3.902 11.5
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3. LEAKAGE CURRRENT

Leakage current is calculated by self-reverse bias technique, in which substrate leakage current through a stack
of series connected transistors reduces when more than one transistor of the stack is turned off. For every off
state and on state leakage is calculated at fast fast corner, power supply voltage of 1.44V and temperature of
125C given in Table 7. Leakage current is calculated using spectre simulator.

Table 7. Leakage Current for NOR2 at FF, 1.44V, 1250C

Inputs

(A,B )

Leakage
current for

OLD

(nA)

Leakage Current for NEW
(nA)

Improvement

(or reduction) in Leakage

Without Bias With Bias Without Bias With Bias

00 3.472 3.22 0.66 1.07 5.26

01 3.81 3.459 0.35 1.10 10.7

10 5.273 4.761 0.54 1.10 9.71

11 0.624 0.572 0.04 1.09 15.6

Average Value 10.3

From Table 7, leakage current of all combinations of inputs A and B have been calculated. The values under
OLD show the leakage current without body bias Technique and without high Vth transistor (from foundry) in
gate NOR2.The values under NEW shows leakage current circuit with body bias and without body bias
technique for high Vth transistor.

When all inputs are on, then leakage current for circuit with bias has been maximum reduced by 15.6 times
than circuit without bias. The NOR2 cell, without bias has more leakage than with bias technique. With bias,
leakage reduced by an average of 10.34 times than circuit without biasing as seen in last row and last column of
Table 7.

4. ENERGY

Energy is calculated by taking the product of dynamic current and supply voltage at given period of time under
the specified operating conditions (fast fast corner, supply voltage of 1.44V and temperature of -40C) given in
Table 8.

Table 8. Dynamic power for NOR2 at FF, 1.44V, -400C

Input and Output
Signals Considered

Energy (μW/MHz)
%Change

OLD NEW

A(f)_B(f)_y(r) 1.1167 1.1161 0.04

A(r)_B(r)_y(f) 1.1167 1.1161 0.04

In Table 8, the energy is calculated from rise time and fall time of the output current signal. With bias, OAI21
cell has less energy consumption than without body bias technique.

B. OAI21

1. PROPAGATION DELAY

Table 9. Delay 50% Input to 50% Output for OAI21 at SS, 0.96V, 125oC

Input and Output signals
considered

Propagation delays (ns)
%change

OLD NEW

A0(f) to Y(f) 2.45 2.71 10.6

B0(f)_A0(1) to Y(f) 2.35 2.58 9.78

B0(f)_A1(1) to Y(f) 2.45 2.68 9.38

A1(f) to Y(f) 2.65 2.91 9.80
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A0(r) to Y(r) 3.47 3.75 8.06

B0(r)_A0(1) to Y(r) 3.39 3.69 9.11

B0(r)_A1(1) to Y(r) 3.41 3.69 8.21

A1(r) to Y(r) 3.52 3.79 7.67

Average Value 9.07

When compared the values obtained for all the input output conditions in column NEW with values shown in
column OLD, “A0 (f) to Y (f)” has maximum percentage variation i.e., 10.6%. For “A0(r) to Y(r)”, there is a
minimum variation of 7.67%. By using body bias technique, the average increase in delay is 9.07%, as seen
from the last row last column of the Table 9.

Table 10. Delay 50% Input to 90% Output for OAI21 at SS, 0.96V, 125oC

Input and Output
signals considered

Propagation
delays (ns)

%change

A0(f) to Y(f) 1.11 1.16 5.2

B0(f)_A0(1) to Y(f) 1.02 1.04 1.9

B0(f)_A1(1) to Y(f) 1.12 1.14 1.8

A1(f) to Y(f) 1.31 1.37 4.6

A0(r) to Y(r) 6.79 7.41 9.1

B0(r)_A0(1) to Y(r) 6.695 7.34 9.7

B0(r)_A1(1) to Y(r) 6.694 7.35 9.7

A1(r) to Y(r) 6.82 7.46 9.3

Average value 6.4

When compared the values obtained for all the input output conditions in column NEW with values shown in
column OLD, “B0(r) _A0 (1) to Y(r)” has maximum percentage variation i.e., 9.7%. For “B0 (f) _A0 (1) to Y(r)”,
there is a minimum variation of 1.8%. By using body bias technique, the average increase in delay is 6.4%, as
seen from the last row last column of the Table 10.

2. SLEW RATE

Table 11. Delay 10% Output to 90% Output for OAI21 at SS, 0.96V, 125oC

The values under OLD shows delay without body bias Technique in cell OAI21 and the values under NEW
shows delay with body bias Technique and with respect to this technique delay increases with an average
change of 11%.

3. LEAKAGE CURRENT

Table 12. Leakage Current for OAI21 at FF, 1.44V, 1250C

OUTPUT(Y)
Slew Rate (ns)

%Change
OLD NEW

Rise 11.9 13.03 9.49

Fall 3.84 4.231 10.18

Inputs

(A0,A1 B0)
Leakage current
for OLD (nA)

Leakage Current for NEW
(ns)

Improvement

(or reduction) in Leakage

Without Bias With Bias Without Bias With Bias

000 1.94 1.73 0.21 1.11 9.16

001 2.60 2.39 0.34 1.08 7.55
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When all inputs are off then leakage current with bias has been reduced maximum by 9.16 times than without
bias. The gate without bias executes more leakage than gate with bias technique. With bias, leakage has reduced
by an average of 7.74 times than without biasing.Improvement (or reduction) in Leakage for the NEW (i.e.
circuit with high Vth and body bias) compared to OLD (i.e. circuit without high Vth) .

4. ENERGY

Table 13. Energy for OAI21 at FF, 1.44V, -40C

Inputs OLD NEW %Change

A0(r)_B0(r)_A1(r) to Y(r) 0.3752 0.374 0.32%

A0(f)_B0(f)_A1(f) to Y(f) 0.3754 0.375 0.1%

In Table 13, the energy is calculated from rise time and fall time of the output current signal.With bias, OAI21
cell has less energy consumption than without body bias technique.

Table 14. Performance analysis of sequential cells considered

S.No.
Cells

considered

% Change with body bias in case of NEW

(i.e. circuits with high Vth) compared to OLD (i.e. circuit with high Vth
and without body bias)

Setup time (ns) Hold time

1 TLAT 50 8.1

2 DFFHQ 39.60 27.77

3 SDFFHQ 18.88 66.67

4 SDFFNH 66.67 18.88

Average Value 43.78 30.35

From Table 14, it is observed that standard cell SDFFNH has maximum % change in setup time of 66.67. There
is maximum hold time of 66.67% for SDFFHQ cell. Setup time is an increase an average percentage change of
43.78% and the hold time is increases an average of 30.35%, by using body bias technique (last row last column
of Table 14.

Table 15. Performance analysis of standard cells considered

S.No Cells

% Change with body bias in case of NEW
(with body bias) compared to OLD(i.e.

circuit without body bias)

Propagation Delay

Leakage Current

EnergyWithout body
bias

With body
bias

1. OAI21 -10.6 110 +816 +0.32

2 OAI22 -10.4 114 +778 +0.18

3 OR2 -8.36 108 +667 -0.13

010 2.42 2.21 0.30 1.09 7.85

011 2.62 2.50 0.36 1.04 7.27

100 2.42 2.21 0.30 1.09 7.85

101 2.87 2.72 0.39 1.05 7.24

110 2.41 2.20 0.30 1.09 7.96

111 1.91 1.836 0.27 1.04 7.04

Average Value 1.07 7.74
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4 NOR2 -8.36 110 +1460 +0.04

5 XNOR3 -9.51 111 +697 +0.003

6 MUX2 -9.78 112 +762 -0.175

7 TLAT -1.5 106 +700 +0.14

8 DFFHQ -2.85 111 +800 +0.14

9 SDFFHQ -29.8 110 +800 +0.18

10 SDFFNH -5.72 112 +900 +0.08

Average Value 9.67 100 +838 +0 .77

From Table 15, it is observed that standard cell SDFFHQ has maximum % change in propagation delay of
29.89. There is maximum Leakage current reduction of 1460% for NOR2 cell. The maximum % change in
energy consumed is for standard cell OAI21 and is 0.32%. The % leakage current reduction is to an extent of
838%with delay penalty of 9.67%, by using body bias technique (last row last column of Table 15.

VI. CONCLUSION
As the purpose first states, the possibility of making a standard cell library from which other constructions
could be made, has been examined. A few basic cells, has been created. Each individual cell was run through
simulator Spectre (cadence) and calculating delay (50%-50%), slew delay and leakage current for the cell
library. Those were the steps carried out in order to make an ultra-low power standard cell library. Results
show that the library provides a factor of 8-10 in leakage reduction over its predecessor library. In some cases,
much greater leakage power reduction can be achieved. In addition to the power reduction, library
implementations have not significant increase in delay 10-15.This generates more compact and efficient layout
as some cells in the new library replace combinations of several sub-cells in the old library.
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Abstract— In this paper the central idea of this 

work is to design a vending machine that will be 

able to provide a number of items like soft drink, 

cake &cold rinks to people. The machine will also 

deliver the change, depending on the amount of 

money inserted and the price of product. At the 

same time we have made efforts to make the design 

of the Vending Machine power efficient by using 

power reduction techniques. In this process we 

have tested our design at different frequencies and 

analyzed the consumed power. Next, we have also 

calculated the power at different frequencies with 

different IO STANDARD like LVCMOS33, 

LVCMOS12, SSTL18BI, HSTLBIB18. The 

proposed design is tested and implemented using 

VERILOG HDL and XILINX ISE 14.2targeting 

XC3S500E FPGA. The result shows optimization 

of power. 

 

Keywords: Verilog, lvcmos33, iostandard,sstl18bi, 

hstlbib18. 

 

I. INTRODUCTION 

Vending Machine is a product used to dispense 

various products like candy, cold drinks, cakes etc. 

when desired amount of money is inserted into it. 

The Vending Machine is more accessible and 

practical then conventional purchasing method. 

Nowadays, Vending Machine can be seen 

everywhere near ATMГs, Metro Stations, Movie 

Theatres and many more places. These are handier 

as they are accessible 24k7[7]. it also helps in 

reduction of overhead costs by not hiring of staff 

increases profit margin. They can also be moved to 

other places in case the situation arises and they 

will continue performing in the same manner as it 

was performing earlier. In most of the papers based 

on vending machine, the main focus is to increase 

the number of products, as well as the speed of 

computation of the machine. But increase in 

computational speed as well as by increase in 

quantity of products is possible only through 

increased hardware which leads to high power 

consumption that keeps on increasing due to 

development in VLSI technology. In this paper we 

have discussed some techniques for reduce power 

at the architectural level to make my design of 

Vending Machine more efficient in terms of power. 

FPGA is a Silicon chip containing two dimensional 

arrays of logic blocks and with electrically 

programmable interconnects [8]. The main reason 

behind choosing our platform as FPGA instead of 

any microprocessor is the advantage it posses i.e. 

of it can be reprogrammed at any time .with 

different functionality each time [9]. Moreover if 

any one made an error in his design he can just fix 

that logic, recompile it and redownload it on your 

FPGA Board, no need for soldering or no need to 

change the components. The speed of computation 

is also very fast in FPGA. The Vending machine is 

based on the concept of FSM. There are only two 

types of state machines, and moor model. the 

output depends on the input as well as the present 

state. The output depends only on the present state. 

 

Figure-1: More Machines 

 

Figure-2: Mealy Machines 

II. RELATED WORK 

a)  mishra s, verma G. Ilow power and area 

efficient implementation ofBcD adder on 

FpGa", international conference on signal 

processingand communication (icscY2013); 2013 

Dec 12Y14; Jiit, noida: ieeeГXplore; 2013. p. 

461-5 
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Decimal adders and multipliers are the basic 

building block for arithmetic and logical unit and 

barrel shifters in today's high end processors and 

controllers. In this paper, an efficient BCD adder is 

designed based on low power synthesis technique 

at the architectural level. There are different levels 

of abstraction at which the power can be minimized 

but the low power technique at the architectural 

level has more impact than that of circuit level 

approaches. Two different approaches have been 

discussed i.e. pipelining and parallelism, so as to 

minimize the power consumption at architectural 

level. The proposed designs are tested and 

implemented using VHDL and the Xilinx ISE 10.1 

targeting Xilinx XC5VLX30-3 FPGA. The result 

shows the optimization of power, delays and the 

area for different designs and a comparison 

analysis is provided based on the existing designs 

in the literature. 

 

b) Gauravverma, shambhavimishra, 

sakshiaggarwal,surabhisingh, sushants hekhar 

and sukhbanikaurvirdi, I power consumption 

analysis of BcD adder using X power analyzer 

on vertex Fpga", Indian Journal of science and 

technology, vol 8(18), ipl0160, august2015 

 

Adders are the integral part of any digital circuit 

operation. Optimization of adder’s supremacy 

along with its vicinity is a demanding chore. In this 

work an efficient BCD ADDER1 is analyzed in 

terms of power consumption by scaling the various 

parameters like voltage, frequency and load 

capacitance. In addition to this the focus is also 

given on the airflow of the device to reduce the 

power. Finally the power is reduced by sending 

different encoded data at the input. The proposed 

designs are hardened and implement by means of 

VHDL and Xilinx ISE (integrated Software 

Environment) 14.5 and validated using XPower 

targeting Virtex FPGA. Power consumption is 

discussed in terms of clock, signals, logic, input/ 

outputs and leakage. A comparative analysis has 

been shown at the end to validate the obtained 

results. 

III. IMPLEMENTATION OF VENDING 

MACHINE 

In this paper a state diagram is constructed for the 

proposed machine which can vend four products 

that is coffee, cold drink, candies and snacks. Four 

select (select1, select2, select3) inputs are taken for 

selection of products. Select1 is used for the 

selection of snacks. Similarly select2, select3, are 

used for coffee, cold drink and candies 

respectively. Rs_05 and rs_10 inputs represents 

rupees 15/- notes respectively. A cancel input is 

also used when the user wants to withdraw his 

request and also the money will be returned 

through the return output. Return, product and 

change are the outputs. Return and change vectors 

are seven bits wide. Money is an in/out signal 

which can be updated with the total money of all 

products delivered at a time. Money signal is seven 

bits wide. Money_count is an internal signal which 

can be updated at every transition. This signal is 

also seven bits wide. If the inserted money is more 

than the total money of products then the change 

will be returned through the change output signal. 

The products with their prices are shown by table 

1. There are also two input signal clk and reset. The 

machine will work on the positive edge of clock 

and will return to its initial state when reset button 

is pressed. The proposed vending machine is 

designed using FSM modelling and is coded in 

VHDL language. 

IV. DESIGN METHODOLOGY 

i) the user first selects the item he wants to 

purchase. 

ii) then the user inserts the money. 

iii) if the money inserted in the machine matches to 

that of theproduct selected then the product is 

dispensed as the output. 

iv) if there is any change left it is given back to the 

user. in myvending machine there are only 3 types 

of product withtheir prices given below in table 1: 

Table 1: product with their prices 

 
From the figure 3 it is clear that vending machine 

only accepts two types of coins i.e. coinB5 (for a 5 

rupee coin) and coin B10(for a 10 rupee coin). Four 

types of select bit are also present for the user i.e. 

i) SB0: initially it will be present in idle state or 

reset state. 

ii) SB1 (2Гb01): for the selection of product candy. 

iii) SB2 (2Гb10): for the selection of the product 

cake. 
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iv) SB3 (2Гb10): for the selection of the product 

cold drink. 

 

Figure-3: Block diagram of Vending Machine 

Vending machine has also five intermediate states. 

i) StB0(if it is in state zero) 

ii) StB5(if it is in state five) 

iii) StB10(if it is in state ten) 

iv) StB15(if it is in state fifteen) 

v) StB20(if it is in state twenty) 

the FSM of cold drink, candy, cake are shown in 

figure 4, 5 and 6 respectively. 

 
 

Figure-4: FSM for cold drink 

 

 

 

Figure-5: FSM for candy 

 

Figure-6: FSM for cake 

V. RESULTS 

RTL Schematic: RTL schematic is described as 

register transfer logic that means the logic is 

transferred to registers it is also known as designer 

view because of it is looking like what is the 

intension of designer. 
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Figure-7: RTL Schematic of Vending Machine 

 

Figure-8: View Technology Schematic of Vending 

Machine 

 

Figure-9: Simulated wave form of vending 

machine for candy when 5 rupee coin insert 

 

Figure-10: Simulated wave form of vending 

machine for candy when 10 rupee coin insert 

 

Figure-11: Device preferred for simulation 

 

Figure-12: Power consumption for spatan3e  

 

Figure-13: Hardware utilization summery 

Minimum period: 2.928ns (Maximum Frequency: 

341.565MHz) 

Minimum input arrival time before clock: 3.562ns 

Maximum output required time after clock: 5.255ns 

Maximum combinational path delay: 5.895ns 

Power consumption 0.1478m.watt. 
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VI. CONCLUSION 

The vending machines that are popularly used till 

date are operated by receiving specific 

denomination i.e. The cost of the product and 

deliver it. They don’t work when combinations of 

coins are inserted or more or less amount is given. 

But this vending machine is a solution for the 

above problems. It will deliver the product even if 

we insert more than the cost of the product and 

give the remaining change. It also delivers the 

product if we insert the amount in combination of 

coins. Some further developments are to be made 

to accept the currency notes also. 
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Abstract
In this paper, an enhanced multipath recycling folded cascode (EMRFC) operational transconductance amplifier (OTA) is

presented. In the proposed amplifier a high current node is created in the recycling structure by shorting the two drains of

the current mirrors and a positive feedback at the output load are employed with multipath current recycling technique.

With these modifications, the proposed amplifier achieves a high DC gain and unity gain bandwidth. The proposed EMRFC

amplifier with conventional FC, RFC, and IRFC amplifiers are designed and implemented using UMC 180 nm CMOS

technology for a total bias current of 300 lA. The EMRFC amplifier exhibits a DC gain enhancement of about 40 dB as

well as a 90 MHz increase in UGB compared to the conventional folded cascode configuration. Moreover, the input-

referred noise of the proposed OTA is also reduced. The simulations carried out in Cadence Spectre Environment confirm

the theoretical results and illustrate that the proposed amplifier has a better figure of merits (FoMs) compared to its

counterparts.

1 Introduction

In many high-speed analog applications like switched

capacitive filters, converters, sample and hold circuits, the

operational transconductance amplifier (OTA) is the major

building block. The performance of the high-speed appli-

cation depends upon the operational characteristics of the

OTA. Hence, in recent times many of the researchers have

proposed several techniques for designing these OTAs with

wide bandwidth, larger gains, and slew rates with low

noise. To deal with the consequences of scaling the tech-

nology down to the submicron process and to design high-

performance OTAs, folded cascode amplifier is commonly

used because of its high DC gain and larger swings.The

design equations and processes of a fully differential folded

cascode OTA for addressing the needs of inexperienced

analogue integrated circuit designers are described in

Mallya and Nevin (1989) and considered to be the first of

their kind. A transconductance, bandwidth, and slew rate

enhancement technique based on current splitting and

recycling is proposed in Mottaghi-Kashtiban et al. (2006)

and termed as a recycling folded cascode amplifier (RFC)

(Assaad and Silva-Martinez 2009). Further improvements

in transconductance, unity-gain bandwidth of FC OTA is

achieved in Yilei et al. (2012) by employing separate AC

and DC paths and is named as improved recycling folded

cascode amplifier (IRFC) (Li et al. 2010). The concept of

positive feedback for the enhancement in DC gain by

increasing the output impedance is utilized and discussed

in Akbari et al. (2014). A current steering positive feed-

back is applied to RFC OTA in Kumaravel and

Venkataramani (2014) for performance enhancement in

terms of DC gain. The double recycling technique is pro-

posed and adopted to RFC OTA in Yan et al. (2012) and

the performance improvements are presented. A novel

technique is addressed in Venishetty and Sundaram (2019)

for enhancing DC gain by increasing output impedance and

termed as modified recycling folded cascode amplifier

(MRFC). An FC OTA in which all the transistors are

operated in the sub-threshold region for achieving perfor-

mance metrics with reduced power consumption is

described in Ragheb and Kim (2017). High recycling
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folded cascode OTA (HRFC) developed by shorting two

drains of the current mirror transistors of recycling struc-

ture for enhancing DC gain, unity gain bandwidth is dis-

cussed (Yosefi 2019) and the enhanced results are

presented in Feizbakhsh and Yosefi (2019). A high current

recycling structure including separate AC and DC paths

with positive feedback is discussed in Venishetty and

Sundaram (2020) and presented simulation results illus-

trates the enhancements in DC gain, slew rate, and UGB.

However depending upon the specifications requirement,

several architectures are discussed and designed in (Razavi

2002; Allen and Holberg 2011).

This paper presents a novel multipath recycling tech-

nique with the high current node in the recycling structure

and positive feedback at the output load for achieving

enhancements in the output impedance, transconductance,

which leads to achieve high DC gain, and unity-gain

bandwidth (UGB).

The proposed paper is organized as follows: Sect. 2

discusses the conventional folded cascode (FC), recycling

folded cascode (RFC), and improved recycling folded

cascode (IRFC) OTA architectures. Section 3 presents the

proposed EMRFC amplifier with detailed analysis for

transconductance, output impedance, frequency response,

slew rate, and noise using necessary design equations.

Section 4 illustrates the simulation results and discussions,

while conclusions are presented in Sect. 5.

2 Conventional FC, RFC, and IRFC OTA
structures

For understanding the advantages of folded cascode

topology, FC OTA and its modified versions RFC and

IRFC OTAs are presented here from the state of art

literature. Figure 1 illustrates the folded cascode (FC) OTA

, while RFC and IRFC are shown in Figs. 2 and 3

respectively. The major limitation of conventional folded

cascode OTA shown in Fig. 1 is that the tail current

sources M3 and M4 exhibits very high current and do not

contribute to the overall transconductance of the OTA. To

overcome this limitation at the folded node, modifications

are proposed to the conventional FC OTA using current

splitting and current recycling techniques, and the new

architecture is termed as recycling folded cascode (RFC)

OTA (Mottaghi-Kashtiban et al. 2006; Assaad and Silva-

Martinez 2009). The current splitting principle is applied

by splitting two input transistors M1 and M2 of FC OTA

into four M1a, M1b, M2a, and M2b transistors which carry

equal currents, while current recycling is implemented by

converting tail current sources M3 and M4 of FC OTA into

pair of current mirrors with a current-carrying ratios k : 1

and is illustrated in Fig. 2. These modifications resulted in

the enhancements of transconductance by ðk þ 1Þ/2 times

compared to FC and hence DC gain is also increased with

enhanced power efficiency. Further, it is observed from the

RFC topology, that the current mirrors formed by splitting

input transistors for current recycling use the same path for

AC and DC currents. The sharing of the same current path

by both AC and DC counterparts has limited the further

enhancement of transconductance and also made this

technique inefficient for other OTA structures. This limi-

tation of the RFC OTA is resolved by providing separate

AC and DC paths in the recycling structure and the new

OTA is termed as improved recycling folded cascode

(IRFC) amplifier (Yilei et al. 2012; Li et al. 2010) and is

illustrated in Fig. 3. As shown in Fig. 3, The transistors

M3c-M11b and M4c-M12b carries pure DC currents while

AC currents flow through M3a-M3b—M11a and M4a-

M4b-M12a. From Mottaghi-Kashtiban et al. (2006);

Fig. 1 Fully differential folded

cascode amplifier (FC) (Mallya

and Nevin 1989)
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Assaad and Silva-Martinez (2009), the effective transcon-

ductance (Gm) of FC, RFC, and IRFC OTAs are,

Gm;FC ¼ gm1 ð1Þ

Gm;RFC ¼ ðk þ 1Þgm1a ð2Þ

Gm;IRFC ¼ pþ pþ 1

a

� �
gm1 ð3Þ

From Eq. (1), Eq. (2), and Eq. (3),it can be inferred that

with proper selection of p and a, IRFC can have improved

performance when compared with RFC that achieves 2

times enhancement over FC. Besides its higher

Fig. 2 Recycling folded cascode amplifier (RFC) (Mottaghi-Kashtiban et al. 2006; Assaad and Silva-Martinez 2009)

Fig. 3 Improved recycling folded cascode amplifier (IRFC) (Yilei et al. 2012; Li et al. 2010)
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transconductance, IRFC has higher output impedance

compared to FC and RFC OTAs, as smaller current flows

through M3a and M4a. Hence with improved transcon-

ductance and larger output impedance, IRFC exhibits

higher DC gain compared to its counterparts FC and RFC.

3 Proposed EMRFC Amplifier

In Yilei et al. (2012) and Li et al. (2010), improved recy-

cling folded cascode amplifier (IRFC) is proposed to

enhance the DC gain and unity gain bandwidth of the RFC

amplifier by providing separate paths for AC and DC

currents. As shown in Fig. 3, the DC path M11b-M3c,

M12b-M4c can be utilized further for contributing to

overall transconductance by driving the cascode transistors

M11b and M12b of DC path from the small-signal inputs

and converting the transistors M3c and M4c into a single

compound transistor carrying double current compared to

IRFC structure. Hence with this modification, the transis-

tors M11b-M12b looks like the input pair of a differential

amplifier and the compound transistor acts as a tail current

source of the same. To maintain the separate AC and DC

path, the transistors M11b and M12b are properly driven

with Vin- and Vin? inputs respectively. Therefore the

advantage of achieving enhancement in transconductance

by separate AC and DC paths as discussed in IRFC and as

well current recycling from the differential pair formed by

M11b-M12b can be utilized simultaneously. Hence three

small-signal currents flow from folded node to the output,

(1) Current flowing to the output from input transistor M1a

via M5, (2) Current flowing from another input transistor

M2b through the cross over current mirror M3a: M3b

through M5 to the output, (3) Recycled current form M12b

through current mirror M3a: M3b through M5 to the out-

put. However, it can be observed from the proposed

amplifier architecture that the gain of the input differential

pair M1b-M2b is remained to be 1, because of diode-

connected current mirrors M3b-M11a and M4b-M12a

transistors. Also, it can be observed that the transistors M9

and M10 are carrying larger currents but don’t contribute to

the overall transconductance. Hence the overall transcon-

ductance of the amplifier can be further increased by

making transistors M3b-M11a, M4b-M12a, and M9-M10

contribute to the gain with the following modifications: 1.

Creating a Node ‘N’ by shorting the drains of the current

mirror transistors M3b and M4b. This node is referred to as

a High Current Node since it carries twice the current . 2.

By incorporating positive feedback at the output by driving

the output transistors M9 and M10 with an incremental

small signal from the drains of M2b and M1b respectively.

Therefore with the principles of multipath current recy-

cling, high current node, and positive feedback, the com-

plete architecture of the proposed amplifier is illustrated in

Fig. 4 and is named as Enhanced Multipath Recycling

Folded Cascode amplifier (EMRFC). With the proposed

architecture, a gain of more than 30 dB is expected com-

pared to FC, RFC, and IRFC amplifiers.

3.1 Performance characteristics of EMRFC

To achieve the maximum advantages of modifications

proposed for the enhancements in the performance char-

acteristics, the different current ratios among the transistors

in the architecture are maintained properly and the same is

illustrated in Fig. 4. The tail current 2IB from M0 is equally

distributed among the input transistors M1a-M1b-M2a-

M2b, whereas the currents in the current mirror transistors

are chosen in the ratios as, M3a: M3b = M4a: M4b =

ð1þ pÞ : a. The current flowing from M9 and M10 are pIB/

2. The complete analysis of performance characteristics

such as transconductance, output impedance, slew rate, and

noise with necessary design equations for the proposed

amplifier are presented in the following sections.

3.1.1 Small signal transconductance

The effective transconductance (Gm;EMRFC) of the proposed

EMRFC amplifier shown in Fig. 4, can be obtained from

the half circuit transistor model depicted in Fig. 5, which

includes the effect of high current node N and also multi-

path recycling principle. Small signal analysis can be

performed on the half circuit transistor model. The effec-

tive transconductance can be obtained by shorting the

output node to ground and finding the expression for the

short circuit current (ISC) in terms of input voltage. The

node voltage at the gate terminal of the current mirror

transistor M3a termed as Vgs3a, can be calculated by con-

sidering the section of half circuit model shown in Fig. 5

and is illustrated in Fig. 6.

From Fig. 6, the node voltage Vgs3a is expressed as,

Vgs3a ¼ �V�
in : gm2b þ gm3cð Þ r02b k r03c k r011½ � ð4Þ

The current flowing through the current mirror transistor

M3a (Ids3a) is expressed as,

Ids3a ¼ �gm3a:V
�
in : gm2b þ gm3cð Þ r02b k r03c k r011½ � ð5Þ

Therefore the total short circuit current (ISC) flowing

through the output is expressed as,
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Fig. 4 Proposed enhanced multipath recycling folded cascode amplifier (EMRFC)

Fig. 5 Half circuit transistor model of EMRFC with effect of node N and multipath recycling
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ISC ¼ Isd1a � Ids3a þ Isd9

¼ gm1a:V
þ
in

þ gm3a:V
�
in : gm2b þ gm3cð Þ r02b k r03c k r011½ �

þ gm9:V
�
in : gm2b þ gm3cð Þ r02b k r03c k r011½ �

ð6Þ

Hence the effective transconductance of the proposed

EMRFC amplifier after substituting the current ratios as

discussed earlier in Eq. (6) is,

Gm;EMRFC ¼ gm1a: gm2b þ gm3cð Þ 1þ 2pð Þ:RX ð7Þ

where RX ¼ r02b k r03c k r011ð Þ
Out of Eq. (7), it can be concluded that, relative to

traditional equivalents FC, RFC and IRFC OTAs, a sub-

stantial improvement in the transconductance of the pro-

posed amplifier resulting in an increase of 30-40 dB in the

DC gain is likely.

3.1.2 Output impedance

The output impedance of the proposed amplifier is

enhanced by adopting positive feedback at the output as

shown in Fig. 4. Positive feedback is applied by driving the

gate terminals of M7 and M8 output cascode transistors

from the folded node. To calculate the output impedance,

an arbitrary voltage VX is applied at the output and the

current IX is measured with input made to zero volts. The

half circuit transistor model and its small-signal equivalent

for deriving the expression of the output impedance of the

proposed EMRFC amplifier is shown in Fig. 7.

From Fig. 7, the output impedance can be expressed as,

Rout;EMRFC ¼ r07 gm7 þ gmb7ð Þ r09 k ðr03a þ r09Þ½ � ð8Þ

From Eq. (8), it is found that the output impedance of the

proposed EMRFC amplifier is enhanced compared to

conventional FC, RFC, and IRFC OTA. With these mod-

ifications, a DC gain of around 10-15 dB enhancement is

likely to achieve compared to its counterparts.

The low frequency gain of any operational transcon-

ductance amplifier (OTA) is expressed as the product of

effective transconductance and its output impedance.

Hence the DC gain of the proposed EMRFC amplifier can

be obtained from Eq. (7) and Eq. (8) as,

AV ;EMRFC ¼gm1a: gm2b þ gm3cð Þ 1þ 2pð Þ:RX

:r07 gm7 þ gmb7ð Þ r09 k ðr03a þ r09Þ½ �
ð9Þ

where gmi is the transconductance of transistor mi and r0i is

the drain to source resistance of the corresponding tran-

sistor mi and RX ¼ r02b k r03c k r011ð Þ.

3.1.3 Frequency response

The frequency response of the proposed EMRFC amplifier

can be derived by considering its high-frequency model. It

can be observed that the proposed EMRFC amplifier

exhibits the dominant pole, P1 at the output node with

output capacitance approximately equivalent to load

capacitance (CL). The expression of the dominant pole is

given by Eq. (10) as,

P1 ¼
1

Rout:Cout
� 1

Rout;EMRFC:CL
ð10Þ

where Rout;EMRFC is the output impedance of the proposed

amplifier expressed by Eq. (8).

Similarly, the proposed amplifier exhibits two non-

dominant poles P2, and P3 one at the gate node of recycling

current mirror transistor M3a and another one at the folded

Fig. 6 Section of half circuit transistor model of EMRFC for calculating Vgs3a
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node respectively. The expressions for these two non-

dominant poles P2 and P3 are given in Eq. (11) and

Eq. (12) as,

P2 ffi
1

r02b k r03c k r03b k 1
gm3b

� �� �
:Cgs1a

ð11Þ

P3 ffi
1

r01a k r03a k 1
gm5

� �
:Cgs5

� gm5
Cgs5

ð12Þ

The proposed amplifier also exhibits a zero because of the

feed-forward path from input to output through the gate-

drain capacitance Cgd of input transistor M1a, and can be

expressed by Eq. (13) as,

Z1 ffi
gm1a
Cgd1a

ð13Þ

The unity-gain bandwidth (UGB) of the proposed amplifier

can be defined as the product of DC gain given by Eq. (9)

and dominant pole frequency given by Eq. (10) and is

expressed as,

UGB ¼ AV ;EMRFC:P1

ffi gm1a: gm2b þ gm3cð Þ 1þ 2pð Þ:RX

CL

ð14Þ

where RX ¼ r02b k r03c k r011ð Þ.
Hence from Eq. (14), it can be observed that the suit-

able selection of p will result in enhanced UGB compared

to conventional FC, RFC, and IRFC for the same given

current and load capacitance.

As given by Eq. (11) and Eq. (12), the poles P2, P3 at the

recycling current mirror node and folded node is related to

NMOS transistors, hence should be located at a relatively

high frequency. When compare to the poles of conven-

tional FC, RFC, and IRFC at these nodes, the poles P2, and

P3 of the proposed amplifier are at lower frequencies. But

because of the increased impedance at the recycling node

i.e. at the gate of transistor M3a as shown in Fig. 4 results

in a limitation related to the second pole P2 of EMRFC.

Hence this pole P2 may disturb the dominant pole located

at the output by moving to the frequencies less than the

dominant pole. Therefore, the proposed EMRFC should be

compensated to cancel the effect of this pole P2 to improve

phase margin. A simple RC compensation (Yosefi 2019)

can be performed by connecting a resistor R in series with a

capacitance C between the output node and the recycling

current nodes at the gates of M3a and M4a transistors.

Further, the resistors of the compensation circuit can be

implemented by using simple pseudo transistors MP1 and

MP2 that operate in the triode region, and the same is

illustrated in Fig. 8.

The proper selection of R and C values will decrease the

impedance at recycling nodes because, at high frequencies,

the capacitor C provides a low impedance between outputs

(Voutþ;�) and gates of M3a-M4a moving the pole P2 to high

frequencies.

Fig. 7 Equivalent model for output impedance calculation of EMRFC using positive feedback structure

Fig. 8 RC compensation circuit employed in EMRFC between the

outputs and nodes G3a and G4a
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3.1.4 Slew rate

Slew rate (SR) is one of the main parameters used to study

the settling time performance of the OTA. It is defined as

the maximum rate of change of voltage to unit time at a

given node within the circuit. Slew rate measures, how fast

the circuit converts the input to output. Hence for a given

amplifier, the higher is the slew rate faster will be the

amplifier. A general approach for measuring the slew rate

is to apply a large signal at the input and finding the current

that charges and discharges the load capacitance.

Slewing process of the proposed EMRFC can be studied

as follows: A large positive step input signal is applied at

the inputs. When the input Vþ
in goes high, the input tran-

sistors M1a and M1b are forced to turnoff which in turn

drives the transistors M4a, M4b, and M6 to cutoff which in

turn switches off the transistor M2a. Hence the total tail

current 2IB from the transistor M0 is forced to flow through

M2b which in turn mirrored to M3a with the current ratio

ð1þ pÞ : a from M3b. Similarly, the current from M2b is

mirrored to M9 with a current ratio of p : 1. Hence M9

source current and M3a sink current flows through the load

capacitance CL resulting in the slewing. The slew rate of

the proposed amplifier can be expressed as,

SREMRFC ¼ ð1þ 2pÞ:2Ib
a:CL

ð15Þ

From Eq. (15), it may be noted that the slew rate of the

proposed amplifier EMRFC is also enhanced as transcon-

ductance. Therefore the small signal and large signal per-

formance parameters are enhanced in the proposed

EMRFC amplifier compared to conventional FC, RFC, and

IRFC architectures from the state of art literatures.

3.1.5 Noise

In recent times, for the implementation of analog systems

such as biomedical signal acquisition systems, low noise

OTAs plays a crucial role. In an analog circuit, noise is

considered as an undesired and random signal that disturbs

the circuit performance and should be treated properly. The

noise limits the signal in the circuit and tradeoffs with

power, speed, and linearity. The noise currents in any

analog circuit are classified to be either thermal or flicker

noise. The thermal and flicker noise components of the

proposed amplifier are found and examined separately.

From Fig. 4, the transistors that contribute to the overall

noise are M1a–M1b, M2a–M2b, M3a–M3b, M4a–M4b,

M3c–M4c, and M9–M10. While the noise contributions

from the cascode devices M5–M6, M7–M8, and M11–

M12, are negligible. Therefore the input-referred thermal

noise components of the proposed EMRFC amplifier is

expressed as,

�V2
iT ;EMRFC ¼ 8kBTc

G2
m;EMRFC

:

"
gm1a þ

1þ aþ p

a

� �
gm3a

þgm9 þ
1

gm2b
þ 1

gm3c

� �

:G2
m;EMRFC

#
ð16Þ

Similarly, the input-referred flicker noise component of the

proposed EMRFC amplifier is,

�V2
if ;EMRFC ¼ 2kfp

Cox:f :G
2
X

�
1

ðW :LÞ1a

þ kfn
kfp

:
1

ðW :LÞ3a
þ 1

ðW :LÞ3b

� �

:
gm3a
gm1a

� �2

þ gm9
gm1a

� �2

:
1

ðW :LÞ9

þ 1

ðW :LÞ2b
þ 1

ðW :LÞ3c
:
kfn
kfp

� �

:G2
X

�

ð17Þ

where GX ¼ gm2b þ gm3cð Þ 1þ 2pð Þ:RX and

RX ¼ r02b k r03c k r011ð Þ.
From Eq. (16) and Eq. (17), it can be inferred that, when

compared to its counterparts FC, RFC and IRFC, the pro-

posed EMRFC amplifier’s improved transconductance

results in lower input-referred noise. Further reduction in

the input-referred noise can be achieved by proper

Table 1 Amplifier transistors width (lm) for L=500nm

Device FC RFC IRFC EMRFC

M0 164.1 161.6 156.2 156.2

M1/M2 43.8 – – –

M1a/M1b/M2a/M2b – 11.2 12.2 12.2

M3/M4 29.9 – – –

M3a/M4a – 120 8.3 8.6

M3b/M4b – 40 1.53 1.53

M3c/M4c – – 4.01 10.1

M5/M6 60.1 7.0 16.1 16.1

M7/M8 104.1 110 110 92.19

M9/M10 78.2 80 80 3.7

M11/M12 – 40 – 1.53

M11a/M12a – – 1.53 –

M11b/M12b – – 4.01 –

M13 – – – 8.2
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selection of p, a, widths, and lengths of the noise con-

tributing transistors.

3.1.6 Offset voltage

Many of the amplifiers exhibit nonzero output voltages

even under zero input conditions leading to undesired

distortion termed as ‘‘offset’’ which is systematic or

random. This limitation of amplifiers is because of either

improper selection of circuit topology or due to mismatch

and process variations. Hence, to eliminate this distortion, a

minimum input voltage is to be applied which is termed as

input offset voltage. Pelgrom’s mismatch model (Pelgrom

et al. 1989) evaluates input offset voltage of any device in

terms of its variance because of its random nature and is

given by Eq. (18) as,

Fig. 9 AC frequency response

of FC, RFC, IRFC, and

proposed EMRFC amplifiers

Fig. 10 Small signal step

response of amplifiers
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r2ðVgsÞ ¼ r2ðVTHÞ ¼
A2
VT

W :L
ð18Þ

where AVT
is the area proportionality constant for the

threshold voltage VTH and is given by process technology.

The input offset variance of the proposed EMRFC

amplifier can be expressed as the sum of drain current

variances of all the transistors at the output divided by the

effective transconductance of the EMRFC amplifier and is

expressed as,

Fig. 11 Spectral density of input referred noise of FC, RFC, IRFC,

and proposed EMRFC amplifiers

Fig. 12 Frequency response of EMRFC amplifier at various process corners (FF, SS, and TT)
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�V2
if ;EMRFC ¼

2A2
VTp

G2
X

�
1

ðW :LÞ1a
þ ln
lp

:
L

W

� �
1a

:
A2
VTn

A2
VTp

:
ð1þ pÞð1þ pþ aÞ

a:L23a
þ L

W

� �
1a

:
p

L29

þ 1

ðW :LÞ2b
þ 1

ðW :LÞ3c
:
A2
VTn

A2
VTp

 !

:G2
X

�

ð19Þ

From Eq. (19), it can be inferred that the input offset

variance of the proposed EMRFC is lower than its

counterparts because of enhancement in its transconduc-

tance compared to conventional FC, RFC, and IRFC

OTAs.

4 Simulation Results

To validate the theoretical results presented so far in the

previous sections and to demonstrate the enhancements

achieved with the proposed modifications, the proposed

EMRFC amplifier with its counterparts FC, RFC, and IRFC

is implemented using UMC 180 nm CMOS process tech-

nology for a total bias current of 300 lA at a supply voltage

of 1.8 V. As illustrated in Figs. 1, 2, and 3, as per the state

of art literature the bias currents in FC are in the ratio 1:1,

while for RFC it is k : 1, whereas for IRFC the current

splitting ratios are ð1þ pÞ : að1� pÞ : bð1� pÞ. The cur-

rent splitting ratio of the proposed EMRFC amplifier as

shown in Fig. 4 is ð1þ pÞ : a. To achieve proper biasing

conditions, the values of k; p; a;b for RFC and IRFC

amplifiers are considered to be 3, 0.5, 0.5, and 0.5

respectively, whereas for EMRFC p, and a are selected to

be 2 and 0.5 respectively. For ease of implementation, the

length of all the transistors is selected to be 500 nm (Mal

et al. 2011; Raja and Kumaravel 2017). Table 1 demon-

strates the device sizes used for the implementation of FC,

RFC, IRFC, and EMRFC amplifiers. A load capacitance of

5 pF with a compensation capacitance of 5 pF and resis-

tance implemented by pseudo transistors MP1-MP2 of W/

L= 6 lm/1 lm that operates in triode region are used for

simulation.

The AC frequency response of FC, RFC, IRFC, and

proposed EMRFC amplifiers are illustrated in Fig. 9. From

the simulations, it is observed that the proposed amplifiers

Table 2 Performance

comparison of proposed

EMRFC OTA with FC, RFC,

and RFC OTAs

Parameter FC RFC IRFC EMRFC

Supply Voltage (V) 1.8 1.8 1.8 1.8

Technology (nm) 180 180 180 180

M1a/M1b/M2a/M2b – 11.2 12.2 12.2

Current (lA) 300 300 300 300

Capacitive load (CL) 5 5 5 5

DC Gain (dB) 60.9 62.8 70.53 99.59

Unity gain bandwidth (MHz) 24.6 34.95 64.47 112.6

Phase Margin (o) 88.42 79.92 81.27 65.6

Slew Rate (V/lsec) 13.85 40.6 61.2 48.1

Input referred noise (1 Hz–100 MHz) (lVrms) 220.48 201.3 141.7 112.6

Input offset voltage (mV) 4.64 4.45 0.045 0.001

FoM1 (MHz.pF/mA) 410 573.5 1075 1877

FoM2 (V/lsec.pF/mA) 230.8 676.6 1020 777

Table 3 Variation of performance characteristics at different process

corners (SS, FF, and TT) for FC, RFC, IRFC and EMRFC amplifiers

Parameter Amplifier SS FF TT

FC 33.4 19.9 60.9

DC gain RFC 33.3 50.8 62.8

(dB) IRFC 17.4 14.5 70

EMRFC 63.4 68.9 99.5

FC 17.4 29.4 24.6

Unity gain RFC 22.4 44.7 34.9

bandwidth (MHz) IRFC 36.1 68.3 64.4

EMRFC 52.1 256.4 112.6

FC 89.9 64.6 88.4

Phase margin RFC 82.2 80.5 79.8

(deg) IRFC 92.9 93.8 81.2

EMRFC 58.71 9.20 65.6
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exhibit a maximum DC gain of 99.59 which is about 40 dB

larger than conventional FC OTA, about 37 dB greater than

RFC, and around 20 dB larger than IRFC OTAs. Hence the

enhancements achieved in transconductance and output

impedance as per Eqs. (7) and (8) with the modifications

proposed is validated. Further, it can also be observed that

the unity-gain bandwidth of the EMRFC amplifier is 112.6

MHz, compared to FC, the UGB of EMRFC is increased by

4.5 times, while the enhancement is about 3.2 times and

1.75 times compared to RFC and IRFC amplifiers respec-

tively which validates the Eq. (14). The phase margins of

FC, RFC, IRFC, and EMRFC are found to be

88:4�; 79:9�; 81:2�, and 65:6o respectively. The reduction

in a phase margin of EMRFC compared to conventional

OTAs can be compensated by using simple RC circuits as

discussed in previous sections with proper selection of R

and C Values.

The slew rate performance of the proposed amplifier can

be studied by applying a large signal step of 1.8 VPP at 1

MHz frequency by connecting the amplifier in unity gain

mode. The step response of all the amplifiers is illustrated

in Fig. 10. The slew rate of FC, RFC, IRFC, and EMRFC

amplifiers are found to be 13.85 V/l sec, 40.6 V/l sec, 61.2

V/l sec, and 48.1 V/l sec. Hence it can be observed that, as

stated by Eq. (15), the slew rate of the EMRFC amplifier is

increased by 3.5 times and 1.18 times compared to FC and

RFC amplifiers respectively.

Noise performance of the proposed amplifier with the

conventional OTAs is studied through simulations and the

spectral density of all the amplifiers is shown in Fig. 11.

The integrated input-referred noise for the frequency range

Table 4 Performance comparison of proposed EMRFC amplifier with state of art literatures

Assaad and

Silva-Martinez

(2009)

Yilei

et al.

(2012)

Akbari

et al.

(2014)

Kumaravel and

Venkataramani

(2014)

Yan

et al.

(2012)

Venishetty and

Sundaram

(2019)

Yosefi

(2019)

Venishetty and

Sundaram

(2020)

Proposed

EMRFC

Supply

voltage (V)

1.8 1.2 1.2 1.2 1 1.8 1.8 1.8 1.8

Technology

(nm)

180 130 180 90 65 180 180 180 180

Current (lA) 800 300 300 560 800 300 1200 1200 300

Power (lW) 1440 360 360 672 800 540 2160 2160 540

Load

capacitor

(pF)

5.6 5.5 5 5.6 10 5 5 5 5

DC gain (dB) 60.9 64.9 65.5 62 54.5 76.24 73 79.47 99.59

Unity gain

bandwidth

(MHz)

134.2 76.2 146.9 164 203.2 74.71 247 285.8 112.6

Phase margin

(o)

70.6 72.7 81.1 50 66.2 74.41 71 77.12 65.6

Input referred

noise

(lVrms)

48.5 98.5 51.6 – 25.8 139.2 137 185.4 112.6

Input offset

voltage

(mV)

7.6 – – – – 5.9 1.83 0.07 0.001

Area (lm2) 4958.2 1139 691 – – 2760 725 – 5391

FoM1

(MHz.pF/

mA)

939.4 1228.3 2448 - 2540 1245 1029 1191 1877

FoM2

(V=lsec.pF/
mA)

658.7 379.5 1155 393 878.5 1067.5 525 809.1 777
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of 1 Hz to 100 MHz of the proposed EMRFC amplifier is

found to be 112.6 lVrms, while it is 220.4 lVrms, 201.3

lVrms, and 141.7 lVrms for FC, RFC, and IRFC amplifiers.

The illustrated noise performance confirms the reduction of

noise in the proposed amplifier resulted because of

enhancement in the transconductance and the same is

expressed by Eqs. (16) and (17).

The offset calculation of the proposed amplifier is per-

formed by connecting the amplifier in the unity gain mode

and the difference between the two input nodes is mea-

sured. The offset voltage of the proposed EMRFC amplifier

is found to 1 lV, which is very much smaller than the

conventional OTAs.To study the performance of the pro-

posed EMRFC amplifier under process variations, the AC

frequency response of the proposed EMRFC amplifier at

various process corners SS, FF, and TT is simulated and is

illustrated in Fig. 12.

The performance comparison of the proposed EMRFC

amplifier with FC, RFC, and IRFC OTAs is illustrated in

Table 2. For the purpose of comparison, the simulated

results are studied using two figure of Merits FoM1 and

FoM2 and are expressed by using Eqs. (20) and (21) as,

FoM1 ¼
GBW :CL

ID
ð20Þ

FoM2 ¼
SR:CL

ID
ð21Þ

Table 3 illustrates the variation of performance character-

istics at different process corners for FC, RFC, IRFC, and

EMRFC amplifiers, while the performance comparison of

the proposed EMRFC amplifier with the state of art liter-

ature is shown in Table 4. From Table 2 and 4, it can be

inferred that the proposed amplifier exhibits high FoMs

compared to FC, RFC, IRFC, and other OTAs. The layout

of the proposed amplifier is illustrated in Fig. 13 and it

occupies an area of 5391 lm2.

5 Conclusion

Enhanced multipath recycling folded cascode (EMRFC)

operational transconductance amplifier (OTA) is presented

in this paper. Design and theoretical analysis of the pro-

posed amplifier is done for the performance parameters

namely transconductance, DC gain, unity gain bandwidth,

slew rate, noise, and input offset voltage. For comparison,

the proposed EMRFC amplifier with conventional FC,

RFC, and IRFC amplifiers are simulated using UMC 180

nm process technology in a cadence spectre environment.

From the simulation results, it is observed that the proposed

amplifier exhibits enhance transconductance, DC gain,

unity gain bandwidth, noise, and input offset voltage per-

formance compared to conventional OTAs from the state

Fig. 13 Layout of the proposed

EMRFC amplifier including RC

compensation circuit
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of art literature. Since the proposed amplifier exhibits

reduced input-referred noise compared to FC, RFC, and

IRFC amplifiers, this can be used as a preamplifier in

biomedical applications.
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ABSTRACT:  

Reversible good judgment has wide programs in quantum figuration, it is a form of risky report in which the calculation cycle is reversible, i.E. Invertible in time. 

The fundamental inspiration at the back of the observe of this innovation is to carry out reversible recordings wherein they offer what's anticipated as the likely 

most important technique to further broaden the electricity productivity of pcs past the von Neumann - Landauer restrict. It is usually a new and rising area within 

the field of figure that has formed us to contemplate computing. Quantum computing could be a complete trade in the functioning and competencies of the laptop. 

Reversible number computing circuits are efficient with respect to the wide variety of reversible gates, the bin result, and the quantum price. Reversible binary 

adder’s Sub-tractor Mux, Adder Sub-tractor TR Gate, and Adder Sub-tractor Hybrid are presented in this study design. The presentation assessment is confirmed 

using reversible numeric inputs, unnecessary inputs/results, and quantum cost. The four-cycle fully reversible plane/adder sub-tractor unit is a contrasting and 

ordinary wave broadcast viper, the printed viper seems forward, the broadcast viper soar, the Manchester broadcast adder earlier than they're issued on region, 

timing and electricity. As a result, the suggested work is useful in low-consumption applications that need Adder units and sub-pulsations. 

Keywords: Reversible gates, Fredkin gates, Feynman gates, Toffoli gates, and Peres gates are all examples of reversible gates.  

1.INTRODUCTION 

Quantum computation is one of the notable benefits of return goals, as quantum processing, low-power CMOS, optical fragmentation, and DNA 

programming bundled with nanotechnology are backward objectives. The circuit is a reversible circuit that ignores the facts, and reversible computation 

in the system can only be eliminated if there is a path to a reversible insertion into  

 

the structure. The greater part of the passageways  

 

executed in the mechanization plan are not reversible for instance the AND, OR and EXOR entryways don't make a reversible advantage. A reversible 

circuit/entryway vector can deliver extraordinary final products from every data vector, as well as the opposite way around, this is that fair plans are 

framed among the measurements and outcome vectors. So, of the passageways that are typically executed just the entryway is presently not reversible. 

 

Importance is a huge thought of the programmed arrangement. A member is a dissipating of solidarity joined to the peculiariti es of switches and 

substances. A gathering of reversible entryways is anticipated to plot a reversible circuit. Some such entrances have been proposed for the longest time 

now. The reversible passage is the main square of the reversible circuit and is characteristic. 

 

 The reversible door has feedback, and a coordinated response gives the final result. This is a contribution of the reversible door that cannot be set on 

the stone from the result. 

 

 A reversible reason door should have an equivalent range of resources of info and results. 

 

 The fan out of every sign remembering critical contributions for a reversible entryway have to be one. 

 

 vintage fashion rationale blend strategies can't be straightforwardly carried out to devise reversible motive circuit.  

 

 One of the key highlights of reversible doors is the number of debris. The yield of all doors that are not used as a contribution to other front 

doors or as a serious consequence is called the garbage yield. In essence, the unused yield from the door is garbage.  

 

 The quantum price is a cost associated with each reversible admission. The number of 2x2 reversible entrances or Quantum rationale doors 
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predicted at the time of planning is known as the reversible door Quantum rate. 

 

2. REVERSIBLE GATE INTRODUCTION 

The hardest back door is not the door and a 1x1 entry. Uncontrolled Entry (CNOT) is a module for 2x2 doors. There are various 3x3 entry doors, for 

example, Frederick's Door, Tafoli Door, Paris Entrance and TR Entrance. There is a price on each returning door which is known as the quantity price. 

The quantum value of the 1 × 1 return door is zero, and the volume value of the back entrance is only 2 × 2. Any back door is identified using 1 × 1  

non-entry doors and 2 × 2 returning entrances, such as V. and V + (V is a square solid not at the entrance and V + is the hermetine). And Phenomenal 

Entry is commonly known as Controlled Entry (CNOT). 

 

NOT Gate 

 

Among the standard logic gates, this is the only reversible gate. This is a one-by-one gate with no quantum cost. 

 

Feynman Gate (CNOT gate) 

 

This is a 2x2 gate with the mapping (A, B) to (P=A, Q=A B), with A, B being the inputs and P, Q being the outputs. It has a quantum cost of one since 

it is a 2x2 gate. 

 

 
Toffoli Gate 

 

` This is a three-by-three reversible doorway with two result sticks that correspond to planning (A, B, C) to (P = A, Q = B, R = A.B C). Information is 

represented by A, B, and C, while input is represented by P, Q, and R. Tufoli Gate is a well-known reversible door that costs $5,000. 2V entryways, 1 V 

+ entryway, and 2 CNOT entryways are required. 

 

 

 
 

Fig 3 Toffoli Gate  

 

 

Peres Gate 

 

The Paris Gate is a three-input (3x3) reversible door with planning (A, B, C) to (P = A, Q = AB, R = (AB) C), where A, B, and C are. Information as 

well as P, Q, and R on their own. Paris Gate costs four dollars since it requires two V + entryways, one V entryway, and one CNOT entryway. This 

features a minimum measure of noteworthy value between the 3x3 return entryways. 

 
 

Fig 4. Peres Gate 

 

Fredkin Gate 

 

The Fredkin door is a 3x3 reversible doorway with a modest size. It converts (A, B, C) to (P=A, Q= A' B+AC, R=AB+ A'C), where A, B, C are the 

information sources and P, Q, R are the outcomes. The Fredkin door has a quantum cost of 5 and takes 2 specked square forms, 1 V entrance, and 2 

CNOT entryways to complete. 
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Fig 5 Fredkin Gate 

TR Gate 

 

The TR entryway has 3 sources of information and 3 results as information sources and results planning (P = A, Q = AB, R = (A. B ') C), where A, B, C 

are data sources and P, Q, R are the results, separately. The TR door can also be acknowledged in an alternative process with a value of less than 6 or 

less. As a result, the TR gate volume is specified as 6 by the retractable entryway for estimating the uniform substructure process. 

 

 
 

Fig 6. TR gate 

 

3. REVERSIBLE GATE DESIGN INTRODUCTION 

 

A bidirectional loop may create a different output vector from each input vector, indicating the connection between the upstr eam and downstream 

variable. As a result, in a reversing gate or circuit, the quantity of outcomes matches the number of inputs, leaving the classic yet he still as the single 

reversing valve. A cost may be estimated for every reversible gate. The quantum cost of a reversible gate is equal to the number of 2 by 2 reversible 

gates or logic gates required for the project. 

 

3.1 Reversible Logic Gates 

 

A reasonable calculation is one that can be described as a (perhaps big) Boolean calculation, and each Boolean calculation ca n be built from an 

acceptable collection of reasoning entryways. Universal sets (e.g., AND, OR, and NOT) are of this sort. We can get away with just two entry points, to 

be honest: NOT OR and NOT. Alternatively, we might use the select OR (often known as XOR) structure to replace some of these key entryways. A 

universal PC is any system that can generate subjective combinations of logic doors from a comprehensive collection. 

In the long run, a few reversible doors have been proposed, such as the Toffoli entrance, the Fredkin entryway, and so on. In, a 3-info and 3-yield 

reversible logic doorway was presented. As seen in Fig 7, it contains inputs a, b, and c, as well as outcomes x, y, and z. Table 1 depicts the reality table 

of the entrance. The information design cannot be fixed in stone when compared to a specific result example, as evidenced by the reality table. The door 

may be used to rearrange a sign as well as to duplicate one. Setting input b to 0 yields the sign duplication capacity. The EX-OR capability is available 

at the entryway's outcome x. Interfacing the information c to 0 yields the AND work, which is then obtained at the terminal z. Two new reversible 

doors are used to recognize an OR entrance. 

 

 
Fig. 7 Reversible gate R 

 

4   EXISTING AND PROPOSED WORK 

4.1  Adder circuits 

For registration, a few adder types are utilised. The output of adder transfer waves is the most basic. The complete adders are integrated in a sequence 

within the flywheel adapter to create aggregation and transfer owing to the number that will be added to each other in the transfer coefficient. The 

downside of viper transmission waves is that supply should increase at all levels. 
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An important building block of viper transmission waves is blockchain. Detailed adder describes the sum from the delivery brings c i + 1 because of the 

number to be added to entries an and b and then entries c.  

The circuit / gate can produce an interesting result vector from each message vector, as well as another round path, that is,  there is a communication 

link between the message and the resulting vectors. As a result, the number of outputs per input or circuit can be proportional to the number of sources 

of information, and this is usually not the main gateway to the conversion path. Each flexible gateway has a related cost called Quantum cost. The cost 

of the turntable entrance is the number of 2 * 2 turning doors or the reasonable gate that Quantum expected in configuration. One of the main features 

of this flexible door is its waste disposal, i.e., any gift of the entrance that is not used as an entry in another door or a s an item the need is called a straw. 

Reduction of the number of conversion doors, quantum values and input / output is a major determinant of logical reasoning. 

            

4.2 Reversible Adder/Subtractor Unit Proposal 

The objective of this design is a reversible full adder and subtractor that may be utilised as a single device. Three distinct forms of full adder/subtractor 

executions have been addressed, and the presentation of each plan has been studied in terms of the number of reversible doors  required, the amount of 

trash inputs/yields, and the quantum cost. The full adder/subtractor and half adder/subtractor components are combined to form a four-digit equal 

adder/subtractor. Each of the three types of adder/subtractor units is utilized to construct a four-digit equal subtractor. 

Half Adder – Subtractor 

A semi-adder / subtractor automobile is expected to be able to use the four-lane highway Fredkin and two Feynman gates. The waste amount is three, 

the waste amount is two, and the quantum value is twelve. This cutting is seen in Fig. 8. This semi-automatic adder / sub-farm hauler unit drives the 

semi-adder / sub-farm truck. 

 

 

Fig. 8 Reversible Half Adder/Subtractor logic implementation 

 

 
Full Adder-Subtractor-Mux 

 

This construction is based on using the appropriate gateway for each project, namely the Peres gateway for the adder project, the TR gate for the 

subtractor project, and the Fredkin gate for multiplexing Carry and Borrow Lines in a single production line. . Three Feynman gates are used to produce 

the required number of signals (safety) for each input signal. The design uses eight removable gates, including three Feynman gates, two Peres gates, 

two TR gates, and one Fredkin gate. Table 1 shows that there are 7 waste dispositions, 5 waste disposal inputs (always), as well as a total value of 28. 

This implementation is shown in Fig. 9. 

 

 

 

 

 

 

 

 

 

Fig. 9 Reversible Full Adder/ Subtractor-Mux logic implementation  
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Full Adder-Sub-tractor-TR gate 

 

By employing just TR entryways, the primary use of expansion and deduction is recognized in this concept. For input signal buffering, Feynman doors 

are used. Three TR entryways and six Feynman doors are used in total, for a total of nine doors. In this strategy, the garbage yield is 7 and the trash 

inputs are 5. The strategy has a quantum cost of 24. Even though this strategy uses one more Feynman entrance (C-NOT Gate), it achieves a quantum 

cost advantage of 4 when compared to the Adder-Subtractor-Mux scheme. This quantum cost advantage is mostly due to the recognition of number-

crunching squares of adder and sub-tractor with three TR entrances as opposed to five quantities of 3x3 reversible entryways for the Adder-Subtractor-

Mux design (Two Pearson doors, two TR entryways and one Fredkin entryway). As seen in fig.10, this execution was carried out.  

 

 
 

 

Fig. 10 Reversible logic implementation The whole adder-subtractor-TR gate 

 

Full Adder-Subtractor- Hybrid 

 

This is a high performance of the subtractor adder function. A variety of collections were accepted for this position as well as two Feynman entrances. 

To understand the route of access, we used two Fredkin entry doors and TR doors. This feature uses 8 entrances including C-NOT gates for input 

signal. The streamlining as far as far as far as far as far as far as far as far as far as far take is the trash input, trash. 

 

Result and quantum cost for this situation is gotten because of ideal usage of entryways. The aggregate/distinction work for t his situation is 

acknowledged with only two CNOT entryways. Thusly it is fundamental to have a plan approach where, the expected usefulness might be 

acknowledged with easiest doors however much as could reasonably be expected. We were unable to understand the convey/get work with basic 2x2 

doors successfully. Along these lines, we used 3x3 doors for the acknowledgment. Numerous calculations are accessible in writing. To orchestrate the 

reversible rationales, one of the fundamental objectives of these calculations is to understand the expected capacity with most straightforward doors.  

 

This logic is implemented in VHDL code and tested with the Model-sim test system. The individual door utility is demonstrated using the behavioral 

method, and the overall reason is demonstrated using the main method. 

 

4.5 reversible four-bit parallel adder/subtractor unit 

 

A four-digit reversible equivalent instrumentation amplifier is created using the full adder/subtractor and half instrumentation amplifier devices. A four-

digit equivalent adder/subtractor is built using each of the three types of expansion/deduction components. This execution will require three full 

adder/subtractor squares and a half instrumentation amplifier block. These runs were filled with VHDL code and found to be usefull.  . 

 
 

Fig. 12 Four-bit digital circuit is implemented Adder/Subtractor Full Adder/Subtractor) 

 

5. RESULTS AND DISCUSSION 

The Model-Sim test framework is used to modify three types of complete framework bidirectional executions in Veriloghdl and replicate them. The 

utility has been established. Table IV illustrates the quantum cost of defenses as a function of the number of entryways used, the amount of trash 

inputs/results, and hence the number of runs. 

 

In each of the three types, four-digit comparable reversible adder/subtraction operations are examined. The model code is used to deal with three full 

adder/sub-vehicle and half adder/sub-vehicle blocks on a four-digit adder/sub-ranch truck. 
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Fig:6.1 Full adder using TR GATE 

 

 

The utility is checked. An assessment of the runs considering the quantity of information sources utilized, the quantity of garbage inputs/yields, and the 

quantum cost of the proportions. 

 

 

 
 

Fig; 6.5 Reversible adder and subtractor 

 

 

 

 

6. CONCLUSION 

Indeed, the organized three kinds of completely reversible adding/deducting units, and separated his program by number of entryways utilized, 

undesirable information sources/results, and quantum cost. Different appraisals are freely archived on paper to see the value in the reversible reasoning; 

one of the principal motivations behind these estimations is to fill in the run of as far as possible with the least complex reversible data sources. Of my 

three plans, the full execution of the viper, subtractor, and cross is streamlined as it utilizes the legitimate contributions to understand that the unit is a 

key part. Also, a four-digit reversible comparable adder/subtractor is made, and the execution is considered as far as the quantity of information sources 

required, garbage inputs/results, and quantum cost. 
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Abstract— Due to its extensive use of analog computation and signal processing, the operational amplifier is the most 

dominant device in the field of electronics. The main aim of this paper is to design and implement a two stage 

complementary metal oxide-semiconductor operational amplifier using required specifications. It also aims to examine 

the various results for various parameters. The simulation is carried out using Tanner tool which uses 45nm technology 

and the two stage metal oxide semiconductor operational amplifier runs on a supply voltage. Moreover the feasibility of 

this circuit is heavily dependent on the process variation, which has a significant advantage over analog circuits. As a 

result, various simulations including AC, DC and Temperature analysis have been carried out for validation additionally, 

specified gain of 80dB, Phase margin and power dissipation have also been carried out. 

Index Terms—Two-stage Operational amplifier, Analog circuits, Gain, Power dissipation, Temperature analysis, Process 

variation 

____________________________________________________________________________________________________ 

I. INTRODUCTION  

All The Operational Amplifier is the Heart of any analog circuit, based on its design and functionalities the performance of entire 

circuit can be judged. It is a basic building block of analog and mixed signal circuits. Earlier, op amps were general purpose like 

IC 741 with compromise on the parameters such as output swing, power dissipation by contrast, now it’s possible to design op 

amp for specific need applications [1][2] . The modern op amp must operate at supply voltages as low as 0.9 volts while 

delivering single ended output swings as large as 0.8 volts, for instance, the gain and output swings provided by the cascode op 

amp are insufficient. Cascoding in one stage op amp increases the gain while limiting the output swings. In these scenarios, we 

switch to two-stage opamps[3][4], where the first stage provides high gain and the second stage provides large swings. 

The key obstacle continues to be implementing two-stage CMOS Op-amps while taking other factors into consideration that 

constitute constraints. Here, the width to length ratio, or (W/L) ratio [6][7] is the main factor affecting the circuit's gain. However, a 

spike in gain is necessary for the goal of performance improvement and stability matching. 

II. LITERATURE SURVEY 

Ketan.J.Raut [6][7] represented the design of two stage op amp using standard 180nm technology and achieved the parameter 

gain of the amplifier is 74.89dB bandwidth is 7.3MHZ and the Slew rate is 94v/ms because of the high condensed slew rate it 

affects the amplifier. Chaitali et al. designed op amp in which transistors are operated for lower voltage low power applications 

using 180nm technology simulation has done. The circuit generates 40dB gain. 

A. Problem Formulation:  

Compared to analog circuit design, digital circuit design typically indicates increased automation.  Analog sizing demands 

accurate modeling of the different sorts of parametric effects existing in a device because it is inherently information 

concentrated. Moreover, a traditional analog design challenge has more restrictions and occasionally involves complicated 

tradeoffs. However, because analog circuit level modifications allow for changes to the transistor level, the main structural 

component of a circuit, the analogue circuit level is significantly more important than its digital counterpart in terms of altering or 

improving a circuit's performance. The aspects promoted the use of analog design principles to design the operational amplifier, 

which again perform as an important component in many analog circuits, including integrators, differentiators, comparators, 

voltage followers, filters, and more. 

 

B. Contribution of the Work:  

In this Research, a systematic approach is used to Improve the precision with different variations that are conducted through 

experimental simulations of a two-stage OP Amp. The operational amplifier with 45nm technology will be used in the proposed 

method, and various simulations will be performed to understand about the operational amplifier's feasibility [1]. 

The Two-Stage operational amplifier consists of two stages. We use a Two-Stage op amp to get high gain and high output swing. 

Stage 2 is a PMOS common source amplifier with the optimal current source load.[4] where stage 1 is an Operational Amplifier 

with a single stage and gain, presuming that the M1 and M2 NMOS transistors, M3 and M4 PMOS transistors, Vin1 is inverting 

input and vin2 is non-inverting input. M6 and M7 are the common source amplifier A designer can choose the MOSFET'S length. 
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M3, M4, M6 have the same length whereas M3,M4 have same width and length, M5 and M8 forms NMOS current mirror have 

same length, M1 and M2 have same width and length 45nm technology depends on the performance of parameters such as (W/L) 

ratios to make the chip smaller[8][9]. 

 

III. METHODOLOGY 

The design the operational amplifier for this research, we adopted 45nm technology. Various research were carried out to 

understand more about the operational amplifier's effectiveness, or the circuit's process variation. Various limitations have been 

taken into consideration.  The node was constructed using 45nm technology, 1.8V was chosen as the voltage supply. In order to 

keep all MOS transistors in the saturation zone, the Input Common-Mode Range (ICMR) has been set between 0.8V and 1.6V, 

while the threshold voltages for nmos and pmos are 0.45V and 0.5V, respectively[2][4].Similarly, 2PF has been chosen for the 

load capacitance so that the poles will remain before the 0dB point. This assures the circuit's stability. 

For the optimal condition, the gain, slew rate, and gain-bandwidth product (GBW) have been selected. Here, maintaining the 

input voltage and output voltage swing within the ICMR range is crucial. The design process begins with research on exceptional 

Op-amp topologies that are frequently used [1][8]. 

 

The Design procedure of two stage Operational Amplifier specifications for following parameters are:  

a) Voltage supply (VDD)   : 1.8V  

b) Gain(G) at dc    : 80dB 

c) Gain bandwidth product (GBW)  : 30MHZ 

d) Input Common Mode Range (ICMR)  : 0.8V to 1.6V[ V  vin(min) and vin(max) ] 

e) E) Load Capacitance (  )   : 2pF 

f) F) Slew Rate (SR)    : 
   

  
 

Calculation of compensation capacitor (  ): 

For 80 degree phase margin, 0.22 (  ) = 0.44pF 

Selection of    :  

Determining the min value for the tail current     based on Slew rate requirements     = SR(  ) = 16 A 

Calculation of 
 

 
(3,4): 

M3 is diode connected,      =     , D3 & D1 are same where as     =     &    =    

(     = 
   

                            
 

Thus W/L of M3 is determined by using max ICMR [Vin(max)] 

(     = (      as M3,M4 form current mirrors 

(       = 
       

                               
 

Approximately chooses as 14. 

Calculation of 
 

 
(1,2): 

Size of M1 & M2 NMOS input transistors 

Choose (     = (      to achieve the desired dB 

(       = 
          

         
 

Approximately chooses as 6. 

Calculation of 
 

 
(5,8): 

(     = 
      

             
 

(     = (      as M5,M8 form current mirrors 

Approximately chooses as 12. 

Calculation of 
 

 
(6): 

 

(     = (     
   

   
 

(       = 
     

             
 

Approximately chooses as 180. 

Calculation of 
 

 
(7): 

(     = (     
   

   
 

Where as    =     

Approximately chooses as 75. 
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The following figure demonstrates the two stage CMOS Op-amp schematic. The schematic is implemented using the calculated 

parameters that taken into consideration design requirements and specifications. Five NMOS and three PMOS constitute the 

operational amplifier with W/L values [5][8]. 

 

 
Figure 1: Two Stage OP-amp 

 

 
Figure 2: Schematic of Two stage Op-amp 

 

 
 

IV. RESULTS AND DISCUSSIONS 

Before Using a Tanner tool and a 45nm node, the design and optimization of a two-stage CMOS Opamp circuit were verified. A 

supply voltage of 1.8V was used. To meet the various limitations of the circuit, multiple analysis including DC, AC, Transient, 

and Power analysis have been conducted [7][8]. 
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Transient Analysis: 

 

 
 

DC Analysis: 

 

 
 

Temperature Analysis: 
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AC Analysis: 
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Power Analysis 

 

 
 

 

 

V. CONCLUSION 

After For the two-stage Op-amp, Implementation is a multidimensional optimization problem where enhancing one or more 

parameters could actually deteriorate other Additionally, when designing circuits for high dc-gain and high bandwidth 

applications, the gain-bandwidth-product continually presents challenges to the designers[1]. As a result, the circuit modelling 

was carried out using a tanner tool with a 45nm node. The performance is enhanced by altering parameters like (W/L) ratios. 

Additionally, this makes use of design equations, including  accurate selection and sizing of the proposed circuit's configuration. 

This proposed design achieves 80dB gain and phase margin at unity gain configuration  and  power dissipation[13][14]. 

VlSI  technology nodes such as 45nm came into existence and more would continue to come in future these technologies depends 

on the performance of parameters such as (W/L) ratios to make the chip smaller. 
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a b s t r a c t

The proposed approach is designed to boost the IEEE 802.15.4 / ZigBee-based WSN streaming efficiency
by introducing multipurpose routing. We investigate how those networks can be designed in order to
achieve optimum throughput using computational models to explain intra-track and inter-track interfer-
ence in multipath routing networks. One mode of action in particular – Spatial-TDMA (S-TDMA), Zig Bee
dependent WSNs, will greatly reduce the amount of interference, both in one- and multi-track environ-
ments. It is also seen that two-way networks can be stronger than their one-way counterparts by means
of deliberately selected implementation parameters. Finally, a greater degree of spatial isolation between
the routes used indicates improved average efficiency in multi-path scenarios. The simulation is one of
our results.
� 2021 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Nanoelectronics, Nanophotonics, Nanomaterials, Nanobioscience & Nanotechnology.

1. Introduction

There are various types of WSN implementations and there may
be different service standard (quality of service) specifications
(QoS)[1]. Both WSN systems, however, benefit from increased net-
work performance, less delay in communication, and longer sys-
tem life.Inside WSNs, QoS is very difficult due to two major
challenges:The normally severe limitations of wsn nodes and the
extensive architecture of WSNs, as well as resources, networking
and computational capabilities.Fig. 1.Fig. 2.

The most interdependent QoS properties will degrade any one
of them.This occurs in wireless networking, where a node from a
wireless access port, but not from other nodes attached to that
access point, is accessible (AP). WLAN refers to nodes beyond all
nodes or group of nodes. A loop point of entry through a certain
location with many nodes. Nodes cannot communicate with each
other because nodes have no physical connection, but each node
is different from the AP. In addition, RTS/CTS packages measure
the profitability of a traffic segment[3]. In comparison with the
hidden stations. A radio domain could be a logical split between

the network and the information layer linking all the nodes. A
transmitted domain may be found in the same LAN segment.

A variety of related computer network aspects which allow for
transport in line with special requirements are defined in Service
Quality (QoS)[2]. In practise, a vast range of innovations are
introduced to make computer networks as useful as mobile net-
works to support the new technology with even tougher coverage
requirements.

The H-NAMe is a simple but efficient mechanical distribution
which addresses the hidden node problem in WSNs. H-NAMe is
based on a grouping technique, which splits each WSN cluster into
un-hidden node groups, then scales into many clusters with the
strategy of cluster grouping, without intervening in the transmis-
sion between overlapping clusters[6].The test bed demonstrates
how sustainable an H-NAMe is to boost network performance
and the likelihood that output will be transmitted double the
sum of H-NAMe[8]. The downside of the secret node was shown
to be a significant disadvantage, which lowered the performance
of the wireless network[5].The use of wireless/mobile networking
can benefit tremendously or impose industrial applications,
including plant automation, project management and quality con-
trol. When virtual networks appear to be universal, largely dis-
tributed and embedded into their physical environments [7], all
things are continuously tracked and managed everywhere.To be

https://doi.org/10.1016/j.matpr.2021.05.498
2214-7853/� 2021 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Conference on Nanoelectronics, Nanophotonics, Nanomaterials,
Nanobioscience & Nanotechnology.

⇑ Corresponding author.
E-mail address: vijaykumar_b@vaagdevi.edu.in (B. Vijay Kumar).

Materials Today: Proceedings xxx (xxxx) xxx

Contents lists available at ScienceDirect

Materials Today: Proceedings

journal homepage: www.elsevier .com/locate /matpr

Please cite this article as: B. Vijay Kumar, S. Musthak Ahmed and Mahendhra Nanjappa Giri Prasad, Efficient method to identify hidden node collision and
improving Quality-of-Service (QoS) in wireless sensor networks, Materials Today: Proceedings, https://doi.org/10.1016/j.matpr.2021.05.498

https://doi.org/10.1016/j.matpr.2021.05.498
mailto:vijaykumar_b@vaagdevi.edu.in
https://doi.org/10.1016/j.matpr.2021.05.498
http://www.sciencedirect.com/science/journal/22147853
http://www.elsevier.com/locate/matpr
https://doi.org/10.1016/j.matpr.2021.05.498


cost-effective, small-scale, must be the main components of such
systems[4]. Context analysis is a process in which the environment
an organisation exists is analysed. The main subject of environ-
mental scan is the macroatmosphere of the industry. However
the whole business atmosphere, the internal and external climate
take into consideration the context analysis. This can be an impor-
tant part of business architecture.

2. System architecture

2.1. Existing system

The Head of Cluster (CH) holds a list of groups for nodes. Fol-
lowing receiving a message from the N node with the list of its
two-way neighbours, CA initiates an assignment of a group group,
in conjunction with its neighbourhood list and available resources,
to theoretically assign the node to a given group. Any new node
joining the network does not know the node groups and causes a
hidden node crash [10].

The key goal is to design a mechanism using an established
model, which is the paradigm of groupings in a way:

� It addresses the dilemma of the secret node in multimedia
networks

� The protocol stack will be introduced and built-in.
� Returns compatibility with these requirements for the

protocol.

2.2. Proposed system

The Head of Cluster (CH) holds a list of groups for nodes. Fol-
lowing receiving a message from the N node with the list of its

two-way neighbours, CA initiates an assignment of a group group,
in conjunction with its neighbourhood list and available resources,
to theoretically assign the node to a given group. Any new node
joining the network does not know the node groups and causes a
hidden node crash [10].

The key goal is to design a mechanism using an established
model, which is the paradigm of groupings in a way:

� It addresses the dilemma of the secret node in multimedia
networks

� The protocol stack will be introduced and built-in.
� Returns compatibility with these requirements for the

protocol.

3. Group assignment algorithm

There are a number of nodes and a number of paths. Any node
can be assigned to perform any path, incurring some cost that may
vary depending on the assignment [5]. It is required to perform all
paths by assigning exactly one node to each path in such some way
that the overall price of the assignment is reduced [10].

3.1. Data flow Diagram

� Node Generation
� Analysis of Neighbor Node
� File Transfer
� Query response
� Secure transformation

3.1.1. Node generation
A node can be an organisation, a delivery purpose or a terminus

of communication. The node description depends on the above-
mentioned network and protocol layer. An operational electronic
system connected to the network is a physical network node that
can trigger, receive or transmit information through a channel of
communication. A MAC address must be included for each LAN
or WAN node, normally for each network interface controller it
has.

A tree can be retrospectively identified as a node array where
each node is a value-consistant data structure with a list of nodes
that does not repeat any node. Interior nodes are equipped with a
variable number of child nodes within a predefined set. The num-
ber of children nodes changing as data is added or discharged from
a node. Internal nodes can even be connected or broken to preserve
the predefined set.

3.1.2. Analysis Neighbor node
In a finite element context, it is often useful to have fast access

to the objects which are ‘‘around” a certain node. This can be
achieved by storing on each node the list of all of the nodes and
elements which are close to it. The creation of a list of neighbor
nodes and elements implies a no negligible price in terms of mem-
ory occupation [9]. A method is provided so as to ease the genera-
tion of the lists once required. Neighbor-joining takes as input a
distance matrix specifying the space between every combine. The
algorithm starts with a totally unresolved tree, whose topology
corresponds to it of a star network.

3.1.3. File transfer
Data sharing is a common concept used in a data network such

as the internet to transmit information. Many ways to relay file
over a network are possible and Protocols are available. Computers
that offer a file sharing facility are commonly referred to as file ser-
vers. The data transfer is called uploading or copying, depending on

Fig. 1. System Architecture.

Fig. 2. Data flow Diagram.
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the viewpoint of the user. Data transfer is becoming more and
more carried out for the business using File Transfer Controlled.

3.1.4. Query response
The response will be given by the responder to the sower after

that the sower will be forwarded that message to the initiator. If
the initiator confirms that the response message then the sower
will forward that to the responder, hence the sower acts an agent
between the initiator and the responder. The answer and forecast
response are the values of the dependent variable determined by
regression parameters and the experimental variable’s value. How-
ever, the values of the two answers are the same, their measured
variances vary entirely.

3.1.5. Secure transformation
Following a clarification from the initiator, the requested file

would then be transmitted via the sower to the respondent. The
design of systems which require rigorous handling of doable dis-
rupting sources, ranging from natural catastrophes to malicious
actions. Its key aim is to facilitate the supply of software solutions
to fulfil pre-defined practical and customer specifications, with an
additional layer to avoid abuse and malicious behaviour. it is like
most device engineering companies.

4. Simulation results

Basically, the deficiency in service quality (QoS) masks the node
problem, which in turn impacts network performance, message

Fig. 3. Node Creation with Coverage Area.

Fig. 4. Data transmission from source node to destination node.

Fig. 5. Distance between a source node to another nodes.

Fig. 6. Detecting shortest path and identify the hidden node.

Fig. 7. Removing the hidden node after filtering the nodes.
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latency, consumption of energy and reliability. The System for the
Prevention of Secret Nodes (H-NAMe) has been introduced. The
first step is that the coverage area must be identified or defined,
given the number of nodes in Fig. 3. Pick the source node (node
1) and the destination node (node 7). The next step is to evaluate
the surrounding node for data transmission in Fig. 4.

Identify the shortest path that a lead to performance improve-
ment, here the path is 1–5-3–7. But while transferring the data,
the hidden node appears and the path is diverted. But the hidden
node identified as node 5 is presented in Fig. 6, and the table is
depicted in Fig. 5.

This hidden node can be filtered and thus established a clear
path between source to destination nodes is presented in Fig. 7.
As a final verification, before transmitting the data, the data is
encrypted and is transmitted is presented in Fig. 9 Thus by filtering
the hidden node, the data was received correctly without delay,
which indirectly proves that there is no collision occurred during
transmission.Fig. 8.

5. Conclusion

We prove that the networks deploying multipath routing
achieve greater streaming performance than their linear network
counterparts. In particular, it has been demonstrated that multi-
path routing can be increase in the overall packet throughput,

and thus can be a preferred routing method inWSNs involving data
streaming applications. We use of simulations networks deploying
multipath routing can provide a significant increase in perfor-
mance over single-path networks, we have not provided a protocol
which automates the process of zone-disjoint path creation and
optimal spatial separation for any given network.

A effective, realistic and scalable approach to synchronised
WSN clusters. The Group Access time is defined according to the
Group ID field which identifies the group node. A simplistic yet
effective solution to the hidden node problem, which constitutes
a significant impairment of QoS in wireless networks and espe-
cially for WSNs. It prevents secret node collisions in synchronised
WSNs with containment-based MAC protocols. We are proposing a
Hidden-Node Evasive (H-NAMe) method for the prevention of
WSNs, very straightforward but extremely effective. This method
was proposed to extend the distributed peer-to-peer network,
[11] known as the multi-access multi-tone (RI-BTMA) and dual
inhabited tone multiple access[12]. (RI-BTMA)
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Abstract— Concretes versatility, durability, 

sustainability and economy have made it the world’s 

most widely used construction material. Concrete the 

most widely used construction material in civil 

engineering industry because of its high structural 

strength and stability. One of the main ingredients in 

concrete is ordinary Portland cement. So, its 

production is severe threat to the environment. Why 

because, in the production of cement with equal 

amount of co2 is released into the atmosphere which is 

5% of the globally production of the pollution. The 

most effective way to reduce co2 emission from cement 

industry is to substitute a proportion of cement with 

other materials. These materials are called 

supplementary cementitious materials for replacement 

of cement. In this project I have adopted M40 grade of 

concrete with fly ash  as supplementary cementitious 

materials for replacement of cement. I replaced cement 

with both fly ash  for 10%, 20%,30%,40%,50% by 

weight of cement. Various tests like compressive, split 

tensile tests and Acid attack, RCPT tests were 

conducted. The curing periods chosen were 7,28,56,90 

days respectively. The best and sustainable mix cannot 

be decided from the results obtained by the strength 

and durability parameters alone, it is also necessary to 

consider the beneficial criterions. So in order to obtain 

the best mix I adopted TOPSIS (Technique for Order 

of Preference by Similarity to Ideal Solution) of 

MCDM (Multi Criteria Decision Making) techniques. 

By using this method, I concluded that the sustainable 

mix obtained was M3 i.e., 30% replacement of cement 

with fly ash by considering various alternatives and 

criterion.  

Keywords—Topsis,Flyash,Ordinary Portland cement.  

I. INTRODUCTION  

 Cement has become a vital part of our lives; the use of 

concrete is increasing at a very high rate. One of the main 

constituents of concrete is Portland cement. The 

manufacturing of cement results in emission of large amount 

of CO2. Thus, the researchers have started finding alternatives 

for the partial replacements for cement. Among many 

alternatives, FLY ASH  are the industrial by products which 

provides excellent binding properties to concrete and serve as 

a replacement of cement. These alternatives are generally 

termed as supplementary cementitious materials (SCMs). 

Concrete is a composite material formed by bonding together 

aggregates and fluid cement which hardens over time. It is 

estimated that about 0.9 tons of carbon dioxide is released in 

the environment for the production of 1 ton of cement.    

Multi Criteria Decision Making (MCDM):  

It is a sub-discipline of operations research that explicitly 

evaluates multiple conflicting criteria in decision making. It is 

the process of finding the best option from all of the feasible 

alternatives. Multi-criteria decision making usually refers to 

the process of ranking the alternatives or selecting a desirable 

alternative among the collection of possible alternatives with 

respect to list of criteria. It consists of single decision maker, 

multiple decision alternatives. However, the increasing 

complexity of the socio economic environment makes it less 
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possible for a single decision maker to consider all alternative 

aspects of the problem as many decision-making processes 

takes place in group settings.  

  The following are the features of the decision making.  

1. Decision making is a selective process in which only 

the best possible alternative is chosen.  

2. Decision making involves careful evaluation and 

analysis of all possible alternatives.  

3. It is a continues process which goes on throughout 

the life of an organization.  

4. It may be a positive to do a certain thing or negative 

not to do a certain thing.  

5. It is not an end itself but, it reaches its goal.  

6. The success of any thing clearly depends on what 

type of decisions taken.    

     Technique for Order Preference by Similarity to 

Ideal Solution   
 

(TOPSIS) Technique for Order Preference by Similarity to 

Ideal Solution method which was firstly developed by 

“HWANG” and “YOON” in 1981. It is based on the concept 

that an ideal solution is shortest distance from positive 

solution and it should be the longest distance from negative 

solution. It is a method of compensatory aggression that 

compares a set of alternatives by identifying weights for same 

criteria. Normalization is the best way to identify the obtained 

outcomes which are how far from the ideal solution.   

Why TOPSIS: it is the best method to identify the ideal 

solutions from a collection of possible alternatives. Topsis 

normalizes the outcomes and compare these to the ideal 

solutions. Based on the alternative outcomes it should give a 

rank for easy understanding of different alternatives. Topsis 

method used in large engineering problems often found in 

aeronautics and automotive industries.  

 

 

  Feasibility of TOPSIS:  

     1.Simplicity.    

 2.Rationality.  

 3.Comprehensibility.  

 4.Efficiency of good computation outcomes.  

 

 5.Accurate measurement of different alternative solutions.  

 TYPES OF SUPLEMENTARY CEMENTITIOUS 

MATERIALS  
The following are the types of supplementary 

cementitious materials  

• Fly ash  

• Silica fume  

• Meta kaolin (MK)  

 LITURATURE REVIEW  

[1]. International Journal on Engineering and Advanced 

Technology (IJEAT) paper titled “Estimation of fly 

ash  strength efficiencies on concrete with age” by k 

Suvarna Latha, M V Sheshagiri Rao, V Srinivasa 

Reddy.  

ISSN: 2249-8958, Volume-2, Issue-2, December-

2012.  

1. In this paper, they conducted to evaluate the 

strengths of hardened concrete, by partial 

replacing of cement with increasing percentages 

of  Fly ash for M40 grade of concrete at different 

ages.  

2. The optimum Fly ash  replacement as 

cementitious material is characterized by high 

compressive strength, low heat of hydration, 

resistant to chemical attack, better workability 

and good durability, cost effective.  

3. The optimum dosage of Fly ash replacement is 

50%.  
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[2]. IOSR journal on engineering (IOSRJEN) paper titled 

“Partial replacement of cement with fly ash in 

concrete and its effect” by Vinod Goud and Niraj 

Soni” ISSN (e): 2250-3021,  

ISSN (p):2278-8719,Volume-06, Issue 

10(oct.2016).  

      Rapid growth of construction activities leads to 

active shortage of conventional construction 

materials due to various reasons.Researches were 

searching for cheaper & eco-friendly materials as a 

replacement of cement in concrete. Because the 

manufacture of cement leads to the pollution in large 

amounts (CO2 emissions are 0.8-1.3 ton/ton2 & SO2 

emission is also very high). It was found that 

industrial waste such as fly ash can be used as partial 

substitute for cement.  

    The addition of fly ash to cement has been 

found to enhance cement properties:  

 Normal consistency increases with increase in the 

grade of cement and fly ash content. Workability 

increases in fly ash concrete. As the fly ash contents 

increases in all grades of OPC there is reduction in 

the strength of concrete.  In all grades OPC, fly ash 

concrete is more durable as compared to OPC 

concrete and fly ash up to 20% replacement increase 

with grade of cement. Shrinkage of fly ash concrete 

is similar to the pure cement concrete in all grades of 

OPC.  

1. The 10% and 20% replacement of cement 

with Fly ash shows good compressive 

strength results.  

2. The optimum usage of fly ash replacement 

is 20%.   

[3]. “ Fly ash Effects on Compressive strength by Partial 

Replacement of Cement Concrete by Azmat Ali Phul, 

Muhammad Jaffer Memon, Syed Naveed Raza Shah, 

Abdul Razzaque Sandhu” volume-5, no-4, April 

2019   

This paper investigates the compressive strength 

properties of concrete with Fly Ash in concrete by 

partial replacement of cement. The incremental 

demand of cement in the construction field is a 

concern for environmental degradation, in this 

regard; replacement of cement is carried out with 

waste materials by using Fly Ash. On optimum level 

of Fly Ash was assessed with varied percentage from 

0 to 30% for different curing days. Replaced concrete 

were tested with the slump, compaction factor, Vee-

bee and compressive strength. Cement to water ratio 

was maintained at 0.47 for all mixes. The 

compressive strength tests were conducted for 3, 7, 

14 and 28 days of curing. The results obtained from 

the slump, compaction factor, Vee-bee and 

compressive strength of concrete containing  Fly Ash 

was increased as the curing time increases. The 

outcomes indicated that the addition of Fly Ash 

enhances the workability and compressive strength 

which eventually improved the mechanical properties 

of concrete.  

1. This paper investigates the mechanical 

properties and workability  of concrete and 

how the outcomes varying while, increasing 

in the percentages of Fly ash .    

2. The optimum usage of both fly ash  in 

cement is 30%  

[4]. “K.V. Sabarish, R. Venkat Raman, R. Ancil, R. 

Wasim Raja, P. Selva Surendar, Experimental 

Studies on Partial Replacement of Cement with Fly 

Ash in Concrete  

Elements”. International Journal of Civil 

Engineering and Technology, 8(9), 2017, pp. 293–

298.  

The use of fly ash in concrete formulations as a 

supplementary cementatious material was tested as 

an alternative to traditional concrete. The cement has 

been replaced by fly ash accordingly in the range of 
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0% (without fly ash), 10%, 20%, 30% & 40% by 

weight of cement for M-25 and M-40 mix. These 

tests were carried out to evaluate the mechanical 

properties for the test results for compressive strength 

up to 28 days and split strength for 56 days are taken.  

1. Compressive strength reduces when cement 

replaced fly ash. As fly ash percentage 

increases compressive strength and split 

strength decreases.   

2. Use of fly ash in concrete can save the coal 

& thermal industry disposal costs and 

produce a „greener concrete for 

construction.   

3. The cost analysis indicates that percent 

cement reduction decreases cost of concrete, 

but at the same time strength also decreases.  

4. This research concludes that fly ash can be 

innovative supplementary cementitious 

Construction Material but judicious 

decisions are to be taken by engineers.  

           TOPSIS technique is one of the classical MCDM 

techniques developed by Wang and Lee (2007) for the first 

time for solving the MCDM problems. They illustrated that 

TOPSIS is based on the concept that the most preferred 

alternative should not only has the shortest distance from the 

positive ideal solution but also has the longest distance from 

the negative ideal solution.  

1 .This paper includes selecting and studying the MCDM 

techniques that uses wide ranges of data analysis in civil 

engineering projects.   

2. A detailed study including the advantages and 

disadvantages using the analytical hierarchy process and fuzzy 

Technique for Order and Preference by Similarity to the Ideal 

Solutions(TOPSIS) is introduced.  

        AIM  

To obtain best mix of concrete when cement is 

minimally replaced by Fly ash  using TOPSIS 

method of MCDM technique.  

     OBJECTIVES:    

   The following are the objectives set after viewing literature 

reviews.  

1. determine the behavior and mechanical 

properties of two concrete mixes when cement is 

partially replaced with fly ash  from 

0%,10%,20%,30%,40%,50%.  

2. To determine the durability properties of two 

concrete mixes with fly ash  for different curing 

periods as 7,28,56,90.   

3. To obtain the best optimized mix of fly ash  by 

TOPSIS method of MCDM technique.  

 

 STUDY METHODOLOGY  

 To obtain the aim of the project the following steps need to be 

done.    

Experimental program consists of the following steps.  

             1. Material collection 

                 2.Mix proportion 

             3.Casting 

                 4.Curing 

                 5.Testing 

MATERIAL COLLECTION  

     The materials used in this project were collected from 

near by source. The following materials are required,  

 Cement 53 grade  

 Fly ash (Class-F)   

 Fine aggregate  

 Coarse aggregate (10mm and 20mm )   

 

The International journal of analytical and experimental modal analysis

Volume XIII, Issue X, October/2021

ISSN NO:0886-9367

Page No: 1034



MIX PROPORION  

 

IS (10262-2019) code is used for mix design. The 

final mix proportion obtained for M40 Grade of 

concrete is 1:1.46:3.02:0.46.  

The following quantities (kg/m
3
) are obtained for the above 

mix proportion which is designated as “M”.   

 

 

 

CASTING:  

First of all ingredients of mix are weighed accurately 

according to mix proportion and mix it properly to get the 

uniform mix. Specimens (cubes, cylinders etc…) were casted 

for different percentages (0%,10%,20%,30%,40%,50%)  of 

fly ash .  

TOTAL NO OF SPECIMENS CAST 

 CURING  

After 24 hours the specimens are de-molded and kept for 

normal curing in 7,28,56,90 days. For different percentages 

of fly ash .     

TESTING  

 The following are the tests to be performed on the 

specimens.  

 Compressive test: It is the capacity of the material or a 

structure to withstand loads. This test is used to determine the 

hardness property of a concrete specimen.   

           Compressive test =    

    

 Split tensile test: It is used to determine the tensile test of 

the cylindrical concrete specimen. As we know that concrete 

is weak in tension so, by providing reinforcement to 

overcome this problem.  

             Split tensile test =   

  Carbonation: carbonation is the result of dissolution of 

carbon dioxide in the concrete pore fueled and this reacts 

with calcium from calcium hydroxide and calcium silicate 

hydrate to form calcite. Within few hours or a day or at most, 

the surface of fresh concrete which have reacted with carbon 

Mix  Cemen

t  

Fly 

ash  

Fine 

aggregat

e  

Coarse 

aggregate  

Wate

r  

10 

m

m  

20 

m

m  

M1 

(10%

)  

373.5  41.5  606  501  752  193  

M2 

(20%

)  

368  83  606  501  752  193  

M3 

(30%

)  

326.5  124.

5  

606  501  752  193  

M4 

(40%

)  

285  166  606  501  752  193  

M5 

(50%

)  

207.5  207.

5  

606  501  752  193  

S.N

O  

TEST 

NAME  

SPECIMEN  

DIMENSIO

NS  

(mm)  

CURI

NG  

DAYS  

NO. OF 

SPECIME

NS  

1  Compressi

ve test  

150x150x15

0  

7,28,56,9

0  

77  

2  Split 

tensile test  

150 

diameter  

300 height  

7,28,56,9

0  

77  

  

  

3  

  

RCPT(Rapi

d Chlorine  

Penetration 

Test)  

  

100 diameter  

50 height  

  

  

28  

  

  

22  

  

4  Acid attack  100x100x100  7,28  44  
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dioxide of air. Generally, the process penetrates deeper into 

the concrete at the rate proportional to the square root of time.   

After an year or so it may typically have reached a depth of 

perhaps one mm for dense of low permeability made with a 

low water cement ratio, or up to 5mm or more for more porous 

and permeable concretes made using high water cement ratio. 

The effected depth from the concrete surface can be readily 

shown by the use of phenolphthalein indicator solution which 

is diluted to 1% in 99% of ethanol. The indicator is applied to 

the fresh fractured surface concrete. If the indicator turns pink 

then the surface is free from carbonation and the surface 

remains colorless then it is carbonated and the depth of 

carbonation is measured.    

Acid attack : ordinary Portland cement (OPC) is highly 

alkaline in nature with PH of above 12. When the cement 

paste comes in contact with acid its components breakdown, 

this phenomenon is called acid attack.  

 Before the cubes are kept for acid curing they are kept 

aside for 2 days for attaining the constant weights and weights 

of the specimens are noted down. After the cubes are cured in 

5% concentration of H2SO4 solution for 7 days they are 

removed and kept a side for 2 days for attaining the constant 

weights and are tested for various factors such as acid mass 

loss factor (AMLF), acid attacking factor (AAF), acid strength 

loss factor (ASLF), acid durability loss factor (ADLF).   

Acid Mass Loss Factor (AMLF): the percentage loss is 

estimated by immersing the cubes in acid solution and finding 

the mass at a definite period of time. The change in mass with 

age compared to the initial mass of each specimen is defined 

as acid mass loss factor.  

Acid Attacking Factor (AAF): the extent of deterioration 

at each corner of the struck face and the opposite face is 

measured. The change in length of the diagonal after 

immersion in acid for a definite period of time as AAF.  

Acid Strength Loss Factor (ASLF): the relative strength 

present in the concrete specimen after immersion  in the acid 

specimen represents acid strength or factor. The relative 

strengths are always compared with respect to the 28 days of 

compressive strength values.  

Acid Durability Loss Factor (ADLF): to combine the 

effect of different factors like mass loss, strength loss, 

dimension loss, a single uniform factor termed acid loss 

durability factor is introduced.  

RCPT (Rapid Chlorine Penetration Test): 

According to ASTM C 1202 the total charge passed through 

specimen in coulombs has been found to be related to the 

resistance of the specimen. After setting up apparatus, read 

and record the current at least every 30 minutes. Plot the graph 

(current (amp) vs time (sec)). The total time period of the test 

is 6 hours.  

   As per ASTM C1202 certain range of total charge passed 

through the specimen is given below with its effect in 

inference.  

 

RESULTS AND OBSERVATIONS  

  The strengths tests and durability studies (RCPT and acid 

attack) tests are conducted for specimens, and the basic tests 

(specific gravity, fineness, workability) are found and the 

results are tabulated as below.  

Specific Gravity Test 

 Cement                  =  3.15 

 Fine aggregate       =  2.3 

 Coarse aggregate   =  2.8 

 Flyash                    =  2.25 

 

 

The International journal of analytical and experimental modal analysis

Volume XIII, Issue X, October/2021

ISSN NO:0886-9367

Page No: 1036



Fineness  

            1. Cement = 8%(remained after sieving)  

            2  .Fly ash = 0%(remained after sieving)  

   Workability  

  The following slump values are obtained after replacing 

cement by fly ash  as follows.  

COMPRESSIVE TEST (fly ash replacement)  

The trial mix cubes are tested for 

compressive strength to check if it reached the 

target strength after accelerated curing.   

SPLIT TENSILE TEST (fly ash replacement): 

 

I

NFE

REN

CE:  

Fro

m 

the 

abov

e 

graph it is observed that while, cement is replaced with fly 

ash split tensile strength value increases upto 20% 

replacement of fly ash then, it decreases.  

 

% REPLACEMENT OF 

CEMENT  

WITH FLY ASH    
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SLUMP VALUE  
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RCPT(fly ash replacement): 

%  

Replacem

ent of 

cement 

with fly 

ash  

 Icumulati

ve  

( mille 

amp )  

   

Total 

charge  

(coulom

bs)  

  

Inferen

ce  

  

T-1  T-2  Avera

ge  

0  169

0  

1575.5  1632.

75  

2938.95  Mediu

m  

10  520.

5  

505.5  513  923.4  Low   

20  405.

2  

386.5  395.8

5  

712.53  Low  

30  392.

8  

384.2  388.3

5  

699.03  Low  

40  556.

6  

512.8  534.7  962.46  Low  

50  535.

5  

562.6  549.0

5  

988.29  Low  

 

 INFERENCE : From the above graph it is observed that 

while cement is replaced with fly ash chlorine penetration 

value decreases upto 30% replacement of fly ash then, it 

increases slightly. 

ACID ATTACK (fly ash replacement):  

  28 days water curing and 7 days acid curing  

% 

Replacement 

of cement 

with fly ash  

   

Acid attack 

factors  

  

 

AMLF  AAF  ASLF  ADLF  

0  6.54  9.375  33.33  0.00204  

10  5.01  6.714  27.03  0.000909  

20  3.87  4.623  21.5  0.000384  

30  2.35  2.143  20  0.0001007  

40  1.86  1.986  16.32  0.000059  

50  1.06  1.469  7  0.0000108  

 

INFERENCE :  From the above graph it is observed that 

while, increasing in the replacement of cement with fly ash 

acid attacking factors (AMLF,ASLF,AAF) are decreases.  
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ACID ATTACK (fly ash replacement):   

• 28 days water curing and 28 days acid curing 

% 

Replacement 

of cement 

with fly ash  

   

Acid attack factors  

  

 

AMLF  AAF  ASLF  ADLF  

0  9.425  11.62  17.81  0.00195  

10  8.169  12.582  14.23  0.0014626  

20  5.750  9.673  8.98  0.0005  

30  4.86  5.232  5.772  0.000146  

40  3.227  3.49  3.623  0.0000408  

50  2.362  2.98  1.756  0.0000126  

 

INFERENCE : From the above graph it is observed that 

while, increase in the replacement of cement with fly ash acid 

attacking(AMLF,ASLF,AAF) decreases. 

 

STEP WISE PROCEDURE FOR SELECTING 

BEST ALTERNATIVE USING TOPSIS 

METHOD  

     :Decision matrix for fly ash replacement  

 

Alternati

ves  

  Criteria    

C

1  

C2  C3  C4  C5  C6  

W

  

CS  SS  RCP

T  

AA  LC

C  

28  28  28  28  

M  0  44.

25  

4.

72  

2938.

95  

0.00195  6475  

M1  1

4  

44.

7  

4.

51  

923.4  0.00146

26  

6293  

M2  2

2  

46  4.

38  

712.

53  

0.0005  6081  

M3  3

0  

40.

33  

4.

37  

699.

03  

0.0001

46  

5954  

M4  3

5  

36.

62  

3.

67  

962.

46  

0.00004

08  

5623  

M5  5

0  

34.

66  

3.

67  

988.

29  

0.00001

26  

5476  

 

 

    Normalization matrix  

M  0  0.44  0.45  0.83  0.78  0.44  

M1  0.19  0.44  0.43  0.26  0.59  0.43  

M2  0.30  0.45  0.42  0.20  0.2  0.41  

M3  0.41  0.40  0.42  0.20  0.058  0.40  

M4  0.48  0.36  0.35  0.27  0.016  0.38  

M5  0.69  0.34  0.35  0.28  0.005  0.37  

    

       Relative weight matrix 

M  0  0.44  0.45  0.83  0.78  0.44  

M1  0.19  0.44  0.43  0.26  0.59  0.43  

M2  0.30  0.45  0.42  0.20  0.20  0.41  

M3  0.41  0.40  0.42  0.20  0.058  0.40  

M4  0.48  0.36  0.35  0.27  0.016  0.38  

M5  0.69  0.34  0.35  0.28  0.005  0.37  

 

 

          Positive matrix                                          Si Plus  

M  0.69  0.45  0.45  0.20  0.005  0.37  1.215  

M1  0.69  0.45  0.45  0.20  0.005  0.37  0.77  

M2  0.69  0.45  0.45  0.20  0.005  0.37  0.44  

M3  0.69  0.45  0.45  0.20  0.005  0.37  0.29  

M4  0.69  0.45  0.45  0.20  0.005  0.37  0.26  

M5  0.69  0.45  0.45  0.20  0.005  0.37  0.17  

 

 SiPlus=               

= 0.77  

 

Negative matrix                                                            SiMinus 
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M  0  0.34  0.35  0.83  0.78  0.44  0.14  

M1  0  0.34  0.35  0.83  0.78  0.44  0.64  

M2  0  0.34  0.35  0.83  0.78  0.44  0.92  

M3  0  0.34  0.35  0.83  0.78  0.44  1.04  

M4  0  0.34  0.35  0.83  0.78  0.44  1.06  

M5  0  0.34  0.35  0.83  0.78  0.44  1.17  

  

Relative closeness to ideal solution (Ci) 

 

M  6  0.1  

M1  5  0.45  

M2  4  0.67  

M3  3  0.78  

M4  2  0.8  

M5  1  0.87  

 

 

 

 
      Relative closeness to ideal solutions 

 

 

The ranking for the different mixes is obtained by assuming 

an ideal solution. The positive solution which is nearer and the 

negative solution which is far from the ideal solution is 

adopted as the best mix. Hence from the graph we can 

conclude that M3 i.e., 30% replacement of cement with Fly ash  

CONCLUSION  

Based on the experimental studies the following 

conclusions can be drawn.  

1. The slump values are increases with increasing in the 

% replacement of cement by both fly ash.  

2. The compressive, split tensile strengths of concrete is 

increasing with % replacement of cement with Fly 

ash upto 30% replacement of cement.  

3. The  resistance to chlorine penetration (RCPT) 

increases upto 20% replacement of cement with Fly 

ash and then decreases slightly.  

4. By using TOPSIS method of MCDM technique I can 

concluded that the sustainable mix for Fly ash is M3 

i.e., 30% and for GGBS is M2  i.e, 20% replacement 

of cement.  
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Abstract: 

Recently, foamed concrete is being widely used in civil construction and building, because of 

its high fluidity and settlement, low self-weight and low thermal conductivity. However, it has 

some major setbacks such as low strength and increased shrinkage at later ages. The strength 

gain of concrete depends upon several variables; one of these is the curing conditions. This 

work aims to study the potential production of foamed concrete as a sustainable structural 

material by varying the curing methods. For this purpose, sample cubes, cylinders and prisms 

were prepared to find the compressive strength, modulus of elasticity and drying shrinkage at 

deferent ages. Samples of the polyurethane foamed concrete cured under four deferent curing 

regimes (water, moisture, sealing by membrane-forming curing compound and air curing). At 

the end of the study, poly- urethane foamed concrete used for this study has shown the potential 

for use in structural applications. Also, the results show that the samples cured by moisture 

have the highest compressive strength at all ages 

 

Keywords: 

Polyurethane foamed concrete Curing conditions, Fly ash, and Compressive strength, 

Static modulus of elasticity drying shrinkage 

 

1. Introduction: 

The properties of foamed concrete differ with the difference in curing type and duration. 

Correct curing will enhance the durability and increase strength, volume stability, abrasion 

resistance, impermeability and resistance to freezing and thawing. found that air cured 

specimens developed a higher strength than water curing for foamed concrete with 10% 

Structural lightweight concrete has an in-place density (unit weight) of the order of (1440–

1840) kg/m
3
 compared to normal weight concrete with a density in the range of (2240–

2400) kg/m
3
. For structural applications, the concrete strength should be greater than (18 

MPa) according to ACI 213R. Foamed concrete is a type of lightweight aerated concrete 

which consists principally of a cement paste or mortar with at least 20% of its volume as air. 

Foamed concrete is produced by two methods: the first is the pre-foaming method and the 

second is the miXed foaming method. The pre-foaming method involves the isolated 

production of the base miX cement slurry (cement paste or mortar) and production of a stable 

foam (foam agent with water) and then miXing this foam into the base miX. In the miXed 

foaming method, the foaming agent is added to the pre-prepared base miXture and during the 

miXing foam is produced resulting in a cellular structure in the concrete. 

 

Foamed concrete can have a wide range of dry densities (400–1600) kg/m
3
 and compressive 

strengths (1–25) MPa. The increase in compressive strength of foamed concrete formed of 

fly ash, micro silica, and SiO2 powder is in the range of (20–25) MPa, this increment in 

The International journal of analytical and experimental modal analysis

Volume XIII, Issue X, October/2021

ISSN NO:0886-9367

Page No: 1145



strength shows that this foamed concrete is satisfactory to be used for structural applications 

or load bearing purposes. The strength of foamed concrete is little affected by the percent 

cement replaced by fly ash and even when replacing a high amount of cement with fly ash it 

does not much affect the later compressive strength of properly cured foamed concrete. The 

best-pulverized fly ash content for greatest strength of foamed concrete is around 20% to 

30%.  

1.1. Benefit of the Work 

The goals of this works are to:  

1. Find the Applicability to produce foamed concrete using polyutherene as 

a foaming agent and its applicability as a construction building material.  

2. Test the effect of different curing conditions on some mechanical 

properties of polyutherene foamed concrete.  

3. Find some mechanical properties of polyurethane foamed concrete with 

and without fly ash.  

 

2. Experimental work 

2.1. Materials 

Combinations of the following constituent materials were used to produce foamed 

concrete in this study: 

1. Ordinary Portland Cement type (I): The chemical and physical properties of this 

cement conformed to BSEN 196-1; 2005 

2. Class F fly ash supplied by a local supplier and conformed to ASTM C618. 

3. Natural sand supplied locally and conformed to the requirements of BS 812-

103.1:1985 [7] for verifying distribution and particle size. The specific gravity of 

the sand was 2.6.  

4. High range water reducing agent (HRWRA) Glenium 51; the normal dosage for 

Glenium 51 is (0.5–0.8) l/100 kg of cement. 

5. Tap water was used for both miXing and curing. 

6. Liquid membrane-forming curing compounds: Setseal 22 is a water based curing 

compound formulated from selected emulsified 

7. paraffin to form a low viscosity wax emulsion. The color is a white liquid, which 

creates a white film when applied to concrete surfaces and reflects (60–80)% of 

the sunlight. 

8. Foam: The foaming agent of density 45 kg/m
3
 used in this study was 

polyurethane (PU) foam. 
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2.2. Mix proportions 

The mix proportion guideline of ASTM C796 was followed in the laboratory mixing. The mix 

proportions of foamed concrete. The final mix proportions were established by laboratory trials 

to achieve a target density of 1600 kg/m3. 

 

2.3. Specimens preparation 

For this investigation, a pre-foaming method was adopted to provide polyurethane foamed 

concrete. The mixing procedure started with the cleaning of the laboratory mixer and emptying 

the excess water, one-third of the calculated mixing water was added, then the fine aggregate 

followed by the cement. The materials were allowed to mix for three minutes, then the fly ash 

and the remaining water was added. This was allowed to blend together till appreciable slurry 

was achieved. The ready-made foam was added to the base mix through the nozzle of the foam 

can according to the calculated amount by trial and error. The density of the foamed concrete 

produced was then checked against the target density, 1600 kg/m3. 

 

Table 1 

Chemical and physical properties of cement, fly ash and fine aggregate. 

Oxides composition 

 

Cement Fly Ash 

 

Oxides Content 

% 

 

Oxides Content % 

ASTM 

C618(Class F) 
CaO  62.8 5.0 <10 

SiO2  22.3  54.2 

70 (Min) Al2O3  4.5  31.6 70 (min) 

Fe2O3  1.9  3.8 

Na2O  0.1  0.7  

K2O  0.7  0.6  

MgO  4.4  1.3  5 (max) 

SO3  2.0  0.1  

CO2  2.5   

Free CaO  1.2   

Loss on Ingition  0.8   

Blain Surface Area 

m2/kg  

250  350  

Relative Density  3.15  2.2  

 

Table 2 

Grading of fine aggregate 

Sieve size (mm)  Passing by weight%  ASTM C33-03 

2.36  100  85–100 

1.18  85.7  75–100 

0.60  71.2  60–79 

0.30  29.6  12–40 

0.15  3.5  0–10 
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Table 4 

Mix Proportions for Polyurethane Foamed Concrete. 

Mix details  Target 

Density  

Ceme

nt kg  

sand kg  fly 

ash kg  

water kg  w/C+FA  HRWRA 

L  

foam 

kg 

Mixed with 

fly ash  

1600  440  960  160  300  50  3.6  60 

Mixed 

without Fly 

ash  

1600  600  960  0  300  50  2.64  60 

 

The specimens remained in the same condition till 24 h later when the specimens were 

demolded and the fresh density of concrete measured. Each sample was marked before being 

separated and transferred to the place where they cured using four different curing conditions, 

which were: water curing; moist curing; membrane compound curing and air curing. All the 

specimens remained under same curing condition till the date of testing except the water and 

moisture cured samples that were removed and placed in an oven for 24 h before testing. The 

density was checked before placing in an oven and after placing in an oven. 

 

The curing regime adopted was as below: 

• Air curing: in laboratory air entire time with the constant range (25 ± 2) °C and an average 

relative humidity of 60%. 

• Water curing: in air under laboratory conditions after seven days of water curing with the 

constant range of temperature 

(25 ± 5)° C. 

• Moisture curing: covered with wet burlap for seven days. 

• Liquid membrane-forming curing compounds: Setseal 22 was applied after 24 h from casting, 

except for the top face of the casting 

 

mold where the liquid compound was applied after 1 h from casting. 

 

Most of these adopted curing conditions in this study chosen were completely compatible with 

the curing conditions which are performed in the field. 

 

2.4. Testing methods 

2.4.1. Fresh state properties 

 

The fresh properties of polyurethane foamed concrete consist of flow and fresh density. A flow 

table test was performed to find the consistency of the freshly mixed mortar as described in 

ASTM C 1437. The fresh polyurethane foamed concrete produced was first poured into an 

inverted slump flow cone without any compaction and vibration in accordance with ASTM C 

1611. The fresh density was established according to ASTM C 138  
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2.4.2. Hardened properties 

a) Compressive Strength 

The compressive strength tests were performed according to (BS. 1881: Part 116: 1983). A total 

number of 72 cubes of (100×100) mm were tested by using a hydraulic compression machine of 

1800 kn, at a loading rate of 18 MPa per minute. The average of three cubes was taken for each 

test and the test was conducted at ages of (7, 28, and 56) days. 

 

b) Shrinkage 

Shrinkage was measured by apparatus with dial gauge of 0.002mm accuracy. Prisms of 

(100×100×400)mm were used for this test. Measurements of the shrinkage strain were made 

according to (ASTM C157-2008) [2]. After removing the samples from the mold at an age of 

24 h, shrinkage nails were installed on the surface of prisms after being demolded. The readings 

were taken at ages (3, 7, 14, 21, 28, 56) days for different curing conditions. Two specimens 

were prepared for each test condition. 

 

c) Static Modulus of Elasticity 

The static modulus of elasticity was measured according to (ASTM C 469). A total number of 

48 cylinders of (150×300)mm were tested at ages of (7, 14, and 28) days. The average of two 

cylinders was taken for each test. 

 

3. Results and discussions 

3.1. Fresh properties 

 

a) Flowability and Fluidity  

For this study, the flowability of polyurethane foamed concrete mixes was measured by the 

diameter of the slump. It was found that the flowability for a mix without fly ash had a lower 

diameter of a slump than the mix with fly ash. The average slump flow values obtained for fly 

ash mix and mix without fly ash were 230mm and 200 mm, respectively. This phenomenon is 

due to the lubrication effect of the spherical shape of most fly ash particles which led to greater 

workability. The fluidity of polyurethane foamed concrete mixes measured by the diameter of 

four different angles of the slump. The inverted slump cone spread values are given in Table 5 

clearly indicated that the fluidity of the polyurethane foamed concrete was dependent on the fly 

ash in the mixes. Slump cone spread values obtained for the fly ash mix and the mix without fly 

ash were 478mm and 452 mm, respectively. This may be ascribable to the higher fineness of fly 

ash compared to that of the mix without fly ash.  

 

b) Consistency and Stability 

The consistency of the fresh polyurethane foamed concrete represented by a measured fresh 

density to designated density ratiowas kept to nearly unity, without segregation and bleeding. 

Stability can be represented by a measured fresh density to measured 
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Table 5 

Properties of the fresh polyurethane foamed concrete. 
Sample  Consistency  Stability  Inverted slump 

cone spread value 

(mm)  

Slump value(mm) 

Mix with fly ash  1.04  1.015  478  230 

Mix without fly ash  1.05  1.018  452  200 

 

hardened density Lim et al. [21]. The measured hardened density of the foamed concrete 

produced was (1640 and 1650) kg/m3 for the fly ash mix and the mix without fly ash 

respectively. The fresh density of polyurethane foamed concrete is measured in a container of 

known volume in order to determine density (unit weight). The use of fly ash resulted in a slight 

decrease in the fresh density of polyurethane foamed concrete samples. The average fresh 

density values obtained for the fly ash mix and the mix without fly ash were 1665 kg/m3 and 

1680 kg/m3, respectively. However, such results are attributed to the low specific gravity of the 

fly ash. Portland cement has a higher specific gravity than that of fly ash so they increase the 

overall density of the polyurethane foamed concrete to a greater extent. 

 

3.2. Hardened properties 

a) Compressive Strength 

The average of the tests results for polyurethane foamed concrete mixes with and without fly 

ash for different curing conditions. The compressive strength results for mixes without fly ash 

range between (7.8–20.1) MPa, (10.3–24.2) MPa and (11.1–26.2) MPa at (7, 28 and 56) days 

while the results for the mixes with fly ash range between (8.1–22.5) MPa, (11.1–29.2) MPa 

and (12.1–32.1) MPa at (7, 28 and 56) days. it can be seen that the results of mixes without fly 

ash give lower results of compressive strength when compared with mixes with fly ash under 

different curing conditions at all ages with percent (9.2, 29.1 and 40.4) for water curing, (11.6, 

20.6 and 22.6) for moisture curing, (3.4, 8.7 and 9.4) for air curing and (8.7, 23.7 and 32.2) for 

the membrane forming curing compound at (7, 28 and 56) days respectively.  

This behavior is explained by the densified effect of fly ash with a decrease in the porosity at 

early ages, while at later ages, in addition to the densified effect of fly ash, a pozzolanic 

reaction occurs with calcium hydroxide released from cement hydration reacting with the fly 

ash resulting in a filling effect in the voids among the cement and other powder particles, it can 

be seen that moisture cured specimens improve compressive strength more than membrane 

curing compound, water and air cured specimens respectively by (14.9, 44.9 and 177.3)% at 7 

days, (5.0, 18.0 and 162.3)% at 28 days, (6.3, 10.0 and 165.5)% at 56 days.  

That can be ascribed to the gel tiffening by drying for moisture curing, however, it is due to 

relaxation in the gel of filler type due to the presence of water by water curing. An important 

observation is drawn here, which reflects the same previous trends for mixes with fly ash and 

for all type of curing conditions at a different age. The results also yielded that curing by 

membrane forming curing compound was effective in improving the compressive strength of 

foamed concrete mixes with and without fly ash more than water and air curing. Like other 

types of concrete, the compressive strength for polyurethane foamed concrete specimens with 

air curing is lower than that of the other types of curing. However, the extent of strength 

reduction for air cured specimens up to an age of 56 days was due to the insufficient curing. 
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b) Shrinkage 

The average results of two prisms are plotted in Figs. 3 and 4 for mixes with and without fly ash 

under different curing conditions. The results clarify that the values of drying shrinkage are 

higher for mixes without fly ash than those for fly ash mixes. The values range from (160–610) 

microstrain for the mixes without fly ash and these values decrease to (150–550) microstrain 

when fly ash is added at the age from 3 days to 56 days. The drying shrinkage for all mixes 

extends with time till the age of 56 days. Indicating to the earlier Figures there is a small 

decrement in drying shrinkage for water cured specimens. Moreover, moisture cured samples 

showed slightly lower values than those for compound cured samples. An important 

observation is drawn here, which reflects the same previous trends for mixes with and without 

fly ash and for all type of curing conditions at a different ages.  

It indicates that the internalization of fly ash as a partial replacement of cement leads to a 

slightly decrease in shrinkage of mixes during the time of drying as compared with mixes 

without fly ash. This phenomenon is ascribed to the reaction of fly ash consuming more free 

water in the system, leaving less water evaporation during shrinkage. This promotes the 

deduction that fly ash mix has a lower porosity and finer pore structure, which encourages loss 

of water by self-desiccation and not by diffusion to the surrounding environment. 

 

c) Static Modulus of Elasticity 

The secant moduli for all the mixes was experimentally determined for each testing age (7, 14 

and 28) days as the average of two cylinders for different curing conditions. The results of static 

moduli are plotted. 

The modulus of elasticity results for mixes without fly ash range between (4.0–9.1) MPa, (4.8–

11.5) MPa and (6.0–16.3) MPa at (7, 14 and 28) days while the results for the mixes with fly 

ash range between (4.5–9.8) MPa, (5.1–12.4) MPa and (6.1–16.5) MPa at (7, 14 and 28) days. 

This behavior may be attributed to the incorporation of fly ash as a partial replacement of 

cement in the mixes that increases the densification of concrete and leads to lower strain under 

compression at transition zone, thus leads to higher static modulus of elasticity of those mixes. 

From Fig. 5, it can be seen that moisture cured specimens improve modulus of elasticity more 

than the membrane curing compound, water and air cured specimens respectively by (10.4, 12.2 

and 55.6)% at 7 days, (5.2, 11.6 and 58.3)% at 14 days, (8.1, 9.0 and 63.3)% at 28 days. An 

important observation is drawn here, which reflects approximately the same previous trends for 

mixes with fly ash and for all type of curing conditions at different ages.d) Oven-dry density 

The oven-dry density of hardened polyurethane foamed concrete was measured according to 

ASTM C 642 [21]. For polyurethane foamed concrete, the oven-dry density increased slightly 

by adding fly ash. The average density values obtained for fly ash mix and mix without fly ash 

were 1590 kg/m3 and 1600 kg/m3, respectively. 
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4. Conclusions 

Based on the tests results of the present study on influence of curing methods and fly ash on 

progressive compressive strength, the following conclusions are drawn: 

1. The flowability and fluidity are increased by the presence of fly ash in comparison to 

mixtures without fly ash of the polyurethane foamed concrete. 

2. The compressive strength of samples cured under moisture and membrane forming 

curing compound produce higher compressive strength range (20–32) MPa. This 

revealed that polyurethane foamed concrete is satisfactory to be used for structural 

applications. 

3. The samples cured under moisture curing achieve higher strength at all ages than all 

others curing conditions considered. This revealed that moisture curing affects the 

compressive strength of foamed concrete more than those cured by a membrane forming 

curing compound, water, and air curing. 

4. Curing by a membrane forming compound was effective in developing the compressive 

strength of foamed concrete mixes with and without fly ash more than water and air 

curing. 

5. The fly ash utilized improves workability and diminishes the drying shrinkage of 

foamed concrete. 

6. At all ages, the compressive strength of polyurethane foamed concrete without fly ash is 

lower than that of the polyurethane foamed concrete with fly ash for all curing 

conditions. 
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ABSTRACT: Many concrete research projects are underway around the world to achieve high strength and improve 

longevity to extend the life of the material. In this study, cement is replaced with an ultrafine material called Alccofine 

at different percentages and GGBS at a constant grade M60. The continuous water content of 0.3 was found in the 

concrete proportions. As a result, Cryso premia K570, a 0.3 percent superplasticizer, is used to improve workability.  

The concrete samples are cast and cured for seven and twenty-eight days, respectively, under normal conditions. 

Concrete specimens were subjected to mechanical tests such as compressive strength, flexural strength, broken tensile 

strength, and toughness tests such as water permeability and the RCPT. The optimum strength was achieved at 15 

percent Alccofine and 30 percent GGBS, according to mechanical properties. The percentage of cement that should be 

replaced with Alccofine and GGBS was investigated. The chloride permeability in all of the mixes is very poor, 

according to ASTM. The aim of this research is to investigate the physical characteristics and durability of M60 grade 

concrete with partial replacement of cement with GGBS and Alccofine, as well as to determine the best Alccofine 

material to mix in concrete. 

 

KEYWORDS: Alccofine, GGBS, Strength, Replacement of Cement, Strength Tests. 
 

 

I. INTRODUCTION 

Concrete is the world‟s most commonly used 

human-made construction tool. Concrete‟s creation 

and usage had a slew of environmental and social 

ramifications. Cement production has risen in 

tandem with the rise in concrete demand. As a 

result, a significant amount of greenhouse gas 

emissions, primarily CO2, are released from 

limestone during the pyro- processing of clinker, 

causing environmental damage. We can use 

supplementary cementitious materials like GGBS 

and Fly ash, Silica fume, Rice husk ash, 

Metakaolin, and Alccofine instead of cement to 

solve this issue. Many experiments are being 

conducted to improve the efficiency of high-

performance concrete. High-strength, long-lasting 

concrete is known as HPC. HPC has two main 

characteristics: a high cement/binder content and a 

low w/c ratio. The workability and retention of 

concrete with these characteristics are insufficient. 

Due to this flaw, high-range water- reducing agents, 

such as superplasticizers, are used in concrete to 

boost the flowability and ease of placement and 

increase the holding period, which aids in the 

transportation of concrete mix. Cryso Premia K570, 

a superplasticizer, was used in this analysis. 

Alccofine 1203 is a low calcium silicate product 

that is manufactured in India. It has distinct 

properties that improve „concrete efficiency‟ in both 

fresh and hardened levels. Alccofine 1203 is a 

regulated granulation product with a high glass 

content and high reactivity. It enhances the 

properties of fresh and hardened concrete, resulting 

in high-performance environmental concrete. 

Alccofine increases the early strength and longevity 

of concrete when used in it. Alccofine 1203 

outperforms all other supplementary materials used 

in concrete because of its specific chemical 

structure and ultra-fine particle size. This material is 

used to construct high-rise buildings, particularly 

marine structures, precast elements, and brides. 

Concrete‟s durability is characterized as its ability 

to withstand weathering and any other deterioration 

method. When exposed to the atmosphere, durable 

concrete can retain its original shape, quality, and 

serviceability. Many measures are used to determine 

the durability of concrete, including water 

permeability, acid attack, sulphate attack, sorptivity, 

and RCPT (Rapid Chloride Permeability Test). The 

RCPT test methods were used in this study‟s water 

permeability test. One of the best methods for 

determining concrete durability is looking at its 

resistance to chloride penetration. 
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II. LITERATURE REVIEW 

Siddharth 2014 et al. 

The author of this Research Paper discusses the 

efficiency of concrete in terms of compressive 

strength. Demands in the construction industry are 

driving up the market for high-performance 

concrete. Over the last few years, efforts to improve 

the performance of concrete have suggested that 

cement substitute products and mineral and 

chemical admixtures will enhance the strength and 

durability of concrete. Pozzolanic materials such as 

alccofine (GGBS) and fly ash can be used to make 

highly durable concrete composites. The concrete 

specimens were cured using standard moist curing 

methods at room temperature. 

 

 

 

Saravanan 2019 et al. 

The author of this research paper discusses the 

toughness of concrete when alccofine and GGBS 

are added. The most significant component of 

Concrete is Portland cement. A large-scale cement 

plant consumes a lot of energy and produces many 

unwanted products (CO2), which negatively 

impacts the atmosphere and depletes natural 

resources. This benefit to the environment has 

prompted researchers to investigate industrial by-

products as supplementary cementitious material in 

concrete production. In light of this, materials such 

as silica fume (SF), ground granulated blast furnace 

slag (GGBS), rice husk ash, fly ash (FL), 

Metakaolin, alccofine (AL), micro-fine content & 

others are being tested to wholly or partially replace 

cement in concrete without losing its strength, while 

also reducing greenhouse gas emissions and 

ensuring a sustainable waste management system. 

 
 

III. METHODOLOGY 
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Fine aggregate: Sand or crushed stone with a 

diameter of less than 9.55mm are often used as fine 

aggregates. Fine aggregates are described as 

aggregates that have passed through a 4.75mm 

sieve. Fine aggregate is used to fill voids in coarse 

aggregate and to improve workability. According to 

the specifications of IS 383:1970, the fine 

aggregates used in the project work are zone II. The 

sand from the Godavari River is used in the 

construction. 

 

Coarse aggregate: Coarse aggregate is a building 

material made up of rock quarried from field 

deposits such as river gravel, crushed stone from 

rock quarries, and previously used concrete. The 

most common diameter range used was 9.5mm to 

37.5mm. The scale of aggregates used in this 

project is 20mm and 12.5mm. For coarse aggregate, 

the IS 2386-1986 code is used. 

 

Water: Both mixing and curing were carried out 

with potable water. Potable water is described as 

water with a pH of 7 or less. The concrete mixture 

contains fresh tap water. Water is classified as 

IS:10500-2012. 

 

GGBS: The by-product of blast furnace slag used 

to produce iron or steel is GGBS. Blast furnaces 

work at about 15000C and are fed with a balanced 

mixture of limestone & iron ore. The blast furnace 

has molten iron and molten slag as iron ore, coke, 

and limestone melt. The molten slag floats on. 

Since it is lighter, it is placed on top of the molten 

iron. The molten slag is mainly made up of silicates 

and alumina from the iron ore, with some oxides 

from limestone thrown in for good measure. 

Cooling molten slag with high-pressure water jets is 

part of the granulating process. The slag is rapidly 

quenched, and granular particles of less than 5mm 

are formed. Rapid cooling prevents larger crystals, 

resulting in granular calcium-alumina silicates that 

are 95% non-crystalline. Drying and grinding the 

granulated slag to an excellent powder (GGBS) in a 

vertical roller mill or rotating ball mill is the next 

step. 

Alccofine: Alccofine is an ultra-fine substance of 

the latest generation. With a specific size that is 

Unlike other hydraulic materials, this one is much 

smoother. Produced in India, such as cement and fly 

ash. Alccofine has unusual properties that improve 

the „performance of concrete in both fresh and 

hardened states. Fine, micro-fine, and ultrafine 

particle sizes are represented in the Alccofine 1200 

series by 1201,1202 and 1203, respectively. The 

packing density of the paste portion is improved by 

Alccofine 1203. As a result, the amount of water 

used and the amount of admixture used is reduced, 

resulting in increased concrete strength and 

durability. Alccofine 1203 supports two types of 

hydration reactions: pozzolanic and hydraulic, 

thanks to its high CaO content. As a consequence, 

the pore structure becomes denser, and the strength 

gain is more significant. 

 

IV. OBJECTIVES & USES 

The main goal of this research is to obtain a lot of 

early intensity. 
 To examine the compressive strength, 

break tensile strength, flexural strength, 

and toughness properties such as water 

permeability test, RCPT (Rapid Chloride 

Permeability Test) of Concrete made with 

various mixes of Alccofine and constant 

GGBS as a partial substitute for cement.

 To determine the best percentage of 

Alccofine to substitute cement.

 Strengthens and extends the life of a concrete 

building.

 Lower‟s temperature rises by reducing 

hydration heat.

 GGBS concrete has more excellent 

workability and is more accessible to position 

and compact.

 Reduce thermal cracking caused by a low-

temperature increase at a young age.

 Excellent sulphate and chemical resistance

 Reduces permeability by eliminating voids in 

concrete.

 The alkali-silica reaction is strongly resisted.

 Chloride penetration can be reduced, which 

protects the steel from corrosion.
 

V. TESTS AND RESULTS 

The capacity of a material or structure to bear loads 

on its surface without cracking or deflection is 

measured using a compressive strength test. The 

water-cement ratio, the composition of the concrete 

content, compaction, curing, and other factors all 

affect the concrete‟s compressive ability on a 

compression measurement unit. The concrete cubes 

are cast and water cured, then the moulds are 

removed, and the test specimens are left to cure for 

24 hours. After 7 and 28 days of curing, these 

specimens are examined using a compression 

measuring machine. The sample should be 

subjected to a load before it fails. It‟s essential to 

keep track of the load at which the specimen fails. 

Load / cross- sectional area equals compressive 

power. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. Compressive Strength Machine
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Tensile test  with a split One of the most 

fundamental and critical properties of concrete is 

its tensile strength, significantly impacting the 

degree and scale of cracking in structures. 

Furthermore, due to its porous nature, the concrete 

is very fragile under stress. As a result, it is unable 

to withstand direct pressure. As a result, when 

tensile forces surpass the concrete‟s tensile strength, 

cracks appear. As a result, the tensile strength of 

concrete must be determined to determine the load 

at which the concrete member can crack. The 

cylindrical specimen has a diameter of 150mm and 

a height of 300mm. 2p/Ld. Split tensile test Where 

p denotes the load in kilograms of force. D = 

cylinder diameter L is the cylinder‟s volume. 

 

Fig. Tensile Strength Machine 
 

Testing for flexural strength Two steel rollers must 

be placed at a distance from center to center on the 

measuring machine‟s bed, on which the specimen 

will be supported (it changes with the size of 

specimens). Two equivalent rollers mounted on the 

third points of the supporting span, spaced at 

center-to-center width, shall apply the load. The 

load must be evenly distributed between the two 

loading rollers. All rollers are positioned. Until 

processing, make sure the surface of the specimen is 

clean. Prisms measuring 100mm x 100mm x 

500mm were cast. Fb=PL/BD2 or 3Pa/BD2 flexural 

strength: The distance between the fracture line and 

the closer support, measured along the tensile side 

of the prism‟s centreline. B = Specimen Width 22 D 

= Specimen depth L = Specimen Length P is the full 

load in kilograms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. Flexural Strength machine 

 
The Royal College of Physicians and Surgeons of 

Canada Rapid Chloride Permeability Test and, 

according to ASTM C1202, to quickly determine 

concrete‟s resistance to chloride-ion penetration, 

this test method involves assessing its electrical 

conductivity. In this test, a 50mm thick, 100mm 

diameter cylindrical concrete sample is exposed to a 

60V DC potential difference for 6 hours, with one 

end of the specimen in contact, and it has been 

linked to the charge passed in coulombs. The 

sample‟s surface taken from the curing tank should 

be washed, and the specimens should then be put in 

a closed desiccator, and the air sucked for 1 hour 

using a vacuum pump in this distilled water 

introduced into the desiccator to submerge the 

specimens, followed by a vacuum pump running for 

1 hour to fill the pores with distilled water. The 

specimen is removed from the desiccator and placed 

in a testing mould with silicon sealant to avoid 

leakage. The chemicals are then poured into the 

mould, and an electrode is attached to the mould 

with a constant 23-volt DC power supply. The 

charge was registered for 6 hours at a half-hour 

interval. 
 

 

Fig. RCPT Machine 
 

Test for Water Permeability Permeability refers to 

the amount of water that percolates into concrete 

under pressure and the ability of concrete to 

withstand material penetration. Concrete used in 

water-retaining systems exposed to the elements 

must be watertight or impermeable to prevent water 

from leaking out of the structure. The water-cement 

ratio, water content, porosity, compaction, and other 

factors influence permeability. The permeability of 

concrete determines the durability of concrete 

structures. 
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IV Conclution: 

 
 Alccofine was used as a partial cement 

replacement, resulting in high early strength.

 Compared to all other blends, Concrete of 

M60 grade with 15% and Compressive, 

split tensile, and flexural strength was 

higher in alccofine and 30% GGBS.

 Compared to traditional concrete, the 

inclusion of 30% GGBS and 15% 

Alccofine results in a 12 percent 

improvement in compressive power. As 

compared to standard concrete, the 

addition of 30 percent GGBS and 15 

percent Alccofine increases split tensile 

strength by 19 percent.

 As compared to traditional concrete, the 

addition of 30 percent GGBS and 15 

percent Alccofine increases flexural 

strength by 25%.

 All of the blends have a very low chloride 

permeability, according to ASTM C1202.
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ABSTRACT 

Self-compacting concrete is a fluid mixture suitable for placing in structures with congested 

reinforcement without vibration. Use of SCC can also help in minimize hearing related damage 

on the work site that is induced by vibration of concrete. In this paper experimental studies are 

carried out to understand the fresh properties of Self Compacting Concrete. Present study 

involves the durability properties of Self Compacting Concrete (SCC) made with Recycled 

Concrete Aggregates (RCA) as partial replacement of Natural Coarse Aggregates (NCA) and 

containing GGBS as cement replacement with adding Super plasticizer. The cement is replaced 

30% of GGBS as Optimum for M30 Grade and 20% as Optimum for M40 Grade. The effect of 

RCA on fresh properties of SCCs was measured using Slump flow test, V-funnel test, L-box test. 

Whereas the durability properties like acid resistivity and rapid chloride permeability were 

investigated to study the effect of RCA on SCC. This investigation is to examine the durability 

properties of SCC having Different Grades by conducting various tests. 

Key Words: Self compacting concrete, GGBS, Recycled coarse aggregate, Super plasticizer, 

Fresh properties, Acid resistivity, Rapid chloride permeability test 
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CHAPTER-I 

SELF COMPACTING CONCRETE 

 Introduction 

Self compacting concrete (SCC) is defined 

as a fresh concrete which possesses flow 

ability under maintained stability (i.e. no 

segregation),thus allowing self compaction 

that is material consolidation without any 

external vibration. The three properties that 

categorize a concrete self compacting are: 

Flowing ability: The ability to completely 

fill all areas and corners of the formwork in 

to which it is placed. 

Passing ability: The ability to pass through 

congested reinforcement without separation 

of constituents or blocking. 

Segregation resistance: The ability to 

retain the coarse components of the mix in 

the suspension in order to maintain 

homogeneous material. 

SCC offers many advantages for the precast, 

Pre stressed concrete industry & 

construction. some of them are: 

1. Low noise level at the construction sites. 

2. Eliminated problems associated with 

vibration. 

3. Less labor involved. 

4. Faster construction. 

5. Improved quality and durability. 

6. Higher strength. 

 

 

 

 

 

 

 

 

 

CHAPTER-II 

LITERATURE REVIEW 

KC Panda et al "Properties of SCC using 

recycled coarse aggregate" Procedia 

Engineering, pp.159-164, 2013. 

This paper presents the influence of 

different amounts of recycled coarse 

aggregate obtained from a demolished about 

25 years old on the properties of self 

compacting concrete (SCC) and compared 

the results with normal vibrated concrete 

containing 100% natural coarse aggregate 

(NCA).The test results indicate that the 

compressive strength, flexural strength and 

split tensile strength of SCC is less than the 

NVC. The compressive strength, flexural 

strength and split tensile strength of SCC 

decreases with increase in the amount of 

RCA. RCA show higher water absorption 

compared with conventional NCA due to 

old mortar attached with original concrete 

and has relatively lower specific gravity. 
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Prashant O. Modani et al "Self-

compacting concrete with recycled 

aggregate: A solution for sustainable 

development"International Journal Of 

Civil And Structural engineering Volume 

4, No 3, 2014 . 

This investigation is an attempt to examine 

the influence of recycled aggregate on 

strength, permeability, resistance to acid 

attack, chloride penetration, and alkalinity 

of self compacting concrete. It is observed 

that recycled aggregate can be effectively 

used in the production of SCC without any 

significant reduction in strength and 

durability. There is a significant potential for 

growth of recycled aggregate as an 

appropriate and green solution for 

sustainable development in construction 

industry. Self-compacting concrete made 

with recycled aggregates have achieved the 

target strength in all the mixes and also 

satisfied the fresh state properties required 

for SCC as per EFNARC specification. It 

was observed that the mixes containing 

recycled aggregate gains quick early 

strength due to presence of partially 

hydrated cement adhered to aggregate which 

accelerates the hydration process. 

Shahil M. Bandi et al "Study on Fresh 

and Hardened Properties of Self 

Compacted Concrete Using Recycled 

Concrete Aggregate" IJIRCT ,Vol5,Issue 

5,2016. 

This paper presents an experimental 

investigation on strength aspects like 

compressive and split tensile strength of 

self-compacting concrete using recycled 

concrete aggregate and workability tests like 

(slump, L-box, J-ring, V-funnel and V-

funnel T50) are carried out. In this study, it 

has been found that the workability increase 

with increase in dosage of super plasticizer. 

Higher dosage of super plasticizer can lead 

the high degree of segregation in SCC and 

after 24 hours when try to demouled cubes 

AND cylinder then it can collapsed. RCA 

show higher water absorption compared 

with conventional NCA due to old mortar 

attached with original concrete and has 

relatively lower specific gravity. The 

workability decreases with increases RCA 

replacement to natural aggregate because of 

weak properties of RCA than natural 

aggregate. 

 

C. Sumanth Reddy & et al "Mechanical 

and Durability properties of Self 

Compacting Concrete with recycled 

concrete aggregates "International 

Journal of Scientific & Engineering 

Research Volume 4, Issue 5, May-2013. 

This work explores the possibility of using 

SCC produced using recycled concrete 

aggregates as new structural concrete. To 

accomplish that the mechanical and 

durability properties of the concrete are 

studied. The processing of recycled 

aggregates play a crucial role in determining 

the strength and ability of consequent 

concrete and a direct relationship can be 

established between them. RCA concrete 

performance deteriorated with increase in 

grade of concrete suggesting that caution is 

to be exercised when using RCA for higher 

grade concretes. Considering a cursory 

analysis of water sorption results, it can be 

concluded that it is safer to replace as much 

as 25% of aggregates with RCA without 

significant effects in developed concrete. 
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CHAPTER-III 

AIM AND OBJECTIVES 

 Aim 

To determine the durability properties of 

self compacting concrete with replacing 

cement by GGBS and Coarse aggregate is 

replaced by Recycled coarse aggregates. 

Grade of the concrete is M30 and M40 

 Objectives 

To determine the fresh properties of Self 

compacting concrete(SCC) with recycled 

coarse aggregates (Slump flow test, V funnel 

test, L-box test etc) and partial replacement 

of cement by GGBS with optimum 

percentage. To determine durability 

properties of self compacting concrete by 

conducting 

1. Rapid chloride permeability test 

2. Acid attack 

CHAPTER IV 

METHODOLOGY ADOPTED 

 
Figure 4. 1 Methodology Chat 

 

CHAPTER-V  

EXPERIMENTAL PROGRAMME 

 Material Properties 

Cement, Coarse aggregate, Recycled coarse 

aggregate, Fine aggregate, Fly ash, Conplast 

SP-430 and water are the materials which 

are used in this investigation. The properties 

of materials are to be found be conducting 

various tests. 

 Cement 

Fineness: Ordinary Portland cement of 53 

grade is used. IS specifies that the Fineness 

of Cement should be less than 10%. The 

finenss of cement is measured using 90 

microns IS sieve. 100 grams of cement 

which is free from lumps is taken. Weight of 

cement retained on 90 microns is measured 

after completion of sieving. The weight 

retained on sieve gives fineness of the 

cement. A weight of 5gm retained on 90 

microns sieve, so fineness of the cement 

obtained is 5% which is within the IS 

specification. 

Specific Gravity: Specific gravity is 

normally defined as the ratio between the 

weight of the given volume of cement to 

weight of an equal volume of a cement 

sample and its volume measuring the liquid 

displaced by cement sample. IS specifies 

that the average specific gravity of Ordinary 

Portland cement is normally around 3.15. 

Specific gravity is found using specific 

gravity bottle (w1) is taken and then its 

filled with distilled water and weight (w2) is 

noted. Now fill the bottle with kerosene and 

weighted (w3). Remove some amount of 

kerosene and 10 gm of cement is added. 

Now fill the remaining part with kerosene 

and weight (w4) . Specific gravity is 

calculated by using the following empirical 
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formula. 

Specific gravity of cement = w5(w3-

w1)/(w2-w1)(w5+w3-w4) 

By following above process the obtained 

specific gravity is 2.97. The obtained 

specific gravity is within the limit 3.15. 

Table 5. 1 Properties of Cement 

 

Normal Consistency: This is the main 

parameter to know to calculate Initial, final 

setting times, soundness of cement and 

strength. The Standard or Normal 

consistency of a cement paste is defined as 

that consistency which will permit a vicat 

plunger having 10mm dia and 50mm length 

to penetrate to a depth of 33-35mm from the 

top of the vicat mould. The obtained normal 

consistency is 32. 

Initial setting time: Setting time is the time 

required for stiffening of cement paste to a 

defined consistency. Initial setting time is 

the time elapsed between the moment that 

the water added to the cement, to the time 

that the paste starts losing its plasticity. 

Initial setting time was obtained as 65 min 

for OPC 53 grade Jaypee Cement. 

Final Setting time: It is the time taken 

between adding of water to the cement and 

the time when the cement lost its plasticity 

completely. Vicat apparatus is used to find 

out the Normal consistency of cement, 

initial & final setting times. 

 Physical properties of aggregate 

Specific Gravity: Usually specific gravity 

of coarse aggregate varies in between 2.5 to 

3.0 and the specific gravity of fine aggregate 

varies in between 2 to 2.5. Specific gravity 

is found by using a container. Initially the 

weight of the container is measured (w1). 

Now fill the container with aggregate up to 

top of the container not exceeding 5cm 

above the top of container and weight it 

(w2).  

Specific Gravity of aggregate = (w2-

w1)/(w4-w1-w3+w2) 

From the above equation the specific gravity 

of coarse aggregate obtained for NCA is 

2.664 for 10mm size and 2.7 for 20mm of 

size aggregate. The specific gravity of 

coarse aggregate obtained for RCA is 2.815 

for 10mm size aggregate and 2.909 for 

20mm aggregate. The obtained specific 

gravity is within the limits that are specified. 

Specific gravity of fine aggregate is found to 

be 2.295 which is within the limit 2 to 2.5. 

As the obtained values are within the limits 

we can use these aggregates. 

Bulk Density: Bulk density is the unit 

weight of material per unit volume. The 

quantities required for finding Bulk density 

is same as the quantities of specific gravity. 

The bulk density is found by using empirical 

formula as given below. 

Bulk density = (w2-w1)/(w4-w1) 

It is found that the bulk density of NCA is 

1.39 g/cc for 10mm size of aggregate and 

1.62g/cc for 20mm of aggregate. For RCA 

bulk density is found to be 1.378 g/cc for 

10mm aggregate. The decrease in the bulk 

density is due to the presence of mortar 

around the RCA. The bulk density for fine 

aggregate is found to be 1.54g/cc. 

Fineness modulus: Fineness modulus is a 

numerical of fineness, giving some idea of 

the mean size of particles present in the 

Property IS Specifications Result Obtained 

Fineness Less than 10 5 

Specific gravity Around 3.15 2.97 
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entire body of the aggregate. It is defined as 

sum of the cumulative percentages retained 

on sieves of standard seizes divided by 100. 

Initially 5 kg of coarse aggregate is 

weighed. IS sieves of sizes 80mm, 40mm, 

20mm, 10mm, 4.75mm, 2.36mm, 1.18mm, 

600 microns, 300 microns and 150 microns 

are arranged in Accordingly and initial 

weights are measured. This 5 kg sample is 

sieved and the weight of each sieve is 

measured and cumulative percentage of 

weight retained is calculated. Fineness 

modulus is obtained by dividing this 

cumulative percentage of weight retained by 

100. The obtained Fineness modulus for 

NCA is 7.21 and for RCA is 7.25. 

Fineness modulus = Cumulative percentage 

weight retained/100 

For fine aggregate 1 kg of sample is 

taken and the sieves are 4.75mm, 

2.36mm, 1.18mm, 600microns, 300 microns, 

150 microns are arranged accordingly and 

empty weights are taken. After sieving the 

weights retained on each sieve are noted 

down and cumulative percentage of weight 

retained is calculated. Thus the Fineness 

modulus of Fine aggregate is calculated by 

dividing this cumulative percentage of 

weight retained by 100. For fine aggregate 

Fineness modulus obtained is 3.11. 

Table 5. 2 Properties of Aggregates 

 

 

 

Characteristi

cs 

Natural coarse 

aggregate 

Recycled coarse 

aggregate 

 

Fine 

aggreg ate 
10mm 20 

m m 

10mm 20m m 

Specific 

gravity 

2.664 2.7 2.815 2.90 

9 

2.295 

Bulk density 1.39 1.6 

2 

1.378 1.35 

4 

1.54 

Fineness 

modulus 

7.21 7.252 3.11 
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IMPACT VALUE 

The aggregate impact value indicates a 

relative measure of the resistance of 

aggregate to sudden shock or impact. The 

impact value test is conducted under impact 

testing machine which consists of a metal 

hammer of weight in between 13.5 to 14 kg 

and cylinder in shape. This hammer is 

allowed to fall on the test sample from a 

height of 38 cm. A cylindrical metal having 

internal diameter of 7.5 cm and depth of 5 

cm is used for measuring aggregate. The 

sample is taken such that it is passing 

through 12.5mm and retained on 10mm 

sieve. The aggregates are filled up to 1/3
rd

 

full in cylinder and 25 strokes are given by 

tampering rod. 

Surplus aggregates are stuck off by using 

tampering rod as straight edge. Initially the 

weight of cylinder is taken and fill the 

cylinder with the sample of aggregates that 

passing through 12.5mm and retained on 

10mm sieves. Measure the weight of the 

cylinder along with the aggregates. From 

this we can calculate the weight of 

aggregates(w1) that is used for filling 

cylinders. Now this aggregates is subjected 

to 15 blows by raising the hammer to a 

height of 38cm under impact testing 

machine. The crushed aggregate is then 

removed from the cup and the whole is 

sieved on 2.36mm until no further 

significant amount pass. The weight of 

aggregate amount passing through 2.36mm 

sieve is measured (w2). 

Impact value = weight retained on 2.36mm 

sieve(w2)/total weight aggregate 

sample(w1) 

The impact value for NCA obtained by 

following above process is 20% and the 

impact value of RCA obtained is 13.33%. 

For the impact values between 10 to 20 the 

toughness property is very tough and 

strong. Thus the sample of aggregate 

which we are using is very strong. 

Table 5. 3 Impact Test properties 

 

Aggregate Impact 

value(%) 

 

Toughness Properties 

 

<10 

 

Exceptionally 

tough/strong 

 

10-20 

 

Very tough/Strong 

 

20-30 

Good for pavement 

surface course 

 

>35 

Weal for pavement 

surface course 

 

Flakiness index 

The flakiness index of aggregates is the 

percentage by weight of particles whose 

least dimensions is less than 3/5 or 0.6 of 

their mean dimensions. This is not 

applicable for size smaller than 6.3mm. The 

sample is sieved through IS sieves. A 

minimum of 200 pieces of each fraction is 

taken and weighed. In order to separate 

flaky materials, each fraction is then gauged 

individually for thickness on a thickness 

gauge having sizes of 63mm, 50mm, 40mm, 

31.5mm, 25mm, 20mm, 12.5mm, 10mm and 

6.3mm. 

The total amount of flaky material retained 

by the thickness gauge is weighed to an 

accuracy of 0.1% of the weight of sample. 

In order to calculate the flakiness index of 

the entire sample of aggregates, first the 

weight of each fraction of aggregate passing 

and retained on the specified set of sieves is 
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noted (Y1, Y2, Y3, Y4 etc). Each piece of 

these are tried to be passed through the slot 

of the specified thickness of the thickness 

gauge are found and weighed (Y1, Y2, Y3, 

Y4 etc). Then the flakiness index is the 

percentage of materials passed through the 

thickness gauge on the various thickness 

gauges, expressed as a total weight of the 

sample gauged. 

The Flakiness Index obtained for RCA is 

8%. 

Elongation Index: The Elongation index of 

aggregates is percentage by weight of 

particles whose greatest dimensions is 

greater than 4/5 or 0.8 times their mean 

dimensions. The elongation is not applicable 

to size smaller than 6.3. Surface dry samples 

is used for the test. A minimum number of 

200 pieces of any specified fraction is 

required to do the test. The sample is sieved 

through IS sieve as if as mention in flakiness 

index. A minimum of 200 pieces of each 

fraction is taken and weighed. In order to 

separate elongated materials, each fraction is 

then gauged individually for length in the 

length gauge. 

The pieces of aggregate from each fraction 

tested which could not pass through the 

specified gauge length with its long sides 

elongated are collected separately to find the 

total weight of aggregate retained on the 

length gauge from each fraction. The total 

amount of elongated material retained by 

the length gauge is weighted to an 

accuracy of 0.1% of the weight of the 

sample. In order to calculate the elongation 

index of the entire sample of aggregates, 

first the weight of each fraction of 

aggregates passing & retained on the 

specified set of sieves is noted(Y1, Y2, 

Y3,Y4…etc). each piece of these are tried 

to be passed through specified length of the 

gauge length with its longest side and those 

elongated pieces which do not pass the 

gauge are separated and weighed(Y1, Y2, 

Y3,Y4…..etc). Then the elongated index is 

the total weight of the material retained on 

the various length gauges, expressed as a 

percentage of the total weight of the sample 

gauged. 

The obtained elongation index for RCA is 

43% 

Un Processed Recycled Coarse 

Aggregates: 

Recycled Coarse Aggregates obtained by 

crushed concrete were used for concrete 

production. Conservation of resource is 

always the need of human kind. In the 

starting of era/civilization, we have used the 

resources but soon after we have started 

over exploitation, this result in the scarcity 

of resources. Later on we have known the 

fact that we need to conserve the resources. 

Thus humans have decided that we have to 

use resources efficiently and wisely. This 

phenomenon is discussed by using the 

principle of 3R i.e. reduce, reuse and recycle. 

Our study primarily focuses on these 

“3R”.we have use the already made cubes 

from the laboratory. 

Figure 5. 1 Unprocessed Recycled coarse 

aggregate 
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 Fly ash 

Fly ash is generally used material in 

concrete as it has got some special 

characteristics like strength increasing and 

making concrete workable. Over 100 million 

tons of fly ash is generated from nearly 100 

thermal power stations. But the qualities of 

fly ash generated in many of the thermal 

plants are not of right quality, fit for using 

in concrete. In western countries the fly ash 

generated in thermal plants are further 

processed to render it fit for using in 

concrete. In India, the processing of fly ash 

just started at Nashik thermal plant by one 

organization named Dirk India Pvt Ltd. 

Earlier the use of fly ash in concrete was not 

allowed in India due to the poor quality of 

fly ash in concrete was not allowed in India 

due to the poor quality of fly ash, lack of 

general awareness and fear psychics on part 

of users. 

 

This makes PPC to not become much 

popular. After in 2000’s the production of 

PPC to was about 19% of total cement 

production. But today it has become more 

important and we are using it in every 

construction. The use of fly ash in concrete 

has rapidly increased. Now the uses of fly 

ash in concrete works are of about 75%. 

This shows the importance of it. It is an 

industrial waste bi-product. So, it is an 

economical constraint in every concrete 

work. 

 Ground Granulated Blast Furnace Slag 

(GGBS) 

Ground Granulated Blast Furnace Slag 

(GGBS) is a byproduct of Iron industry and 

which is obtained from during the 

manufacture of iron. The molten slag is 

secondary product of sintering of the raw 

materials and this is quenched under high 

pressure of water jets, which results as 

granulates. In the case of pig iron 

manufacture the flux consists mainly of a 

mixture of limestone and forsterite or within 

some cases dolomite. In the blast furnace the 

blast float on top of the iron and decant for 

separation. Slow cool of slag melts result in 

an uncreative crystalline material consisting 

of collection of Ca-Al-Mg Silicates. 

Towards get a good slag reactivity or 

hydraulicity, the slag liquefy desires to be 

rapidly cooled or quench below 800 °C in 

order to avoid the crystallization of 

merwinite and melilite. In this research, 

commercially obtainable GGBS particle 

size less than 20 Nano meters was supplied 

by ASTRRA chemicals pvt, Chennai with 

specific gravity 

2.8 was used for all concrete mixtures. 

Specific gravity shell area of Ground 

Granulated Blast furnace Slag is 400m2/kg. 

 
Figure 5. 2 Ground Granulated Blast 

Furnace Slag 

 SUPERPLASTICIZERS 

Super plasticizers are one type of 

admixtures generally used in concrete. 

These constitute a relatively new category 

and improved version of plasticizer, the use 

of which was developed in Japan and 
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Germany during 1960 and1970 respectively. 

They are chemically different from normal 

plasticizers. Use of superplasticizers permit 

the reduction of water to the extent up to 

30% without reducing workability in 

contrast to the possible reduction up to 15% 

in case of plasticizers. The use of super 

plasticizer is practiced for production of 

flowing, self-levelling, self-compacting 

tremie concreting and for the production of 

high strength and high performance 

concrete. 

The use of super plasticizer in concrete is an 

important milestone in the advancement of 

concrete technology. Since their 

introduction in the early 1960 in Japan and 

in the early 1970 in Germany, it is widely 

used all over the world. India is catching up 

with the use of super plasticizer in the 

construction of high rise buildings, long 

span bridges and the recently become 

popular Ready Mixed Concrete Industry. 

Common builders and Government 

departments are yet to take up the use of this 

useful material. Super plasticizers can 

produce 

 

 

Table 5. 4 Super Plasticizer Properties 

S. No Property Specification 

1 Appearance Brown liquid 

2 Specific gravity 1.18 @ 25º C 

3 Chloride content Nil to BS 5075 / BS : EN 934 

4 Air 

entrainment 

Less than 2% additional air is 

entrained at normal dosages 

 

CHAPTER VI  

RESULTS & DISCUSSIONS 

 General 

In this work OPC 53 grade cement was used 

as per the code IS 12269 -2015. Fine 

aggregate used as Zone-2 according to IS 

383-1970. The super plasticizer Conplast 

SP- 430 & Fly ash and GGBS was used. 

Specimens are casted manually and tested. 

Acid attack Results: Cubes was tested for 

acid attack and the weights are taken after 

28 days water curing as initial weights. 

Acid attack test was done for both Grades 

M30 & M40. 

Table 6. 1Initial weights of test specimens 

 

Figure 5. 3 Conplast SP 430 

 

 

 

 

 

S. No RCA% M30 Grade M40 Grade 

1 0 8.35 8.30 

2 25 8.57 8.49 

3 50 8.62 8.53 

4 100 8.64 8.53 

The International journal of analytical and experimental modal analysis

Volume XIII, Issue X, October/2021

ISSN NO:0886-9367

Page No: 1169



 

 Acid attack Results M30 Grade 

Table 6. 2 Acid attack Results M30 Grade 

S. No Mix Type 

(RCA %) 

28 Days 56 Days 

Weight Loss 

(%) 

Loss in 

Compressive 

strength (%) 

Weight Loss (%) Loss in 

Compressiv

e strength 

(%) 

1 0 0.89 2.15 1.57 3.83 

2 25 0.95 2.54 2.92 4.12 

3 50 1.25 2.78 3.15 4.94 

4 100 1.57 3.17 3.98 6.23 

Graph 6. 1 Comparison b/w 28 days& 56 days weight loss % 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 6. 2 Comparison b/w loss in Compressive strength in 28 & 56 days Acid attack test 

results for M40 as follows 
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 Acid attack Results M40 Grade 

Table 6. 3 Acid attack Results M40 Grade 

S. No Mix Type (RCA 

%) 

28 Days 56 Days 

Weight Loss(%) Loss in 

Compressive 

strength (%) 

Weight 

Loss(%) 

Loss in 

Compressive 

strength (%) 

1 0 0.96 2.05 1.45 3.62 

2 25 1.13 2.32 2.63 4.02 

3 50 1.21 2.42 3.02 4.75 

4 100 1.35 3.05 3.85 6.05 

 

Graph 6. 3 Comparison b/w weight loss % in 28 & 56 days 

Graph 6.4 Comparison b/w loss in compressive strength in 28 & 56 day 
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Rapid chloride Permeability Test Results 

Rapid chloride Permeability test was done 

for Concrete of Grades M30 & M40. And 

the results are tabulated below. 

Q = 900 (I0+2 

I30+2I60+2I90+2I120+2I150+2I180+2I21

0+………+2I360) 

Q = Current flowing through one cell 

(Coulombs) 

I0 = Initial current reading in amperes 

immediately after voltage is applied 

 

It = Current reading in amperes at t minutes 

after the voltage is applied 

 RCPT Specifications 

Table 6. 4 RCPT Specifications 

Charge 

(Coulombs) 

Chloride Permeability 

>4000 High Permeable Concrete 

2000-4000 Moderate 

1000-2000 Low 

100-1000 Very Low 

<100 Negligible 

 M30 Grade RCPT Results 

Table 6. 5 RCPT Test results sample 1 

S. No Channel Charge in 

Coulombs 

Chloride 

Permeability 

1 R-0 835 Very Low 

2 R-25 720 Very Low 

3 R-50 685 Very Low 

4 R-100 690.9 Very Low 

 M30 Grade RCPT Results 

Table 6. 6 RCPT Test results sample 2 

 

S. 

No 

Channel Charge in 

Coulombs 

Chloride 

Permeability 

1 R-0 842 Very Low 

2 R-25 769 Very Low 

3 R-50 745 Very Low 

4 R-100 675 Very Low 
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CHAPTER-VII  

CONCLUSIONS 

Based on the investigation conducted for the 

durability study on behavior of self-

compacting concrete the following 

conclusions are arrived. 

1. As per IS 10262-2019 the mix design can be 

done and suitable adjustments can be done 

as per the guidelines provided by different 

agencies. 

2. So, we should made trail mixes for 

maintaining filling ability, flowing ability, 

passing ability, self compatibility and 

obstruction clearance. 

3. By making the replacement of cement with 

GGBS increases consistency. 

4. With the use of super plasticizer it possible 

to get a mix with low water to cement ratio 

to get the desired strength. 

5. In this project we done Durability tests. The 

compressive strength of normal concrete is 

equal to the normal strength of 25% Fly ash 

and 30% GGBS. 

6. Durability properties of concrete of the 

following mix was taken as optimum i.e 

30% GGBS and 25% Fly ash, if we increase 

the percentage again the strength decreases. 

7. In this project along with Cementecious 

material, Coarse aggregates are partially 

replaced by Recycled coarse aggregates. As 

we increase the % of RCA strength 

decreases. Recycled aggregates absorb more 

water compared to natural aggregates 

because of the mortar attached on the 

recycled aggregates. 

8. In Acid attack test, I concluded that weight 

loss is little more in 56 days compared to 28 

days and compressive strength is reduced 

due to weight loss. Strength is more for 

Natural aggregate concrete as compared to 

Recycled Coarse aggregate concrete. 

9. In Rapid chloride permeability test, the 

concrete Permeability is Very low because 

the charge is less than 1000 Coulombs. 
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Abstract—Geopolymer concrete is a special type of concrete used worldwide nowadays. 

The main use of geopolymer concrete is to reduce global warming in the atmosphere 

and make the structure in economic condition because of waste materials in geopolymer 

concrete manufacturing. The major problem worldwide is the increase of co2 emissions 

in the environment, which makes the structure easily damage.So geopolymer concrete is 

a good solution for all problems relating to the atmosphere and environmental 

conditions. Much research is going on geopolymer concrete and improving the 

performance and durability day by day. It has excellent mechanical properties 

compared to conventional concrete.These various types of binders are used in place of 

cement to get better results in the concrete structure, and by replacing the cement with 

the binders, the rate of the heat of hydration also decreases. So it makes the concrete 

economically and environmentally friendly concrete. 

Keywords— Geopolymer concrete, Binders, Activators, Durability. 

 

 

I. INTRODUCTION 

Concrete is a main important material for any 

construction that is a small or medium or 

large construction of buildings, industries, 

and offices. It can be used widely for the 

construction of any structure. In this, there 

are different types of concretes are available 

in the construction industry.This concrete 

technology plays a major role in developing 

the concrete and using new concrete 

techniques and plays an important role in 

civil engineering.The most used and very 

important types of concrete arethe first one 

isself-compacting concrete and the second 

one is geopolymer concrete.This lot of 

researches are going on both types of 

concrete. In this geopolymer, concrete is 

made from waste materials. Concrete is 

usually made by mixing fine aggregate and 

coarse aggregate and cement and water and 

some admixtures. In this, the important 

ingredient used in the concrete is cement 

only.Increasing carbon dioxide in the 

atmosphere and increasing emissions in the 

atmosphere and fuel gases leads to 

substantial material damage.The solution to 

its problem is to make concrete as a 

sustainable material and environmentally 

friendly material. In this geopolymer, 

concrete is very good for the friendly 

construction of structures.Different types of 

ingredients or compositions are used, and they 

are flyash and GGBS. The main use of these 

components in the concrete is reducing 

carbon dioxide emissions at cement 

production. Another one is the proper 

utilization of wastes. In this, binders are used 

in place of cement. So it can reduce some 

problems. Geopolymer concrete is one special 

type of concrete and can replace cement 

material witha suitable binder material.The 

major use of it is to make the concrete more 

economical than the cement. 

 
Fig. Geopolymer concrete block 
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II. LITERATURE REVIEW 

 

Prakash et al. (2012) 

In this research,the paper author explains the 

importance of geopolymer concrete and the 

compressive strength of geopolymer 

concrete. He conducted several experimental 

works to evaluate the performance of 

geopolymer concrete. In these tests, concrete 

and test results' compressive strength is 

plotted and finally compared with normal 

conventional concrete. The major notices in 

these tests are the concrete's strength 

increases with time and proper curing and 

temperature. 

 

Lavanya et al. (2016)  

In this paper,she explained more about 

ingredients and materials used in concrete. 

She mainly focuses on the importance of 

binder material in geopolymer concrete and 

will be useful in the acidic environment.This 

author mainly focuses on binder materials in 

the concrete, such as flyash and GGBS.This 

ultrasonic pulse velocity test (UPV) is used 

to know the concrete material's compressive 

strength.The compressive strength depends 

upon the replacement of cement material 

with binders. 

 

Warhade et al. (2014)  

In this paper,the author mainly explains on 

compressive strength of the geopolymer 

concrete concerning molarity. In this, 

alkaline solutions are used to check the 

reactions of the geopolymer concrete. 

Conducted compressive strength tests for 

geopolymer concrete, and again it can be 

checked with NDT test results and compared 

both the results. 

 

Mounika et al. (2015)  

This paper explainsgeopolymer concrete and 

its properties and binder materials such as 

flyash and GGBS. Mechanical properties of 

geopolymer concrete are determined using an 

alkaline solution such as NaOH and sodium 

silicate. Various mechanical properties of 

geopolymer concrete are determined. 

 

III. ADVANTAGES 

 Good construction material 

 Low cost 

 Eco friendly 

 Reduce Co2 emissions 

 Good strength properties 

 Economical 

 Permeability is very low 

 Pollution is zero 

 Good properties in alkaline and acidic 

environment 

 Reduce global warming 

 

OBJECTIVES 

 High early strength 

 Resistance to thawing and freezing 

 Strength is more 

 No aggregate reaction 

 Resistance to acid 

 Improve workability 

 Resistance to fire 

 Corrosion resistance 

IV. METHODOLOGY 

 No exact mix design for geopolymer 

concrete 

 Trial mix proportions are taken 

 Activators are used 

 Binders are used 

 Standard cubes and cylinders are used 

 
Fig.Mixing of Aggregates in Binders 
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V. MATERIALS USED 

 Flyash 

 GGBS 

 Aggregates 

 Admixture 

 Water 

 Geo activator 

VII. PROPERTIES OF GEOPOLYMER 

CONCRETE 

 

Properties of Flyash 

 
Properties of GGBS 

 
 

VIII. APPLICATIONS  

Many applications are thereby using 

geopolymer concrete in the construction 

industry. These most useful applications of 

geopolymer concrete are as follows; 

 Bridges 

 Pavements 

 Piers 

 Retaining walls 

 Water structures 

 Precast elements 

 Precast beam 

 Boat ramp 

 Precast pipes 

 

IX. LIMITATIONS  

 Difficulty in handling 

 Sensitive process of mix 

 Less uniformity 

 More cost-effective for production 

 High cost for alkaline solution 

 

X. CONCLUSION 

The main important conclusion of this paper 

is 

 reduce Co2 emissions 

 high early strength 

 creep is low  

 better resistance than conventional 

concrete 

 shrinkage is low 

 excellent properties in any 

environment 

 betterthan traditional cement 
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Abstract:- Electronic waste is taken into consideration the 

"quickest-developing waste move in the global”. In 2018, an 

anticipated 50 million tonnes of electronic waste became 

mentioned,Rapid modifications in generation have ended in a 

fast-growing surplus of electronic waste around the globe. Most 

e-waste composed of combination of metals like Cu, Al & Fe 

they might be connected to, covered with or even combined with 

numerous sorts of plastics and ceramics. E-waste has a terrible 

impact on environment. The present environ-intellectual issues 

may be minimized to a sure quantity by way of making use of 

those digital waste substances in the development industry. 

Many researchs has been completed to utilise the e-waste in 

construction industry. A particular look at is achieved at the 

utilization of E-waste plastic as coarse mixture in M45 grade 

concrete with a percentage alternative of 12%, 15% and 22%. 

The essential aim of this experimental work is to utilize the 

quantity of discarded electrical and digital into beneficial raw 

substances using environmental pleasant generation. 

Experiments had been executed to recognize the outcomes on 

compressive strength and split tensile strength of concrete 

through the alternative of coarse aggregates with Electronic-

waste plastic. 

Keywords:- electronic- waste plastic, e-waste aggregate, natural 

aggregate, compressive strength, tensile strength etc. 

I.INTRODUCTION 

Components of polymer plus components that has the 

capability of being shape or moulded to a precious product 

is referred to as plastic material. Today,we produce 300 

million lots of plastic waste every 12 months it absolutely is 

nearly equivalent to complete human population.Only 9% 

of plastic waste is recycled whilst 12% is incinerated and 

seventy nine% is either dumped or put in a landfill.  E-

waste or digital waste is createdwhile an electronic product 

is discarded after the stop of its use fullife.The rapid growth 

of generation and the consumption pushed society effects in 

the creation ofa completelyhuge quantityofe-waste in every 

minute.Society these days revolves around generation and 

through the constant need for the today's and maximum 

excessive-tech products we're contributing to a mass 

amount of e-waste.The techniques of dismantling and 

casting off digital waste in developing international 

locations triggered some of environmental affects because it 

includes quantity of risky chemical materials like lead, 

americium,mercury, chromium,sulfur,Brominated Flame 

Retardants, beryllium, polyvinyl chloride and so forth. 

Depending at the age and shape of the discarded item, the 

chemical composition of E-waste may additionally 

moreover vary.In this task we use printed circuit boards as 

coarse combination replacement.One of the principal 

challenges is recycling the published circuit boards from 

virtual waste. The circuit forums include such valuable 

metals as gold, silver, platinum, and many others. The most 

important item of using e-waste in creation company is to  

shield the environment from possible pollutants 

consequences. 

II.LITERATURE REVIEW 

 

Santhanam Needhidasan , B. Ramesh, S. Joshua Richard 

Prabu conducted an experimental examine on E-waste 

plastics as coarse mixture in concrete with manufactured 

sand with e-waste substitute of 10% and 12.5% for M20 

grade concrete. The experimental research revealed that the 

compressive strength and flexural strength has reduced with 

increasing Percentage of e-waste and split tensile strength 

extended percent of growth in e-waste alternative. 

Saranya ,V.Muthuswamy,R.Sathiyaraj,A.Sudharsan carried 

out paintings on M25 grade mix.The addition of coarse 

mixture with E-waste inside the variety of 0%, 32%, 34%, 

36%, and 38%.Experiments on e-waste concrete proven 

that at 34% alternative of e-waste with coarse combination 

has extra energy then conventional concrete. Hence,E-

waste is suggested in concrete for a cost-effective 

construction. 

N.M. Mary Treasa Shinu ,S.Needhidasan deals with a 

detailed observe on the usage of E-waste plastic as coarse 

mixture in M40 grade concrete with a percent substitute of 

12%, 17% and 22%.They discovered that the self weight of 

concrete is reduced with growing e-waste percent.E-waste 

concrete may be used for non structural detail.They 

conducted experiments for mechanical properties of 

concrete and discovered that power decrease with growing 

e-waste percentage. 
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III.METHODOLOGY AND MATERIALS 

A mix of M45 grade as per IS10262-2009 is followed for 

this studies paintings with a mixture percentage of 

1:2.42:3.19 with a water cement ratio of 0.4. Many 

researchers has been performed on e-waste concrete for 

M20,M25,M40 and so on. Preliminary checks have been 

carried out at the concrete materials as according to IS 

standards and specs for its physical & engineering 

properties.   

Materials used in this project are cement, coarse 

aggregate,fine Aggregates,e-waste plastic and water. 

A.Cement 

Opc 53 grade cement is used.All assessments are done to 

get the physical residences of cement confining to 

IS:10262-2009.physical properties of cement are shown in 

table I. 

Table I 

Property Value 

Specific gravity 3.16 

Initial setting time 45min 

Final setting time 10hours 

Soundness 3% 

Consistency 6mm 

 B.Fine aggregate 

Sand passing through 4.75mm seive confining to ls 

383:1970 is used. Specific gravity and water absorption 

assessments are completed.physical properties of sand are 

shown in table ll. 

Table II 

Property Value 

Finess modulus 4.305 

Specific gravity 2.43 

Bulking of sand 13% 

C. Coarse aggregate 

Coarse mixture of 20mm size is used.Sieve evaluation was 

achieved in keeping with IS 383:1970-specification and IS 

10262:1982-Methods of assessments for aggregate of 

concrete.physical properties of coarse aggregate are shown 

in table III. 

 

 

Table III 

Property Value 

Specific gravity 2.9 

Aggregate impact value 37.5% 

Aggregate crushing value 26.6% 

 

D.E-Wasteplastic 

We use Printed Circuits Boards(PCB) plastic as e-

waste.The E-plastic used as a partial replacement for coarse 

aggregate was in the form of chips. We reduce the PCB to 

required 20mm size to use as coarse replacement. 

 

Fig 1: e-waste plastic 

Table IV 

Property Value 

Maximum size 20mm 

Specific gravity 0.8% 

Water absorption 0.02% 

E. Water 

Portable water of required quantity is used for mixing and 

curing. 

To prepare the samples initially moulds are wiped clean 

and then oiled. Required quantity of pleasant aggregate, 

cement and  e-waste is blended then coarse combination is 

introduced and combined, then the specified quantity of 

water is add and mix. The concrete mix is then positioned 

inside the moulds in 3 layers by using  compacting each 

layer with compaction rod . The surface of mould is 

levelled with a trowel. After 24 hours samples are 

demoulded and put in curing tank for a length of 7,14 and 

24 days. A samples of 12 cubes of size 

150mm×150mm×150mm and 12 cylinders of size 

150mm×300mm are moulded out of which 3 cubes and 3 
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cylinders contain 0% of e-waste  and the remaining 3 sets 

contain 12,15 & 22% of e-waste. 

IV.RESULTS AND DISCUSSION  

A.Comprehensive strength 

Comprehensive strength is finished at 7,14 and 24 days on 

concrete cube samples containing distinct possibilities of e-

waste with the use of CTM. It turned into observation that 

the compressive strength of concrete decrease with growing 

e-waste plastic. Comprehensive strength of conventinal 

concrete is more than e-waste plastic concrete. 

 

Fig 2: compressive strength testing machine 

Table V 

S.n

o 

%e-

wast

e  

7 days 

compressive 

strength(n/m

m
2
)  

14 days 

compressive 

strength(n/m

m
2
)  

28 days 

compressive 

strength(n/m

m
2
) 

1 0 33.17 43.52 46.07 

2 12 32.26 34.51 45.32 

3 15 30.07 33.65 40.43 

4 22 27.42 29.38 36.82 

 

B.Split tensile strength 

Split tensile strength is achieved at 7,14 and 24 days on 

concrete cylinder samples containing different percentages 

of e-waste . It was discovered that the split tensile 

electricity of concrete  decrease slightly with increasing e-

waste plastic. Split tensile electricity of conventinal 

concrete is more than e-waste plastic concrete. 

The  break up tensile strength of the specimen became 

calculated as: Fct = 2P/plD. 

 

 

Fig 3:split tensile strength testing 

Table VI 

S.n

o 

%e-

wast

e  

7 days split 

tensile 

strength(n/m

m
2
) 

14 days split 

tensile 

strength 

(n/mm
2
) 

28 days split 

tensile 

strength(n/m

m
2
) 

1 0 2.79 3.68 4.52 

2 12 2.62 3.47 4.01 

3 15 2.32 3.02 3.89 

4 22 2.01 2.69 3.16 

 

C. flexural strength test  

It has been determined that flexural strength decreased with 

the aid of the  replacement of coarse aggregate with e-waste 

plastic and the values are given in Table 7.In the Table VII, 

the flexural energy of   concrete values for conventional 

mix and coarse aggregates replaced with e-waste plastic 

m i x  a r e  

 

Fig 4. Flexural strength test 
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Table VII 

S.n

o 

%e-

wast

e  

7 days 

flexural 

strength(n/m

m
2
) 

14 days 

flexural 

strength(n/m

m
2
) 

28 days 

flexural 

strength(n/m

m
2
)  

1 0 3.91 4.51 4.86 

2 12 3.35 4.05 4.63 

3 15 3.01 3.84 4.21 

4 22 2.29 3.19 3.96 

 

V.CONCLUSION 

Studies display that e-waste may be used as substitute of 

direction aggregate in concrete at low energy applications. 

The principal objective of have a look at is to recycle e-

waste plastic. 

 1.Comprehensive strength of e-waste concrete is much less 

than traditional concrete 

2.Split tensile strength of e-waste concrete is slightly much 

less than conventional concrete. 

3.Light weight of concrete is produced with e-waste 

substitute. 

4.Flexural strength of Concrete decrease with growth of e-

waste.  
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Abstract—It is presented the results of a full-scale 

experiment including two beam-column connections. At first, 

samples were studied without harming them. Following that, 

several approaches were used to recover the material, 

including externally bonded carbon fibre reinforced polymer 

and highly high-performance mortar reinforced with metallic 

fibres. The samples were then re-examined. Specific loading 

methods were employed on each specimen to test their effect on 

load-deformation capabilities. These protocols were 

implemented in a displacement-controlled and quasi-static 

manner. The specimen’s total performance is measured and 

reported in terms of power and drift intensity, electricity 

dissipation, equivalent viscous damping, effective stiffness, 

cracking, and visual injury before and after recuperation. A 

number of important studies can help with the rehabilitation of 

concrete structures after large earthquake floor vibrations.  
 

Keywords— reinforced concrete, fibre reinforced concrete, 

beam column joints, retrofitting, finite element analysis 

 
I. INTRODUCTION (HEADING 1) 

In concrete construction, beam column joint exists examined 

as very damageable structural essential feature unprotected to 

lateral loads. The pertaining to an earthquake or event within 

the earth's crust manner of conducting oneself of total exterior 

supported concrete (RC) beam-line juncture retrofitted with 

exteriorly guaranteed Carbon Fiber Polymers (CFRP) happen 

give a rundown. Seismic safeness of supported hardened (RC) 

structures exist thoroughly captivated accompanying the 

manner of conducting oneself of beam-line joints of study two 

together exploratory and numerical bear exist formulated 

before expected time in consideration of (i) firmly estimate the 

showings of beam-column intersection secondary seismic 

stowing and (ii) to evaluate the impact of assorted make more 

forceful method, all bear particular merits and problems. 

inside the former 20 years, the working for a living; of FRP 

(Fibre Reinforced Polymers) bear put on display as an 

prominent alternative to the using something of prepare 

oneself elements for toughen RC part of a group due to their 

reduced pressure and time interval needed opposite to their 

substance capabilities. Additionally, they present a respectable 

fatigue fighting and extraordinary disintegration opposition. 

the main any of the research work regarding mathematical 

studies bear been aim attention at ahead of the FE modelling 

of encourage RC beams to assertion the stick issue of FRP 

plates and sheets. More researchers bear second hand 

popularly-ready for use computer program bundle like 

ANSYS, ABAQUS, SAP 2000, ATENA to hold out the FE 

reasoning.  

 

 

 

Analyses concerning the modelling of RC intersection 

accompanying FRP materials exist nearly restricted. 

 

A. BEAM-COLUMN JOINTS 
 Beam and column location intersect is chosen as joint 

or connection. The functioning necessity of a joint, that exist 

that the district of junction of beams and columns, search out 

admit the being next to part of a group to cultivate and sustain 

their final ability. The intersection endures bear adequate 

substance and inflexibility to oppose the central forces inferred 

apiece framing part of a group. 

B. TYPES OF JOINTS IN FRAMES 

  The portion of the column inside the depth of the 

deepest beam that frames into the procession is refer to as a 

beam-column joint. Experienced exist three standards of beam-

column intersection: internal, extrinsic, as well as corner. 

 

 

 
C. ADVANTAGE FOR CFRP 

 Greater stiffness 

 Superior to substance-to-weight relation of part to 

whole 

 Low burden-to-measure of capacity percentage 

 Strong fatigue resistance 

The CFRP composite happen capable of performing to make or 

become better the cut capacity and flexibility of the beam-line 

joint. 
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D. EPOXY RESIN 

 Epoxy resins happen carefully low bulk 

pre-polymers worthy animate object 

treated under differing environment. 

 They disclose depressed shrinkage all 

along cure. 

 The cook resins bear excessive 

concerned with atom and molecule 

change, disintegration fighting, good 

done by machine and thermal feature, 

superior holding fast to a spread of 

substrates, and good energetic 

properties. 

 CFRP boosts the compressive substance 

and reduces the crack diffusion. 

 
II. LITERATURE REVIEW 

Characteristic of earthquakes Below that action of this vibrate 

forces situated above as well as lowest ends of these joint, 

individual having a preference extent of object make larger in 

addition this other compacts. The hardened fashionable the 

joint evolves indirect cracks if the cross-sectional extent or 

bulk of some dimension of the line exist also limited 

 
 

A. SHEAR FAILURE From External BEAM-COLUMN 

JOINT 

A common detail of exterior beam-line joint and very involved 

in activity lying flat forces. As acting load enhance beer, the 

compressive stress produces at inwards of bent portion of 

beam bars accompanying the deterioration of bond efficiency 

contemporary straight portion. Joint cut happens intentional 

expected moved by two together of condensation introduce 

actual strut make middle from two points inclined portion and 

beam condensation sector and flexible force produce latest 

joint transverse reinforcement following in position or time 

actual break. Joint cut substance exists set by compressive 

rupture of actual strut or flexible of joint support. 

 
 

 

 

Force performing in the direction of external beam-column 

joint 

Viu Fj bj Dj 

Where , 

k- For the external joint, that joint arrangement cooperative 

happens k=0.7. 

Ø=1.0(two together side0.85) exist the cooperative from 

existence of crosswise beams (possible choice) 

Fj= 0.8 B 0.7(N/mm2) joint cut substance 

bj = important wideness of some amount of the joint 

Dj = time of incident or procession distance down or across 

(interior joint) 

Ldh = Hooked bar's extent of object (exterior joint) 

 

The absolute steps fashionable the subject to limitations place 

where one feels comfortable examination and determination 

approach exist in this manner: 

 Discretion of the district into a subject to limitations 

number of essential features. 

 Resolve of interpolation functions. 

 Development of the essential feature something from 

which another originates for the essential feature. 

 Assemblage of the place where one feels comfortable 

something from which another originates each place 

where one feels comfortable to catch the general 

something from which another originates for all scope 

of a surface. 

 Imposition of the outer limit environment. 

 Effect of equating. 

 Supplementary computations if some wanted. 

 Assemblage of the place where one feels comfortable 

something from which another originates each place 

where one feels comfortable to catch the general 

something from which another originates for all scope 

of a surface. 

 Imposition of the outer limit environment. 

 Effect of equating. 

 Supplementary computations if some wanted. 

The subject to limitations essential feature reasoning maybe a 

computational method. The mathematical statement of results 

from examination all along the analysis contain the make of 

non-uninterrupted subject to limitations essential feature typical 

to pretend the written symbol of beam-procession cheap 

hangout retrofitted accompanying exteriorly guaranteed FRP. 

A. OBJECTIVES 

 The main purpose concerning this report search out 

review about the substance and utility of the CFRP 

retrofitted beam pillar joint. 

 To make or become better an adept restoration so 

concerning make more forceful the beam line cheap 

hangout to refrain or stay away from or delay their clip 

person who does not succeed. 

 To improve the clip competency of beam pillar joint 

utilizing element strand of material supported flexible 

matter. 

 To improve the subject to limitations place where one 

feels comfortable model for retrofitted beam-line 

cheap hangout accompanying outwardly guaranteed 

FRP (CFRP and GFRP) accompanying miscellaneous 

surround with a covering plot and examine and 

determine. 

 To improve the pertaining to an earthquake or event 

within the earth's crust likeness of not working 

constructed dwelling fashionable conditions of arrange 

next to substance and utility. 
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 To resolve the load deviation manner of conducting 

oneself of broken beam procession joint powerful 

accompanying CFRP when it's dictated to recurrent 

stowing. 

 To difference the manner of conducting oneself of 

disable and make more forceful sample. 

 

III.     Methodology 

A. ELEMENT TYPES 

The essential feature types that search out happen filed 

fashionable MIDAS for differing fabric exist talk over with 

another. 

B. CONCRETE MATERIAL 

An eight-bud dimensional essential feature, exist second hand 

for the three-relating to space and size shape of factual. The 

essential feature happen outline by eight knot bear three unit 

of measurement of exemption at each Numerical form in 

contact manner of conducting oneself of RC exterior beam 

procession joint retrofitted accompanying outwardly 

guaranteed FRP Department of community the act of turning 

material to use, each bud: translations inside the nodal x, y, 

and z guidance. This essential feature bear the potential of 

break (fashionable three four-sided guidance), defeating 

soundly, flexible deformity and usually on ground. The 

arithmetic and bud place of residence or activity for this place 

where one feels comfortable type happen put on display.  

 
C. REINFORCEMENT MATERIALS 

This happens a three-relating to space and size scrap place 

where one feels comfortable accompanying two growth and 

three standards of easy attitude at each bud – in the middle x, 

y, and z translations. Plastic deformations can in addition to 

happen deliberately planned utilizing this place where one 

feels comfortable. 

  
D. FRP COMPOSITES 

Fiber Reinforced Polymer pose (FRP). It enters place two sort: 

similar fundamental complete (a) and cover with veneer 

fundamental dependable (b). A forceful flaky place where one 

feels comfortable, at each bud, the essential feature bear three 

quality of easy attitude and translations fashionable the x, y, 

and z guidance. The coordinate building, arithmetic, and bud 

positions. 

  
Layered Structural Solid (ANSYS) 

 

E. CONCRETE 

Assuming a model, the solid part necessitates a large number of 

rebar constants. The material number suggests the form of 

reinforcement material. The volume ratio refers to the 

proportion of steel to concrete in a structure.  

IV.    REINFORCEMENT MATERIAL 

A. Material Properties:  

I.S.456:2000 was used to determine the stress-strain 

relationship.  

The following are the basic material characteristics: 

Es = 2.1x105MPa, steel modulus of elasticity  

EC = 26429.81 MPa, concrete modulus of elasticity.  

Cu = 0.0035 for ultimate bending pressure  

fck = 20 MPa, concrete's characteristic strength  

fy = 415 MPa yield stress in steel  

Beam-column joint geometries  

1000mm in height  

The cantilever has a length of 500 millimeters.  

The column in cross-section  

 
  

The carbon-fiber reinforced polymer fabric's strengthening 

mechanism in depth 

 

V. Modelling in ANSYS 

ANSYS is a popular finite element software program that can 

accurately model concrete and reinforced concrete. It is 

incredibly accurate in predicting concrete cracks and crushing 

behaviour. One of the most critical aspects of FE research is 

modelling. The simulation of detail types and sizes, geometry, 

material houses, boundary conditions, and hundreds lack 

inaccuracy.  
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Functioning of the concrete 

ANSYS is the preferred FE platform for modelling concrete 

and reinforced concrete at a higher level of accuracy. It is 

incredibly accurate in predicting concrete cracks and crushing 

behaviour. One of the most critical aspects of FE research is 

modelling. Detail form and dimension, geometry, cloth 

houses, boundary conditions, and masses must be accurately 

modelled.  

VI. RETROFITTING BEAM-COLUMN JOINT BY 

USING CFRP 

Fiber-bolstered polymer (FRP) structures have recently been 

used in the field of home strengthening and recovery. Carbon 

fiber (CFRP) and glass fiber are the most commonly used 

fiber-bolstered polymers (FRPs) (GFRP). These materials can 

be constructed and applied inside laminates, rods, dry fibers 

(sheets) adhesively bonded to concrete, moist lay-up sheets 

mounted on the surface, and so on. This paper used 

ANSYS19. Zero simulation software to carry out parametric 

research on polymer carbon fibre to retrofit deficit reinforced 

concrete beam-column joints.  

 

I. Applied Retrofitting Techniques of Control Specimen 

These days, fiber-reinforced polymer (FRP) structures are 

used to build reinforcement and repair. Carbon fiber (CFRP) 

and glass fiber are the most widely used fiber-reinforced 

polymers (FRPs) (GFRP). These materials are often crafted 

and used in laminates, rods, dry fibers (sheets) adhered to 

concrete, and moist lay-up sheets.  

II. CFRP Material belongings CFRP 

Composites are anisotropic, which means that their properties 

vary in a variety of ways. The figure below shows a diagram 

of CFRP composites. The unidirectional lamina has three 

orthogonal planes of material properties (x–y, x–z, and y–z 

planes), as can be shown. The XYZ coordinate axes are used 

as the primary fabric coordinates, with the x course being the 

same since the fiber is the same.  

  
FRP composites schematic diagram 

 

III. Geometry for CFRP Retrofitting version of beam-column 

joint 

The joint position was subjected to significant shear stresses, 

resulting in massive diagonal cracks and concrete degradation 

within the joint vicinity, according to the experimentally 

manipulated specimen's validation. The primary aim of the 

FRP strengthening was to restore the ability of the beam-

column joint while also preventing damage within the 

reinforced joint region. CFRP is a non-profit organization 

dedicated to  

 
A CFRP retrofitting solution was used. 

 

IV. RESULTS 

The analysis and testing were wrapped around the last load, and 

the result was 24.85kN, which is 9.56 percent different from 

the experimental value and 18.91 mm deflection at the loose 

end of the beam. However, the experimental values revealed 

22.68kN with a deflection of 23.24mm and 22.76 KN yield 

load, compared to 20kN in the experimental rate. In the case of 

CFRP jacketed beam-column joints, it became clear from the 

FEM and graphs that the CFRP jacketed finite detail version of 

the joint indicates an upward thrust in the last load-carrying 

capability. For CFRP two-layer retrofitted joints of finite detail 

model, the load-carrying capability increased from 24.83kN to 

26.94kN, as shown by 8.5 this transformation from 

experimental charge. The deflection of the finite element model 

for CFRP two-layer retrofitted models was reduced to 

19.25mm, compared to 22.00mm for two layers CFRP 

retrofitted joint, and a yield load of 22.95 KN was determined, 

versus 23kN in the experimental fee.  

There were no cracks within the jacketed portion of the joints 

in the finite element model of two layers CFRP jacketed joints. 

In contrast to experimental values, CFRP jacketed joints 

showed significantly less deflection at higher masses.  

 

V. CONCLUSIONS 

In comparison to managing joint specimens, CFRP retrofitted 

joints showed an upward thrust in remaining load sporting 

capability of 9.47 percent, indicating the utility of CFRP for 

retrofitting. However, in the FEM review, finite detail models 

of CFRP retrofitted joints confirmed this beam.  

The CFRP retrofitted joints confirmed a 15.46 percent increase 

in stiffness as compared to the control joint, according to the 

experimental results. In the FEM study, however, finite detail 

fashions of the CFRP retrofitted joint showed a 43.29 percent 

increase compared to the changing pattern at remaining 

loading.  

The chosen upgrading system comprises CFRP laminates with 

unidirectional cloth glued to the concrete substrate with epoxy 

adhesive and arranged in parallel with the beam longitudinal 

reinforcement.  

The residual crack patterns of the improved joint models were 

very different from those of the as-built specimen, resulting in 

more diffuse damage but usually more minor cracks, 

confirming the findings of the numerical analyses.  

The damage moved to the column without causing it to yield. 

This type of damage in the improved joints appears to be 

perfectly acceptable if the action aims to enhance the seismic 

potential of RC buildings in terms of the Life Safety restriction 

state.  
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ABSTRACT 

Demolished concrete waste handling and management is the new primarily challenging issue 

faced by countries all over the world. It is very challenging and hectic problem that has to be 

tackled in an indigenous manner it is desirable to completely recycle concrete waste in order to 

protect natural resources and reduce environmental pollution.The crushed demolished waste is 

segregated by sieving to obtain required sizes of aggregate several tests were conducted to 

determine the aggregate properties before recycling it to new concrete.The compressive test 

results of partial replacement and fully recycled aggregate concrete and are found to be higher 

than the compressive strength of normal concrete.The partial replacement of coarse aggregate by 

demolished waste on workability and compressive strength of recycled concrete for the study at 

7 days and 28 days. 

Keywords: Demolished concrete waste, recycle new concrete,fresh coarse aggregate. 

I.   INTRODUCTION: 

Demolished concrete was comprised of crushed,graded and inorganic particles processed from 

the materials that have been used as the construction of demolished debris.These materials are 

generally from buildings,roads, bridges with the development of construction and increase of 

people's awareness of environmental protection waste control and management becomes one of 

the great challenges of modern society for the mission of sustainable development.structures 

include buildings of all types both residential and non residential as well as roads and 

bridges.concrete and masonry waste can be recycled.This recycled concrete can be used to make 

concrete for road construction and building materials are required in developing countries due to 

continued infrastructural growth and also huge quantities of construction and demolition wastes 

are generated every year in developing countries like India.This disposal of this waste is a very 

serious problem because of one side it requires huge space for its disposal.while on the other side 

it pollutes the environment.It is also necessary to protect and preserve the natural resources like 

stone,sand continuous use of natural resources like river and sand is another major problem and 

this increases the depth of river bed resulting in drafts construction industry due to growing 

concern.Demolition procedures typically remove the whole structure resulting in 20-30 times 

more waste material than construction activities. 

 

 

The International journal of analytical and experimental modal analysis

Volume XIII, Issue X, October/2021

ISSN NO:0886-9367

Page No: 121



 

 

Demolished waste: 

 Use of construction waste 

 Prevention damaging the neighbourhood environment.  

 Repair of damaged structures provides safety for occupants in building.  

ll LITERATURE REVIEW:                                                                                                         

1.Asif Hussain,Majid matoq assas et al., (2013).This study shows that dismantled concrete is 

not solid waste but useful material to be recycled to prepare fresh concrete, which saves the 

cement and make the concrete economical. 

2.Tomas U.Ganiron Jr et al., (2015). This study shows that the concrete debris mix,with 1:3 

ratio of cement to crushed concrete debris with considerable slump and penetration has an 

acceptable mobility as the standard mortar mix of the same cement to sand ratio. 

3.Goudappa biradar et al., (2015)  From this research paper it was concluded that the 

compressive strength of recycled aggregate concrete is found to be lower than the natural 

aggregate concrete.The strength of recycled aggregate concrete can be improved by water and 

acid treatments. 

III MATERIALS: 

CEMENT: 

The cement is a binding property material, it is used in the construction it undergoes setting, it 

has hardening property. In this project we use opc 53 grade of cement conforming to 

IS :1026210262-2009 

FINE AGGREGATE: 

The particles which are pass from 4.75mm sieve. And it is a cost saving material. Conforming to 

IS 383-1970 codal provision. 

COARSE AGGREGATES: 

Coarse aggregates are derived from weathering of rocks the particles which are retained on 

4.75mm sieve. Coarse aggregates are given 60-80% volume of the concrete. Conforming to 

IS :383-1970 codal provisions.  
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Demolished coarse aggregate: 

Construction and demolished waste could be broken concrete, bricks from buildings,or broken 

pavement.concrete made using such aggregates is referred to as recycled aggregate concrete. 

                

IV.    COMPRESSIVE AND SPILT TENSILE STRENGTH TESTS ON CONCRETE 

Casting 150×150×150mm dimensions cube and 300×150mm cylinder for testing compressive 

and spilt tensile strength on concrete. 

A) Compressive strength test: Compressive strength test on concrete cube samples is done by 

using universal testing machine (UTM). This test done for different level of curing periods like 

7,14,28 days for different levels of demolished coarse aggregate. 

            

B) Split Tensile Strength of Concrete: Universal testing machine (UTM) is used for testing of 

split tensile strength of cylinders. This text done for different level of curing periods like 7,28 

days for different levels of demolished coarse aggregate.                          
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V.  Results and Analysis: 

1) TESTS ON CEMENT:  

 

2)   TESTS ON FINE  AGGREGATES:           

                                                                                                 

3)    TESTS ON COARSE  AGGREGATES:   
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4)     TESTS ON DEMOLISHED COARSE AGGREGATE: 

 

 

1.   COMPRESSIVE STRENGTH: 

 

 

 

 

 

 

 

 

S.no %Replacement 

of demolished 

coarse aggregate 

Avg Compressive load Cross 

sectional 

Area 

Avg Compressive strength in 

MPa 

7 Days 14 Days 28 Days 7 Days 14 Days 28 Days 

1 0.00% 410 445 465 22500 18.22 19.77 20.66 

2 10.00% 580 590 595 22500 25.77 26.22 26.44 

3 20.00% 300 372.5 400 22500 13.33 16.55 17.77 

4 30.00% 352.5 392.5 512.5 22500 15.66 17.44 22.77 

5 40.00% 305 335 585 22500 13.55 14.88 26 
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2.  SPLIT  TENSILE  STRENGTH: 

 S.no       % 

Replacement 

of demolished 

coarse 

aggregate 

Avg Split tensile load in KN Cross 

sectional     

Area 

Avg Compressive strength in 

MPa 

   7 days   28 days   7 days    28 day 

1
 0% 135 16.25 141368 1.91 2.29 

2
 10% 110 130 141368 1.56 1.95 

3
 20% 102.5 150 141368 1.75 1.94 

4
 30% 122.5 137.5 141368 1.36 2.12 

5
 40% 85 131.25 141368 1.20 1.85 

 

VI    CONCLUSION: 

 The 7days,14 days,28days compressive strength of concrete increase initially as the replacement 

percentage of coarse aggregates with demolished coarse aggregates increases and become 

maximum at about 10% and later decreases. 

 The split tensile strength of concrete increases initially as replacement percentage of coarse 

aggregates increase and becomes maximum at about 10% and later decrease. 

 Percentage of coarse aggregates with demolished coarse aggregate increases.The workability 

decreases when coarse replaced partially with demolished coarse aggregates. 
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Abstract— Fresh concrete and hardened concrete differ in their 

physical and chemical parameters at each stage due to 

continuous chemical reactions within the paste of the concrete.  

The traditional concrete fails to address the parameters like 

workability in congested areas, proper compaction, etc. Hence 

the inclination towards the Self-compacting concrete is increased 

due to its ease of placing due to flowability and passing ability. 

This rheology in the paste of concrete has been achieved by 

introducing more fines as well as admixtures such as 

Superplasticizers (SP) and Viscosity modifying agents (VMA). 

This paper discusses the classification of superplasticizers, their 

dosage, and their impact on workability based on various 

experimental studies available. 
 

Keywords— Superplasticizer (SP), SNF, SMF, PCE, MPCE, 

Workability, dosage. 

 
I. INTRODUCTION 

 

The role of admixtures in the concrete is versatile. They are 

used to act as catalysts and as per environmental effects of 

pros and cons enhance the durability. They can be used for 

many engineering attribute purposes, among which 

workability requirement is at top priority. The admixtures used 

for enhance the workability are generally known as 

Superplasticizers (SP). 

 

The superplasticizers are differs from plasticizers as they can 

produce more fluidity (more than 100% comparing with 

plasticizers) with reduced water cement ratio (enhance the 

strength of the concrete) along with viscous nature i.e. no 

signs of segregation when concrete made with appropriate 

dosage. The physical phenomenon of fluidity without bleeding 

and segregation is the thrust of construction industry and it is 

achieved by having the proper fines and appropriate usage of 

superplasticizer in the mix of concrete. 

 

Depending upon the chemical component in the SP they can 

be used for automation of required slump value so that the mix 

can be properly discharged without compromising the quality 

of concrete. They can be used in Pre-casting constructions, 

Road works and thin sections concept of building frames. 

 
II. CLASSIFICATION OF SUPERPLASICIZERS: [1][3][5][6] 

 

On the basis of polymers chemical composition, they can be 

classified as  

 

a) Synthetic polymers: 

 

1. sulfonated naphthalene formaldehyde condensate (SNF),   

2. sulfonated melamine formaldehyde condensate (SMF),      

3. Acetone formaldehyde condensate (AF),  4. Modified 

Lignosulphates (MLS),  

5. Carboxylated acrylic ester copolymer (CAE),                        

6. Polycarboxylate ethers (PCE) and 7. Acrylic polymers (AP). 

 

b) Cross-linked polymers: 

 

1.  Polymelamine sulfonate (PMS), 2.  Polynaphthalene 

sulfonate (PNS)  3. Cross linked acrylic polymer (CLAP) 

 

To limit the segregation, the main function of polymers is to 

minimise the dispersant among particles.   

 

Choice of SP depends on the following factors: 

i) The chemical and physical properties influence on 

binder 

ii) Extent of Alkalis 

iii) Carbon extent 

iv) Fineness of materials in the mix 

v) Extent of C3A 

vi) Corrosive characters of the SP 

 

Advantages on addition of superplasitcizers in concrete are: 

 

1. Very high strength at early stages, so that the stripping 

of formwork can be done early. 

2. Along with the age of concrete, lower slump loss is 

noticed except in SNF & SMF 

3. Desired flow ability can be achieved even with low 

water- cement ratio. 

4. Reduction of water and cement content leads to low 

heat liberation, reduced shrinkage and creep.  

 
III. AVAILABILITY OF SUPERPLASTICIZER MANUFACURES:          

[12] [13] [14] [15] [16] [17] [18] 

 

The invention of new chemical elements and R&D facilities 

along with entrepreneurship promotion by the government, 

number of industries are established and manufacturing ability 

is increased which leads to production of similar products with 

minor change of composition and research support, there is 

number of brand companies are producing the superplasticizers 

under different name. A few of them (available in India) listed 

in table 3.1 along with application and dosage range. 

Water reducing ratio for different superplastisizer’s 
approximately: 
 

1. PCE- 25% to 30% 
2. SNF- 18% to 26% 
3. SMF- 19% to 25% 

 
Costs of superplastizers are generally in a range of Rs.550 to 
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580 per kg in powder type and Rs 350 to 365 per liter in liquid 

type. 

 
TABLE I. MANUFACTURER AND NAME OF PRODUCT OF SUPERPLASTICIZER 

S.No Name of 

Manufacturer 

Product Type 

1 Nerolac perma 
constrctions aids 

Pvt. Ltd. 

Perma Plast lignosulfonates 

2 FOSROC chemicals 
pvt (India) Ltd 

Auracast 100 PCE with 
chains 

3 MBC group (BASF) Master Glenium 
SKY 8630 

PCE 

4 Tri Polarcon Pvt. 

Ltd 

Triplast super flow, 

Triplast SPL-2, 
Triplast SPL-3 

PCE 

5. Chembond 

chemicals limited 

KEM SUPLAST 

101R 

Synthetic 

Polymer 
6. Cemo Tech 

construction 

chemicals 

Ultraplast SM11 SMF 

 
TABLE II. PRODUCT AND SPECIAL USE OF SUPERPLASTICIZER 

S.No Product  Special Use 

1 Perma Plast Used in hot weather climate. 
To increase the workability and 

compressive strength 

2 Auracast 100 High early strength in the absence of 
steam curing 

 

3 Master Glenium 
SKY 8630 

High early and ultimate strength, Low 
fines, High volume of fly ash or 

pozzolana content 

4 Triplast super flow, 
Triplast SPL-2, 

Triplast SPL-3 

For low and high grade concretes 

5 KEM SUPLAST 
101R 

High workability 

6 Ultraplast SM11 Repair motors, grouts, modelling 

plasters, dental and medical plasters 

 
TABLE III. PRODUCT APPLICATION & DOSAGE OF SUPERPLASTICIZER 

S.No Product  Applications Dosage 

1 Perma Plast In pre-stressed 
concrete, 

In areas of congested 

reinforcement 

100gms to 500g per 
50kg of cement is 

recommended as an 

initial starting point 
2 Auracast 100 HPC, Pre-cast 

concrete 

0.2 to 2.0 

liters/100kg of 

cementitous content 
3 Master 

Glenium SKY 

8630 

SCC, HPC, Pre-cast 

& PSC 

300ml to 1200ml 

per 100kg of 

cementitous content 
4 Triplast super 

flow, Triplast 

SPL-2, Triplast 
SPL-3 

SPL-2 for below M25 

and SPL-3 for  above 

M25 

As per mix tested 

5 KEM 

SUPLAST 
101R 

SCC, HSC 0.8 to 1.4 liters/ 

100kg for SCC and 
1.0 to 2.0 liters/ 

100kg for HSC 

6 Ultraplast 
SM11 

SCC, Aluminates 
cement refractory 

concrete 

0.15% -2.0%  

 
    IV. HOW THE DOSAGE OF SUPERPLASTICIZER AFFECTS THE 

          REHOLOGY, SELF COMPACTING CONCRETE [4]:  

 

Depending on the type of concrete (SCC) the subjects were 

prone to different test. Fresh SCC was tested with the slump 

flow, V-funnel and L-Box tests whereas the Hardened SCC 

was tested for its compressive strength. ViscoCrete Krono 20 

HE is used as a superplasticizer in the case study. For fresh 

SCC it is observed that the slump flow diameter increases on 

increasing the percentage of Superplasticizer. The net yield 

stress and plastic viscosity of observed to decrease with 

increase in percentage on Superplasticizer, the same trend is 

observed in the case of V-funnel test also. In case of Hardened 

SCC, though the addition of Superplasticizer increases the 

compressive strength substantially, increasing the percentage of 

Superplasticizer dosage decrease the compressive strength. The 

tested data and results can be represented as in figures below: 

 

 
Fig 1. Slump value vs. Percentage of Superplasticisizer Dosage 

 

 
Fig 2. Compressive strength vs. Percentage of Superplasticisizer Dosage 

   Over-dosage will result to: [1] [6] [8] 

 

       1.   Retardation of initial set. 

1. Increase in air entrainment.  

2. Increase in workability.  
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3. Segregation 

4. Retardation of Final set. 

5. Bleeding 

 
V. EFFECT OF SUPERPLASTICIZERS ON POROSITY OF CONCRETE [2]: 

 

The addition of SP influences the dispersion of air onto water 

which thereby affects the workability of the mix. This 

proportionality between the proportion of SP and the air 

entering the mixture is an interesting foot to be studied and the 

same is done in this study.  

The study concluded that the increasing content of SP 

increased the liquefaction of the concrete which there by 

reduced the air entraining admixture. The addition of SP 

lowered the number of large pore; though it affected the air 

content in small fraction it does increase it in coarse fraction. 

 
VI. CONCLUSION 

 

1. The compressive strength of the mix of concrete is an 

increase up to a few percentage of SP later it decreases 

depends on type of cement used. OPC shows more 

strength comparing to PPC. 

2. The slump is greatly increases with increasing percentage 

of SP and shows significance improvement in bleeding 

and segregation. 

3. The air entertaining will be reduced due to increasing in 

liquidity on more dosage of SP 

4. The OPC has less fluidity when compared with PPC. 

5. The selection of product based on tested for fresh 

concrete and hardened concrete before adopted and its 

dosage as per field conditions. 
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Abstract: The world is heading towards an era of thinnest components of structures for having more spacious 

designing. This can be accomplished using the modern invention of Rheodynamic concrete also termed as self 

compacting concrete. To improve passing ability and fluidity of Self compacting concrete, the mix requires high 

powder content, high range VMA (Viscosity Modifying Agent) & super plasticizer, lesser quantity of coarse 

aggregate is engulfed in comparison to traditional concrete to fill in congested areas. In this phase of the 

technology, it is innovative to minimize the waste produced by the Industries; one such way to minimize this wastage 

is by utilizing these materials for construction activities. This review focuses on the possible ways of using these 

waste materials in self compacting concrete without degrading its properties such as flow ability, fluidity, and 
workability and segregation resistivity giving rise to the concept of green concrete. 

Keywords: SCC (self compacting concrete), Industrial waste, passing ability, fibers, strength 

_____________________________________________________________________________________ 

I. Introduction 
The faster adoptability of skyscrapers has led to drastic changes in the designing, planning and way of 

Construction at site. Due to dense population and inappropriate availability of land the structures components are 

thinned for providing more carpet area. Due to the thinner components, congestion in the alignment of 

reinforcement occurs. These challenges gave rise to new form of concrete known as self compacting concrete or 

Rheodynamic concrete. It has the ability to fill formwork and sheath reinforcing bars through action of gravity while 

preserving similitude. To do so self compacting concrete uses fewer quotas of coarse aggregates and high potion of 

superplasticizer. The segregation resistance and firmness of the mix is obtained by using high fines content. The 

implications of self compacting concrete in construction have shown advancements in both designing and durability 

of buildings. The property of self compacting concrete to fill even the congested areas thanks to its fluidity has 

proven beneficial in many aspects of designing. 

Many products are discharged by industries in the form of industrial waste; these products can be utilized in 

the mix design of self compacting concrete in the following ways: 
1. By partially replacing the binding content i.e. cements. 

2. Using as admixture to modify the properties. 

3. To reduce the conventional aggregates quantity. 

Additions in the form of admixtures [3]: 

As per the reactive capacity with water the additions are classified as Type I & Type II.  

1. Mineral fillers with promising finish such as lime stone powder/granite powder generally accepted to 

increase the paste volume when passing through the 125 micron sieve. 

2. As per control requirement of bleed, 0.1m size silica flume and 1m size Micro silica is used as additive. 

Similarly there are multiple additives like Metakaolin, Air cooled slag, ground glass etc., are available to 

suit the field requirements. 

Source and quantum generation of some of the well-known industrial wastes given by Government of India 

is tabulated below [4].  
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Table no 1: Industrial waste list provided by Government of India [4] 

 
Utilization of these materials can minimize the Carbon foot print as well as economical concrete can be achieved. 

In parallel to industrial wastes natural materials (pumice stone, earthen materials, mycelium, hemp fibers, 

basalt powder, basalt fibers etc.,) are also available which can be used for producing light weight and green self 

compacting concrete. 

 

II. Literature Review 
METAKOALIN AND KILN DUST [7] 

The objective of this review was to study the properties of SCC. The study shows a description about 
compressive strength value, flexural strength value and split strength value upon the addition of METAKOALIN 

(MK) AND KILN DUST (CKD) for different time periods. The study concludes that as long as the traditional 

Portland cement is replaced with proper proportions of MK & CKD, the endurance of composition will be 

complemented to more abiding concrete. It has been reported by the study that competitive self compacting concrete 

can be achieved from restoring up to 50% of OPC with CKD; a hermetic SCC can be produced by using 20% MK. 

GLASS POWDER [6] 

This review’s aim was to provide an experimental study on SCC using GLASS POWDER. The study 

shows the variations observed in the mix upon the addition of glass powder in different proportions. The review 

indicates that there is a decrease in the flow value of the mix with increase in glass powder content, indicating a 

decrease in deformability of the mix, there was an increase in relative flow time, which was studied by finding the 

V-Funnel time, upon the addition of glass powder showing an increase in viscosity of the mixture. There was also a 
decrement in the l-box value on adding glass powder. A decrement in the compressive strength had been observed to 

vary inversely proportional to the proportion of the glass powder in the mix.  

PUMICE STONE AND STYROFOAM SPRAY [1] 

In this case study pumice stone with Styrofoam was used to produce light weight concrete. the porous 

nature of the pumice stone comes in handy for forming light weight concrete. It has been shown that the light weight 

aggregates present in the mix reduce the dead load but decrease the concrete strength.  the study mentioned that 

usage of pumice stone demises the strength parameters of concrete limiting the usage of lightweight concrete for 

separation walls.  

MYCELIUM COMPOSITES [2] 

The prescribed study, details about the innovative usage of mushroom materials in building materials such 

as bricks. The study states that mushroom composites are a class of viable biomaterials grown from fungal 

mycelium. Agriculture waste products such as cotton hulls are used in this process. The resulting sturdy organic 
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compatible material can be used in many applications such as building materials, thermal insulating materials and 

packaging materials. In the study they were able to produce a mycelium brick with fewer loads bearing capacity 
which could be used for light weight constructions. 

SILICA FUME AND QUARRY DUST [8] 

The objective of this paper was to study the properties of SCC upon addition of silica fumes and quarry 

dust. The review categorized silica fumes as a supplementary Cementous material possessing excellent pozzolanic 

properties. The study mentioned that the strength decreases upon the addition of quarry dust and silica fumes, the 

compressive strength of SCC mixture containing silica fumes was greater compared to the Self Compacting 

Concrete mixture containing quarry dust. According to the report, the split tensile strength test showed the same 

tenor as that of compressive strength test i.e. increases with a decrease in W/c ratio. The report stated that upon the 

addition of silica fumes there was an enhancement in mechanical properties of SCC due to its pozzolanic properties, 

also that it contributed in increasing the strength of SCC. The inclusion of silica fumes and quarry dust in SCC 

provides us the flexibility of managing its strength depending upon our needs. 

ULTRAFINE NATURAL STEATITE [9] 

This investigation focusses on attributes of SCC upon usage of ultrafine natural steatite as a supplement for 

cement. The study showcased its properties by performing the L-box experiment, it was concluded that the addition 

of ultrafine natural steatite in substitution to cement increased water demand by reducing the height ratio. Upon 

conducting the V-funnel test it was stated that the flow timing increases almost increases linearly. It has also been 

mentioned that the addition of UFNSP has an impact on the workability i.e. decrease in slump (increases spreading 

time) due to increase in UFNSP content. Upon elemental mapping the 56 days specimen it was found that the 

magnesium and silicate were mapped, which shows diffusion over surface thereby helping in formation of denser 

structures. 

FLY ASH- EFFECT OF SUPERPLASTICIZER AND HARDENING OF SCC [12] 

 This research paper enlists the attributes of SCC with Fly ash. The study undertook various tests such as 

slump, compaction factor, unit weight and compressive strength containing 10% fly ash and varying the proportion 
of superplasticizer. An increment in both slump and compaction factor was noted using 10% of fly ash and 

increasing the proportion of superplasticizer from 0.25 to 0.35 percentage. Superplasticizer along with 10% fly ash 

additive shows acceleration in the compressive strength, establishes the uniformity and homogeneity of SCC and 

also provides a marginal reduction in weight of the concrete.  This mixture turns out to be ecofriendly and requires 

no vibration resulting to no voice pollution. The study also mentions about future investigative opportunities in this 

aspect of the usage of fly ash that its hardening properties could also be studied using the L-box test and V-funnel 

test. 

FLY ASH, SILICATE FUMES AND CONPLAST SP430 [5] 

The objective of this journal was to experiment the usage of materials like Fly Ash, Silicate Fumes and 

Conplast SP430. Conplast SP430 is a sulphonated naphthalene polymer also known as brown liquid, it has been 

deliberately made for reducing the water proportion in the concrete mix without losing its workability. The study 
concluded that there was a decrease in compressive strength with increment in fly ash percentage and an increase in 

compressive strength was observed with increase in the percentage of silica fumes. The same trend was encountered 

for the tensile strength of the SCC. Even though the usage of fly ash decreases the strength whereas silica fumes 

increase the strength of the mix as a replacement to cement, they were encouraged as they play a momentous role in 

abating the economical hazards. 

VEGETABLE AND SYNTHETIC FIBERS [10] 

The aim of this investigation is to achieve SCC using vegetable and synthetic fibers as additives without 

stirring its mechanical and physical properties. The study states that the addition of fibers leads to delay in spreading 

of cracks increase in flexural as well as tensile strength, increment in toughness of hardened concrete. Further 

observations show that the inclusions of fibers give rise to more water requirement as the fibers tend to absorb 

water. After preliminary studies it was stated that the amount of water and superplasticizer differs from one fiber to 

another.  The results showed that the fibers which they chose (plant fibers, DISS fiber, ALFA fiber, Date palm 
fiber,) showed a negative effect on workability and self-compacting attributes of self compacting concrete. The 

insertion of fibers in the concrete creates a space between the concrete particles which is considered adequate to 

avoid riving in concrete at temperature rise. The evolution of workability of SCC bundles decreases over time, 

especially in confined areas. 

MARINE ALGAE [11] 

The study experiments the properties of marine algae and use them as mixing material for concrete. the 

study states that the marine algae control chemical reactions of cement, avoid voids and decrease the permeability of 
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the concrete. It was reported that addition of marine algae increases compressive, tensile and flexural strength of the 

concrete depending upon the number of days of curing. The beams made with marine algae concrete showed lesser 
deflection for a specific load compared to a normal concrete beam. It has been concluded that the usage of 8% 

mixture of marine algae concrete gives superior results. The usage of marine algae concrete is beneficial in many 

ways as it eco- friendly there by reducing the carbon foot print. Recent advancements in the usage of bio degradable 

materials in concrete can be used as supply to give better results in marine algae concrete. 

 

III. Conclusion and Summary 

An overview of various research papers and manuals has been presented in this paper. It is necessary to study further 

on these areas so that economically promised green SCC and light weight SCC can be produced with the use of 

industrial wastes and naturally available alterative materials keeping the facts of carbon foot print. 
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Abstract— Structural components are heading towards 

thinness to optimize the utility of space and effectiveness in 

strength parameters without compromising durability. The 

thrust to achieve these parameters seems to be fulfilled by the 

invention of self-compacting concrete. The mixture of concrete 

emphasizes the minimization of coarse aggregates quantity. 

This invokes different abilities of self compact concrete-like 

filling ability, passing ability to ascertain its workability. This 

paper focuses on the comparison of self-compacting concrete 

with traditional concrete inline of workability and design mix 

procedure. 
 

Keywords— Consistency or workability; passing ability; filling 

ability; flow ability; design mix; SCC (self compacting concrete); 

IS (Indian standard). 

I. INTRODUCTION 

The challenges arising from the construction field because 

of site environment health issues and workability at a 

congested and thinnest place of structural element is hard to 

meet but the innovation Rheodynamic concrete, self-

consolidation concrete, or self compact concrete is fulfilling 

it tremendously. It has the ability to transform into High 

performance concrete. 
The High-performance concrete should satisfy the 

workability, durability, strength parameters, and enhanced 

physical properties such as Young’s modulus, thermal 

properties, etc. The researches on the self compact concrete 

reveal that minimum alterations in the composition of 

materials the properties of HPC can be achieved.  

Developments in the technology of the Rheometer 

equipment to measure the behavioral responses of a liquid in 

terms of suspension in response to the appliedforces and/or 

self weight are simplified the understanding of the 

Rheodynamic concretes. It is also noticed that the IS 
456:2000(reaffirmed 2016) amendment no 5(2019) has 

incorporated the additive's impact on OPC in terms of 

stripping of formwork and minimumcompressive strength as 

modified in clause no: 11.3.1. 

1.1 Traditional concrete: The workability of the traditional 

concrete i.e., plain and reinforced concrete vide clause 

no.7of IS 456:2000 (reaffirmed 2016) scrupulously followed 

until it is unbiased by the executive engineer or otherwise 

BS 5348 (part 1 to 4) will deal with the workability when 

there is no correlation is achieved in between the 

compacting factor, Vee-Bee time and slump value and the 

frequency of checking will be as per IS 1199.[2] 
1.2 Self compacting concrete: The workability of the Self 

compact concrete is indirectly practiced as per the 

guidelines of “IS 1199 (part6):2018 Tests on fresh self 

compactingconcrete” [3] 

II. METHODOLOGY 

Comparison of self-compacting concrete with traditional 

concrete. 

 

2.1 Workability or Consistency: 

2.1.1 Traditional or conventional concrete as per IS 456: 
IS 456:2000 (reaffirmed 2016) is recommended 3 types of 

tests on the fresh concrete: 

1. Slump    

2. Vee-Bee test    

3. Compacting factor 

in lines with the IS 1199 (part 1 to Part 4) provisions. 

However, the IS 456 emphasizes more on the value of Slump 

when compared to rest. The basis on the value of Slump 

obtained for a particular mix, the workability is denoted. 

Based on the slump valuethe IS 456 has classified the 

workability in five categories as tabulated in clause no.7.1 as 

listed below: 

Table 2.1 Tests recommended by IS 456:2000 (reaffirmed 2016) [2] 

 
 

Fig 2.Error! No text of specified style in document.1"Slump Cone as per 

IS 1199 (part 2)” [4]

 

S. 

No 

Slump value (mm) Workability 

1 <25 Very low 

2 25-75 Low 

3 50-100 or 75-100 Medium 

4 100-150 High 

5 >150 Very high 



Among these five classifications the IS 456 further insists 

that, very low and very high slump valued concrete mixes 

are to be further evaluated as below: 

 
Table 2.2 Tests recommended by IS 456:2000 (reaffirmed 2016) [2] 

S. 

No 

Slump 

value 

(mm) 

Worka

bility 

Recommendation 

additional tests and 

values. 

1 <25 Very 
low 

Compaction factor test 
to be done. The 

recommended range of 

the compaction factor is 
0.75 to 0.80 

2 >150 Very 

high 

Rheometer equipment is 

needed to find the 

“Flow” parameters of 
the mix. 

 

 
It is evident that when the slump value is more than 150mm 

the stiffness or viscosity of the mix will be affected and 

liquidity of fluid increases in the mix. Hence the IS 456 
recommends studying the “Flow” parameters of the mix 

when the slump value is very high. 

 
2.1.2 Self compacting concrete as per IS 1199 (part 6) 2018: 

  
The Self compacting concrete is a mixture of components 

having more fines leads to high slump value & low 

viscosity. The lower viscosity is enhanced by adding the 

“VMA (Viscosity modifying admixture)” without 

affecting the Water powder ratio. Sometimes these 

parameters are achieved by controlling the quantities of 

1. Super Plasticizers 2. Fines  3. VMA  
 

The IS 456 recommends the flow tests when the slump 

value beyond 150mm and IS 1199 (part 6): 2018 “tests on 

Fresh Self compacting concrete” [3] describes the flow 

tests of SCC. 

 

The IS 1199 (part 6) recommends the following 

terminology/tests for the consistency of the SCC: 

1. Passing ability (PA)   

2. Segregation resistance (SR)  

3. Slump Flow (SF) 
      4.    Viscosity and filling ability. 

 

1. Passing ability: The ability to flow in congested 

areas i.e., between reinforcing bars and thinner 

sections of elements. 

2. Filling ability: Under confined and obstacles, 

the ability to fill all the spaces. 

3. Slump flow: The mean diameter of the spread, 

measured on the flow test table. 

Flowability: ability at an unconfined flow of 

concrete. 

4.Segregation resistance: Robust or stable i.e., being 
homogenous at all stages of fresh concrete from 

mixing to placing. 

 

 

The test and its recommendations as per IS 1199 (part 6) 

tabulated below: 

S.No. Name of the 

test 

Limitations remarks 

1 Slump flow 

(dmax) test 
and t500 test 

Above 40mm 

size aggregate 
this test is not 

suitable. 

IS code not 

mentioned any 
range of the 

accepted 

values. 

2 V-funnel test Above 20mm 

size aggregate 

this test is not 

suitable 

IS code not 

mentioned any 

range of the 

accepted 

values 

3 L-box test Two variations 

of test available 

i.e., two bar test 

and three bar 

tests. 

IS code not 

mentioned any 

range of the 

accepted 

values 

4 Sieve 

segregation 
resistance 

test 

The sample shall 

be as IS 1199 
(part 1) for 

consistency. 

IS code not 

mentioned any 
range of the 

accepted 

values 

S.No. Name of the 

test 

Parameter is measured or inspected. 

1 Slump flow 

(dmax) test 

and t500 

test 

1. dmax: Indication of yield stress, 

indication of flow ability. 

 

SF=(D1+D2)/2 

 

2. t500: indication of speed of flow and 

relative viscosity,  

3. Partial indicating of the filling ability. 
4. Visual observation may suggest the 

extent of segregation. 

2 V-funnel 

test 

Flow time through V-funnel indicates 

the Viscosity and filling ability 

3 L-box test 1. Ratio “PL” passing ability ratio 

indicates the passing or blocking 

behavior of the mix when obstacles 

present. 

 

PL= H2/H1 

2. Visual observation may suggest the 

extent of segregation. 

4 Sieve 

segregation 
resistance 

test 

1. % of Resistance to segregation or 

segregated portion in %. 
 

SR= (net mass of mix retained on the 

sieve/total mass of mix poured on the 

sieve)/100 

 

2.  Indications of bleeding if any. 
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Table 2.3 Tests recommended by IS 1199 (Part 6): 2018 

 

Table 2.4 Tests recommended by IS 1199 (Part 6): 2018 

 
Fig.2.1.2.1 “Apparatus for Slump Flow (dmax& t500) test” [3] [4] [5] 

 
Fig.2.1.2.2 “Apparatus for V-funnel test” [3] 

 
Fig.2.1.2.3 “Apparatus for L-box test” [3] 

 

 
Fig.2.1.2.4 “Apparatus for sieve Segregation resistance test” [3] 

III. TESTS 

 
The tests not described in the IS 1199 (part 6): 2018 are  

1. Orimet test  

2.  U box test  

3.  J-ring test  

4.  Fill box test.  

5.  T5 of V-funnel test. 
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6. Some of the literatures describe the 

following conclusion on the tests and its 

limitations: 
Table 1.5 "summary of tests on SCC"[6] 

 

 
IV. CONCLUSION 

  
The consistency or workability of the conventional concrete is 

easily measurable and results are recommendations are layman 

can understand and predictable. Whereas the consistency tests 

for the Self compacting concrete based on the flow properties, 

i.e., Rheometer equipment is needed to determine its 

properties. The IS 1199 (part 6): 2018 has suggested a few test 

procedures without mentioning limitations and an acceptable 

range of test results. Hence this to be needed to further modify 

to use as a legal document in the construction industry. 
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Abstract  
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I.INTRODUCTION 
 

The concrete solid which is malleable in 
pressure, however climate and contamination it makes 
fragile and it loosing it strength qualities, where the 
solid is adding and admixtures material which may 
improve the strength and sturdiness parts of concrete.  

Sugarcane bagasse ash which is a by-product 
of sugarcane ventures, where the delivering the colossal 
measure of sugarcane bagasse ash India. Which is 
having the cementitious and siliceous properties, where 
sugarcane bagasse ash is replaces the cement and fine 
aggregate total and furthermore the fineness of material 
which make thick the solid and diminishes the porosity 
to build up the strength and sturdiness of cement. The 
bagasse debris is used in solid it might assists with 
diminishing the contamination and furthermore helps in 
of development.  

 
 

Glass fiber is a synthetic fiber, which is 
utilized to build up the strength attributes of concrete. 
The plain has weak in tension and flexural strength in 
solid concrete, it makes the solid be less sturdiness and 
high shrinkage and furthermore contamination builds 
the insufficiencies in concrete. Where the glass fiber is 
utilized to improve the rigidity and flexural strength it 
makes the solid to be bendable and furthermore it 
opposes harm through the contamination and climate 
influences.  

Both sugarcane bagasse ash and glass fiber are 
utilized to improve the strength and solidness qualities 
of solid which leads supplanting the materials in a 
satisfactory rate make the solid to be low porosity, high 
rigidity, improve sturdiness and low in creep 
 

II. LITERATURE REVIEW 
 
Kavita Kene (2012) et al directed trial 

concentrate on conduct of steel and glass Fiber 
Reinforced Concrete Composites. The investigation 
led on Fiber Reinforced cement with steel filaments 
of 0% and 0.5% volume division and antacid safe 
glass strands containing 0% and 25% by weight of 
concrete of 12 mm cut length, thought about the 
outcome. 

Seshagiri Rao (2013) et al considered 
conduct of solid shafts supported with glass fiber 
built up polymer pads and saw that radiates with 
silica covered Glass fiber supported polymer (GFRP) 
pads shear support have shown disappointment at 
higher burdens. Further they saw that GFRP pads as 
shear support show genuinely great pliability. The 
strength of the composites, pads or bars relies on the 
fiber direction and fiber to grid proportion while 
higher the fiber content higher the higher the 
elasticity.  

Seshadri (2012) et al led sturdiness 
concentrates on glass fiber supported cement. The 
salt safe glass strands were utilized to discover 
usefulness, opposition of cement because of acids, 
sulphate and quick chloride penetrability trial of 
M30, M40 and M50 evaluation of glass fiber built up 
concrete and standard cement. The strength of  
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cement was expanded by adding antacid safe 
glass strands in the solid. The test study showed that 
expansion of glass filaments in solid gives a decrease 
in dying. The expansion of glass filaments had shown 
improvement in the obstruction of cement to the 
assault of acids.  

Alsayed (2001) et al considered the 
presentation of glass fiber built up plastic bars as 
building up material for solid constructions. The 
examination uncovered that the flexural limit of solid 
shafts built up by GFRP bars can be precisely 
assessed utilizing a definitive plan hypothesis. The 
examination likewise uncovered that as GFRP bars 
have low modulus of flexibility, redirection measures 
may control the plan of transitional and long shafts 
built up.  

Yogesh Murthy (2012) et al examined the 
exhibition of Glass Fiber Reinforced Concrete. The 
examination uncovered that the utilization of glass 
fiber in concrete not just improves the properties of 
concrete and a little expense cutting yet in addition 
give simple outlet to arrange the glass as ecological 
waste from the business. From the investigation it 
very well may be uncovered that the flexural strength 
of the pillar with 1.5% glass fiber shows practically 
30% increment in the strength. The decrease in droop 
saw with the increment in glass fiber content.  

Avinash Gornale (2012) et al examined the 
strength part of glass fiber supported cement. The 
investigation had uncovered that the expansion in 
compressive strength, flexural strength, split rigidity 
for M20, M30 and M40 evaluation of cement at 3, 7 
and 28 days were seen to be 20% to 30%, 25% to 
30% and 25% to 30% separately after the expansion 
of glass filaments when contrasted with the plain 
concrete. 

Levitt (1997) et al inspected that when 
concrete, mortar or cement is sprinkled or in any case 
carried into contact with window glass, drawing 
happens. This is on the grounds that the antacid in 
concrete assaults a portion of the silicates that are 
utilized in glass make. The stock utilized in making 
glass filaments has preferred salt opposition over 
window glass since zircon is utilized as one.  

Wodehouse (1983) et al inspected that the 
principle contrast among dewatered and non-
dewatered GRC is the distinction in thickness which 
has two impacts. First and foremost albeit the fiber 
content by weight is the equivalent, the higher 
thickness of the dewatered board gives a higher fiber 
volume division giving higher qualities. Besides the 
dewatered board has better compaction and 
diminished porosity giving better fiber/grid bond 
strength.  
 Perumelsamy (1992) et al analyzed that the 
tests directed on GFRC in research centre have 
shown great opposition for fire, since the significant 
utilization of GFRCs is for compositional structure 
boards. In these structures, imperviousness to fire 
turns into a significant factor in plan.  

Perumal (2006) et al analyzed that the 
blends in with 1.5% volume of filaments invigorated 
ideal composite properties as far as compressive with 
25.39% strength improvement. The most noteworthy 
expansion in split elasticity was seen in blends in 
with 1.5% of volumes of strands and discovered to be 
5.76% higher strength than reference concrete. 
Likewise, the foremost elevated flexural strength was 
seen in blends in with 1.5% of volume of fiber and 
discovered to be 72.5% quite reference concrete.  

Swamy (1978) et al research incorporates 
not just an appraisal of fiber substance and 
framework strength, yet in addition such subtleties as 
fiber circulation, direction, and viability of holding. 
Conceivable assembling or materials shortcomings 
can likewise be analyzed. Likewise it shows that the 
MOR and LOP in drying condition test have higher 
outcome than wet condition around (1-5) MN/m2 
distinction.  

Surendra (1987) et al inspected that the 
utilization of antacid safe glass fiber and E glass 
fiber in blend with a latex fiber when presented to the 
quickened maturing climate the flexural strength 
lessens. MOR following 52 weeks of quickened 
maturing was only 50% of the un matured. Strength 
esteem was exceptionally little 1/60th. 

Srinivasan (2010) et al had inferred that 
mixed SCBA in concrete had higher compressive 
strength, rigidity and flexural strength in contrast 
with that of without SCBA .They arrived at a 
resolution that concrete can be in part supplanted by 
SCBA up to a degree of 10%.They even presumed 
that with expansion of more SCBA the thickness of 
solid will diminish and low weight solid will get 
delivered.  

Kawade (2013) et al saw that concrete can 
be effectively supplanted with SCBA up to a degree 
of 15%.The fractional substitution of SCBA expands 
the functionality of cement because of which super 
plasticizer isn't needed. Remained part (bagasse) is 
additionally utilized as fuel to warm the boilers. The 
cremation of bagasse delivers the debris. Bagasse has 
a different use in market as such underway of woods, 
creature food sources and warm extension e.t.c then 
likewise a ton of bagasse stays unused and they get 
unloaded as landfill. The public authority is more 
worried in using the fly debris. The service of 
Environment guides the enterprises to remove the fly 
debris and reuse it underway of concrete, tiles and 
blocks and so on Since our country is a growing, so 
prerequisite of framework is more, for more 
foundation concrete necessity is likewise extremely 
high. The creation of concrete produces hurtful gases 
like CO2 which corrupts the climate causing medical 
problems to the occupants. With the progression in 
the innovation new techniques have been received to 
diminish the utilization of concrete. One such 
technique is expansion of bagasse debris to concrete. 
Sugarcane debris is a modern side-effect which 
contains aluminum particle and silica, which is 
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pozzolanic in nature. For regular pozzolans the base 
silica, aluminum and iron oxide content is 70 % and 
SiO3 ought to be fewer than 4 %. The scientists have 
discovered that bagasse satisfy these prerequisite. 
Consequently debris acts as a pozzolanic material. In 
Bagasse there is half cellulose, 25%of hemicelluloses 
and 25% of lignin. It has been seen that roughly 26% 
of bagasse and 0.62% of remaining debris are created 
from 1 ton of sugarcane. Utilization of debris in 
concrete diminishes the concrete prerequisite and 
furthermore lessens the expense of development. 
Analysts likewise recommend that the bagasse fly 
debris can be effectively utilized in delivering 
blocks, tiles, settling the dirt and so on.  

Aishwarya (2016) et al found that when 
cement was blended in with halfway 10% of SCBA 
then the compressive strength expanded 1.21 
occasions and elasticity expanded 1.04 occasions. 
With expansion of SCBA to solid, individuals show a 
superior strength as they are less penetrable to 
chloride particles.  

Lathamaheswari (2017) et al saw in their 
examination that the functionality of cement has not 
been a lot of influenced by increase in supplanting of 
concrete with SCBA and concrete would be 
supplanted with SCBA up to a most extreme 
constraint of 10%.When concrete was somewhat 
supplanted by SCBA in solid, it had additionally 
shown a decent modulus of elasticity.  

Bangar Sayali (2017) et al presumed that 
with halfway supplanting of cement in concrete with 
SCBA strength of concrete can be expanded with 
decrease being used of cement. They even presumed 
that bagasse Ash best use is with expansion in 
concrete as opposed to land filling.  

Prashant (2012) et al from their exploration 
found that the as the level of bagasse ash expands 
Sorptivity coefficient likewise increments. The 
permeable idea of SCBA and the pollutions present 
in it makes the solid porous concrete. They reasoned 
that if bagasse is utilized in its most flawless 
structure than it can end up being better substitution 
of concrete.  
 
 

III. MATERIALS USED 
A. Cement  

The Ordinary Portland cement (OPC 53) grade 
adjusting to IS 12269-1987. It is utilized for projecting 
concrete and the particular gravity of concrete. The 
properties of concrete given in table 1. 

 
TABLE1 

PHYSICAL PROPERTIES Of CEMENT 

Standard 
Consistency 

33% 

Initial Setting 
Time 

36mins 

Compressive 
Strength 

54.08N/mm2 

fineness 
Modulus 

6% 

Specific Gravity 3.1 

 
B. Fine aggregate  

The fine total is utilized according to IS 383  
1970, where the sand is sieved according to is code and 
gone through strainer and gather diverse estimated 
particles left over various sifters. The fine total of sifter 
investigation result is given in table 2. 

 
 

TABLE2 

SIEVEANALYSIS RESULTS Of 
FINEAGGREGATE 

Sieve Size Sand Percentage 
Passing 

   Remarks 

2.36mm 99.4 
 

Zone III 
1.18mm 89.6 

 64.7 

 9.2 

 1.1 

 0.6 

 
C. Coarse aggregate  

 The squashed total scope of 20mm nominal 
size, it is according to IS 383  1970. The coarse total 
of sieve examination result is given in table 3. 

 
 

TABLE3 

SIEVEANALYSIS RESULTS Of 
COARSEAGGREGATE 

Sieve Size Percentage Passing Remarks 

80mm 100  
 
 

Well 
graded(20mm
size) 

40mm 100 

20mm 53.4 

10mm 0 

4.75mm 0 

Pan 0 

 
D. Water   

As indicated by IS 3025, water to be utilized 
for blending and restoring ought to be liberated from 
harmful or malicious materials. Compact water is for 
the most part viewed as acceptable. In the current 
examination, accessible water inside the grounds is 
utilized for both blending and curing purposes. 

 
E. Glass fiber 

 The glass fibre is nominal size of 12mm strips 
is added to concrete. 

 
F. Sugarcane Bagasse Ash  

 The bagasse ash contains Silica and alumina 
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as primary fixings. The mix of silica, alumina and iron 
oxide is more than 70 % in SCBA. This the explanation 
debris goes about as pozzolanic material. 
 

 
IV. MIX PROPORTION 

 
The M20 were assigned as per IS 10262-1982. 

In light of the outcomes, the blend extents M20 was 
thought of. Solid blend in with W/C proportion of 0.50 
was readied.  

The blending systems are as per the following: 
The sugarcane bagasse ash is fixed streamlined level of 
5% with substitution of concrete and taken to acquire 
homogeneity with fine total, concrete, coarse total and 
water is blended to get useful combinations. The extents 
are given in table 4 for 1m³of cement.  

In this work , the level of the glass fiber is 
added by weight was 0%, 0.05%, 0.1%, 0.15%, 0.20%, 
0.25%, 0.30%, 0.35% ,0.40% and 0.45% in concrete . 
Blends were assigned as S0, S1, S2, S3, S4, S5, S6, S7, 
S8 and S9 separately. Amount of filaments needed for 
1m³ of concrete for different blends in table 5. 

 
TABLE 4 

MATERIALREQUIREDFOR1m3Of 
CONCRETE(kg/m3) 

Grade Cement FA CA Water 

M20 383 565.16 1229 191.16 

 
 
 
 
 

V. EXPERIMENTAL INVESTIGATION 

A. Compression test  

     The test was led according to IS 516-1959. The 
blocks of standard size 150mm*150mm*150mm were 
utilized to locate the compressive strength of cement. 

 
Fig.1 - Compressive strength of sugarcane bagasse 

ash and Glass fibre concrete at the age 7 days. 
 

 
Figure 2 - Compressive strength of sugarcane 

bagasse ash and glass fibre concrete at the age of 28 
days. 

 
 

B. Tensile test  
 This test was led according to 5816-1970. The 

cylinder of standard size 150mm measurement and 
300mm stature was set on the CTM with limit 200tones. 
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TABLE5 

FIBERREQUIREDFOR1m3Of 
CONCRETE 

Mix 
Designation 

         Glass fibre 

in % In kg/m3 

S0 0.00 0 

S1 0.05 1.184 

S2 0.10 2.368 

S3 0.15 3.553 

S4 0.20 4.737 

S5 0.25 5.921 

S6 0.30 7.106 

S7 0.35 8.288 

S8 0.40 9.472 

S9 0.45 10.656 

The International journal of analytical and experimental modal analysis

Volume XIII, Issue IX, September/2021

ISSN NO:0886-9367

Page No: 955



 
Figure 3 - Split tensile strength of sugarcane bagasse 

ash and glass fibre Concrete at the age of 28 days 
 

C. Flexural strength of beam  
The beams of size 100*100*500mm were cast 

and tested. 
 

 
 

Figure 4 - Flexural strength of sugarcane bagasse 
ash and Glass fibre concrete at the age of 28 days. 

  
 

VI. CONCLUSION 

In view of the writing, the actual properties 
and compound properties are contemplated and the trial 
test results gives us the qualities, that the compressive 
strength, elasticity, flexural strength and toughness of 
solid glass fiber and sugarcane bagasse ash gave higher 
outcomes contrasted and ordinary cement. The 
exploratory examination were completed for the 
supplanting of cement with 0.05%, 0.10%, 0.15%, 
0.20%, 0.25%, 0.30%, 0.35%, 0.40% and 0.45% of 
glass fiber and the substitution of concrete in concrete 
blends in with the fixed ideal level of 5% of sugarcane 
bagasse ash to discover strength attributes of cement, 
The fundamental test results for expansion of 
admixtures brought about expanded strength of cement. 
Henceforth an itemized investigation of utilizing 
various extents of glass fiber and sugarcane bagasse ash 
in concrete and subsequently further investigation of 
toughness of cement is to be done in the subsequent 
stage.  

A. The Compressive Strength of Concrete was 
expansion of glass fiber and sugarcane bagasse 
debris and furthermore it builds strength by 
1.23 occasions in correlation with Plain 
Concrete blend.  

 

B. The expansion of glass fiber and sugarcane 
bagasse ash in solid expands the split elasticity 
to 1.41 occasions when contrasted with plain 
concrete.  

C. The flexural strength increments by 2.55 
occasions when contrasted with plain concrete 
and it prompt decrease of break arrangement. 
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ABSTRACT: As the cement business is to blame for the worldwide emission of dioxide regarding 5-7% in 
preparation of concrete, the dose of cement is reduced by the addition of minerals, and this strategy will 
contribute to the protection of the setting and preservation of energy. This possibility is distinguished to be a 
geopolymer that frequently contains fly junk, metallic element or hydrated oxide (NaOH or KOH), sodium salt. 

the assembly of normal hydraulic cement and therefore 
the use of typical channel sand are enlarged. throughout the cement production method, the outflow 
of dioxide has exaggerated. At constant time, thanks to MISBR mining of quicksand, the availability of 
waterway sand has become progressively valuable and scarce. This mainly focuses on this analysis paper is to 
centre the ecological proximity of cement and waterway sand. The experiment was performed to represent the 
mechanical properties of geopolymer concrete. In this estimate various types of strengths in the geopolymer 
concrete. The materials used are ash, alkaline liquid, fine mixture, coarse mixture, GGBS, Rice husk ash, and 
Inter-sand. 
KEYWORDS: GGBS, RHA, M-Sand, Fly ash, Geopolymer, Protect Environment. 
 

1. INTRODUCTION 
Cement is widely used because of its incredible 
performance and bonding nature in two materials and 
easy to use and mix and place and apply to the 
structure. India is the one of an important leading role 
in the top three in cement production around the 
world. Cement production in China was 2.29 billion 
tons in 2013, followed by India with 270 million tons. 
Global cement demand is on an upward trend and is 
expected to increase by 4.5% in the next five years. 
Cement is a world-wide used material and global 
demand in 2019 is to be 5.19 billion metric tons of 
cement. Manufacturing of Cement is various for 
different processes. In this manufacturing, most of the 
materials are used the same such as limestone and 
clay, and so on, etc. in this process involves heating 
and cooling of materials at different stages. Now a 

 lot of researches are going on cement for 
improving its performance and as well as durability 
too. This also focuses on the elimination of weakness 
problems subjected to the cement. One of the main 
disadvantages is the emission of gases during the 
manufacturing process. Which may lead to cause 
pollution to the environment. In this, some of the 
researchers explain that the production of 1 ton of 
cement releases 1 ton of around six percent of the 
emission of   CO2. The main problem of it is carbon 
emissions and footprint. After wood, concrete is the 

regularly utilized material by the network. After 
developing cement next is focuses on concrete 
material. Concrete material has a lot of limitations 
according to environmental conditions and so on etc. 
lot of researches is going on for developing concrete 
with suitable material. In this, we got a good solution 
in the name of geopolymer concrete. This concrete is 
very good compared to conventional concrete and 
gives an excellent result. This concrete is made from 
wastes. 
 

2. LITERATURE WORK 
 
Krishnan L et.al (2014) led considers and inferred 
that geopolymer innovation is appropriate. This 
author mainly explains the importance of geopolymer 
concrete and its uses in the industry sectors. 
Geopolymer fastener is ready by using waste 
materials and debris and GGBS with basic fluids 
sodium hydroxide and sodium silicate.  
 
Ali A. Aliabdo et.al (2016) utilized inventive 
mechanical waste fly debris as a replacement of 
cement and the impact of little expansion of cement 
with fly debris is depicted in this work. The target of 
the investigation is to discover the compressive 
strength, split elasticity attributes of fly debris based 
geopolymer and with some expansion of cement. This 
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paper additionally expects to discover the soluble 
arrangement resting time, restoring period, and 
relieving temperature on fly debris based geopolymer 
concrete.  
 
Hardijito et.al (2008) explains that geopolymer 
concrete and its mechanical properties. The author 
also explains the compositions of geopolymer 
concrete and its characteristics as well. We can get 
good compressive strength of geopolymer concrete 
with additionally demonstrated. the fluid proportion 
of mass is depending on the proportion of sodium 
silicate to sodium hydroxide. There is an expansion in 
compressive strength with the increment in restoring 
temperature. Longer restoring time likewise expanded 
the compressive strength.  
 
 
 
Usha et.al (2015) in this author explains the 
importance of geopolymer concrete and its uses in 
various civil engineering structures. In this 
investigation, fly debris was supplanted by various 
mineral admixtures  
 
Shankar sanni et.al (2013) led a test examination on 
geopolymer concrete and dependent on fly debris. The 
evaluations picked for the examinations are done for 
various mix proportions. The antacid arrangement 
utilized for the examination was the blend of two 
important solutions in the first one is sodium silicate, 
another important second solution is hydroxide 
arrangement, and used proportions are 2, 2.50, 3, and 
3.50.  

3. METHODOLOGY 
 
COARSE AGGREGATES  
 In these Locally available materials are used mostly 
such as crushed granite and the size of stone 
aggregates are taken according to Indian code 
standard such as ten millimeters in size. These two 
important sieve pans are used for the classification of 
aggregates such as 10mm and 4.75mm. by using these 
sieves we can determine the type of aggregates and 
properties also according to IS.  
 
RHA (RICE HUSK ASH)  
Rice husk is a natural material that is obtained from 
farming in agriculture. There are several usages 
increases nowadays. The main reason for that is 
locally available material and also very cheap 
compared to other materials. this is used as an 
ecological material for strengthening cementing 
material. 
 

 
Fig. rice husk ash 

 
Table. Properties of RHA 

 
MANUFACTURED SAND  
Artificial sand (M-Sand) can replace quicksand for 
concrete development. The artificial sand is sent out 
from the hard rock by crushing. The squashed sand 
particles are in the shape of a cube, and the edges are 
grounded. After cleaning and inspection, they can be 
used as developing materials. The size of artificial 
sand (M sand) is less than 4.75mm. Artificial sand is 
an alternative to quicksand. Due to the rapid industrial 
development, people's interest in the sand has greatly 
increased, which in most cases leads to insufficient 
sand for proper waterways. 

 

Table.  Types of sand and properties 

GGBS: GGBS is gotten quickly chilling 
(extinguishing) liquid debris from the heater with the 
assistance of water. During this procedure, the slag 
gets divided and changed into nebulous granules 
(glass), meeting the prerequisite of IS Code 
(fabricating particular for granulated slag utilized in 
Cement). The granulated slag is ground to wanted 
fineness for delivering GGBS. The substance creation 
of JSW's GGBS adds to the creation of unrivaled 
cement. 
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Fig. GGBS 

Table. Fly ash & GGBS Properties 

FLY ASH  
It is one of the important materials used in 
geopolymer concrete. In this Class, F type is 
Low calcium and fly ash obtained from Enmore 
thermal power station and it was analyzed as 
per IS:38121981 having a specific gravity of 
2.21 were used. ASTM-Fly ash came from the 
coal-burning power station.  

 

Fig. Fly ash 

 

  Table. Physical properties of Fly ash 

 

Table. composition of Fly ash 

4. EXPERIMENTAL RESULTS 

SLUMP CONE TEST  
It is one of the important types of tests used in 
concrete. This type of test gives a good result 
for the workability and properties of concrete 
as well. This is used to evaluate the 
performance of concrete. This test is accurate 
and quantifies the function of the new 
concrete. More specifically, it is used to 
measures the consistency between groups. It is 
a simple and easy test and an easy-to-use 
method. This test is used to know the 
workability. In the given below showing a 
slump test with having various steps.  

Fig. Showing Steps involved in the slump 
cone test. 

SLUMP CONE TEST  
 
S.No  %GGBS+%RHA+%M-Sand  The slump 

in mm for 
M40  

Grade 
concrete  

1  0%GGBS+0%RHA+0%M-
sand (Mo)  

56 

2  2.5%GGBS+2.5%RHA+5%M-
sand (M1)  

42  

3  5%GGBS+5%RHA+10%M-
sand (M2)  

36  

4  7.5%GGBS+7.5%RHA+15%M-
sand (M3)  

26  

5  10%GGBS+10%RHA+20%M-
sand (M4)  

22 

       Table.  The slump in mm for M40 Grade 
concrete. 
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COMPACTION FACTOR TEST
It is one of the important tests of concrete. In this test 
cylinder and trowel are used to level the concrete 
surface in the mould. This test gives a better result. It 
is used to know the workability. It consists of two 
cylindrical hoppers. Which are installed one another 
above one. Sometimes for better operation, we can 
use grease on the inner surface of the hoppers and the 
cylinder. We can take the weight of the empty 
cylinder. Place the cylinder below the hoppers and 
start the procedure. Observe the mix, if the color of 
the mixture is uniform, we can get good results. If the 
color of the mix is non-uniform repeat the process to 
get the uniform and homogeneous mix. 

Fig. compaction factor test Apparatus

COMPACTION FACTOR TEST (C.F.)

S. No %GGBS+%RHA+%M-Sand C.F. for 
M40 

Concrete

1 0%GGBS+0%RHA+0%M-sand 
(Mo) 

.82 

2 2.5%GGBS+2.5%RHA+5%M-
sand (M1) 

.84 

3 5%GGBS+5%RHA+10%M-
sand (M2) 

.88 

4 7.5%GGBS+7.5%RHA+15%M-
sand (M3) 

.92 

5 10%GGBS+10%RHA+20%M-
sand (M4) 

.96 

Table. Compaction factors for M40 Grade concrete 

COMPRESSIVE STRENGTH 
It is one of a good test. In this one cube is placed 

between the testing equipment and then apply the 
load. The dial gauge shows the force reading in KN. 
By using these readings we can calculate the strength. 
The below figure clearly shows that cube and testing 
machine. The process of testing is very simple and 
easy to use in the laboratory.

Fig. Cube testing under Compressive strength

COMPRESSIVE STRENGTH 
S.NO. %GGBS+%RHA+%

M-Sand 
7 days 
Mpa

14 days
Mpa

28 days
Mpa

1 0%GGBS+0%RHA+0%
M-sand (M0)

26.1 35.5 39.3

2 2.5%GGBS+2.5%RHA+
5%Msand (M1) 

26.95 36.11 39.87

3 5%GGBS+5%RHA+10
%Msand (M2) 

27.31 36.95 40.21 

4 7.5%GGBS+7.5%RHA+
15%Msand (M3) 

26.81 36.43 39.71 

5 10%GGBS+10%RHA+2
0%Msand (M4) 

26.35 35.81 39.31 

Table. Results of the strength of cubes

SPLIT TENSILE STRENGTH 

It is one of the important types of tests used in 
concrete. In this load is applied cylinders between the 
equipment. The next force is required to break the 
cylinder is noted in the dial gauge in KN. After the 
calculation of tensile force, we can determine the 
tensile strength easily by using numerical formula. 
The sample is taken out from the curing tank and set 
for drying for 1 to 2 hours. On either side of the 
cylinder of specimens draw the diametrical lines to 
make sure that the lines represent the same axial 
place. Place the plywood strips on the lower plate of 
CTM and fix the cylinder over it. As per IS 456-2000 
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the tensile capacity of concrete is 0.7 . Split 
tensile strength=PD/   

            

Fig. cylinder under Split tensile strength

SPLIT TENSILE STRENGTH

S.No %GGBS+%RHA+
%M-Sand 

7 days
Mpa 

14 days  
Mpa 

28 days
Mpa 

1 0%GGBS+0%RH
A+0%M-sand 
(Mo) 

2.55 2.97 3.13

2 2.5%GGBS+2.5%R
HA+5%Msand (M1) 

2.5 3.03 3.19

3 5%GGBS+5%RHA
+10%M-sand (M2) 

2.67 3.11 3.25

4 7.5%GGBS+7.5%R
HA+15%Msand 

(M3) 

2.58 2.95 3.2

5 10%GGBS+10%RH
A+20%Msand (M4) 

2.57 2.79 3.01

CONCLUSIONS
Under normal operating room temperature, 
geopolymer concrete often does not show obvious 
physical changes, but can be observed under normal 
conditions. The complete Geopolymer concrete 
specimen placement process takes up to 72 hours 
without hardening the surface. 
5%GGBS+5%RHA+10%M-sand had a maximum 
compressive strength, split tensile and flexural 
strength.8m can make good use of power, and the 
average strength can be increased by 8m. The higher 
the ratio of GGBS + RHA + M-Sand, the higher the 
durability of concrete caused by acid attack, alkali 
attack, and sulphate attack. As the best substitute for 

cementing materials, GGBS has the characteristics of 
high compressive strength, low heat of hydration, 
chemical corrosion resistance, better workability, 
durability, and high cost-effectiveness. The excess 
temperature in oven curing causing cracks on cubes 
Rice husk ask is also the reason for high compressive 
strength and its reason for avoiding chemical 
reactions. The acid solution has an obvious corrosive
effect on cement-based materials. The aggressive 
solution increases as the acid concentration increases.
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ABSTRACT—Industrial wastes are currently damaging 
the environment. The goal of this research is to see if 
goods can reuse such waste for new purposes. The 
users may be satisfied by this glass waste. This 
leftover glass was ground into powder and 
repurposed. Glass powder is replaced in proportions 
of 0%, 2.5%, 5%, 7.5%, 10%, and 10%, with a water 
cement ratio of 0.45 and a cure period of 7,14,28 
days.Glass powder may cause minor changes in 
conrete workability and a little increase in mortar 
flow. The recognised replacement of glassspowder 
conrete is tested. The glass powder increases the 
concrete's tensile strength. Pozzolanic reactivity is a 
property of glass powder.It possesses the Glass is 
unstable in the alkaline environment of concrete, and 
this harmful alkali-silica interaction causes issues. The 
use of glass powder in concrete saves money by 
reducing the amount of money spent on glass 
powder disposal. In this experiment, we compare the 
properties of concrete with finely powdered glass to 
those of regular concrete.Based on the results, 
tumbler powder can be used as a cement 
replacement fabric as long as the particle size is less 
than 300m, saving you alkali silica reaction.  

Keywords: Glass powder, Concrete, Mortar, 

Compressive strength, spilt tensile strength. 
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Introduction: 

Because of its substance and the growing 

infrastructure business, concrete is now the 

most commonly utilised construction material. 

Cement production in our country is estimated 

to reach over 500 million tonnes by 2020, and 

800 million tonnes by 2030.To reduce the impact 

of global warming on the environment, new 

binders for concrete must be introduced. Various 

research have recently been conducted to 

repurpose waste glass as a percentage substitute 

for commonly used materials in concrete 

production in order to reduce CO2 emissions.The 

development of chemical reactions between the 

silica present in glass particles and the alkali 

matter present in the rest of the concrete, 

known as the Alkali – Silica reaction and 

commonly referred to as "Concrete Cancer," is a 

major problem with glass powder in the concrete 

making process. It is very harmful for the 

sustainability of concrete to withstand the design 

life period if appropriate precautions are not 

taken to reduce their effects. The use of mineral 

admixtures to concrete reduces the Alkali–
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Silicate reaction. Fuel ash, silica fume, and 

metakaolin are the most commonly utilised 

mineral admixtures to reduce the Alkali-Silicate 

reaction. 

Waste Glass Source: 

Food storage glass bowls and glass door doors 

manufacturing shops. 

Glass decorative items and outdated tube lights, 

electric bulbs.  

At Glass polishing and glass window and door 

manufacturing shop.  

ll LITERATURE REVIEW: 

1.Dr.G. Vijayakumar, MS H. Vishaliny, Dr.D. 

Govindarajulu, et al., (2013).Studies are carried 

out at 10, 20, 30, and 40% replacement levels in 

this study. This study found that increasing the 

compressive strength by 19.6%, 25.3 percent, and 

33.7 percent enhances the compressive strength 

by 20 percent, 30 percent, and 40 percent. At 

40% replacement, tensile strength increased by 

4.4 percent. 

2.Hongian Du, Kiang Hwee Tan, et al., 

(2014).Cement concentrations of 15, 30, 45, and 

60 percent by weight have been found in research 

trials. The rate and total heat output at the 

hydration process are insignificant, according to 

the test results. They concluded from the test data 

that satisfactory outcomes occur at a glass 

powder replacement rate of 30%. 

3.Dhanaraj Mohan Patil, Dr. Keshav K. 

Sangle, et al., (2013) The cement is replaced in 

three stages: 10%, 20%, and 30%. They found 

that, aside from glass, powder early-stage 

strength is poor, but design strength can be 

obtained in 28 days and the best replacement 

percentage is 20%. 

III MATERIALS: 

CEMENT: 

Cement is a binding material that is used in 

building and goes through a setting process 

before hardening. We used opc 53 cement in this 

project, which complies with IS:1026210262-

2009. 

FINE AGGREGATE: 

The particles that pass through the 4.75mm sieve. 

It's also a budget-friendly option. IS 383-1970 

codal provision is followed. 

COARSE AGGREGATES: 

Weathering of rocks produces coarse aggregates, 

which are particles that pass through a 4.75mm 

screen. Coarse aggregates account for 60-80% of 

the concrete volume. IS:383-1970 codal 

provisions are followed. 

Glass powder: 

Waste glass was ground into powder and passed 

through a 300 micron sieve, with more than 95 

percent passing through a 600 micron sieve.In 

this mixing procedure, the right amount of 

cement, fine aggregates, and coarse aggregates 

are combined with the right amount of water and 

no salts.  
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To begin, mix the fine and coarse aggregates for 

2-3 minutes, then add cement and glass powder 

according to % replacement, then add 0.45 water 

content and mix thoroughly  

IV COMPRESSIVE AND SPILT TENSILE 

STRENGTH TESTS ON CONCRETE 

For evaluating compressive and spilt tensile strength 

on concrete, a 150150150mm cube and a 300150mm 

cylinder were cast. 

A) Compressive strength test: 

Compressive strength test on concrete cube samples 

is done by using universal testing machine (UTM). 

This test done for different level of curing periods like 

7,14,28 days for different levels of replacement of 

glass powder                                             

.  

B) Split Tensile Strength of Concrete: 

The split tensile strength of cylinders is tested using a 

universal testing machine (UTM). This material was 

written for several levels of curing durations, such as 

7,28 days, for varied amounts of glass powder 

replacement. 

 

V. Results and Analysis: 

1) TESTS ON CEMENT:          

 

2) TESTS ON PHYSICAL AND CHEMICAL 

PROPERTIES OF GLASS POWDER: 
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2) TESTS ON FINEAGGREGATES:   

                     

3) TESTS ON COARSEAGGREGATES:   

                        

1.COMPRESSIVE STRENGTH: 

       

                 

 

 

 

 

 

 

 

2.SPLIT TENSILE STRENGTH: 

                      

VI CONCLUSION: 

Based on the findings of the study, the following 

conclusions have been drawn: 

1. The compressive strengths of concrete at 7 

days, 14 days, and 28 days increase initially as 

the fraction of cement replaced by glass 

powder increases, peaking at around 5% and 

then declining. 

2. The split tensile strength of concrete rises 

initially as the amount of cement replaced with 

glass powder rises, peaks at around 2.5 

percent, and then falls. 

3. The droop of concrete decreases in a consistent 

manner when it is replaced. 

4. The percentage of cement containing glass 

powder rises. When cement is largely replaced 

with glass powder, workability suffers. 

5. The results of this investigation demonstrate 

that using glass powdering concrete as a partial 

replacement for cement has a lot of potential. 

Glass powder can be used to replace about 20% 

of cement without sacrificing compressive 

strength. 
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Abstract: Face Mask Detection for safety purpose 

due to the outbreak of Covid-19. This project can be 

integrated with embedded systems for many 

applications in airports, railway stations, offices, 

education institutions and public places to ensure that 

public safety guidelines are followed. here we will 

focus on loading our face mask detection dataset 

from disk, training a model using python, keras/ 

TensorFlow on this dataset, and then serializing the 

face mask detector to disk. Once face mask detector 

is trained, we can move on to loading the mask 

detector, performing face detection, and then 

classifying each face as with mask and without mask. 

1. INTRODUCTION 
The year 2020 has shown mankind some mind-

boggling series of events amongst which the COVID-

19 pandemic is the most life-changing event which 

has startled the world since the year began. Affecting 

the health and lives of masses, COVID-19 has called 

for strict measures to be followed in order to prevent 

the spread of disease. From the very basic hygiene 

standards to the treatments in the hospitals, people 

are doing all they can for their own and the society’s 

safety; face masks are one of the personal protective 

equipment. People wear face masks once they step 

out of their homes and authorities strictly ensure that 

people are wearing face masks while they are in 

groups and public places. 

To monitor that people are following this basic safety 

principle, a strategy should be developed. A face 

mask detector system can be implemented to check 

this. Face mask detection means to identify whether a 

person is wearing a mask or not. The first step to 

recognize the presence of a mask on the face is to 

detect the face, which makes the strategy divided into 

two parts: to detect faces and to detect masks on 

those faces. Face detection is one of the applications 

of object detection and can be used in many areas 

like security, biometrics, law enforcement and more. 

There are many detector systems developed around 

the world and being implemented. However, all this 

science needs optimization; In this project, we will be 

developing a face mask detector that is able to 

distinguish between faces with masks and faces with 

no masks. 

1.1PROBLEM DEFINITION 

Face Mask Detection is works on captured images of 

peoples by CCTV cameras, you can see that the faces 

are small, blurry, and, low resolution. People are not 

looking straight to the camera, and the face angles 

vary from time to time. These real-world images are 

entirely different from the images captured by 

webcams or selfie cameras, making the face mask 

detection problem much more difficult in practice. 

 

2. LITERATURE SURVEY 

Machine learning is an application of artificial 

intelligence (AI) that provides systems the ability to 

automatically learn and improve from experience 

without being explicitly programmed. Machine 

learning focuses on the development of computer 

programs that can access data and use it to learn for 

themselves. 

The process of learning begins with observations or 

data, such as examples, direct experience, or 

instruction, in order to look for patterns in data and 

make better decisions in the future based on the 

examples that we provide. The primary aim is to 

allow the computers learn automatically without 

human intervention or assistance and adjust actions 

accordingly. 

Deep Learning 

Deep learning is an artificial intelligence (AI) 

function that imitates the workings of the human 

brain in processing data and creating patterns for use 

in decision making. Deep learning is a subset of 

machine learning in artificial intelligence that has 

networks capable of learning unsupervised from data 

that is unstructured or unlabelled. Also known as 

deep neural learning or deep neural network. 

 Neural Networks 

Neural networks were vaguely inspired by the inner 

workings of the human brain. The nodes are sort of 

like neurons, and the network is sort of like the brain 

itself. (For the researchers among you who are 

cringing at this comparison: Stop pooh-poohing the 

analogy. It’s a good analogy.) But Hinton published 

his breakthrough paper at a time when neural nets 

had fallen out of fashion. No one really knew how to 
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train them, so they weren’t producing good results. 

 

3. SYSTEM ANALYSIS 

Manually by seeing faces of persons. Face Mask 

Detection System uses existing IP cameras and 

CCTV cameras combined with Computer Vision to 

detect people without masks. 

PROPOSED SYSTEM 

The proposed system focuses on how to identify the 

person on image/video stream wearing face mask 

with the help of computer vision and deep learning 

algorithm by using the OpenCV, Tensor flow, Keras 

and PyTorch library Approach 

1. Train Deep learning model (MobileNetV2) 

2.Apply mask detector over images / live video 

stream. 

 

 

 

 

 
Fig 1: Flow chart Face Mask Detection 

3.1 SYSTEM DESIGN 

Create Architecture deals with the various UML 

diagrams for the implementation of ventures. 

Simulation may reflect an important device 

architecture to be created. Computer package format 

may be used to transform the design into the image of 

software packages. Modeling is the place where 

accuracy is reached in the development of electronic 

products. Modeling is an easy way to reliably 

transform customer expectations into completed 

goods. 

Unified Modeling Language Description 

The structured vocabulary mapping lets the 

technologist victimize the programming jargon 

governed by a set of grammar language and practical 

rules for particular research models. A UML 

framework is graded as 5 totally independent views, 

which describe the frame from a quite specific 

perspective. A series of diagrams outlines each item, 

which is: 

 

 

User Model view 

This view displays the device from the consumer 

point of view. The diagram depicts a condition of 

usage from the viewpoint of end-users. 

Structural Model View 

Knowledge and practicality come from inside the 

framework of this case. The static structures are read 

in this layout. 

Behavioural Model view 

It defines the operational dynamics as elements of the 

interface that reflect the specific relationships 

between the numerous structural components within 

the user model and the structural mechanism. 

Implementation Method View: Conceptual and action 

components of the system are built in this model. 

Use case Diagram: 

A Use Case Diagram may be a form of organizational 

diagram created from an analysis of the Use Case. 

The key aim of the case-by-case is to explain the 

practicality provided by the system in terms of 

agents, their objectives. 

 

 
Fig 2: Usecase diagram for face mask detection 

3.2 SYSTEM REQUIREMENTS 

Software Requirements Specification plays an 

important role in creating quality software solutions. 

Specification is basically a representation process. 

Requirements are represented in a manner that 

ultimately leads to successful software 

implementation. Requirements may be specified in a 

variety of ways. However, there are some guidelines 

worth following: 

Representation format and content should be relevant 

to the problem. Information contained within the 

specification should be nested Diagrams and other 

notational forms should be restricted in number and 
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consistent in use. 

 

 

4.IMPLEMENTATION RESULTS 

IMPLEMENTATION PROCESS 

1. Image acquisition 

2. Image processing 

3. Distinctive characteristic location 

4. Template creation 

5. Template matching 

Isolate Face Shapes: Convolving with Mask 

Resulting image from neural net had regions of 

interests that were not true faces. The unique oval-

shape true faces were used. To isolate most probable 

regions of interest, the test image is convolved with 

an oval mask. 

 
Fig 3: Isolate face shapes 

Face Mask Recognition 

1.Training: Here we’ll focus on loading our face 

mask detection dataset from disk, training a model 

(using Keras/TensorFlow) on this dataset, and then 

serializing the face mask detector to disk 

2.Deployment: Once the face mask detector is 

trained, we can then move on to loading the mask 

detector, performing face detection, and then 

classifying each face as, 

 
Fig 4: Phases and individual steps for building a 

COVID-19 face mask detector. 

Face Mask Detection Datasets 

A face mask detection dataset consists of “with 

mask” and “without mask” images. We will use the 

dataset to build a face mask detector with computer 

vision and deep learning using Python, OpenCV, and 

TensorFlow/Keras. 

 

 

 

 

Fig 5: Dataset with mask 

Output and code Screenshots 
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5.CONCLUSION  

As the technology are blooming with emerging trends 

the availability so we have novel face mask detector 

which can possibly contribute to public healthcare. 

The architecture consists of MobileNet as the 

backbone it can be used for high and low 

computation scenarios. In order to extract more 

robust features, we utilize transfer learning to adopt 

weights from a similar task face detection, which is 

trained on a very large dataset. We used OpenCV, 

tensor flow, keras, PyTorch and CNN to detect 

whether people were wearing face masks or not. The 

models were tested with images and real-time video 

streams. The accuracy of the model is achieved and, 

the optimization of the model is a continuous process 

and we are building a highly accurate solution by 

tuning the hyper parameters. This specific model 

could be used as a use case for edge analytics. 

Furthermore, the proposed method achieves state-of- 

the-art results on a public face mask dataset. By the 

development of face mask detection, we can detect if 

the person is wearing a face mask and allow their 

entry would be of great help to the society. 

 

6. TESTING AND VALIDATION 

Checking requires finding the mistake. Testing is the 

mechanism through which some potential flaw or 

flaw is attempted in a particular job product. That is 

the simplest manner in which modules, 

subassemblies, panels and/or finished items are 

visualised. That is the mechanism by which the 

program is enforced to ensure that the device fulfils 

the specifications and consumer needs and does not 

operate improperly. Different types of controls have 

to be carried out. Every test case passes those 

evaluation requirements. 

White Box Testing 

White Box Checking may be a guide that understands 

or minimizes the code tester's purpose with respect to 

the internal feature, the feature and the language of 

the specification. Points that cannot be reached from 

a recording system level are typically checked. 

White-box tests may be a device inspection strategy 

to the level of the ASCII text script. Such test cases 

are focused on the usage of look strategies such as 

power flow analysis, flow management, division 

checking, route examining, claim coverage and 

requirement coverage as altered status and judgment 

coverage. White-box testing involves the use of tools 

such as manuals by evaluating a certain insecure 

application in a nursing system that is error-free. 

These methods of analysis include the building 

blocks of white- box technology; the essence is that 

the device is carefully checked on the ASCII text file 

to recognise and avoid hidden mistakes. Such 

radically different techniques use a special visible 

ASCII text file path to eliminate errors and build a 

collaborator in an error-free nursing environment. 

The entire aim of Whitebox screening is to ensure the 

capacity to read the code line is dead and to evaluate 

the tests. The three essential measures that the White-

Box check requires in test cases: 

1.Entry involves various categories of standards, 

criteria, paper creation, right ASCII text file and 

protection criteria. This is the stage of White Box 

analysis to collect all the vital information. 

  

2.Processing involves playing Risk Analysis to guide 

the whole research process, setting test cases, 

conducting test cases and reporting results accurately. 

This is the part of building test cases which ensures 

that the system is thoroughly tested by the defined 

unit of tests reported. 

3.The production involves the creation of a structured 

report describing strategies and outcomes. 

Blackbox Testing 

Black Box Program manages the package or device 

without recognizing the internal processes, features 

or language of the product being tested. Blackbox 

assessments, like any other types of research, should 

be written from a standardized supply paper. It is 

often called a functional assessment under which the 

analysed system is known as a Blackbox. The 

analysis produces inputs and responds to outputs 

without knowing how the system functions. There is 

no need for specialized programming code 

knowledge, internal setup and technological expertise 

in general. The tester understands what the program 

should do but does not know how the program 

executes the necessary task. For e.g., the tester is 

aware that a specific input produces a different, 

unchanged output but does not know how the 

software produces the output first. 

Functional Testing 

Professional reviews provide detailed documentation 

that activities when assessed by an independent task 

entity supported by business and infrastructure 

specifications, programme's records and user 

manuals. Functional work focuses on the following 

issues: the categories found in the related data should 

be remembered. . Invalid data: Invalid knowledge 

forms found must be rejected • Functions: Functions 

identified must be performed correctly • 

Performance: Specified programs must be exercised. 

Programs / Procedures: calling or triggering system 

programs or procedures is important. Criteria, core 

processes or procedures or specific test cases are the 

focus of a dynamic research structure and planning. 

Future Enhancement 

Face masks now compulsory or recommended in 

various parts of the country. Face  masks and facial 

recognition will both be common in the future. 
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Abstract 
Exploratory Data Analysis (EDA) popularly performs some preliminary investigations on the dataset to 

understand its content and structure. EDA is a mandatory step in the complete process of data analysis, since its 

mandatory to analyze the data in order to produce good results and in turn help in decision making. There are 

several Graphical EDA techniques which not only analyze the data but also present the results in graphical 

form. This paper uses the Python programming language for both data analysis and visualization of results. The 

rich set of python libraries including pandas, numpy, matplotlib, seaborn etc greatly supports the process of 

GEDA. This paper works on the “Employee Performance and Attrition” dataset to analyze and extract potential 

information and present results in graphical form. 

Keywords: Graphical Exploratory Data Analysis, Python, Data Visualization,matplotlib, seaborn. 

1. INTRODUCTION 

In today’s world of technology data is growing very fast in both volumes and variety and it 

has become highly impossible to understand and analyze the data manually. Data analysis is 

collection of different processes to inspect, clean, transform, and model the data with an 

objective of discovering potentially useful information, drawing several conclusions, and 

finally supporting decision-making.Exploratory Data Analysis (EDA)evaluates or 

comprehends data and is a significant component of any process in data science or machine 

learning.It helps in exploring the data; understanding the structure and relationships between 

variables andbuilds a consistent and valuable output. 

Python is a very popular programming language today due its flexibility andwide collection 

of inbuilt libraries, which are very essential to performdata analytics and complex 

computations.Pythonsupports multiple libraries for data analytics like NumPy for 

mathematical and statistical calculations and PandasthePython Data Analysis Library.Data 

visualization plays a vital role in representingthe data and also complex data relationships 

graphically such that it is easy to understand. Python has many libraries that support for 

displaying data in the form of charts, graphs , plots and animations. Two such popular 

libraries used in this work are Matplotlib and Seaborn. 

This paper works on the “Employee Performance and Attrition” dataset to perform 

Exploratory Data Analysispresent results in graphical form using python. The paper is 

organized in to four sections. Section 2 briefs the review of literatureand section 3 explains 

the differenttechniques for EDA both non graphical and graphical. In section 4, the graphical 

exploratory data analysis is studied on the Employee Attrition dataset using python. 
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2. LITERATURE SURVEY  

Aindrila et al. [1] made a study on thetools for data visualization with respect to their efficacy 

in theEDA process.They also examined the scalability of the exploration tools for analyzing 

large datasets. Matthew NtowGyamfi et al. [2] investigated the commercial banks practices 

regarding credit risk and loan default to find the causes of 

nonperformingloans.X.FrancisJency et al. [5]have performed EDA on bank data to 

understand the nature of clients who apply for loans in banks. Based on the results they 

applied machine learning algorithms for loan prediction and classified the clients as good 

customer and bad customer. 

K. Ulaga Priya1 et al. [4] have done EDA on bank dataset using random forest algorithm to 

predictcustomers loan privilege in R programming for analysis.Kiranbala&Deepika [5] have 

performed EDA both numerical and graphical on the World Happiness report 2021 to 

understand the various aspects of data analysis. KabitaSahoo et.al [6] have done EDA using 

python to understand the different libraries of python for data analysis and graphical 

representation of results. 

 

3. TECHNIQUES FOR EDA 

In the complete process of data analysis, after collecting the data and pre processing it,EDA 

is the very important step for data manipulation, plotting and visualization.Most of the EDA 

techniques are graphical and few are quantitative which help in analyzing the data sets with 

respect to their statistical characteristics. The techniques available for Exploratory Data 

Analysis (EDA) are broadly classified in to Non-Graphical EDA and Graphical EDA where 

in both the techniques are classified in to two types namelyunivariate and multivariate [7]. 

Some of the EDA techniques depend on the type of data on which they are applied and some 

depend on the purpose of the analysis. Table 1 shows the preferable EDA technique that can 

be adopted for a given type of data and purpose of analysis. 

3.1. Non-Graphical Exploratory Data Analysis: NGEDA 

 

Thistechniques help in providing an ideaabout the description anddistribution of the 

variable(s). There are two methods under this category namely univariate and multivariate.  

 

3.1.1 Univariate NGEDA:This is a principal form of data analysis that involves only one 

variable to identify underlying data distribution and the characteristics of population 

distribution.This analysis also covers outlier detection.For any quantitative variableUnivariate 

EDA helps making initial assessments on the variable distributionusing the data sample. 
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Table 1:EDA techniques preferable based on data type and analysis 

 

The fundamental description of the distribution include: 

A. Central tendency:For any population distribution the central tendencymeasures mean, 

median, and mode where median is preferred for skewed distribution or when there are 

outliers. 

B.Spread: Spread indicates how far from the centrecan wefind the data values.Variance, 

interquartile range and standard deviation are the commonly used measuresfor finding spread 

of any distribution.The variance is computed by taking the mean of the squares of all the 

individualdeviations andwe get the standard deviationby taking the square root of the 

variance. 

C. Skewnessand kurtosis: These areextradescriptors for any distribution where themeasure 

of asymmetry is called skewnessandmeasure of peakedness is called kurtosis [8]. 

 
3.1.2. Multivariate NGEDA: This shows the relationship between multiplevariables as a 

cross-tabulation or statistics. Cross-tabulation will be of great usefor categorical datawhich is 

a simple extension of tabulation.This is a two-way table with 

columnsrepresentingheadingswhich match with one of the variables andthe row headings 

match withthe other variable. The subject count thatshare  commonpair ofvalues are filled in 

to the table.This is also called as thebivariate non-graphical EDA technique.For categorical 

variables we can also calculate the correlation and covariance[8].Table2 shows three columns 

where column1 contains the course, column2 holds the age of the person pursuing the course 

and column3 shows the gender. Table 3 shows the cross tabulation for the data of table2. 

Type of data Preferable EDA techniques Purpose Preferable EDA 

techniques 

Categorical Descriptive statistics distribution of a 

variable 

Histogram 

continuous 

Univariate 

Histograms ,Line plot Outlier detection Histogram, scatter 

plots, 

box-and-whisker plots 

continuous 

Bivariate 

 

Heatmap,2D arrays and 

scatter plots 

Quantify the 

relationship 

betweentwo 

variables 

2D scatter plot , 

Covariance and 

correlation 

trivariate 3D scatter plot Visualize the 

relationship 

between two 

exposure variables 

Heatmap 

Multiple 

groups 

Side-by-side box plot Visualizinghigh-

dimensional data 

2D or 3D 

scatter plot 

Course Age Gender 

CS121 youth F 

CS222 Middle age F 

CS431 youth M 

CS506 youth M 

CS222 Middle  age F 

CS121 Middle  age F 

CS431 Senior F 

CS222 Senior F 



Journal of Science and Technology 
ISSN: 2456-5660 Volume 7, Issue 09 ( November2022) 
www.jst.org.in                                                          DOI:https://doi.org/10.46243/jst.2022.v7.i09.pp01-11 

Published by: Longman Publisherswww.jst.org.in                                                                             Page | 4  
 

 

Age/Gender Female Male Total 

youth 2 3 5 

Middle age 3 1 4 

Senior 3 0 3 

Total 8 4 12 

Table 3: Cross Tabulation for Course Data set 

Table 2: Course Data Set 

 

3.2. Graphical Exploratory Data Analysis 

 

This isa graphical method of NGEDA.Non-graphical methods mostly are objective and 

quantitative in nature. They fail to givecompleterepresentation of the data. GEDAisfound to 

be more qualitative. This data analysis is also divided in to univariate and multivariate. 

 

3.2.1. Univariate Graphical EDA:The primary focus of thisanalysis is on the data from 

asingle variable values on n subjects and graphically represents the distribution of the data. 

Some of the common forms of univariate graphics include: 

A. Histogram:This is thefirst fundamental graph also called as bar plot where every 

barrepresents the frequency or proportion for agiven range of values.Histograms helpto learn 

about theshape, spread, central tendency and outliers of the given data. 

B. Boxplots:This is another graphical technique which is very useful to represent the data 

proportions and information related to the skew, symmetry, central tendency and outliers. 

These are excellent techniquesas theydepend on powerful statistical measures 

includingmedian and IQR instead of mean and standard deviation. Distribution comparisons 

are easily done usingboxplots. 

C. Quantile-Normal plots: These plots are also called as QN plot or QQ plotquantile-

quantile. These are considered to be more complicated plots. QQ plots are best suitable to 

observe which theoretical distribution does the data particularly follow[8]. 

 

3.2.2. Multivariate graphical EDA:Thesetechniques represent the association between two 

or more knowledge sets graphically. Some primaryways techniques of multivariate graphics 

include: 

A. Scatter Plot:this is called as aessential graphical EDA technique when the variables are 

quantitative and it plots variable 1 on x-axis, and variable 2on y-axis with one point 

corresponding to every casein the given dataset.If anytwo variable are explanatory and 

outcome, then it is always  recommended to plot the outcome variable on y axis. 

B.Run chart:To plot the data over time we can use the Run Chart. 

C.Heat map:  The graphical representation which depicts the data values usingcolours. 

D.Bubble chart: It displays bubbles- multiple circles in two-dimensional plot. 

4. Graphical Exploratory Data Analysis (GEDA) Using Python 

A. Why Python: 

CS431 youth M 

CS506 Senior F 

CS121 youth F 

CS222 Middle  age M 
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Python is an interpretedprogramming language with a very rich set of libraries supporting 

both procedural and object-oriented programming paradigms. Some of the essential features 

of python are its free open source which is portable with support of numerous IDE [9]. 

B.Packages: 

 

The packages of python used in this study include 

• Pandas 

• Numpy 

• Matplotlib  

•Seaborn 

 

C. Dataset : 

 

IBM HR Analytics Employee Attrition & Performance data set downloaded from 
https://www.kaggle.com/code/faressayah/ibm-hr-analytics-employee-attrition-performance/data. 

 

This data set has a total of 27 attributes describing the employee with respect to age, gender, 

job role, job satisfaction and many more. In this work we consider only 16 attributes which 

show the employee performance and attrition. A part of the dataset is given in figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: A Snippet of the Employee-Attrition Dataset 

 

D. Using Python and Working with the dataset 

 

 Importing libraries:To start the analysis work on the data set we first need to import all 
the required python libraries necessary for the analysis process.  

 

import pandas as pd 

import matplotlib.pyplot as plt 

import numpy as np 

import io 

https://www.kaggle.com/code/faressayah/ibm-hr-analytics-employee-attrition-performance/data
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import seaborn as sns 

 

 Importing dataset: after importing all the necessary python libraries we need to 
import the dataset. The datasetis imported in tojupyter notebook using following code. 

 

mydata=pd.read_csv(“Employee.csv”) 

mydata 

 

If we use Google Colab then the code to import the data set is  

 

fromgoogle.colab import files 

uploaded = files.upload() 

df = pd.read_csv(io.BytesIO(uploaded['Employee.csv'])) 

 

 Cleaning Data: Before we start using the data we need to check if there are any 
missing values or null values for which we use the  isnull( ) method which returns true 

wherever there is no value in the dataset. We can also use the sum( ) method which 

returns total number of null values in each column. Zero indicates that there are no 

null values in the columns. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2: Checking for null values in the dataset 

 

We can also selectonly particular rows from the entire datasetfor analysis using head(n) 

function which extracts top n rows and tail(n) function which extracts n rows from the bottom 

of the dataset. 

 

df = pd.read_csv(io.BytesIO(uploaded['Employee.csv'])) 

top=df.head(100) 

top=df.tail(50) 

 

 

E. Exploratory Data Analysis 

This method analyzethe data sets and summarize the important characteristics of the data 

using data visualization toolsand statistical graphics.Even if any statistical model is used or 

not, EDA primarily aims at seeing what the data shows beyond the hypothesis testing task or 
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formal modeling. John Tukey was thefirst to promote this EDA to encourage statisticiansto 

collect new data ,explore it, formulate hypotheses, and perform experiments [10]. 

 

All the column data types in a given dataset are printed using dtypes.The statistical summary 

such as mean, count, min, max, etcof the given dataframe can be extractedusing describe() 

function. To show the relation between any two we use correlationcorr( ) function which also 

helps in measuring the linear relation strength of any two variables. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3: Statistical Description and Correlation Values of Employee Attrition dataset 

F. Graphical Exploratory Data Analysis (GEDA) 

 

Graphical techniques can be used to identify the most important properties of a dataset. 

GEDA is further classified in to univariate and multivariate based on number of variables 

considered for analysis and also the type of data. 

 

 

 

1. Univariate GEDA 

 

This analysis givesthe statistical summary ofeverycolumn in the given data set. There are 

many examples for this analysis which include: 
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 Histogram:histogram provides the most intuitive visualizations of any distribution. It 
is also called as the graphical representation of data organized in to specified range of 

points. It is like a bar graph where range of data is represented as columns across x 

axis and y axis represents the respectivedata count for each column[11]. Considering 

the top 150 employees of the dataset the bar graph for age on x axis and employee 

performance rating on y axis shown in figure 4. 

 

 Stem Plot: Stem plot is a popular statistical tool that helps in graphical exploratory 
data analysis which separates the digits in data points in to two columns. A stem plot 

is drawn as all set of y values plotted against common values on x axis. The digit with 

higher value forms the left column – called stem and the digit with lower value forms 

theright column – called leafs.The data is ordered in a stem plot.A stem plot helps 

visualizing the shape of the distribution[7].matplotlib.pyplot.stem() function can be 

used to draw the Stem plot.The age values of Employee dataset represented as stem 

plot are shown in figure 5. For a total of 1200 employees the lower value starts from 

18 and higher value is 60. 

 

 

 

 

 

 

 

 

 

 

Fig 4: Histogram     Fig 5: Stem Plot 

 

 Box Plot:It is a graphical representation that shows comparison between groups of 

data. It shows the spread of data its statistical components like central tendency, 

symmetry, skew and also helps to identify the outliers. The box plot is built using a 5-

value summary of the given data set (minimum, Q1, median, Q3,maximum 

value).These values show the closeness of data values. During the comparison the 

values which do not fit in to the boundary of the box will become the outliers whose 

features do not comply with other values in the dataset [12]. The box plot on the Age 

attribute of Employee data set with the clear outliers can be shown in figure 6. 

 

 Count Plot:This represents the frequency or number of occurrences for categorical 
data using bars using thecountplot() function [5].  

import seaborn as sns 

df = pd.read_csv(io.BytesIO(uploaded['Employee.csv'])) 

ax=sns.countplot(df.EmpDepartment) 

for p in ax.patches: 

ax.annotate('{:.1f}'.format(p.get_height()), (p.get_x()+0.25, p.get_height()+0.01)) 

plt.show() 

 

The count plot on Employee data set showing the different departments in which they 

work and respective counts is shown in figure 7.  
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Fig 6. Box Plot with Outliers    Fig 7: Count Plot 

 

2. Multivariate GEDA 

 

This analysis is used to recognize the associations between different values or variables in the 

dataset and display the relationship graphically.  Some common forms of multivariate 

graphics include: 

 Scatter Plot:A scatter plot is a two-dimensional chart showing the comparison of two 
variables scattered across two axes. The scatter plot is also known as the XY chart as 

two variables are scattered across X and Y axes. A scatter plot can be displayed 

without connecting lines or being displayed with smooth curved connectors or 

connecting lines [12]. For the Employee-Attrition data set the scatter plot between the 

variables daily and monthly wage of employees can be shown in figure 8.  

 Violin Plot:This is similar to box and whisker plot. It shows the quantitative data 
distribution for more than one categorical variableacross different levels.In a box plot, 

all the components represent the actual datapoints, where as in the violin plot they 

represent the estimation of thekernel densityfor the given distribution.This is an 

effective way to show multiple distributions of data at once. For the Employee dataset 

the violin plot for the performance rating of the employee with respect to their gender 

is shown in figure 9. 

 

 

  

 

 

 

 

 

 

 

Fig 8: Scatter Plot    Fig 9: Violin Plot 

 

 Pair Plot:This plot shows multiple pairwisebivariaterelationship for (n, 2)variable  

combinations in a single DataFrame as a matrix of plots where the diagonal plots are 

the univariate.It is apairwise relationships thatcreate a grid of Axes where each 

variable shares y-axis across one  row and x-axis across one column. 
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 Fig 10: Seaborn Pair Plot. 

 

4. CONCLUSION 
In this paper, the different techniques for exploratory data analytics are discussed briefly. It 

includes both non graphical and graphical methods of analysis where in both univariate and 

multivariate are also explained. Python is used for implementation purpose importing major 

libraries and modules necessary for the graphical data analysis. The “Employee Attrition” 

data set is used in this work and numerous results are extracted and visualized. This work 

studies the dependence between attributes and effect of one variable on another for employee 

performance and attrition. Different graphs are been plotted using several attributes in the 

dataset to show the results in an easy way. 
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 Alcohol consumption by students has become a significant issue these days. Addiction to alcohol results in the poor 

tutorial performance of scholars. This paper describes few algorithms that facilitate to boost the potency of educational 

performance of students captivated with alcohol. Within the paper, we tend to area unit victimisation one amongst the favoured 

Data Mining technique—“Prediction” and checking out the simplest formula among different algorithms. Our project is to 

investigate the educational excellence of the school professionals by creating use of WEKA toolkit and  R Studio. We implement 

this project by making use of alcohol consumption by student datasets provided by kaggle web site. It is composed of 395 tuples 

and 33attributes. A classification model is constructed by making use of Naïve Bayes and ID3. Comparison of accuracy is finished 

between R and WEKA. The prediction is performed so as to seek out out whether or not a student will be promoted or demoted 

within the next year once previous year marks area unit considered. 

 

Keywords: Data Mining , Prediction ,Naïve Bayes ,ID3 ,WEKA ,R studio. 

 
 

1. INTRODUCTION 

A large amount of knowledge is being made 

from completely different fields a day so as to pull out a 

legitimate and helpful knowledge that is employed 

during a decision-making method. The decision-making 

method is performed by victimization completely 

different data processing techniques. Various Mining 

Techniques Classification, Prediction, Clustering and 

Association. Classification is that the method of 

composition the information supported similarities. It is 

a supervised learning technique as we have a tendency 

to build the model by creating use of coaching data that 

consists of sophistication labels. Clustering is that the 

grouping of objects supported the principle of  

 

accelerating the intra-cluster distance and decreasing 

the inter-cluster distance. Prediction is that the method 

of dig out the knowledge from an enormous quantity of 

data and helps to predict the end result no matter the 

past, present, and future events. The prediction data 

processing technique is employed so as to predict the 

performance of the scholars. Using Naïve theorem and 

ID3 algorithms we have a tendency to designed a model 

and found out the accuracy each in WEKA and R and 

therefore the comparison between them is performed. 

 

2. RELATED WORK 

In [1] they need used totally different data 

processing technologies to investigate students’ 

performance in the courses. They need used 

ABSTRACT 
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classification techniques to assess the student’s 

performance. Among all the classification techniques, 

they need used call tree technique. The data they need 

used is of scholar’s happiness to Yarmouk University of 

the year 2005 who took C++ course. CRISP-DM a 

technique is employed to create a classification model. 

Among the twenty attributes, solely twelve conditional 

attributes square measure thought-about that affects the 

performance of the scholars. 

In [2], they need created a web-based 

application creating use of Naïve Bayesian algorithm. 

The information consists of nineteen attributes like 

student details, course details, admission details, 

attending details, etc., from 700 students learning at 

Amrita Vishwa Vidyapeetham, Mysore. Among all the 

algorithms they need used, Naïve Bayesian has got the 

best accuracy. Here, students, tutorial history is taken as 

input and the output is student’s performance on the 

premise of a semester. 

In [3], they need primarily cantered on the 

information mining techniques that facilitate in learning 

the educational knowledge primarily in higher learning 

establishments. This shows however knowledge mining 

helps in decision-making so as to take care of university 

name. It predicts the student’s performance at the top of 

their bachelor’s degree and located out the students 

World Health Organization square measure in danger 

within the early years of their study and provides 

measured 

to improve the standard. They need collected 

knowledge from 2 different batches of the years 2005–06 

and 2006–07 from 214 collegian students happiness to 

the applied science department at NEDUET, Pakistan. 

They need used call tree with Gini index, with data 

gain, with accuracy, Naïve Bayesian, Neural Networks, 

Random forest. 

In [4], the information has been collected from 

three hundred students of engineering department for 

all 3 years. The attributes square measure associated 

with totally different subjects like English, Maths, and 

artificial language. They need used algorithms like 

Neural Networks, J48, SOM. 

 In [5], they need collected 2 completely different sets 

of knowledge of the scholars happiness to second year 

and third year of Amrita faculty of Engineering, 

Bangalore. The dataset constitutes twenty attributes like 

gender, father education, mother education, etc. Naïve 

Bayesian classifier is employed for predicting the 

student’s excellence and according to the performance 

they need urged a learning vogue for underperformed 

students. 

In [6], they need used alcohol consumption by 

student’s knowledge set age 10–14.They have used SVM 

technique, call trees, and Naïve Bayes algorithms and 

that they found out that SVM is a lot of economical than 

alternative algorithms. 

In [7], classification of knowledge mining 

techniques illustrates few techniques to classify 

data together with their applications to health care. 

IF-THEN prediction rules are one among them that 

could be a common technique in data processing. This 

theme gift discovered data at highest level of 

abstraction. 

In [8], they need used datasets associated with 

education and that they have used numerous 

data mining techniques to predict and valuate their 

performance. 

In [9], they need analyzed the faculty student 

performance for Villupuram district. They have used 

bunch technique and k-means bunch formula. They 

have used mathematician mixture model so as to boost 

the accuracy. 

In [10], the authors have collected student data 

from B. J school and analyzed them victimisation 

K-means bunch. the info set used for this analysis was 

obtained by measuring the B.C.A students from B. J 

College. 

In [11], vital relationship between variables 

from an oversized knowledge set is analyzed. 

The authors propose a mechanism which may be 

utilized by the academics to look at the academic 

growth of their students. 

In [12, 13], they need great deal of knowledge 

from medical business that consists of attributes like 

concerning the patient together with the main points, 

diagnosis, and medications. Using this knowledge we 

have a tendency to train the model and realize a pattern 

that helps in prediction. 

 

3. PROPOSED SYSTEM 

Dataset: the info is collected from the net that consists of 

thirty four attributes. The dataset is obtained from 

kaggle web site. Name of the college, gender, age, 

qualification of parents, occupation of oldsters, weekly 
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study time, net access, alcohol consumption levels on 

operating day similarly as weekends, health condition 

and grades are a number of the most important 

attributes listed. 

 

Figure 1: Proposed Model  

 

Preprocessing: when grouping the info we want to 

preprocess it. The pre processing includes four steps. 

They are 

Data Cleaning: during this step, we tend to take away 

the rip-roaring knowledge and fill the missing 

knowledge. 

Data Integration: haircare totally different sorts of 

knowledge into single type. 

Data Transformation: during this step knowledge of 

various types is formed into one form. 

Data Reduction: this system is applied to get reduced 

illustration of information. 

Training Data:We split and think about the primary 

three hundred tuples as coaching knowledge. The 

coaching data consists of sophistication labels. 

exploitation this train knowledge we tend to build a 

classifier. 

Machine Learning: so as to create a classifier we tend to 

use machine learning techniques like prediction. In 

prediction, we've several data processing algorithms. 

exploitation these algorithms we tend to build a 

classifier. 

Classifiers: we've enforced Naïve theorem and ID3 

algorithmic rule in R and 

WEKA to create a classifier. 

Naïve Bayesian 

Input: dataset 

Output: confusion matrix and predicted class labels 

Do 

For each value of the class label (Ci,Cj) find probability 

For each attribute belonging to the class label (either Ci or Cj) 

find probability 

Compare probabilities of each attribute of different class labels 

If p(Ci) > p(Cj) 

Class label will be Ci else Cj 

P(Ci|X) = P(X|Ci)*P(Ci)/P(X) 

Confusion matrix: It is a tool for finding the accuracy. 

ID3 

Input: dataset 

Output: confusion matrix and predicted class labels 

Do 

Calculate information gain of all the attribute 

The attribute with highest information gain value will be 

taken as the root node 

and according to the outcomes the tree will be further extended 

till all the leaf 

node becomes the class labels. 

 

Test Data 

The left out dataset is taken as test data and this test 

data is given as input to the classifier and the prediction 

is performed (Fig.2). 

 
Figure 2 : Test Data 

Prediction: it's a mining technique to predict the end 

result of the information tuple.We perform prediction 

by training  the classifier with trained knowledge that 

consists of sophistication labels so the check knowledge 

while not class label is given to the model and 

sophistication label is foretold. This category label 

indicates the performance of the student within the next 

school year i.e., yes = pass, no = fail. 

 

4. RESULT ANALYSIS: 

 Table 1 describes  the comparison between accuracy 

in R and Weka Tool for all the attributes. 
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Table 1: Comparision of Accuracy for ALL Attributes 

using R and WEKA 

 

 

Table 2 showss the comparison between accuracy in R 

and WEKA for the attributes that effects student’s 

performance. 

 

Table 2: Comparision of Accuracy FEW Attributes using 

R and WEKA 

 
Figure 3 represents performance of the attributes and 

quality of the attributes. Each bar chart within the on 

top of figure indicates distribution of every attributes 

and every color indicates completely different 

categories. The attributes used period, study time, gout, 

G1, G2, G3, Dalc, Walc, performance. 

 

 
Figure 3: Visualization of Attributes 

 

5. CONCLUSION: 

Using Naive theorem and ID3 classifier we tend to got 

the best accuracy than several other algorithms. The 

attributes that have gotten highest priority got less 

accuracy once we have used ID3 algorithmic program 

than the opposite attributes once thought of. Once all 

the attributes square measure thought of naïve Naive 

Bayes once enforced in R has a lot of accuracy than in 

rail. The accuracy obtained in R and rail for ID3 once all 

the attributes square measure thought of is same 

because the accuracy obtained in R and rail for ID3 once 

just some of the attributes square measure thought of. 

From this, we can infer that the time needed to 

implement the classifier for under a number of 

attributes is a smaller amount than the time once all 

attributes are thought of. The category label is foretold 

and this means that whether or not a student is pass or 

fail by considering previous year’s marks. 
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Abstract— There exist many single step methods to find the 

solution to a first order ordinary differential equation. 

Often time consuming and complicated. The proposed 

method is the alternate way of Euler modified method in 

the tabular form. Easy to understand and calculate  

Keywords— Euler, Differential equation, Solution, 

Modified method. 

I.  INTRODUCTION 

Several problems in science and technology can be 

formulated into differential equations. The analytical methods 
of solving differential equations are applicable only to a 

limited class of equations. Quite often differential equations 

appearing in physical problems do not belong to any of these 

familiar types and one is obliged to resort to numerical 

methods. These methods are of even greater importance when 

we realize that computing machines are now readily available 

which reduce numerical work considerably. 

In the methods of Euler, Runge-Kutta, Milne, 

Adams-Bashforth, etc. the next point on the curve is evaluated 

in short steps ahead, by performing iterations until sufficient 

accuracy is achieved. As such, these methods are called step-
by-step methods. 

Euler and Runga-Kutta methods are used for 

computing y over a limited range of x- values whereas Milne 

and Adams methods may be applied for finding y over a wider 

range of x-values. 

If the conditions are prescribed at one point only 

(say, ), then the differential equation together with the 
conditions constitute an initial value problem of the nth order. 

If the conditions are prescribed at two or more points, then the 

problem is termed as boundary value problem. 

The Euler method (also called as Forward Euler 

method) is a first-order method, which means that the local 

error (error per step) is proportional to the square of the step 
size, and the global error (error at a given time) is proportional 

to the step size. Here the error represents difference between 

the exact solution  and the Euler approximation. The Euler 

method often serves as the basis to construct more complex 

methods. It is a first-order numerical procedure for 

solving first order ordinary differential equations (ODEs) with 

a given initial value. It is the most basic explicit 

method for numerical integration of ordinary differential 

equations and is the simplest Runge–Kutta method. 

The Euler method is more accurate if the step size  is 

smaller 

II. PROPOSED ALGORITHM 

 

Step-1: Let ) be the first order ordinary 

differential equation with the initial 

condition  
Step-2: Let h be the difference between the equally 

spaced data. 

Step-3: Construct a table for Euler modified method 
with the columns  

  x,  ,  Mean and            

New  y =  + h (mean) where 

  x =  , mean = the average of present y’ and 
starting y 

Step-4: The starting value of x is  and from the next 

x =  
Step-5: The starting value of new y of the table only is 

calculated by Euler formula                    

.  

Step-6: There is no change in the values of x and  till 
the successive approximate values of new y 

are equal. 

 

III. EXPERIMENT AND RESULT 

 

3.1. To Find y at x=0.2 of   with the condition 

y(0) = 1 and h = 0.1.  

Let us consider f(x,y) = x + y  and  . 

Constructing a table for Euler modified method by the 

proposed algorithm, we have  
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Abstract 

Gamma irradiation of Gelatin brings important changes in its chemical structure, making it 

suitable for different applications. The irradiated Gelatin may be subjected to different 

thermal treatments during these applications. Therefore, temperature-dependent changes in 

irradiated gelatins are a point of interest. Electron spin resonance (ESR) is vital for detecting 

free radical processes in irradiated polymers. As such, ESR spectra of temperature-

dependent porcine Gelatin with low bloom are recorded, and they are analyzed by computer 

simulation techniques. Component spectra under different conditions are evaluated by the 

magnetic parameters employed to simulate the ESR spectra. The results indicate that the 

spectral shape at 300 K (RT) is stable up to 350 K, and signal intensity begins to decay 

beyond 350 K. The signal vanished around 355 K, designated as radical decay temperature. 

Bloch analysis is applied to evaluate activation energy associated with free radical decay, 

calculated around 35 KJ/mole. 

Keywords: Porcine Gelatin; Bloom; Gamma irradiation; ESR; Bloch analysis. 
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1.   Introduction 

Gelatins are an important class of biodegradable biopolymers with specific properties like 

gelation and emulsification, making them use food, pharmaceutical, and cosmetic 

industries [1,2]. Recently Alipal et al. have reviewed and highlighted the sources, 

processing, and applications of gelatins [3]. 

 Radiation-induced processes in gelatins are an essential part of their application. Due 

to the crosslinking of gelatins by different types of radiations (gamma, electron beam), 

changes in chemical structure occur, followed by a change in mechanical properties [4]. 

Therefore attempts have been made to investigate radiation-induced changes in different 

gelatins by various authors [5-9]. 
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ABSTRACT 

This article analyzes the effects of joule heating, Hall and Ion-slip parameter on entropy 

generation in mixed convective electrically conducting nanofluid flow between two parallel 

coaxial disks in the presence of strong magnetic field. The governing equations are non-

dimensionalized and the resulting system of nonlinear ordinary differential equations are 

solved using Homotopy Analysis Method. The velocity, temperature and nanoparticle 

concentration profiles are presented graphically for various values of governing parameters. 

Further, these profiles are won’t to evaluate the entropy generation and Bejan number. 

 

Keywords:-Entropy generation, joule heating, mhd, nanofluid, hall current, ion slip effects, 

parallel disks, homotopy analysis method 

 

INTRODUCTION 

Convective heat transfer using nanofluids 

has received much attention in present 

days. This is because of their diverse 

application in many industrial and 

engineering fields such as heat exchange 

systems in power generation, automobile 

engines, welding equipment, electronics 

devices and cooling of nuclear reactors. 

Nanofluid, pioneered by [1], is a mixture 

of a base fluid and small nano sized solid 

particles. [1] verified that the nanofluids 

have higher thermal conductivity related to 

the base fluids. This can be obtained for a 

very small volume fraction of 

nanoparticles.  

 

On the other hand, fluid flow and heat 

transfer between rotating disks is an 

important topic in view of its for wider 

applications in rotating machinery, 

lubrication, computer storage devices and 

crystal growth processes. Further, the 

analysis of magneto hydrodynamics 

(MHD) flow of nanofluids has gained 

much attention due to its engineering and 

industrial applications. A number of 

studies have been conducted in recent 

years, on the MHD flow of nanofluid by 

considering distinct types of base fluids 

with particular nanoparticles. [2] 

investigated the magnetic effect on 

squeezing nanofluid flow between parallel 

coaxial disks. [3] introduced an algorithm 

based on the homotopy analysis method to 

study the MHD squeeze flow between two 

parallel infinite disks where one disk is 

impermeable and the other is porous with 

either suction or injection of the fluid in 

the presence of an applied magnetic 

field.[4] studied the nanofluid flow and 

heat transfer analysis between two parallel 

disks using Least Square Method (LSM) 

and numerical method with a variable 

magnetic field applied to the lower 

stationary disk and the upper disk move 

towards or away from the lower disk. [5]  
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Abstract 

The next wave in India might be in late November or December 2021. Despite the quantum of cases in 
the next wave, it is essential to plan and prepare to tackle the next wave. It is therefore an opportune 
time at present to take stock of some of the salient lessons learned from the COVID-19 pandemic as 
well as the previous pandemics. While making our preparations, we should take a 360° view that 
encompasses health in all its dimensions – physical, mental, social, and economic well-being. This 
study helps to find out how India can prevent the third wave of the Covid-19 pandemic with various solutions. 

Keywords: COVID-19, third wave, prevent, precautions. 
  
INTRODUCTION: 
 The Delta Plus variant of SARS-CoV-2 has become a worry for an anticipated third wave, which can 
be prevented or mitigated at least based on lessons learned from the last two waves. At a time when 
India has barely put behind the horrors of the second wave of the Covid-19 pandemic, Maharashtra 
has sounded alert for the third wave. Delta variant of SARS-CoV-2 was held responsible for the 
towering second wave of the coronavirus pandemic. The Delta variant had been first reported from 
Maharashtra last year. Now, the Delta Plus variant has been detected even though it has not been 
classified as a variant of concern (VOC). Delta Plus variant was first detected in Europe in March this 
year. It has been isolated in some samples in India and around 10 other countries. Delta Plus is a new 
version of its mutant variant Delta. 

It is, however, not known whether the Delta Plus variant is more infectious or fatal compared 
to the Delta variant. Delta variant is deadlier and capable of causing more severe Covid-19, leading to 
a higher rate of hospitalization of patients. 

Every successful mutation helps a virus or any other organism thrive better. This is principally 
why the Delta Plus variant of SARS-CoV-2 has become a worry for an anticipated third wave, 
which can be prevented or mitigated at least based on lessons learned from the past two waves of 
Covid-19 pandemic. 

OBJECTIVES OF THE STUDY: 
1. To understand precautions to prevent third wave covid-19. 
2. To conclude and offer suggestions.  
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RESEARCH METHODOLOGY: 

This paper collected data from secondary sources such as Media Reports, Press Releases, 
WHO reports, News Magazines and journals, etc. 

LITERATURE REVIEW: 

T Rajgopal1, Bobby Joseph2 (2021), Public-private partnerships will play a huge role in the 
vaccination drive. Private hospitals can partner with the state governments and the private sector to 
vaccinate employees and their family members. Additionally, as part of their corporate social 
responsibility initiatives, large companies can aim to reach the workers in the unorganized sector who 
form a significant proportion of the country's working population. Vaccination drives are currently 
encouraged in housing societies as well – this presents another avenue to the private sector. 
Vaccination coupled with no pharmaceutical measures such as universal masking, maintaining 
physical distancing, and practicing hand hygiene would be the key to preventing and mitigating the 
potential third wave in India. 

Dr. V Ravi (2021), The SARS-CoV-2 has not run its full course as yet. Also, whenever it is done, a 
chief takeaway could be keeping the collective memory of it alive. How well a country will fare in 
tackling future COVID-19 waves or newer pandemics will depend a lot on how well they weave and 
integrate the 10 themes mentioned here into the fabric of their work culture. 
 
RESEARCH GAP 

Large numbers of studies have been conducted on the impact of Covid-19 on the Indian economy and 
Covid-19 precautions to overcome in the first and second wave in the past. No studies were undertaken 
so far on the Precautions to prevent third wave covid-19. To fulfill the gap in research the present 
study has been undertaken. 
 
The following 6 precautions are helpful to overcome the third wave of COVID-19 in the country. 

1. REMEMBER COVID-19 IS STILL HERE 

With a significant decline in cases, state after state is opening up. Both the public and the government 
need economic activities to gain pace, which requires lifting of Covid-induced restrictions. 
As the restrictions were lifted, people were seen crowding indoors and outdoors while the authorities 
too looked lax in enforcing Covid-19 protocol. The result was that after a few months, the Covid-19 
pandemic came back with the biggest global surges in India, which can unlearn this lesson at its peril. 
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      Source: India Today 

2. TAKE BEHAVIORAL VACCINE 

Covid-19 pandemic rushed scientists into developing vaccines at the fastest speed. The efficacy of lab-
developed vaccines differs for each candidate and against different mutant variants of SARS-CoV-2. 
However, behavioral vaccines offer the best defense against all variants of SARS-CoV-2. 
Behavioral vaccines include appropriate wearing of face masks, practicing Covid-appropriate hygiene, 
and maintaining adequate physical-social distance. The Tana Bhagat community of the Oraon tribe in 
Jharkhand has shown how to beat Covid-19 without vaccines. 
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Source: India Today 

No member of the Tana Bhagat community has reported positive for Covid-19 through the first 
and second wave of the coronavirus pandemic, while Jharkhand has reported about 3.44 lakh cases of 
SARS-CoV-2 infection. 

 
 
3. STAGGERED OPENING 

Staggered opening of marketplaces and offices can stop overcrowding of places. Both public 
authorities and private management should opt for staggering timings and sites, including continued 
adoption of work-from-home mode to prevent the congregation of the workforce in one place. 

 

 
Source: India Today 
 

This is more important for offices requiring more indoor staff than those depending on-field 
workers. Studies have shown that spread of Covid-19 is greater indoors as wind and sun rays help 
faster disintegration of SARS-CoV-2 outdoors. 
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4. TARGETED CONTAINMENT 

‘Test, track and treat’ has been the mantra of health agencies across the world, including the 
World Health Organization. But what has been observed is that this principle has remained mostly on 
paper and enforced less rigorously on the ground for various reasons. As India is heading to another 
ebb of the pandemic wave, this could be the best time to ensure that Covid-management fatigue does 
not creep in as it happened on the retreat of the first wave. Fresh Covid-19 cases should be aggressively 
managed, contact-traced, and treatment protocol thoroughly followed at the local level. 

 
Source: India Today 
 

Immediate lockdowns are imposed in places where the positivity rate nears or crosses the 5 per cent-
mark. The WHO treats this as the danger-line in the spread and management of the Covid-19 
pandemic. 
 

5. SPEEDING UP VACCINATION 

Despite frequent controversies over their efficacy and use of certain ingredients, and rumors 
taking cyberspace by storm, vaccines, according to health experts, remain the best hope against Covid-
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19. Pandemics or epidemics are known to fizzle out when a population attains herd immunity, meaning 
the virus has no further scope of growth. Vaccines offer herd immunity artificially. 

In absolute numbers, India's vaccination speed looks impressive compared to other countries, 
but not in terms of percentage. India has roughly provided vaccination coverage to its 16 percent of 
eligible (above 18) population. In contrast, the UK has provided 59 percent coverage, the US 51 
percent, Israel 62 percent, and even Brazil 22 percent. 

 
Source: India Today 

The immediate target of India is to provide 40 percent vaccination coverage against Covid-19. 
This means India might have to vaccinate around 1 crore people every day to meet the target by 
August-end. In June, the daily doses of vaccination have stayed in 30-35 lakh zone. The vaccine 
production and supply situation is expected to improve from July. 

6. MORE TEETH TO SCIENCE 

India is the second-worst affected country by Covid-19 and the worst hit during the second 
wave of the coronavirus pandemic. However, a Washington Post analysis published in April-end 
ranked India at 102 in genetic sequencing for SARS-CoV-2. 

The Global Initiative on Sharing Avian Influenza Data (GISAID) too held the same view, 
saying only 3,636 genome sequences were shared with it between January 12, 2020, and April 28, 
2021. 
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Identification of a new variant is understood to be crucial in mitigating the chance of a fresh 
wave of the Covid-19 pandemic. India's problem is the infrastructural capacity to do genome studies. 
Such capacity cannot be built overnight. 
 

 
Source: India Today 

The experts, however, say an immediate focus of the government is an absolute necessity to 
build a science-based case against Covid-19. The shortage of genome data on SARS-CoV-2 may bring 
about a fresh wave of the Covid-19 pandemic as neither scientists nor authorities would know that the 
virus was on a colonization mission. 

CONCLUSION:  
The above 6 precautions should be followed strictly. To defeat corona, you have to protect 

yourself according to the above precautions. The two Covid-19 waves may have a lesson for India that 
the government agencies might not prevent a fresh surge but people can. The Tana Bhagat community 
has a model to keep even a third wave of Covid-19 at bay. The government is making every effort to 
protect the general public from the corona. The government of India has recently issued a warning 
regarding the third wave of corona disease, which has been continuously spreading. The government 
has stated in unambiguous terms that the third wave of corona will ensue if the lockdown is not 
followed well. And also people feel a responsibility to follow all precautions to face the third wave of 
corona 19.   
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Abstract 

Financial services form the backbone of a country’s economic growth and development.  

The objective of this study is to identify the recent changes in financial services in India both the 

private and public sector and how these are reflecting both in terms of strong growth of existing 

financial services firms and new entities entering the market. For this study, I have gone through 

different research articles. This paper covers the period 2020-2021.  

Keywords: Financial Services, Growth, Changes. 

 

INTRODUCTION 

Financial services are the economic services provided by the finance industry, which 

encompasses a broad range of businesses that manage money, including credit unions, banks, credit 

card companies, insurance companies, accountancy companies, consumer-finance companies, stock 

brokerages, investment funds, individual managers, and some enterprises. India has a diversified 

financial sector undergoing rapid expansion, both in terms of strong growth of existing financial 

services firms and new entities entering the market. The sector comprises commercial banks, 

insurance companies, non-banking financial companies, co-operatives, pension funds, mutual funds, 

and other smaller financial entities. The banking regulator has allowed new entities such as payment 

banks to be created recently, thereby adding to the type of entities operating in the sector. However, 

the financial sector in India is predominantly a banking sector with commercial banks accounting for 

more than 64% of the total assets held by the financial system. 

The Government of India has introduced several reforms to liberalize, regulate and enhance 

this industry. The Government and Reserve Bank of India (RBI) have taken various measures to 

facilitate easy access to finance for Micro, Small, and Medium Enterprises (MSMEs). These 

measures include launching Credit Guarantee Fund Scheme for MSMEs, issuing guidelines to banks 

regarding collateral requirements, and setting up a Micro Units Development and Refinance Agency 

(MUDRA). With a combined push by Government and private sector, India is undoubtedly one of 

the world's most vibrant capital markets. 

 

OBJECTIVES OF THE STUDY 

1. To know the Recent Changes and industry analysis in Financial services in India. 

2.  To identify the Government initiatives towards financial services. 

 

RESEARCH METHODOLOGY 

This paper collected data from a secondary sources such as Media Reports, Press Releases, 

IRDAI, General Insurance Council, Reserve Bank of India, Union Budget 2021 22. 

 

LITERATURE REVIEW: 

Suresh Aaluri, Dr. M. Srinivasa Narayana, Dr. P. Vijay Kumar (2016): The Studies the trends in 

the banking sector for financial inclusion, regulation, technology in India. The recent initiatives taken 

by the Government of India boost to promote financial inclusion and surely leading to the position 

where all Indians have their bank accounts, using Information Technology enabled services. 

Manendra Singh*(2012): In the above-mentioned paragraphs, we can see the variety of financial 

services that are available in the Indian environment. Be its banking sector, there is huge potential in 

the market where RBI has suddenly developed its keenness to allow foreign direct investment and 

the role of private players. Be it NBFC, it is one of the fast-emerging markets in India. Be it the 

insurance sector, India is ranked as the 5th largest market in Asia by premium following Japan, 
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Korea, China, and Taiwan. Similarly, there is huge potential lying untapped in other financial 

services sectors including capital market, mutual funds, etc. All in all, the financial sector in India 

provided it meets the required attention of the policymakers will emerge into a strong market that 

will be able to bear any shock and take the country on the path of growth. 

 

MARKET SIZE 

As of March 2021, AUM managed by the mutual fund's industry stood at Rs. 3,142,764 crore 

(US$ 425.87 billion).   Inflow in India's mutual fund schemes via systematic investment plan (SIP) 

was Rs. 96,080 crores (US$ 13.12 billion) in FY21. Equity mutual funds registered a net inflow of 

Rs. 8.04 trillion (US$ 114.06 billion) by end of December 2019. 

Another crucial component of India's financial industry is the insurance industry. The insurance 

industry has been expanding at a fast pace. The total first-year premium of life insurance companies 

reached Rs. 2.59 lakh crore (US$ 36.73 billion) in FY20. 

Furthermore, India’s leading bourse, Bombay Stock Exchange (BSE), will set up a joint venture with 

Ebix Inc to build a robust insurance distribution network in the country through a new distribution 

exchange platform. 

Fundraising from the equity market grew by 116% to Rs. 1.78 lakh crore in Initial public 

offering (IPOs), Offer for Sale (OFS), and other market issuances in 2020. In FY20, the number of 

listed companies on the NSE and the BSE were 1,795 and 5,377, respectively. 

 

INVESTMENTS/DEVELOPMENTS 
   In February 2021, the Reserve Bank of India (RBI) cleared the Rs. 34,250 crore (US$ 4.7 

billion) acquisition of Dewan Housing Finance Corporation (DHFL) by the Piramal Group. 

   In January 2021, Sundaram Asset Management Company announced the acquisition of 

Principal Asset Management for Rs.  338.53 crores (US$ 46.78 million). 

   In January 2021, the National Stock Exchange (NSE) launched derivates on the Nifty Financial 

Service Index. This service index is likely to provide institutions and retail investors more 

flexibility to manage their finances. 

   In November 2020, LIC took initiatives to facilitate quicker proposal completion by launching a 

digital application – ANANDA. 

   In November 2020, Paytm reported 2 x growths in digital gold transactions in the last six 

months. New customers have increased 50% since the beginning of this financial year and the 

average order value has increased by 60%. 

   In November 2020, the Reserve Bank of India (RBI) announced the establishment of its 

Innovation Hub. To encourage access to financial services and goods and foster financial 

inclusion, this initiative would create an ecosystem. The Innovation Hub of the Reserve Bank 

(RBIH) is intended to promote innovation across the financial sector by leveraging technology 

and creating a conducive environment for innovation. 

   VC investments grew to US$ 3.6 billion in July-September 2020 from US$ 1.5 billion in the 

previous quarter, powered by the mega-deals, which included the US$ 1.3 billion raised by the 

online retailer—Flipkart. 

   On November 6, 2020, WhatsApp started its UPI payment services in India on receiving the 

National Payments Corporation of India (NPCI) approval to ‘Go Live’ on UPI in a graded 

manner. 

   In April 2021, Unified Payments Interface (UPI) recorded 2.64 billion transactions worth Rs. 

4.93 lakh crore (US$ 66.88 billion). 

   The number of transactions through Immediate Payment Service (IMPS) increased to 322.96 

million and was worth Rs. 2.99 lakh crore (US$ 40.58 billion) in April 2021. 

 

GOVERNMENT INITIATIVES 
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  The government has approved 100% FDI for insurance intermediaries and increased the FDI 

limit in the insurance sector to 74% from 49% under the Union Budget 2021-22. 

   In January 2021, the Central Board of Direct Taxes launched an automated e-portal on the e-

filing website of the department to process and receive complaints of tax evasion, foreign 

undisclosed assets, and register complaints against 'Benami’ properties. 

   In December 2020, the Reserve Bank of India issued a draft circular on the declaration of 

dividends by NBFCs, wherein it proposed that NBFCs should have at least 15% Capital to Risk-

Weighted Assets Ratio (CRAR) for the last 3 years, including the accounting year for which it 

proposes to declare a dividend. 

   In November 2020, the Union Cabinet approved the government's equity infusion plan for Rs. 

6,000 crores (US$ 814.54 million) in the NIIF Debt Platform funded by the National Investment 

and Infrastructure Fund (NIIF) consisting of Aseem Infrastructure Finance Limited (AIFL) and 

NIIF Infrastructure Finance Limited (NIIF) (NIIF-IFL). 

   In November 2020, two MoUs were signed—one between India International Exchange (India 

INX) and Luxembourg Stock Exchange and another between State Bank of India and 

Luxembourg Stock Exchange for cooperation in financial services, ESG (environmental, social, 

and governance), and green finance in the local market. 

   On November 11, 2020, The Cabinet Committee on Economic Affairs approved the 

continuation and revamping of the scheme for financial support to public-private partnerships 

(PPPs) in the 'Infrastructure Viability Gap Funding (VGF) Scheme' until 2024-25 with a total 

outlay of Rs. 8,100 crore (US$ 1.08 billion). 

Road Ahead 
India is expected to be the fourth largest private wealth market globally by 2028. India is today one 

of the most vibrant global economies on the back of robust banking and insurance sectors. The 

relaxation of foreign investment rules has received a positive response from the insurance sector, 

with many companies announcing plans to increase their stakes in joint ventures with Indian 

companies. Over the coming quarters, there could be a series of joint venture deals between global 

insurance giants and local players. 

The Association of Mutual Funds in India (AMFI) is targeting nearly five-fold growth in AUM to 

Rs. 95 lakh crore (US$ 1.47 trillion) and more than three times growth in investor accounts to 130 

million by 2025. 

India's mobile wallet industry is estimated to grow at a Compound Annual Growth Rate (CAGR) of 

150% to reach US$ 4.4 billion by 2022, while mobile wallet transactions will touch Rs. 32 trillion 

(USD$ 492.6 billion) during the same period. 

Note: Conversion rate used for April 2021 is Rs. 1 = US$ 0.01334 

 

FINANCIAL SERVICES INDIA 

Muthoot Finance: 

Muthoot Finance Limited is a gold financing company. The company is a non-banking financial 

company (NBFC) that is engaged in providing loans (financing) against the collateral of gold 

jewelry. The company operates through two segments: financing and power generation. The 

company provides personal and business loans (secured by gold jewelry) prim... 

Bajaj Finserv 

Bajaj Finserv Limited is a holding company for various financial services businesses. The company 

is engaged in the business of promoting financial services, such as finance, insurance, and wealth 

management, through its investment in subsidiaries and joint ventures (JVs). The company is also 

engaged in the business of generating power through win... 

ICICI Prudential Life Insurance Company 

ICICI Prudential Life Insurance Company Limited is a joint venture between ICICI Bank Limited 

and Prudential Corporation Holdings Limited. The company provides life insurance, pensions, and 
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health insurance to individuals and groups. It conducts business in participating, non-participating 

and unit-linked lines of businesses.  

 
INDIAN FINANCIAL SERVICES INDUSTRY ANALYSIS 

The country's financial services sector consists of capital markets, the insurance sector, and 

non-banking financial companies (NBFCs). India's gross national savings (GDS) as a percentage of 

Gross Domestic Product (GDP) stood at 30.50% in 2019. In 2019, US$ 2.5 billion was raised across 

17 initial public offerings (IPOs). The number of ultra-high-net-worth individuals (UHNWIs), with a 

wealth of US$ 30 million or more, is expected to rise 63% between 2020 and 2025 to 11,198; India 

has the second-fastest growth in the world. 

India has scored a perfect 10 in protecting shareholders' rights on the back of reforms 

implemented by the Securities and Exchange Board of India (SEBI) in the World Bank's Ease of 

Doing Business 2020 report. 

As of January 2021, AUM managed by the mutual fund's industry stood at Rs. 32.29 lakh 

crore (US$ 438.27 billion).  Inflow in India's mutual fund schemes via the Systematic Investment 

Plan (SIP) route reached Rs. 82,453 crore (US$ 11.70 billion) in 2019. Equity mutual funds 

registered a net inflow of Rs. 8.04 trillion (US$ 114.06 billion) by end of December 2019. 
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16% of assets in the mutual fund industry were generated from B30 locations in December 

2020. These assets increased by 3%, from Rs. 4.95 lakh crore (US$ 62.26 billion) in December 2020 

to Rs. 5.13 lakh crore (US$ 70.75 billion) in January 2021. 

The Government of India has taken various steps to deepen reforms in the capital market, including 

simplification of the IPO process, which allows qualified foreign investors (QFIs) to access the 

Indian bond market. In 2019, investment in Indian equities by foreign portfolio investors (FPIs) 

touched a five-year high of Rs. 101,122 crore (US$ 14.47 billion). Investment by FPIs in India’s 

capital market reached a net Rs. 12.52 lakh crore (US$ 177.73 billion) between FY02-21 (till August 

10, 2020). 

Indian stock markets—S&P Sensex and Nifty50—rose 15.75 and 14.90%, respectively, in 2020. For 

the decade ended in 2020, the Sensex gained a whopping 173% and Nifty surged by 169%. 

In January 2021, the National Stock Exchange (NSE) launched derivates on the Nifty 

Financial Service Index. This service index is likely to provide institutions and retail investors more 

flexibility to manage their finances. 

In January 2021, the Central Board of Direct Taxes launched an automated e-portal on the e-filing 

website of the department to process and receive complaints of tax evasion, foreign undisclosed 

assets, and register complaints against 'Benami’ properties. 

Fundraising from the equity market grew by 116% to Rs. 1.78 lakh crore in Initial public offering 

(IPOs), Offer for Sale (OFS), and other market issuances in 2020. 

In December 2020, a US$ 50-million policy-based loan to enhance financial management practices 

and operational efficiencies aimed at achieving greater fiscal savings, fostering informed decision-

making, and enhancing service delivery in West Bengal were signed by the Asian Development 

Bank (ADB) and the Government of India. 

In December 2020, the Reserve Bank of India issued a draft circular on the declaration of dividends 

by NBFCs, wherein it proposed that NBFCs should have at least 15% Capital to Risk-Weighted 

Assets Ratio (CRAR) for the last 3 years, including the accounting year for which it proposes to 

declare a dividend. 

The government has approved 100% FDI for insurance intermediaries and increased the FDI limit in 

the insurance sector to 74% from 49% under the Union Budget 2021-22. 

 

CONCLUSION: 

India is expected to be the fourth largest private wealth market globally by 2028. India is today one 

of the most vibrant global economies on the back of robust banking and insurance sectors. The 

relaxation of foreign investment rules has received a positive response from the insurance sector, 

with many companies announcing plans to increase their stakes in joint ventures with Indian 

companies. Over the coming quarters, there could be a series of joint venture deals between global 

insurance giants and local players. The Government of India has introduced several reforms to 

liberalize, regulate and enhance this industry. The Government and Reserve Bank of India (RBI) 

have taken various measures to facilitate easy access to finance for Micro, Small, and Medium 

Enterprises (MSMEs). These measures include launching Credit Guarantee Fund Scheme for 

MSMEs, issuing guidelines to banks regarding collateral requirements, and setting up a Micro Units 

Development and Refinance Agency (MUDRA). With a combined push by Government and private 

sector, India is undoubtedly one of the world's most vibrant capital markets. 
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Abstract 

This study aims to know the impact of the covid 19-second wave on the Indian economy. For this study, I 

have gone through tabulation analysis with different studies already taking place. The second wave of 

the Covid-19 pandemic has taken a vicious toll on India's health, but the economic toll has also been 

heavy, though nothing like the carnage seen in the first quarter of the last fiscal year, when GDP growth 

crashed 23.9 percent in response to India's GDP shrank 7.3 percent in 2020-21 (in real terms adjusted 

for inflation). This is the worst performance of the Indian economy in any year since Independence. 

Almost all the sectors have been adversely affected as domestic demand and exports sharply plummeted 

with some notable exceptions where high growth was observed. A major concern of the second wave is 

that the virus has spread into India's hinterland and could wreak havoc in villages, towns, and small 

cities. Lockdowns may help break the chain of transmission; however, they will postpone another surge 

unless the gap period is utilized to vaccinate the people. As of now, the country's GDP growth is likely 

to be below the expected 10 percent. 

Keywords: Covid - 19, Indian Economy, GDP, Impact. 

 

INTRODUCTION 

Agriculture will see a deeper cut from the second wave compared to the first wave where it grew. It has 

been more than a year and a half since the COVID-19 pandemic penetrated the deepest core of human 

civilization and made us realizes the power of Mother Nature. In India, after the first wave, we thought 

that we had gained control of the situation, but the second wave found us wanting for basic necessities 

such as oxygen and medical supplies. It might appear that the second wave is on its way out with daily 

cases coming down to under 60,000 from the peaks of nearly 4 lakh cases, but we have lost over 3.8 

lakh precious lives to COVID-19 already. With the hope that the situation will significantly improve on 

the medical side, it is time to assess the impact of the second wave on macroeconomics. 

The government’s approach to dealing with the two waves has been different. The response to the 

second wave has been localized and driven by the states, while in the first wave we went for a national 

lockdown. I attribute this to the economic compulsions of the hard-hit central government and the 

progressive spread of the virus. The second wave started in the west with Maharashtra, went up North 

and now is peaking in the south of the country. This spread journey makes a national lockdown 

economically suboptimal. 

To understand the economic impact of the second wave, let’s remind ourselves of the first wave and its 

impact on the economy. In the first wave, we went through a prolonged national lockdown and a 

significantly lower number of peak cases. Manufacturing and the urban economy had come to a grinding 

halt while the rural economy continued to move because of less strict lockdowns. As a result, 

agriculture, which is the primary driver of our rural economy, providing employment to 58% of our 

population, continued to grow. Agriculture further benefited from good monsoon and cheaper and 

higher availability of labor. Reflecting on the GDP figures, our agricultural economy grew by 3.4% 

while the overall economy contracted by 7.7% in FY21. The first wave was primarily urban in its 

spread. Urban areas reported more cases than rural areas for the first five months of the spread. In the 

second wave, rural areas started reporting more cases than urban ones from the second month itself. An 

analysis of more than 50 most severely hit districts, 26 were in rural areas. Rural areas in the state of 

Maharashtra, Andhra Pradesh and Kerala were the worst impacted. The situation was further aggravated, 
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due to the inadequacy of medical infrastructure in the rural areas and the rush of patients from villages 

and smaller towns to urban centers. 

When early signs of the second Covid-19 wave emerged in India a few months ago, many experts 

predicted that the economic damage would not be as bad as the first wave in 2020. There were two 

primary reasons behind the assertion — India had vaccines against the virus and no nationwide 

lockdown was imposed. 

But almost three months after the first signs of the second wave emerged, India is struggling to vaccinate 

its vast population and strict lockdowns remain imposed in almost all parts of the country. As a result, 

the economic growth projections shared earlier have changed drastically. Even SBI, the country's largest 

public lender, recently slashed its FY22 growth forecast. 

Data on jobs, income, household income, consumer sentiment and demand show that the second wave 

has had a devastating impact on India’s economy, especially on poorer citizens and smaller businesses. 

Even rural areas that were a saving grace during the first wave have been deeply affected this time. 

 

OBJECTIVES OF THE STUDY 

1. To focus on the impact of a second wave pandemic on Indian economy. 

2. To draw conclusions and offer suggestions. 

 

RESEARCH METHODOLOGY 

The present Research Paper uses Secondary Data by collecting information on the present issue like 

websites, newspaper articles, magazines, government reports, journals, etc. In line with this, the use of 

an extensive Literature Review method has been implemented to carry out the present research 

meaningful. Literature review methodology is a proven tool to do secondary data base reviews. They 

serve and present solid grounds for future investigation. However, both conducting a literature survey 

and utilizing it for strategy reasons has continuously been challenging. However, in this study we 

utilized them tactfully to build on incredible precision instead of conducting the same research once 

again. 

 

REVIEW OF LITERATURE: 

Ajay Kumar Poddar*1 and Brijendra Singh Yadav2 (2020), India is already falling short in meeting 

its growth expectations in the last two FY. The GST collection is also not at par. The situation of 

COVID-19 is aggravating the financial health of the country, even worsening. As per the UN report, 

India will be impacted by $348 mn on its trade due to the Corona Virus. The figure will increase even 

further depending on the period of lockdown, locally & globally. Hence, the Null Hypothesis has been 

proved successfully that there is a significant relationship between the happening of COVID-19 and the 

fall of the Indian Economy. 

The current COVID-19 outbreak has provoked social stigma and discriminatory behaviors against 

people of certain ethnic backgrounds as well as anyone perceived to have been in contact with the virus. 

(Barrett R, Brown P J. 2008) 
ICRA has also indicated their concern for the production, manufacturing and service industries amid the 

uncertainty of the lockdown situation. They suspect that the situation will take a longer period to 

normalization. "The negative trend of the economy will start giving indicators from the 3rd week of 

March 2020". The industries like construction, hotels, live events, travel, tourism will be the first ones to 

be affected due to their nature of unessential. 

The increasing number of emerging infectious disease events of international concern, such as severe 

acute respiratory syndrome (SARS) and the 2009 pandemic influenza A/H1N1, dictate a specific need to 

increase bidirectional communication between local governments and the international community. 

Recognizing this need, the Global Outbreak Alert and Response Network (GOARN) was formed in 
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2000 as a global collaboration to consolidate technical support for outbreak surveillance and response 

efforts (8), and the WHO’s International Health Regulations (IHR 2005) were revised to update 

surveillance capacity standards and mandate reporting of disease events that may constitute "public 

health emergencies of international concern" (Chan E H, Brewer T F, Madoff L C, Pollack M P, 

Sonricker A L., and others. 2010). 

  

IMPACT OF SECOND WAVE PANDEMIC ON INDIAN ECONOMY 

This second wave pandemic has created new issues for the Indian economy that led to a severe 

disastrous impact on Agriculture, Manufacturing, and Services. 

Agriculture 
The second wave has seen stricter and longer lockdowns in the rural parts of the country. Due to the 

lockdowns, APMC Mandis has been closed for operations or has taken such steps voluntarily. 

Specifically, APMC Mandis in Gujarat, Rajasthan and Maharashtra were closed during the peak 

harvesting season. Farmers were not prepared for the ensuing chaos. As the Mandis have still not opened 

fully, crops are rotting in the fields. Due to the closure of Mandis, vegetable vendors, and processing 

industries have also been hit. We can see the contrasting impact of the first and the second wave in the 

agriculture wage growth data. The average wage growth for the agriculture sector for the period of 

November 2020 to March 2021 has reduced to 2.9 percent (2nd wave) from 8.5 percent in April to 

August 2020 (1st wave). 

Manufacturing 
Manufacturing was at the receiving end in both the first and the second wave. To control the corona 

virus spread, most of the manufacturing sector had to work at a lesser capacity or shut down. Non-

essentials manufacturing was hit for longer and with more severe restrictions. The fear of prolonged 

lockdowns led to migration back to villages. In addition, the global and local supply chains had also not 

fully normalized after the first wave. This has meant a higher cost of procuring raw materials for both 

small and large industries.  As per the IHS Market India Manufacturing Purchasing Managers’ Index 

(PMI) in May 2021, the PMI slumped to 50.8 from 57.5 reported in February. It is at a ten-month low. 

Services 
The services sector in the last two decades has become the bedrock of the Indian economy, contributing 

to more than half of the GDP. But, our services and knowledge-based industries have been built on the 

manufacturing industry premise of the 18th century, i.e. proximity and discipline of workers to the 

factory is critical in getting good output. We apply the same philosophy to our software engineers and 

telecalling workforce. With the internet revolution, this premise has proven to be an unnecessary legacy 

of the past. Now the workforce can be decentralized and anyone can work from anywhere till the time 

there is 4G internet. I do believe that COVID will prove a positive disruption for the services sector in 

the long run. 

The first wave required a steep learning curve for organizations to develop infrastructure and processes 

for remote working. For the employees, the first wave lockdowns were a new paradigm and it took them 

some time to adjust to working from home and be productive. Prolonged lockdown and unlocking 

phases during the first wave ensured that both the employer and employee got into a rhythm and the 

productivity started reaching pre-covid levels. The second wave disrupted this rhythm. But the impact of 

the second wave has been localized and centered around groups of people with typical disruptions 

costing 3-4 weeks of productivity. My assessment is that the services sector will be the least hit by wave 

2 from an output standpoint. 

The table below summarizes the above ideas. 
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Time period Indian 

GDP % growth 

Agriculture 

GDP % 

growth 

Manufacturing 

GDP % 

growth 

Services 

GDP % 

growth 

FY 21 

(Reflection of the 

Wave-1) 

 

-7.3 

 

Contracted 

by 16 % 

 

Contraction by 

7.2% 

 

A growth of 

3.4% 

% contribution to 

the overall GDP 

 

Nil 

 

55% 

 

17.4% 

 

17.8% 

 

Expected impact 

of the wave 2 

8.2%  to 9.3% 

(overall growth due to 

base effect but reduced 

forecasts by rating 

agencies 

 

Significantly 

lower than 

wave-1 

 

lower than 

wave-1 

 

Higher than 

wave-1 

Source: www.financialexpress.com 

 

The overall impact on GDP 

On May 31, the Indian government released the data for GDP that during the financial year 2020-21, 

GDP contracted by 7.3 percent. It is the most severe contraction from the time India got its 

independence. The reasons behind this trajectory are obvious – lockdown leading to the closing of 

business units, increasing unemployment rate and a significant decline in domestic consumption. 

For the current financial year, the Reserve Bank of India has anticipated growth of 10.5 percent. But the 

rating agencies across the globe have downgraded it due to the impact of the second wave of COVID-

19. Moody’s initially projected 13.7 percent of growth for FY 2021-22, but later lowered it to 9.3 

percent. The same goes with S & P Global Rating. They have lowered the 11 percent growth to 9.8 

percent in the case of moderate impact of the second wave, but for a worst-case scenario, it would be 8.2 

percent. The ideas around a third wave are not helping the situation at all. 

To summarize the macroeconomic numbers of GDP, I expect a less severe impact of the second wave 

due to less strict, localized lockdowns and practically a lesser number of days in reaching the peak 

number of infections. Agriculture will see a deeper cut from the second wave compared to the first wave 

where it grew. Our hopes of economic revival are pinned to us having an express vaccination drive, 

which takes away the fear of a third wave and a revival of consumer confidence and spending. 

 

Conclusion: 
The majority of aged people died from Corona. Locked down have declined the price of oil and affected 

the economy of the oil countries of the world. China has controlled the situation while in other countries 

still the struggle is continued for control. It may be possible it will be controlled in the month of August, 

2020. Now the trend has declined in the world as well as in India. India's government had followed the 

SOPS of W.H.O. but due to religious movement it was disturbed and the corona virus was spread 

throughout India. Similarly, all the community was in fear and stayed at home, which has created other 

diseases in the community. The density of the India population was high and because of this, the 

chances of corona spreading were greater in the country. majority of people become unemployed and 

jobless in the country. On the basis of problems, the study recommends that we fully quarantine the 

boundary line of the country in the future; The health budget should be increased in the country for 

construction of hospital and medical facilities; Locked down should be implemented in time in the 

country; Unity in the country is required; Good and trained doctors should be appointed in the hospital; 

Large and big hospitals should be constructed in the country where the number of beds is more than the 

requirement in the time of emergency; Principles of the SOPs should be followed by the community of 

the country; A mask should be worn during locked down and after entering the home, hands must be 

http://www.financialexpress.com/
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washed with soap; Quality food should be eaten for the development of immunity. Aged people should 

be kept away from this type of virus. 
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Abstract Heat exchangers are widely used as 

essential units in heat extracting and recovering 

systems in industries. High performance heat transfer 

system is of great importance in many industrial 

applications. The performance of heat exchanger can 

be substantially improved by a number of 

augmentation techniques. The present work reported 

the use of twisted tapes with different twist ratio 

fitted in a double pipe heat exchanger to improve the 

fluid mixing that leads to higher heat transfer rate 

with respect to that of the plain tube. Heat transfer 

rate, overall heat transfer coefficient, pressure drop 

and velocity stream line characteristics etc are 

investigated numerically in a double pipe heat 

exchanger fitted with twisted tape with different 

twisted ratios using water as working fluid. Tests are 

performed for turbulent flow Reynolds number 

ranges. In this work number of twists in twisted tape 

taken as 15,20,25 And corresponding Twisted Ratios 

obtained  are Y = 4.88, 3.66, 2.93 Respectively. CFD 

Analysis is carried out at different Hot fluid mass 

flow rates by keeping cold fluid mass flow rate as 

constant For Different Twist Ratios. 

Introduction to Heat Exchangers: 
   Heat exchangers have several industrial and 

engineering applications. The design procedure of 

heat exchangers is quite complicated, as it needs 

exact analysis of heat transfer rate and pressure drop 

estimations apart from issues such as long-term 

performance and the economic aspect of the 

equipment. The major challenge in designing a heat 

exchanger is to make the equipment compact and 

achieve a high heat transfer rate using minimum 

pumping power. 

      Techniques for heat transfer augmentation are 

relevant to several engineering applications. In recent 

years, the high cost of energy and material has 

resulted in an increased effort aimed at producing 

more efficient heat exchange equipment. 

Furthermore, sometimes there is a need for 

miniaturization of a heat exchanger in specific 

applications, such as space application, through an 

augmentation of heat transfer. For example, a heat 

exchanger for an ocean thermal energy conversion 

(OTEC) plant requires a heat transfer surface area of 

the order of 10000 m2/MW. Therefore, an increase in 

the efficiency of the heat exchanger through an 

augmentation technique may result in a considerable 

saving in the material cost. 

Double Pipe Heat Exchanger:  

         The double pipe or the tube in tube type heat 

exchanger consists of one pipe placed concentrically 

inside another pipe having a greater diameter. The 

flow in this configuration cane be of two types: 

parallel flow and counter-flow. It can be arranged in 

a lot of series and parallel configurations to meet the 

different heat transfer requirements. Of this the 

helically arranged stands out as it has found its place 

in different industrial applications. As this 

configuration is widely used, knowledge about the 

heat transfer coefficient, pressure drop, and different 

flow patterns has been of much importance. The 

curvature in the tubes creates a secondary flow, 

which is normal to the primary axial direction of 

flow. This secondary flow increases the heat transfer 

between the wall and the flowing fluid. And they 

offer a greater heat transfer area within a small space, 

with greater heat transfer coefficients. Study has been 

done on the types of flows in the curved pipes, and 

the effect of Prandtl and Reynolds number on the 

flow patterns and on Nusselt numbers. The two basic 

boundary conditions that are faced in the applications 

are constant temperature and the constant heat flux of 

the wall. 
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Fig: Fluid Flow Directions 

The need to increase the thermal performance of heat 

exchangers, thereby effecting energy, material & cost 

savings have led to development & use of many 

techniques termed as Heat transfer Augmentation. 

These techniques are also referred as ―Heat transfer 

Enhancement or Intensification. Augmentation 

techniques increase convective heat transfer by 

reducing the thermal resistance in a heat exchanger. 

Performance Evaluation Criteria: 

In most practical applications of enhancement 

techniques, the following performance objectives, 

along with a set of operating constraints and 

conditions, are usually considered for optimizing the 

use of a heat exchanger 

1.Increase the heat duty of an existing heat exchanger 

without altering the pumping power (or pressure 

drop) or flow rate requirements. 

2.Reduce the approach temperature difference 

between the two heat-exchanging fluid streams for a 

specified heat load and size of exchanger. 

3.Reduce the size or heat transfer surface area 

requirements for a specified heat duty and pressure 

drop or pumping power. 

4.Reduce the process stream’s pumping power 

requirements for a given heat load and exchanger 

surface area. 

2.LITERATURE REVIEW 

            Kumar and Prasad (2000) enhanced the solar 

water heater performance by inserting the twisted 

tapes with twist ratios ranging from 3 - 12 and 

conducted the experiment for varying mass flow 

rates. They observed that the heat transfer in the 

twisted tape insert collectors had been found to 

increase by 18 - 70%, whereas the pressure drop 

increased by 87 - 132%. Twisted tape collectors 

performed remarkably better in the lower range of 

flow Reynolds number (Re = 12,000) beyond which 

the increase in thermal performance was 

monotonous. 

Eiamsa-ard and Promvonge (2006) conducted the 

experiment on heat transfer and friction factor 

characteristics for the uniform heat flux tube fitted 

with V-nozzle inserts with three different pitch ratios 

of 2.0, 4.0 and 7.0. The experimental results showed 

that the V-nozzle inserts could help to increase 

considerably the heat transfer rate at about 270% 

over the plain tube due to reverse/recirculation flows. 

The smallest pitch ratio led to maximum 

enhancement efficiency than those with higher pitch 

ratio. 

   Eiamsa-ard et al. (2006) experimentally 

investigated the heat transfer and friction factor 

characteristics in a double pipe heat exchanger fitted 

with full-length typical twisted tape at different twist 

ratios (y = 6.0 and 8.0) and twisted tape with various 

free space ratios (s = 1.0, 2.0 and 3.0). The results 

showed that the heat transfer coefficient increased 

with a decrease in twist ratio for full length twisted 

tape and whereas the decrease in the free space ratio 

would improve both the heat transfer coefficient and 

friction factor for regularly spaced twisted tape 

elements. 

 The heat transfer and pressure drop characteristics in 

a horizontal double pipe heat exchanger with twisted 

tape inserts at different pitch (H = 2.5 and 3cm) by 

varying the temperature and mass flow rates for both 

hot and cold water flows were studied by Naphon 

(2006). It was observed that the heat transfer rate at 

lower twist ratio was higher than those from higher 

ones across the range of Reynolds number. This was 

because the turbulent intensity and the flow length 

obtained from lower twist ratio was higher than those 

at higher ones and also stated that the tube-side heat 

transfer coefficient at higher cold water mass flow 

rate was higher than that of the lower ones. This was 

because the heat transfer rate depends directly on the 

cooling capacity of cold water. 

 

           Promvonge and Eiamsa-ard (2007a) studied 

the heat transfer and friction factor and enhancement 

efficiency characteristics in a circular tube fitted with 

conical-ring turbulators and combination of conical-

ring with twisted tape for the twist ratios of (y = 3.75 

and 7.5). The experimental results revealed that the 

tube fitted with the conical-ring and twisted tape 

provides higher heat transfer rate and enhancement 

efficiency than that of the conical-ring alone. In 

addition, the correlations were developed for Nusselt 

number, friction factor and enhancement efficiency 

for conical-ring and conical-ring with twisted tape 

respectively. 

 

3.Computational Fluid Dynamics (CFD): 
CFD is the science of predicting fluid flow, heat 

transfer, mass transfer, chemical reactions and related 

phenomena by solving the mathematical equations 

which govern these processes using numerical 

methods in the computer. CFD provides a qualitative 

and quantitative prediction of fluid flows by means of 

mathematical modelling numerical methods, and 
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software tools. It gives an insight into flow patterns 

that are difficult, expensive or impossible to study 

using experimental techniques.CFD simulation is a 

three step process namely Pre-processing, Solver, 

Post- processing.  

 

  Technical Details of Variant Twisted Tapes: 

            This section deals with the technical terms, 

design, fabrication part associated with twisted tape 

and details of the variant twisted tapes. The technical 

details related to P-TT and variant twisted tapes are 

discussed below: 

 

Pitch (H): It is distance of one length of twist in the 

twisted tapes for the angle of rotation 180º  

 

Twist Ratio (Y): The twist ratio is defined as the 

value of one length of twist (or) pitch length to inner 

diameter of tube (Agarwal and Raja Rao 1996, Wang 

and Sunden 2002, Dewan et al. 2004 and Eiamsa-ard 

et al. 2006).          

Fig: twisted tape 

 

Imported Model  

 

The Temperature, Pressure and Velocity 

Contours Of P-TT with Y=4.88 

 

Pressure  

 

Velocity  

 

 

 

 

CFD Validation:  

           To validate the Numerical Analysis results an 

Experimental work is conducted on plain Double 

pipe heat exchanger with different mass flow rates 

and results are compared with CFD plain Tube 

results. 

The experimental setup consists of a Double pipe 

heat exchanger with provision to permit cold water in 

the annulus in opposite directions is available. Hot 

water from the geyser flows through the inner tube. 

The heat transfer takes place across the wall of the 

inner tube. The cold water in the annulus is made to 

flow in the opposite direction i.e., the two fluids 

oppose each other and the flow is known as counter 

flow. There is provision to record the temperature at 

the inlet and outlet locations. 

Under steady state conditions, the heat energy given 

by the hot water must equal the energy gain by the 

cold water, when there are no heat losses. Then, the  
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heat exchanger has to be designed for a heat load Q, 

which is equal to heat energy associated with hot 

water Qh or that with cold water Qc.  

Hence the steady state condition with no heat losses 

is given by Qh = Qc = Q 

4.EXPERIMENTAL WORK 

 

Fig. :Schematic View of the Experimental Setup 

Experimental Procedure:   

1. Switch on the geyser and allow the hot fluid 

(water) to flow in the inner tube. 

2. Open the valve so that cold fluid (water) to flow 

through the annulus and run the    exchanger as a 

counter flow unit. 

3. See that the pipes run full of water. 

4. Record the inlet and exit temperatures of hot and 

cold fluid after steady state is  

attained. 

5. The experiment is done for plain tube with cold 

fluid (water) mass flow rate constant at full valve 

opening and hot fluid (water) mass flow rate is varied 

at three valve openings    (90, 60 and 30 degrees of 

the valve openings) respectively. And the results 

tabulated below. 

Plane Tube Experimental Results 

 

 
 

 

 

 

 

 

 

5. RESULTS AND DISCUSSIONS 

 

 
 

 

Calculation of % of error for plain tube to validate CFD 

results 

 

For Plain Tube with hot fluid mass flow rate mh = 

0.12 Kg/s 

  UCfd = 450.456 W/m
2
k 

  UExp = 460.5687 W/m
2
k 

 

              % of error = (Uexp - UCfd) / Uexp 
                    = 2.24% 

 

 

 

 
Plain tube results  
 

 

Fig.: Mass Flow Rate Vs  Pressure drop for Plain 

Tube 
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Fig.: Mass Flow Rate Vs Heat Transfer Coefficeint 

for Plain Tube 

• From The above Two graphs we concluded 

that along the length of the tube Pressure Drop is 

Increasing with Increasing mass flow rate. Because 

as mass flow rate increases Velocity of the flowing 

fluid also increases which increases more Turbulence 

causes Pressure Drop. Similarly Heat Transfer 

Coefficient also increases with Increase in mass flow 

rate. 

 

 

 

 
 

From The above Two graphs we concluded that For 

Twist Rartio Y = 2.93 Increase in Heat Transfer 

Coefficient and Increase in Pressure Drop is more 

than all other Twist ratios and plain tube. Because of 

the Insertion of Twisted Tapes with number of Twists 

(n= 25) generates the more swirl flow in the tube 

which improves fluid mixing and increases 

turbulence. 

Variation of Overall Heat Transfer Coefficient for 

Different Twist Ratio 

 
From The above graph we concluded that Heat 

Transfer Coefficeint is increases with Decrease in 

Twist Ratio in the Range 2 to 8. Because as Twist 

ratio Decreases number of twists in the insert 

increases which creates more turbulence in the tube 

causes more Heat Transfer Rate than plain tube. 

CONCLUSIONS 

Numerical Analysis is carried out for Double Pipe 

Heat Exchanger fitted with twisted tape for various 

Twisted Ratios As Y = 2.93, 3.66, 4.88 and Heat 

transfer rate, overall heat transfer coefficient, 

pressure drop and velocity stream line characteristics 

etc are investigated Numerically By varying Hot fluid 

mass flow rate. The Following Conclusions are 

drawn based on the Numerical Analysis. 

For Twist Ratio Y = 2.93 

1. For Different mass flow rates The Increase 

in Heat Transfer coefficient was observed 

with respect to Plain tube Which varies in 

the range of 2.58 % - 9.28 % 

2. For Different mass flow rates the Increase in 

Pressure Drop was observed which varies in 

the range of 288% - 317% with respect to 

Plain tube. 

For Twist Ratio Y = 3.66 

1. For Different mass flow rates The Increase 

in Heat Transfer coefficient was observed 

with respect to Plain tube Which varies in 

the range of 2.1 % - 6.76 % 

2. For Different mass flow rates the Increase in 

Pressure Drop was observed which varies in 

the range of 244% - 270% with respect to 

Plain tube. 

For Twist Ratio Y = 4.88 

1. For Different mass flow rates The Increase 

in Heat Transfer coefficient was observed 
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with respect to Plain tube Which varies in 

the range of 1.9 % - 6.2 % 

2. For Different mass flow rates the Increase in 

Pressure Drop was observed which varies in 

the range of 229% - 252% with respect to 

Plain tube 

From The above three twist ratios we conclude that 

percentage of increase in Heat transfer coefficient is 

more for Twist ratio Y = 2.93 at hot fluid mass flow 

rate 0.12 Kg/s. This is because of as number of twists 

increases swirl flow in the tube increases which 

improves fluid mixing causes  more turbulence. The 

percentage of increase in Heat transfer coefficient is 

observed more in Twist ratio ranges 2 to 8. 
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Abstract  
Suspended nano particles in conventional fluids are 

called nanofluids. Recent development of 

nanotechnology brings out a new heat transfer 

coolant called ‘nanofluids. these fluids exhibit larger 

thermal properties than conventional coolants. 

Nanofluids can be considered to be the next-

generation heat transfer fluids because they offer 

exciting new possibilities to enhance heat transfer 

performance compared to pure liquids. 

Micrometer-sized particle-fluid suspensions exhibit 

no such dramatic enhancement. Nano fluids are 

expected to have superior properties compared to 

conventional heat transfer fluids, as well as fluids 

containing micro-sized metallic particles. The much 

larger relative surface area of nanoparticles, 

compared to those of conventional particles, not only 

significantly improves heat transfer capabilities, but 

also increases the stability of the suspension. 

 

 1.Introduction To Nano Fluids 
The idea behind development of nanofluids is to 

use them as thermo fluids in heat exchangers for 

enhancement of heat transfer coefficient and thus 

to minimize the size of heat transfer equipments. 

Nano fluids help in conserving heat energy and 

heat exchanger material. The important parameters 

which influence the heat transfer characteristics of 

nanofluids are its properties which include thermal 

conductivity, viscosity, specific heat and density. 

The thermo physical properties of nanofluids also 

depend on operating temperature of nanofluids. 

Hence, the accurate measurement of temperature 

dependent properties of nanofluids is essential. 

Thermo physical properties of nanofluids are pre 

requisites for estimation of heat transfer 

coefficient and the Nusselt number. 

Nano fluids are engineered colloidal suspensions 

of nano particles in a base fluid. Ingeneral the size 

of these nano particles vary from 1-100nm.The 

type of nano particle used is directly dependent on 

the enhancement of a required property of the base 

fluid. 

All physical mechanisms have a critical length 

scale, below which the physical properties of 

materials are changed. Therefore particles<100 nm 

exhibit properties that are considerably deferent 

from those of conventional solids. The noble 

properties of nano phase materials come from the 

relatively high surface area to volume ratio that is 

due to the high proportion of constituent atoms 

residing at the grain boundaries. The thermal, 

mechanical, optical, magnetic, and electrical 

properties of nano phase materials are superior to 

those of conventional materials with coarse grain 

structures. 

 
fig 1 Photographic view of CuO nano particles 

 

PREPARATION METHODS FOR 

NANOFLUIDS 

Classification Of Methods of preparation of 

NanoFluid 

Two -Step Method 

 

Two-step method is the most widely used method for 

preparing nanofluids. Nanoparticles, Nanofibers, 

nanotubes or other nanomaterials used in this method 

are first produced as dry Powders by chemical or 

physical methods. Then the nanosized powder will be 

dispersed Into a fluid in the second processing step 

with the help of intensive magnetic force agitation, 

Ultrasonic agitation, high-shear mixing, 

homogenizing and ball milling. Two-step method 

isThe most economic method to produce nanofluids 

in large scale, because nanopowder Synthesis 

techniques have already been scaled up to industrial 

production levels. Due to the High surface area and 

surface activity, nanoparticles have the tendency to 
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aggregate. The Important technique to enhance the 

stability of nanoparticles in fluids is the use of 

Surfactants. However the functionality of the 

surfactants under high temperature is also aBig 

concern, especially for high temperature applications. 

 

Single-Step Method 

In the single step method the nano particles are 

produced and dispersed Simultaneously into the base 

fluid. Two-step preparation process is extensively 

used in the synthesis of nanofluids by mixing base 

fluids with commercially available nano powders 

obtained from different mechanical, physical and 

chemical routes such as milling, grinding, and sol-gel 

and vapour phase methods. An ultrasonic vibrator or 

higher shear mixing device is generally used to stir 

nano powders with host fluids. Frequent useof ultra 

sonication or stirring is required to reduce particle 

agglomeration. Eastman et al , Lee et al, Wang et al. 

used two-step method to produce alumina nano 

fluids. Murshed et al.prepared TiO2-water nano 

suspension by the same method. Xuan et al. used 

commercially available Cu nano particles to prepare 

nano fluids of both water and transformer oil. Kim et 

al used two-step method to prepare CuO dispersed 

ethylene glycol nano fluids by Sonication and 

without stabilizers. Two-step method can also be 

used for synthesis of carbon nanotube based nano 

fluids. Single -walled and multi-walled carbon nano 

tubes are first produced by pyrolysis method and then 

suspended in base fluids with or without the use of 

surfactants . Some authors suggested thattwo-step 

process is very suitable to prepare nano fluids 

containing oxide nano particles than those containing 

metallic nano particles . Stability is a big issue that 

inherently related to this operation as the powders 

easily aggregate due to strong van der Walls force 

among nano particles. In spite of such disadvantages 

this process is still popular as the most economic 

process for nano fluids production. 

 
 

fig 2 Step Preparation for Nano Fluids 

2. LITERATURE REVIEW 

The nanofluids posses unique features with regard to 

their thermal performances. The properties of 

nanofluids are different from the properties of 

conventional heat transfer fluids. The nanoparticles 

affer large total surface area as a result of which 

higher Heat transfer rate are expected in nanofluids. 

Many research findings reveal that traditional thermo 

fluids in the presence of nanoparticles exhibit better 

thermo physical properties. 

The experimental studies on nanofluids confirm that 

fluids containing nanoparticles are expected to give 

more Heat transfer rate and lower specific heats over 

conventional fluids. Normally particles of millimeter 

or micro meter dimension when suspended in fluids 

will cause erosion of pipe materials, clogging of flow 

passages and sedimentation due to gravity. Studies on 

effective heat transfer coefficient of Nanofluid were 

investigated under macroscopically in stationery 

conditions by S.U.S. Choi (1995),Masuda et al. 

(1993), Eastman et al. (1996), Wang et al. (1999), 

Lee et al. (1999) Xuan and Li (2000), Eastman et al. 

(2001), Keblinski et al (2002), Xie et al (2002), 

Wang et al. (2003).Ahuja (1975) and Liu et al. (1988) 

carried out investigations on practical implication of 

hydrodynamics and heat transfer of slurries.The 

present day modern technology facilitates to produce 

process and characterize materials having average 

crystalline size below 100nm nanofluids were 

engineered in Argonne National Laboratory and 

proof test were conducted by Eastman et al (1995). 

The nanoparticles of Al2O3 and CuO materials have 

exhibited excellent dispersion quality and increased 

heat transfer coefficient when suspended in heat 

transfer fluids like water, oils and glycols mixtures. 

Brownian motion of the particles and large surface 

area are supposed to be the responsible factors for 

enhanced of nanofluids. The Heat Transfer rate 

present day modern technology facilitates to produce 

process and characterize materials having average 

crystalline size below 100nm nanofluids were 

engineered in Argonne National Laboratory and 

proof test were conducted by Eastman et al (1995). 

The nanoparticles of Al2O3 and CuO materials have 

exhibited excellent dispersion quality and increased 

heat transfer coefficient when suspended in heat 

transfer fluids like water, oils and glycols mixtures. 

Brownian motion of the particles and large surface 

area are supposed to be the responsible factors for 

enhanced heat transfer coefficient of nanofluids. A 

detailed measurement of thermal conductivity of 

Al2O3 and CuO particles dispersed in ethylene 

glycol and water base fluids was taken up by Lee et 

al. (1999). The heat transfer rate of nanofluids is 

measured using transient hot wire method. A 

considerable improvement in heat transfer of the 

nanofluids was noticed and researchers are motivated 

to undertake investigations on heat transfer studies on 

different nanofluids. Recent study by Xuan and Li 

(2000) revealed that particles as large as 100nm can 

also produce a stable fluid with the addition of small 

amount of laurite salt in the base fluids. But it was 
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also observed in experimental studies that these 

dispersant  affect the desirable properties of 

nanofluids. 

3.NANO FLUID PREPARATION USING CuO 

NANO PARTICLES 

  

The CuO nano particles having an average size of 50 

nm and density of 6.3 gm/cm3 is procured from a 

India based company (Nano Partech Chemicals 

Private Ltd) and is used for investigation in the 

present experimental work. The photographic view of 

the nanoparticles as seen by the naked eyes is shown 

in the plate..1. 

 
Fig 3 Photographic view of CuO nanoparticles 

The distribution of CuO nanoparticles at Nano scale 

can be observed under a Scanning electron 

microscope (SEM). The SEM images of CuO 

nanoparticles at 1 m magnifications is shown in 

Plate.3.2(a) and SEM image of CuO nanoparticle on 

a 500 nm scale is shown in Plate.3.2(b). Preparation 

of Nanofluids is an important stage and Nanofluids 

are prepared in a systematic and careful manner. A 

stable Nanofluid with uniform particle dispersion is 

required and the same is used for measuring the 

thermo physical properties of Nanofluids. 

 

 

 

 

 

 

 

 

SEM images of CuO nano particles on 1000 n m and 

500 nm scales. 

In the present work, water-Propylene glycol mixture 

80:20 by volume is taken as the base fluid for 

preparation CuO Nanofluids. Basically three different 

methods are available for preparation of stable 

Nanofluids and are listed below. 

By mixing of nano powder in the base liquid 

In this method, the nanoparticles are directly mixed 

in the base liquid and thoroughly stirred. Nanofluids 

prepared in this method give poor suspension 

stability, because the nanoparticles settle down due to 

gravity, after a few minutes of Nanofluid preparation. 

The time of particle settlement depends on the type of 

nanoparticles used, density and viscosity properties 

of the host fluids. 

By acid treatment of base fluids 

The PH value of the base fluid can be lowered by 

adding a suitable acid to it. A stable Nanofluid with 

uniform particle dispersion can be prepared by 

mixing nanoparticles in an acid treated base fluid. 

But acid treated Nanofluids may cause corrosion on 

the pipe wall material with prolonged usage of 

Nanofluids. Hence acid treated base fluids are not 

preferred for preparation of Nanofluids even though 

formation of stable Nanofluids is possible with such 

base fluids. 

By adding surfactants to the base fluid 

In this method a small amount of suitable surfactant, 

generally one tenth of mass of nanoparticles, is added 

to the base fluid and stirred continuously for few 

hours. Nanofluids prepared using surfactants will 

give a stable suspension with uniform particle 

dispersion in the host liquid. The nanoparticles 

remain in suspension state for a long time without 

settling down at the bottom of the container. 

 
 

The CuO Nanofluids samples thus prepared are kept 

for observation and no particle settlement was 

observed at the bottom of the flask containing CuO 

Nanofluids even after four hours. 
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Fig :The photographic view of CuO Nano fluid 

suspension prepared after magnetic stirring process 

 

The present experiments with CuO Nano fluids, the 

time taken to complete the experiment for property 

estimation is less than the time required for first 

sedimentation to take place and hence surfactants are 

not mixed in the CuO nanofluids. The CuO 

nanofluids prepared are assumed to be an isentropic, 

Newtonian in behavior and their thermo physical 

properties are uniform and constant with time all 

through the fluid sample. 

 Determination Of CuO Nano Fluid 

Properties 

The most important properties needed for estimation 

of convective heat transfer coefficient of nanofluids 

are its density; heat transfer coefficient, viscosity, and 

specific heat. The thermo- properties properties of 

CuO nanofluids are estimated experimentally for all 

the concentrations and the results obtained in the 

experiments are compared with the theoretical 

equations which predict Nanofluid properties. 

 Experimental Set Up For Heat 

Transfer Coefficient Measurement Using 

Transient Heat Conduction Apparatus 
The experimental setup to measure the heat transfer 

coefficient of nanofluids is shown schematically in 

Fig.. The photographic view of the experimental set 

up is shown in the plate . the present work Heat 

transfer rate of the CuO nanofluids is measured by 

using the Transient heat conduction apparatus. 

 

 

 

 

 

 

 
Fig:  Schematic diagram of the Heat transfer 

coefficient measuring experimental setup 

 
 Procedure to Perform the Experiment 

 

•Calculate the amount of nano particles to be added 

to the 1000 ml of base fluid. 

•Then divide the 1000 ml Nano solution in to two 

parts, one for heating and the other for cooling. 

•Switch on the equipment and heater. Switch on the 

stirrer and regulate the speed such that water does not 

splash. Remove the test cylinder from the bath and 

the note the temperature of the cylinder To. 

•Adjust the controller temperature setting to any 

desired value up to 70 ºC. 

•Press the push button switch and turn the screw to 

any desired set temperature 

. When the press button switch is released the 

controller indicates the bath Temperature. 

•When the temperature of the bath reaches the set 

temperature insert the cylinder in to the bath and 

simultaneously start a stop clock . Note the time 

taken (t) seconds for the test cylinder to reach the 

final steady temperature (T). 

•mixing proper stirring is to be applied so that Base 

fluid and copper nano particles mix properly. 

•Then insert the copper cylinder the cool cuo solution 

and take the similar Readings. 
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•Repeat the same for 50 ºC,60 ºC and 70 ºC 

temperature. 

•Perform the similar steps for 0.05%, 0.1% , 0.15% 

and 2%. 

•Follow Similar steps for the Nano Fluid Of Distilled 

Water, Ethyl Glycol of 20% and Cuo Na no Particles 

of different concentration like 0.05%, 0.1% , 0.15% 

and 2%. 

 

Specifications Of Experimental Setup 

 

•Diameter of the copper cylinder = 20 mm 

•Length of the cylinder = 70 mm 

•Area of the cylinder = 0.00439 m2 

•Volume of the cylinder = 0.00002199 m3 

•Density of copper cylinder =8954 kg/m3 

•Specific heat of copper = 0.381 kj/kg-k 

•Initial temperature of copper cylinder = To 

•Final temperature of copper cylinder = T 

•Water bath temperature ( Hot or cold ) = T∞ 

•Time taken for the cylinder to reach T from To = t 

seconds Heat Transfer coefficient may be calculated 

by using the formula 

GRAPHS 

Graphs were Obtained on the Pc during the 

Experiment,the graphs are plotted Time(t) vs 

Temperature(T) 

The graphs are as follows as:- 

 
HEATING COOLING 

T∞ = 40.4 ºC T∞ = 31.3 ºC 

TO = 31.3 ºC TO = 39.9 ºC 

t = 104 sec t = 44 sec 

T = 40.1 ºC T = 31.8 ºC 

h = 0.5627 kW/m2 ºC h = 1.10903kW/m2 ºC 

TRANSIENT HEAT CONDUCTION OF 

DISTILLED WATER AT 50 ºC 

 
HEATING COOLING 

T∞ = 51.4 ºC T∞ = 31.3 ºC 

TO = 31.3 ºC TO = 48.5 ºC 

t = 89 sec t = 61 sec 

T = 49.4 ºC T = 31.6 ºC 

h = 0.4447 kW/m2 ºC h = 1.1384 kW/m2 ºC 

 

 

TRANSIENT HEAT CONDUCTION OF 

DISTILLED WATER AT 60 ºc 

 
HEATING COOLING 

T∞ = 62 ºC T∞ = 31.7 ºC 

TO = 31.4 ºC TO = 60.9 ºC 

t = 79 sec t = 81 sec 

T = 61.7 ºC T = 32 ºC 

h = 0.4980 kW/m2 ºC h = 0.9711 kW/m2 ºC 

Results and discussions 
The Column Chart Shows Temperature vs Heat 

Transfer Coefficient During Heating. 

 

 
Fig 11 

 

From the above chart it has been observed that by 

comparing Water , CuO at 0.05% , CuO at 0.1%, 

CuO at 0.15% and Cuo at 0.2% During Heating Heat 

Transfer Coefficient is high at Cuo of 0.15% 

concentration at 70 ºC with a value of h = 1.1554 

kW/m2 ºC 
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Fig 12 

From the above chart it has been observed that by 

comparing Water , CuO at 0.05% , CuO at 0.1%, 

CuO at 0.15% and Cuo at 0.2% During Cooling Heat 

Transfer Coefficient is high at Cuo of 0.15% 

concentration at 70 ºC with a value of 

h = 1.8674 kW/m2 ºC. 

The Column Chart Shows Temperature vs Heat 

Transfer Coefficient During Heating. 

 
From the above chart it has been observed that by 

comparing Ethyl Glycol of 20% and Water , Ethyl 

Glycol of 20% and CuO at 0.05%, Ethyl Glycol of 

20% and CuO at 0.15% and Ethyl Glycol of 20% and 

Cuo at 0.2%. During Heating Heat Transfer 

Coefficient is high at Cuo of 0.15% concentration at 

60 ºC with a value of 

h = 1.1671 kW/m2 ºC 

CONCLUSIONS 

 

Studies of nanofluids reveals high thermal 

conductivities and heat transfer coefficients 

compared to those of conventional fluids. 

By comparing the Heat Transfer Coefficient of 

Copper Oxide Nano fiuid with the Heat Transfer 

Coefficient of base fluids like Distilled water and 

Ethyl Glycol, Heat transfer coefficient for the 

copper oxide nano fluid is high on heating as well 

as cooling.The Heat transfer rate of copper oxide 

with base fluid of distilled water is high at 0.15% 

concentration of cuo nano particles at a 

temperature of 70 ºC on heating and coolingif we 

go further high temperature it may exhibit  wide 

range of heat transfer when compared with the 

conventional fluids. 

The Heat transfer rate of copper oxide with base 

fluid of Ethyl Glycol is high at 0.15% 

concentration of cuo nano particles at a 

temperature of 60 ºC on heating and cooling,on 

further high temperture it remove more heat from 

the fluid.Cuo Nano fluid is important because they 

can be used in numerous applications involving 

heat transfer, and other applications such as in 

detergency. Colloids which are also CuO 

nanofluids have been used in the biomedical field 

for a long time, and their use will continue to 

grow. CuO Nano fluids have also been 

demonstrated for use as smart fluids. Problems of 

nanoparticle agglomeration, settling, and erosion 

potential all need to be examined in detail in the 

applications. CuO Nano fluids employed in 

experimental research have to be well 

characterized with respect to particle size, size 

distribution, shape and clustering so as to render 

the results most widely applicable. Once the 

science and engineering of CuO nano fluids are 

fully understood and their full potential 

researched, they can be reproduced on a large 

scale and used in many applications. Colloids 

which are also Cuo nano fluids will see an increase 

in use in biomedical engineering and the 

biosciences. Further research still has to be done 

on the synthesis and applications of CuO nano 

fluids so that they may be applied as predicted. 

Nevertheless, there have been many discoveries 

and improvements identified about the 

characteristics of CuO nano fluids in the surveyed 

applications and we are a step closer to developing 

systems that are more efficient and smaller, thus 

rendering the environment cleaner and healthier. 
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Abstract: The use of oxygen-fuelled fuel in spark 

ignition engine (SIEs) has received increasing 

attention a few years ago, especially when it came 

from renewable sources, due to a shortage of fossils 

fuels and concerns about global warming. At present, 

the main source of fuel is ethanol, in the future 

reducing CO and HC emissions but presents a series 

of barriers such as low temperature values and high 

hygroscopic proportions, resulting in high fuel 

consumption and corrosion problems, respectively. 

This paper shows the most suitable properties for 

ethanol conversion by renewal n-butanol, which 

brings a higher temperature and lower hygroscopic 

propensity compared to the past. The experimental 

matrix developed for this experimental study 

contains, on the other hand, ethanol substituting n-

butanol for commercial compounds and, on the other 

hand, either ethanol or gasoline substituting n butanol 

for E85 mixture (85% ethanol-15% fuel by volume). 

The results show that substituting n-butanol with 

ethanol presents a series of benefits such as higher 

temperature and greater exchange with fuel compared 

to ethanol, which makes n-butanol promising SIE 

fuel for commercial mixtures. However, the use of n-

butanol in the E85 combined includes another 

gasoline or ethanol can cause cold problems due to 

low pressure of n-butanol vapour. Because for this 

reason, it is proposed to combine n-butanol in both 

gasoline and ethanol to N-butanol can be used 

without any side effects. 

1. INTRODUCTION 

The gradual decline in mineral oil and concerns about 

global warming have led to consumption of bio fuels 

in internal combustion engines (ICEs) Among the 

various biofuels, bio-alcohol investigated as other 

engine oil due to its ability to improve engine 

performance and reducing pollution. Bio-alcohols 

such as ethanol and butanol can slow down the life 

cycle greenhouse emissions, due to their biological 

processes. In fact, ethanol is commonly usedin spark 

ignition engines (SIEs) that return fuel. Both of these 

alcoholic beverages are listedit has also been used to 

consider combustion engines (CIEs) as a substitute 

for diesel .This paper focuses on the use of alcohol in 

SIEs, where the most widely used bio-alcohol is 

ethanol,which is very common in many countries. 

The main advantage of this fuel is the reduction of 

CO and the release of HC when used in SIEs as a 

substitute for fuel. In particular, ethanol has always 

been present proven to reduce the excess emissions 

of CO and HC during cold temperatures in relation to 

temperature engine conditions. Of the SIEs injected 

directly, they have been gaining prominence over the 

past few for years, ethanol has been shown to reduce 

NOx emissions slightly and PM emissions 

significantly.The low temperature of ethanol is much 

lower than that of petroleum, which creates higher 

fuel use. However, the efficiency of thermal brakes 

has been shown in small increases. Ethanol can also 

indicate rust problems in the injection system due to 

its hydroscopic tendency. Ethanol and it produces 

less lubrication, which can cause problems for 

engines injected directly into the fuel. Finally, 

according to Rodríguez-Antón et al. ethanol 

supplementation increases the vapor pressure of only 

mix up to 35% by volume. High ethanol content can 

reduce lead-induced vapor pressure starting 

problems.N-butanol is considered to be the most 

promising bio-alcohol because of its many more 

benefits short-chain alcohol (methanol and ethanol in 

particular), including high-energy (low-energy)high 

temperature and hardness), low viscosity, and high 

softness. Additionally, n-butanol is much less 

hygroscopic and more aggressive than ethanol. 

Besides, n-butanol seems to be very interesting 

energy because its properties are very similar to 

gasoline; therefore, it will go hand in handand the 

current fuel distribution infrastructure. N-butanol is a 

second-generation biofuel ever since can be produced 

from lignocellulosic or waste biomass, with low heat 

emissions than ethanol. Currently, it can be produced 

with acetone - n-butanol - ethanol (ABE).The 

fermentation process or fermentation process of 

isopropanol - n-butanol - ethanol (IBE).However, n-

butanol has a lower smoke pressure compared to 

ethanol and apparently compared to it gasoline, 

which is the hottest fuel. This recurrence may cause 

cold sores in SIEs where n-butanol is used in high 

doses. Some authors reported studies using petrol-

butanol blends in SIEs. Costagliola et al. tested 10% 

n-butanol (with a different ethanol content) for a 

port-fuel injection Engine (PFI) showing the same 

benefits to CO, HC, and PM emissions as ethanol, 

but also the same increased carbonyl emissions. 
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Galloni et al. fuel tested with n-butanol (20% and 

40% butanol Percentage) and in the PFI engine. 

When using the B40 combination, the power is 

transmitted at the same speed of the engine decreased 

by about 13%, mainly due to differences in 

temperature values. 

Table 1 highlights the properties and uses of butanol 

and its isomers 

 
It is known that gasoline derived from long-term 

alcohol is not widely used due to its production 

difficulty. Today, the associated costs of butanol 

production have been steadily reduced. Rapid 

progress in development production technology has 

allowed butanol to be successfully produced . 

Although its growing number of published, butanol-

related studies on petrol engines do not include as 

much as methanol research or ethanol. This article 

aims to understand the effect of mixing butanol and 

gasoline on a petrol engine's performance, fire power 

and discharge features. The reviews from this paper 

suggest that there are a few gaps therethe addition of 

butanol to a petrol engine requires further 

investigation.This section outlines the percentage of 

butanol used successfully in several studies. Because 

of itexpensive production costs, some studies have 

only added a small percentage of butanol, while 

others have used highertorture. Note that the results 

in terms of performance, fire power and emission 

signals will be discussed in the next section. This 

section only emphasizes the use of various butanol 

concentrations that were present used successfully in 

experiments so that a better understanding of the 

compounds was understood. Elfasakhany  used low 

percentage of butanol with Bu0, Bu3, Bu7 and Bu10 

blends on the SI engine and carburettor system. In 

addition to its old technology, the carburettor system 

was chosen as it could produce the same 

combination. The fuel system was not changed, and 

the engine was a single cylinder made with operating 

speeds ranging from 2600 to3400 per minute. 

Although a small percentage of butanol of that was 

successfully conducted in this study, the addition of 

Butanol in petroleum fuel requires further 

investigation by a high percentage. Large-scale use of 

road transport, Butanol should be added to the most 

important percentages. Some investigations need to 

be done from the ground up percentage to specify its 

addition to the SI engine. Singh et al. used a variety 

of butanol blends ranging from 5% to 70% in fuel. 

This study was performed on an SI engine with 

moderate performance under various speeds and 

loads other than hardware correction. In another 

study, Signin and Kemal used 10%, 30% and 50% 

combined with iso-butanol provided with three 

Compression Ratios (CR) results. The test was 

performed at a speed of 2600 rpm. Onea significant 

method was developed by Venugopal and Ramesh 

using a dual injectable system using the same 

injection 50% n butanol and 50% petrol. 

2. LITERATURE REVIEW  

There is a lot of debate about the future of natural 

resources in terms of meeting the world's energy 

needs, but one thing is for sure: the demand for oil 

and gas will not decrease anytime soon. Great strides 

have been made in promoting the development of 

alternative fuel sources, but few offer the vast amount 

of energy produced by burning natural gas at the 

same price. One derivative of natural gas that remains 

under the radar but is gaining popularity is butane, 

and thus refined butane. Butane, or refined butane, is 

derived from natural gas. It is an extremely 

flammable hydrocarbon that is in high demand for 

many different uses. Hand-held lighters that require a 

butane refill as an energy source have been around 

for about 100 years. Butane is also used to make 

propane, which powers outdoor grills, heaters, and 

many other consumer products, including kitchen 

torches, which are used to make creme brulee. Since 

it can reach a temperature of 1,700 degrees Kelvin 

when burned, this natural gas is an ideal energy 

source for industrial and commercial burners. How 

Butane is Made Natural Gas RigButane is made from 

natural gas, which in its natural form is colorless, 

odorless, and shapeless. This type of gas is extremely 

abundant in many parts of the world and is relatively 

inexpensive to extract and produce. It is a fossil fuel 

that is created over millions of years through a 

complex process deep in the earth from the remains 

of plants, animals and numerous microorganisms. 

The different types of machines that use butane to 

operate seemed quite magical in their development a 

long time ago, but really little magic is involved in 

the production of butane. It's simply a matter of 

human ingenuity, hard work, repeatable production 

processes, and following safety procedures every step 

of the way. The production of Colibri butane, for 

example, follows a four-step process, which of course 

is preceded by locating a reserve of natural gas and 

bringing it to the surface, where it is then transported 

to a refinery. 

Step 1 Removal of oil and condensate. This means 

that the gas is separated from the oil where it has 

The International journal of analytical and experimental modal analysis

Volume XIII, Issue X, October/2021

ISSN NO:0886-9367

Page No: 374



dissolved, often with equipment installed near the gas 

well or well. 

Step 2 Remove the water. In addition to crude oil, gas 

must also be separated from water by machines on 

the surface. It does so through a dehydration process, 

either by absorption or by adsorption. The concept of 

absorption is quite simple, the water is absorbed into 

silicates or granules. Adsorption, on the other hand, is 

the process in which gas is attached in a condensed 

layer to the surface of another solid or liquid for 

further processing. Glycol drying. 

Step 3 Glycol dehydration. Here a kind of glycol 

solution, either diethylene glycol or triethylene 

glycol, absorbs water from the wet gas. The glycol 

particles become heavier, sink to the bottom of a 

device called a contactor, and are then removed. 

Once the water has been extracted from the natural 

gas, it is transported out of the drainage system.  

Step 4: This is actually a variation of Step 3, but in 

this case a desiccant dehydration process is used. Wet 

natural gas passes through two or more absorption 

towers filled with alumina or silica; the water is 

trapped and the remaining dry gas comes out of the 

bottom of the towers. Vector butane production will 

continue as usual. Butane Facts Refined butane like 

Power 5x is made from natural gas and is also found 

in oil. It has a chemical signature of C4H10 and is 

considered a flammable hydrocarbon. It was founded 

in 1910 by Dr. William Snelling, who was curious 

why motorists had less gasoline available before it 

evaporated. In 1911, Snelling and the United States 

Bureau of Mining discovered a way to convert butane 

gas into a liquid form. When ignited, butane can burn 

at a temperature of around 1,700 degrees Kelvin. 

Butane has been used as a source to heat buildings 

and as a source of energy for almost 100 years. 

Refined butane is used in a variety of ways every 

day, including as a power source for refillable 

lighters and lanterns, to produce propane for outdoor 

cooking, and even as a component of refrigerants. 

Butane is also used in portable hair straighteners. We 

tried WhipIt! 9x butane in one! It also has 

commercial applications where butane torches are 

used to cut glass, steel, and other materials. As a 

derivative of natural gas, butane is one of the most 

widely used gases in the world. According to some 

reports, natural gas and all of its by-products account 

for nearly a quarter of America's energy needs. 

Chemical Processes for Producing Butanol from Bio-

Ethanol: 

The classical approach to producing butanol from 

bioethanol is carried out in three steps. First, the 

commercial product is completely dehydrated to a 

100% anhydrous state. It is then oxidized with 

acetone in the presence of aluminium isopropoxide 

(Figure 3) to form acetaldehyde. The volatile 

acetaldehyde is separated by fractional distillation. In 

the secondstep, acetaldehyde condenses to 

crotonaldehyde in a strongly alkaline environment. In 

the last step, crotonaldehydeis hydrogenated to 

butanol by treatment with isopropanol in the presence 

of titanium or aluminum isopropanolate. 

Concentration and Blends 

The studies mentioned above focus only on the 

addition of butanol. To better understand the position 

ofbutanol compared to other liquid oils, direct 

comparisons with other bio alcohols such as 

methanol and ethanolit is necessary. Karavalakis et 

al.  attempted to clarify the effects of butanol 

blending comparisons with other alcoholic beverages 

in exhaust extraction using 16%, 24% and 32% iso-

butanol. Ethanol was used in this study for 

comparison. However, to have a complete 

understanding of the effect of butanol as a renewable 

alcohol fuel, comparisons between butanol and 

ethanol is not enough. Extensive research comparing 

butanol with various alcoholic oilsis required. 

Gravalos et al. used a variety of cellular alcohols, 

from the bottom to the top, to investigate their release 

features in the SI engine. The drugs used in this study 

were methanol, ethanol, propanol, butanol and 

pentanol.Butanol concentration was used in only 

1.5% of the entire study. Percentage of methanol, 

propanol andpentanol was also prepared at less than 

2%, but ethanol concentration varied from 2% to 

22%. Other, outstanding congestion, was the oil that 

could be extracted (70% - 90%). 

 

3. EXPERIMENTAL METHODS APPARATUS 

 
The figure shows the schematic representation of the 

experimental setup. The experiments used a Daewoo 

spark ignition 4-cylinder, 16-valve 1.6-liter engine, 

model A16DMS, with a 9.5 compression ratio. In 

order to investigate the effects of using gasoline-

butanol blends on engine performance and emission 

properties, no modifications were made to the test 

engine. The test engine specifications are given in 

Table 1. An eddy current dynamometer (model APA 

204/08) was used to measure engine power and 

torque. An in-line mass flow meter (type DN80; 

AVL) was used to measure intake air consumption. A 
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fuel consumption and leveling measuring device 

(type 733 s; AVL) was used to verify fuel 

consumption and fuel temperature. A throttle actuator 

(Model THA100; AVL) was used to control the open 

throttle at various engine speeds. A gas analyzer 

(model KEG500) was used to simultaneously 

estimate the air-fuel equivalence ratio based on the 

composition of the exhaust gases. A pressure sensor 

(model IndiSet 620; AVL) mounted in the cylinder 

head near the spark plug was used to record the 

internal pressure of the cylinder. The AVL 553 and 

AVL 554 devices were used as the cooling and 

lubrication system for the test bench. 

ENGINE TYPE DOHC 

Number of 

cylinders/arrangement 

4 cylinders/inline 

Bore (mm) x stroke(mm) 79.0x81.5 

Compression ratio 9.5:1 

Maximum output 80 kW at 6000 rpm 

Maximum Torque 145 Nm at 3400 rpm 

Fuel System Electronic fuel 

injection 

 

 

Testing strategy 

In this study, an original ECU controlled fuel 

injection strategy was established to control fuel 

injection timing and ignition system based on the use 

of pure gasoline. The stoichiometric air / fuel ratio 

(AFR) of butanol and gasoline is 11.12 and 14.7, 

respectively. Therefore, butanol-gasoline blends are 

always operated with a higher AFR. This setting 

could help file lean engine combustion due to AFR 

control limitation. The engine torque, power, fuel 

consumption and pollutant emissions of an engine 

using mixed fuels of butanol and gasoline were 

examined and compared to those of using pure 

gasoline in operation without any engine 

modification. The engine was filled with different 

butanol-gasoline blends of Bu0, Bu10, Bu15, Bu20, 

Bu25, Bu30, Bu40, and Bu50, showing the butanol 

content in different volume ratios (for example, Bu10 

contains 10% butanol and 90% gasoline by volume). 

For the experiments, two different open throttle 

(WOT) positions of 30% and 70% were set while the 

engine speed was tested at 2250 rpm and 4250 rpm. 

The properties of gasoline and butanol are given in 

Table 2. The operating parameters (for example, 

relative air / fuel ratio and internal cylinder pressure), 

engine performance factors (for example, braking 

torque, power and consumption fuel) and pollutant 

emissions (eg HC, CO, NOx and CO2) were 

measured and compared for the test fuels. 

Fuel Property Butanol Gasoline 

Formula C4H9OH C8H15 

Octane Number 96 90-99 

Composition(C,H,O)(%mass) 65,13.5,21.5 86,14,0 

Density(kg/m
3
) at 20

0
C 810 745 

Boiling Point (
o
C) 117.7 25-215 

Latent Heat Of 

Vapourisation(kJ/Kg) at 25
o
C 

582 223.2 

Saturation pressure(kPa) at 

38
o
C 

2.27 31.01 

Low heating value 33.3 43 

Auto ignition temperature 38.5 420 

Stoichiomeric air/fuel ratio 11.12 14.7 

 

Specification of the analyzers 

4. PERFORMANCE 

Several published papers have reported that butanol 

compounds can impair engine performance as a 

resultnatural structures. This reduction is 

understandable as the amount of butanol calories and 

filling pressure was less thanpetrol fuel, resulting in 

lower torque, volumetric power and efficiency and 

higher fuel consumption. Engine performance is 

expected to be negative with the addition of butanol. 

However, some studies have suggested new one 

show to improve engine performance caused by 

butanol.Fuel Consumption and Thermal Efficiency 

The use of Brake Specific Fuel Consumption (BSFC) 

and Brake Thermal Efficiency (BTE) are two 

important factors in engine performance. Both of 

these parameters are used to indicate how efficient 

fuel is. BSFC (g / kWh)it measures the weight of the 

fuel to produce the power of a single unit. In general, 

the BSFC compound mixture in the SI engine tends 

to increase as a resultat its lowest LHV values 
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compared to its low fuel economy. Another important 

parameter for determining the fuel economy is the 

BrakeHeat Success (BTE). It is the ratio between the 

active energy and the energy level delivered by the 

fuel. BTE is used to show how electrical energy is 

used to produce energy. 

Power and Torque 

In general, the force of the brakes and the torque used 

by butanol is much lower than that of gasoline. These 

results are due to low calorie prices butanol. 

Theoretically, to get higher torque, more fuel should 

be added. Anyway, this will improve the onset of a 

large fire and may cause knocking.Elfaskhany noted 

that the addition of n-butanol provided a slight 

decrease in output and torque as indicate din Figure 

2. The author also found that when a percentage of n-

butanol is added to compounds, the engine slows 

downperformance reported. This reduction was 

understandable because of the amount of butanol 

calories and filling pressure is lower in fuel, resulting 

in lower volumetric performance. Tests were 

performed using a low percentage butanol with 0, 3, 

7 and 10 vol.%. The fuel system was not changed, 

and the engine was a single cylinder made in speeds 

range from 2600 to 3400 rpm. Adding n-butanol over 

vol.% It would surprise them reduce performance 

without significant reduction of exhaust emissions. 

The author suggested that the engine performance 

can be improved by changing the temperature time 

and raising the pressure level as n-butanol is higher 

knock resistance is gasoline. 

COMBUSTION 

This section discusses the effect of butanol addition 

on the combustion of SI engine. In general, butanol 

addition is expected to improve the combustion 

process due to the presence of oxygen found in 

butanol. The extra oxygen will not only enhance the 

combustion inside the cylinder but also reduce the 

emissions in the exhaust system. The addition of 

butanol will assist the formation of CO into CO2 thus 

decreasing the CO and HC emissions. Both the fuel 

properties and operating parameters are found to 

influence the combustion process that in turn affects 

the performance and emissions of the gasoline 

engine. 

In-cylinder Pressure (ICP) and Heat Release Rate 

(HRR) 

ICP and HRR are the two most necessary criteria to 

evaluate the combustion process of an engine. ICP is 

usually measured directly using a pressure 

transducer. It details the cyclic combustion 

phenomena inside the cylinder thus providing 

valuable insight into the characteristics of the entire 

combustion process. For HRR, it reflects the 

combustion rate of reactions inside the chamber. The 

exact moment the mixture begins to burn and the rate 

at which it occurs can be analyzed using HRR. HRR 

data is usually provided inrelation to the crankshaft 

angle position. The HRR crank angle chart is an 

important tool for identifying combustion 

abnormalities such as misfire and detonation. 

Therefore, both ICP and HRR play an important role 

in the study of combustion. 

Elfaskhany used low percentages of n-butanol with 0, 

3, 7 and 10% by volume of the n-butanol gasoline 

blend in the SI engine with carburetor. The fuel 

delivery system was not modified. and the engine is a 

single cylinder running at variety of rpm operating 

speeds from 2600 to 3400 rpm. The results indicated 

that the addition of n-butanol could significantly 

improve the combustion of caused by the partially 

oxidized nature of n-butanol and that the tilting effect 

has been due to the lowerfuel-airfraction of the 

pressure of the nbutanol it. However, the addition of 

n-butanolresulted in a slight decrease in ICP and 

exhaust temperature. This reduction is included at 

because the calorific value and saturation pressure of 

butanol is lower than that of gasoline. 

Relative SFC and change in LHV as a function of 

butanol addition at 2000 RPM and IMEP 367 kPa 
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Research on 2butanolgasolinemixtures rarely been 

done, especially at allow percentage. Therefore ,it is 

imperative to understand the distribution of energy to 

reduce energy losses .,can easily visualize the interior 

of the engine system. In addition, capacity to estimate 

the energy distribution of internal combustion 

engines will allow us to have a better approach to 

energy management of the entire engine system. 

Some have been done in diesel engines like REFs 

Knock Phenomena 

Wei et al. [115] attempted to understand the effect of 

exhaust gas recirculation (EGR) on the detonation 

combustion behaviour of n- butanol, as well as the 

sensitivity of n- butanoldetonation phenomena to 

intake pressure and compression ratio. The results 

showed that EGR could reduce detonation intensity 

and delay detonation onset time due to cooling and 

dilution effects. Low EGR rate (3%) produced a 

significant reduction in detonation intensity, while 

negligible result was observed for combustion 

pressure. For a given EGR rate, the addition of N-

butanol had combustion fluctuations smaller. This 

was due to the fact that the probability distribution of 

its detonation intensity was more concentrated than 

that of gasoline. This study showed that the use of 

EGR at high intake pressure and a high compression 

ratio of a gasoline engine powered by nbutanol was 

able to successfully suppress the occurrence of 

detonation and stabilize the combustion process in 

the chamber.  

Zhang et al. examined the antiknock properties of 

ethanol / gasoline and n-butanol / gasoline blends in a 

DI-Si engine with EGR. It was found that the 

addition of ethanol and butanol reduced the burn time 

from 10 to 90% MFB and improved the burn 

stability. Octane number, charge cooling effect, and 

EGR improved shock resistance, with butanol having 

poorer shock resistance compared to ethanol. Several 

studies have been investigated on the performance 

and combustion of gasoline engines running on-

butanol blends. However, the results on combustion 

behaviour are still limited with respect to some 

important operating parameters, such as,such as EGR 

rate and detonation index (KI). Liu et al. aimed to 

find the common trends of both parameters at 

different speeds of the engine. The simulation with 

the GT Power software was carried out under 

different EGR rates and compression ratios combined 

with KI. Butanol was found to provide better anti-

knock properties, which allowed for an earlier 

ignition time. As the butanol mix ratio increased, the 

peak cylinder pressure (PCP) and heat release rate 

(PIPE) also increased. As a result, since the 

maximum pressure locations of cylinders and the 

PIPE were advanced, improved thermal efficiency. 

Furthermore, it was found that engine load affects 

heat release more than engine speed. With the 

increase in the load of the motor, the gross indexed 

thermal efficiency (ITE) increased slightly while the 

net ITE increased considerably. In addition, it has 

been observed that changing the EGR rate affects the 

burn rate of butanol gasoline more than that of pure 

gasoline. This was caused by the oxygen content and 

internal cylinder temperature of the butanol fuel. By 

increasing the compression ratio from, it was found 

that the maximum combustion temperature inthe 

cylinder increased, resulting in an improved 

temperature gradient in the cylinder and improved 

ITE. However, as the compression ratio increased, 

ITE's net increase rate steadily decreased . 

EMISSION 

This section describes the effect of butanol on 

gasoline engine emissions. Pollutants in the form of 

carbonmonoxide (CO), hydrocarbons (HC) and 

(NOx) are critically analysed. Additionally, 

Particulate Matter (PM) and unregulated emissions 

are also covered at the end of this section. 

CO Emission 

CO emissions indicate the incompleteness of 

combustion in the chamber. Incomplete combustion 

occurs frequently in modern internal combustion 

engines and the addition of butanol can reduce CO 

emissions, since the oxygen content in butanol can 

increase the combustion temperature and hence 

promote the formation of CO2. However, increasing 

the combustion temperature due to complete 

combustion can also increase NOx emissions. 

HC Emission 

The HC emission provides detailed information about 

the area of the flame in the cylinder. Most HC 

emission sources come from slit mixing and 

unburned fuel vapours absorbed by the oil near 

cylinder walls due to the deterrent. Butanol blends 

can lead to reduction significance of HC emissions. 
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The improvement in HC emission was achieved due 

to the improved combustion due to the presence of 

additional oxygen in n-butanol. Thus, the additional 

O2 from butanol not only contributes in the 

formation of CO2, which leads to a reduction in CO 

emission, but also to a reduction in HC emissions. 

NOx Emission 

In general, the NOx emission is generated at an 

elevated temperature in the cylinder. The cooling 

effect found in butanol fuel can enhance the 

combustion process resulting in a high combustion 

temperature. Further more, the adiabatic temperature 

and the calorific value of butanol are relatively low. 

These two properties can help reduce NOx emissions 

even further. As a result, the formation of NOx can 

be significantly reduced by adding butanol. 

Particulate Matter (PM) Emission 

Stricter regulations on PM emissions apply to diesel 

engines [120122]. In the case of gasoline engines, 

however, no laws or protocols have been developed 

for PM emissions. Due to its adverse effect on the 

human respiratory system, recently more attention 

has been paid to the issue of regulations on PM 

emissions from gasoline engines [123128]. In 

general, the use of Butanol has been successful in 

reducing Particle Number (PN) emissions in gasoline 

engines.Further more, the use of AGR made it 

possible to further more reduce PM emissions. 

Particulate Number (PN) emissions have attracted 

more attention in gasoline engines as more stringent 

regulations are imposed around the world. 

 

5.CONCLUSION AND FUTURE RESEARCH 

DIRECTIONS 

 
By using alcoholic fuel, a net reduction in CO2 

emissions can be achieved. Although the most 

popular and widely used alcohol fuel is ethanol, 

butanol is a more promising alternative. Butanol has 

properties comparable to gasoline like and a higher 

energy density than ethanol. Understanding the 

kinetics of the chemical reaction of butanol is an 

important step in understanding its combustion 

properties .In addition, it is also important to 

determine the optimal operating parameters so that a 

more efficient combustion process can be achieved. 

In this review article, various strategies to investigate 

the addition of -butanol and its effect on the 

properties of gasoline engines were critically 

discussed. Table 2 of Appendix 1 summarizes 

Contribution and the novelty proposed by the 

research groups mentioned in this review article. 

Some of the studies discussed in this article were 

conducted by optical inspection. The use of optical 

equipment in engine studies has provided some 

competitive advantage in understanding the 

combustion of the fuel being tested and its operating 

conditions. Despite the relatively expensive 

equipment, further examinations are required with 

Optical Exam. Additionally, to maximize the benefits 

of butanol in today's internal combustion engines, 

anoptimized design and calibration of the engine was 

required so that it could be used directly in a gasoline 

engine. The characteristics of fuel combustion and 

atomization also need to be quantified to improve 

both injector design and operating strategies in a 

direct injection gasoline engine. Several studies have 

attempted to use different concentrations of butanol 

to clarify the effect. on the gasoline engine, from a 

low, medium to high addition of butanol. A small 

percentage of butanol (less than 30%) was originally 

chosen dueto its relatively high cost of production 

and its unknown performance in engine 

characteristics. As more and more methods of 

reducing production costs have been successfully 

established, some researchers have tried increasing 

the butanol concentration to 50%, 70%, and even 

100%. It has been observed that most of the 

published publications have used a high butanol 

content of , very few studies have focused on a mixed 

range of less than 10% butanol. To compare the 

relative advantage of the over other alcoholic fuels, 

butanol was also studied and compared directly to the 

header with methanol, ethanol, propanol, and 

pentane. Of the four isomers of butanol (n-butanol,2-

butanol,isobutanol, and tert-butanol), most of the 

assays were carried out with n-butanol and iso-

butanol. This is because the production of n-butanol 

and iso-butanol was developed using various 

methods. In addition, several research groups have 

also found new techniques to improve the production 

of n-butanol and iso-butanol. Meanwhile, 2-butanol 

and tert-butanol have not been extensively 

investigated due to their yet to be established 

manufacturing process. However, some studies have 

tried to use them in their research to evaluate these. 

It is important to note that despite great efforts to 

reduce production costs, the use of the intermediate 

fermentation product butanol, such as ABE and IBE, 

has received considerable attention because it can 

eliminate recovery costs and dehydration processes 
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of the butanol.Furthermore,the use of the addition of 

hydrogen and H2O to –butanol mixtures has proven 

to be a promising approach where research in this 

area has not yet been carried out extensively. Various 

approaches to applying different fuel injection 

strategies and investigating some critical operating 

conditions were also discussed. Although there have 

been some studies on the use of butanol in positive 

ignition engines, there are many aspects that need 

further rinvestigation.This includes examining the 

cold start operating condition, applying various 

injection techniques, and comparing multiple-engine 

load conditions. Additionally, strategies like VVT, 

changing the EGR rate, and changing the 

compression ratio were found to have room for 

improvement. With regard to injection strategy, both 

multiple injection and direct injection are currently 

available on modern vehicles. However, the use of 

both systems in a vehicle has not been thoroughly 

investigated. Using different fuel injection techniques 

can change the time it takes for mixture to form in the 

cylinders and affect the distribution of different fuels. 

This will influence the combustion process. This 

means that there is a mutual relationship between the 

distribution of fuel in the cylinder and the 

combustion properties. To improve the thermal 

efficiency of gasoline engines, effects of different 

fuel injection methods on combustion behaviour 

under different conditions should be investigated. 

The laminar burn rate of butanol was relatively 

higher than that of gasoline. However,it did not 

guarantee a faster recording speed. Some operating 

parameters, primarily ignition timing, may not be 

appropriate for the new fuel or any other butanol 

volume ratio. The higher the butanol addition, the 

higher the oxygen content and anti-knock properties, 

which improves combustion efficiency. Engine load 

has been reported to affect heat release at over speeds 

or fuel type. The rate of oxidation of fuel was 

influenced more by the air-fuel ratio than by the type 

of fuel. 

With regards to irregular combustion phenomena, the 

problem of knocks is also worth investigating. 

Studies have shown that butanol has better anti-

knocking properties compared to gasoline. This 

finding can be further explored so that common 

principles can be agreed. Knocking tends to limit the 

compression ratio and pressure of the turbocharger, 

particularly with downsized gasoline engines. The 

shocks undoubtedly hamper the development of 

motor performance and thermal efficiency. It can also 

damage the engine to some extent. Therefore, various 

approaches were expected to solve the detonation 

problem. It was found that the addition of butanol 

and EGR successfully eliminated the detonation 

phenomenon. In general, the addition of Butanol can 

successfully stabilize the combustion process of a 

gasoline engine by imparting greater resistance to 

knock, thus improving ignition timing so that more 

efficient combustion can be achieved. In terms of 

exhaust emissions, the additional oxygen in butanol 

can improve combustion, thus reducing CO and HC 

emissions. As the concentration of butane increase, 

so does the oxygen content, which means that the 

reaction temperature increases rapidly. Increasing the 

combustion temperature not only reduces CO 

emissions by favouring the formation of CO2, but 

also decreases HC. 

Even so, higher CO and HC emissions were also 

reported when some parameters of the engine 

operating conditions were modified. Another 

important aspect to consider is NOx emissions.While 

increasing the temperature can help reduce CO and 

HC emissions, careful consideration is required 

because NOx emissions are generated at a high 

combustion temperature. Most studies on butanol / 

gasoline blends have focused primarily on regulated 

emissions only. Although is considered a promising 

fuel to replace ethanol, emissions from gasoline 

engines running on high levels of butanol can 

increase the level of unregulated emissions. CO2 and 

oxygen are rarely studied as harmful gas emissions. 

Very few studiesaimed to analyse the CO2 emissions 

of butanol blends in gasoline engines. Numerous 

previous studies have only focused on the effects of 

butanol in regulated chemicals such as CO, HC, and 

NOx. Although CO2 is harmless and is not 

considered an emission, it can increase the global 

temperature due to the greenhouse effect. Oxygen is 

also often neglected, although it may reflect other 

emissions. As emissions regulations become stricter, 

it is also worth considering unregulated PM and 

emissions such as BTEX (benzene, toluene, 

ethylbenzene, and xylene) in gasoline engines.While 

no laws have been enacted for PM in gasoline 

engines, its deleterious effects on the human 

respiratory system and the environment have raised 

some concerns. More research is needed to 

investigate the addition of butanol in a gasoline 

engine. 
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Abstract

Bio-fuel & bio-char from sugarcane bagasse thermal
pyrolysis has the potential to replace the fossil fuel
derived energy sources. The various process of
conversion although has been put into view like
gasification, Torre-faction &Pyrolysis, the pyrolysis
has gained a lot of importance because of its viability
as compared to other processes discussed above. The
conversion of the bio-mass by pyrolysis was
conducted at various pyrolytic temperatures starting
from (300-500C) at a heating rate of 250C/min and
the optimum temperature was found at 450C which
was found to be 53.3% of bio-oil. The liquid product
i.e., the bio-oil was analyzed by various
characterization techniques like CHNS, 1H-NMR,
physical properties, GC-MS etc. The properties of the
bio-oil were found suitable for being used as a fuel.
The effect of temperature on the yield of bio-oil,
bio-char, bio-gas & reaction time were studied &
plotted which showed that the bio-char yield
decreased with increase of the pyrolytic temperature.
The potential of the bio-char produced from biomass
was analyzed by proximate, ultimate, BET surface
area, SEM-EDX, anion chromatography, pH,
Electrical Conductivity& Zeta Potential studies. The
carbon percentage was high enough to be used as a
soil amendment, the surface areas were also found to
be more with low surface area as 132m2/gm for 300C
bio-char to 510 m2/gm for highest temperature
bio-char. This high surface area attributed towards
application of the bio-char in soil amendment
purpose. The ion-chromatography results also
showed the presence of anions that are required as
nutrients for plants for their metabolic activities. It
will also serve as a good source of plant nutrients
since it contains less toxic elements. The bio-char had

a slightly acidic surface as found from the pH study.
Thus from the above studies we found that the
bio-fuel and the bio-char can serve as a source of
energy as well as chemical feedstock for the future to
depend on.

Keywords: Sugarcane bagasse, bio-oil, bio-char,
TGA, XRD, Proximate analysis, CHNS analysis,
BET surface area, Electrical Conductivity.

1. INTRODUCTION

From the very earlier times people used to be depend
upon the biomass for their energy requirement. The
introduction of the crude oil led to advancement of
industrialization. Biomass is the biological material
from the living organism mostly referring to flora of
the ecosystem which refers to the plants and
generally plant derived materials. Since biomass are
renewable source of energy they can be used directly
or indirectly when once they are converted to
valuable products .The energy demand is mainly
comes from the conventional energy sources like
coal, petroleum and natural gas. As petroleum
sources are getting depleted, and also there is a
demand for petroleum products, so we have to
develop economical and energy-efficient processes
for the production of fuels. Thus, a dire need to put a
control over its consumption has been felt by
environmentalists and economists aswell, to examine
renewable and less cost substitute to fossil fuel to
meet their energy demand. In regards to this, a lot of
research work is going on around the globe on
various alternative sources of energy such as solar,
wind, geothermal, hydrogen, nuclear, bio fuel or
biomasses.The main source of biomass generally
comes from the forestry products, agricultural crops
and residues and biological wastes. The energy
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derived from the biomass generally helps reducing
the carbon dioxide emission from the atmosphere
thereby reducing the global warming effect. Since the
carbon dioxide acts as a green house gas and
increases the temperature of the atmosphere.

2. BIOMASS CONVERSION PROCESS

PYROLYSIS
Pyrolysis is the thermal decomposition of biomass at
modest temperatures in absence of oxygen. The steps
in pyrolysis includes: feedstock preparation and
introduction of the feed into the reactor, carrying out
the reaction by absorption of heat or other addition of
agents such as air, oxygen, steam, hydrogen, post
combustion or processing of the gases produced
during the reaction step, and proper guidance of the
resulting liquids, char, and ash .Pyrolysis product
basically consists of gases like CH4, CO2 ,and NH3
and liquids like ethanol, bio-oils, acetone, acetic acid
etc. and solid as char .The relative proportion of the
output depends upon the process and process
condition, characteristics of biomass, optimum
temperature and residence time of material. In this
process the biomass is heated to a temperature range
with low residence time and rapidly cooled to collect
the condensed liquid which is otherwise known as
bio-oil.

Longer residence times and High temperatures
increase biomass conversion to gas, and short vapor
residence time and moderate temperatures are
optimum for producing liquids. The most important
features for pyrolysis to occur to give proper bio oil
yield are:

1. A Temperature of around (400-500C) in order to
produce bio oil in maximum.

2. Finely ground biomass with about less than 3mm
size with high heatingrates.

3. Vapor residence times of about less than 2 sec to
lessen the secondary reactions to occur.

4. The remaining bio-char must be removed so as to
prevent the secondary cracking reactions.

5. The vapors are rapidly cooled to produce the bio
oil as the intermediateproduct.

3. LITERATUREREVIEW

A. Lucia et al (1). The advancement in thermo
chemical process use for bio fuel production has
gained a lot of importance for the production of clean
and efficient energy substitute. The choice of process
depends upon the type of desirable product; Fast
pyrolysis leads to high yield of bio-oil whereas the
slow and vacuum pyrolysis process gives a good
choice for production of bio-char and bio-oil
furnishing high yields and simultaneously superior
quality of bio-char A.V Bridgewater et al (2). It is
recognized that biomass exceeds many other
renewable energy sources because it is plentily
available, high energy values and it is versatile, and
sugarcane bagasse is the most abundant crop waste
found in the world J.M Encinar et al (3) .Biomass
pyrolysis products are the complex combination of
the products from individual pyrolysis of cellulose,
hemicelluloses and extractives each having its own
kinetic characteristics. In addition to that the
secondary products come from the cross reactions of
primary pyrolysis products between pyrolysis
products and the original feedstock molecules,
Pyrolysis of each constituent is itself a complex
process which is dependent on many factors Dinesh
Mohan et al (4) .The pyrolysis characteristics of
sugarcane bagassehemicellulose were found out
using a tubular furnace, the pyrolysis experiment was
conducted at various elevated temperatures starting
from 550,600,650,700,750,800,850 & 900 0C in a
homemade tubular furnace. The main objective of the
project was to investigate the effect of temperature on
the various product yields and to characterize the
products with various analytical techniques. The
liquid products were analyzed by GCMS and it was
found that the main gas products were (CO, CO2,
CH4& H2) respectively Peng et al (5) .The biomass
pyrolysis was carried out using Thermo gravimetric
analyzer and packed- bed pyrolyser. It inferred that
there were no detectable interactions among the
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components during pyrolysis in either of the above
two process on the other hand the ash present in the
biomass had a strong influence on both pyrolysis
characteristics and the product distribution.

4. MATERIALS AND METHODS

COLLECTION OF RAWMATERIAL:

The precursor is collected from the nearest sugar
industry namely (SHAKTI SUGAR INDUSTRIES)
as they are used for power generation inside the sugar
mill. The raw material is in the form of fibres.

PYROLYSIS PROCEDURE:

Pyrolysis of the biomass is carried out with a system
which comprises of a reactor, a furnace and a
condenser that is being used to condense the gas and
thereby collect the bio-oil. It is carried out using a
reactor which is made up of stainless steel (SS 316)
material having diameter of about 4.5cm and a
elevation of 18.5cm. The reactor is the one inside
which the precursor is being filled and certainly
inserted vertically inside the furnace. Once the
reaction is started the precursor is pyrolysed and the
moisture is eliminated with next volatiles and thereby
remaining with ash (bio-char). The bio-oil is
collected in the measuring flask which lies below the
condenser. There also lies a temperature controller
inside the furnace which is PID controller. The
furnace has a maximum temperature reach ability of
1200C.

CHARACTERIZATION OF THEMATERIAL

PROXIMATEANALYSIS:

It is done in order to calculate the moisture content,
ash content, volatile matter content and the fixed
carbon content of the biomass sample. The
experiment was conducted by ASTM D3173-75. The
fixed carbon is calculated by difference, after the
calculation of moisture content, volatile content and
ash content. It is the quantitative analysis which
separates all the above 3 components from any
material. The ash content of the material doesn’t
contribute to the calorific value of the fuel. The
proximate analysis was done for the bio-mass as well
as bio-charsamples.

PROXIMATEANALYSIS:

It is done in order to calculate the moisture content,
ash content, volatile matter content and the fixed
carbon content of the biomass sample. The
experiment was conducted by ASTM D3173-75. The
fixed carbon is calculated by difference, after the
calculation of moisture content, volatile content and
ash content. It is the quantitative analysis which
separates all the above 3 components from any
material. The ash content of the material doesn’t
contribute to the calorific value of the fuel. The
proximate analysis was done for the bio-mass as well
as bio-charsamples.
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5. RESULTS ANDDISCUSSION

PROXIMATE AND ULTIMATE ANALYSIS
OFBIOMASS

PROXIMATE ANALYSIS

Content Weight percentage (%)

MOISTURE
CONTENT

1.94

VOLATILE MATTER 71.48

FIXED CARBON 15.57

ASH CONTENT 11.01

ULTIMATE ANALYSIS

Elements Weight percentage (%)

CARBON 56.160
HYDROGEN 3.512
NITROGEN 6.213
SULPHUR 2.380
OXYGEN 31.73

H/C 0.750

O/C 0.560
OIL CONTENT (%)

GROSS CALORIFIC
VALUE

53.3

2754.32

ELEMENTAL
FORMULA

CH0.75 N0.0946 S0.015
O0.560

The proximate analysis and ultimate analysis gave their result with highest volatile matter in the
biomass of about 71.48% and the lowest moisture of 1.94 whereas the ultimate analysis showed
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the highest presence of carbon of about 56.16 %. The elemental formula of the biomass is also
predicted above

THERMO GRAVITRIC ANALYSIS
(TGA):

The TGA curve of the biomass gave the
decomposition stages of the biomass and the
temperature between which the thermal pyrolysis
would be done so as to get the optimum temperature.
It is conducted at gas flow rate of 35 ml/min and the
amount of sample taken during TGA analysis was
2.926gm and within a temperature range of (0- 600)0
C. The decomposition occurs in 3 stages the first
stage shows the removal of moisture from the
bio-mass , the 2nd stage gives the removal of volatile
matter present in the biomass sample and in the 3rd
stage the total combustion of the material takes place
with the weight loss from the material giving rise to
decomposition of the hydrocarbons . From the 3 stage
process the rapid decomposition occurs during the
volatiles are eliminated and so the stage is considered
to be important for pyrolysis. The pyrolysis is
performed according to the information from TGA
between 300-500 0C.

Fig.TGA of Sugarcane Bagasse

EXPERIMENTAL RESULTS

Table. Experimental result of Sugar Bagassepyrolysis
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Table: proximate analysis results at various prolytic
temperatures

Table: Ultimate analysis results at various prolytic
temperatures

Conclusion

Since the demand for energy is growing more and
more the dependency on fossil fuel need to be
reduced since they will get totally exhausted, the
need for more and more efficient used of biomass by
converting it to an efficient and clean source of
energy, therefore the biomass conversion is done by
pyrolysis technique to find efficient utilization of
biomass to produce the energy in form of solid, liquid
&gaseousfuels.

In this present work the pyrolysis of the sugarcane
bagasse is conducted at various temperatures starting
from 300C- 500C at 150 C rate of heating in the
reactor thereby giving an yield of 53.3% which was
found to be optimum at the temperature of 450C . On
contrary the bio-char yield showed a decreasing trend
and the volatiles in a similar manner showed
increasing trend upto optimum temperature i.e, 450C,
giving an yield of 53.3% bio- oil at 450C thereafter
showing a decreasingtrend.

The components present in the bio-oil sample were
found suitable for its use as bio-fuel in turbines and

other applications. Whereas on the other hand the
bio-char produced by the pyrolysis of bio-char also
has its applications as found by characterization of
the bio-char like the nutrients present in it may help
as a precursor in the soil amendment purpose. The
weight loss from the TGA studies of the bio-char
gave that the weight loss found was 35%. The surface
area values of the bio-chars would suitably find its
application in soil amendment purpose. The anion
chromatography results also inferred various plant
required nutrients which might find its applications.
The proximate and ultimate analysis of the bio-chars
produced at various pyrolytic temperatures revealed
that the carbon content were upto the mark which can
be used as a fuel , since the carbon composition in the
bio-fuel plays a vital role. The FTIR analysis results
showed negative functional groups on the surface of
the bio- char like carboxyl groups and phenolic
groups. Therefore with such tests conducted for the
bio-oil and the bio-char were all found feasible for its
application as bio-fuel as well as its application as
bio-char and various other applications depending
upon the properties of the sample, therefore the use of
the bio-fuel in refinery was found feasible from
properties study.

FUTUREWORK:

1. Engine performance of thebio-oil.

2. Soil amendment studies of the bio-char.

3. Bio-char applications as fuel & otherapplications.

4. Study of adsorption properties of the bio-char.

5. Study the distillation range of thebio-oil.

BIBLIOGRAPHY:

1.Lucian A. Lucia, “Lignocellulosic biomass: A
potential feedstock to replace petroleum”, Bio
Resources 2008, (4),981-982.

2.A.V Bridgewater, Chemical Engineering Journal,
2003 (91)87-102.

3.J.MEncinar, F.JBelatran, A. Bernalte, A.Ramrio,
J.F Gonzalez, “Biomass and bio energy” 1995
(11)397.

The International journal of analytical and experimental modal analysis

Volume XIII, Issue X, October/2021

ISSN NO:0886-9367

Page No: 395



4.Dinesh Mohan, Charles. U.Pittman, Jr., Phillip.
Steele, “Pyrolysis of Wood/ Biomass: A critical
Review”, 2006, (3) 848-889

5.Yunyunpeng&Shubin Wu, “Fast pyrolysis
characteristics of sugarcane bagasse hemicelluloses”,
Cellulose Chem.Technol., 2011 (45) 605-612.

6.K.Raveendran, AnuraddaGanesh, Kartic .C. Khilar,
“Pyrolysis characteristics of biomass and biomass
components” 1996, (75),987.

7.M.Gracia- Perez, A. Challa, J. Yang, C.Roy
“Co-pyrolysis of sugarcane bagasse with petroleum
residue .Part 1: Thermo gravimetric analysis” , Fuel,
2001,(80), 1245-1258.

8.MohammadRofiqul Islam, MomtazParveen,
Hiroyuki Haniu “Properties of sugarcane waste
derived bio-oil obtained by fixed- bed, fire-tube
heating pyrolysis”,2010, (101), 4162- 4168 .

9.SurinderKatayal, Kelly Thambimuthu, Marjorie
Valix, “Carbonization of bagasse in a fixed bed
reactor: Influence of process variables on char yield
and characteristics”, 2003, (28),713-725.

10.W.T.Tsai, M.K Lee, Y.M Chang, “Fast pyrolysis of
rice straw, sugarcane bagasse& coconut shell in
induction heating reactor”, 2006 (76),230-237.

11.J.Zandersons, J.Gravitis, A. Kokorevics,
A.Zhurinsh, O.Bikovens, A.Tradenaka, B.Spince,
“Studies of Brazilian sugarcane bagassecarbonisation
process & product properties, 1999, (17),209-219.

The International journal of analytical and experimental modal analysis

Volume XIII, Issue X, October/2021

ISSN NO:0886-9367

Page No: 396



MODELING AND CFD ANALYSIS OF CONICAL EXHAUST DIFFUSER 

Narishetty surender
1
                        P.Raju

2 

1
M.Tech (Thermal Engineering )Department of mechanical engineering vaagdevi college of engineering (ugc 

autonomous) approved by aicte & permanent affiliation to jntuh, hyderabad.p.o, bollikunta, Warangal urban- 

506005. 

2
Assistant Professor Department of mechanical engineering vaagdevi college of engineering (ugc autonomous) 

approved by aicte & permanent affiliation to jntuh, hyderabad.p.o, bollikunta, Warangal urban- 506005. 

Abstract 

The exhaust diffuser of a fluid machine, such as a gas turbine, recovers static pressure by decelerating the flow and 

converting kinetic energy into pressure energy. As a result, it is a vital component in the environment of a 

turbomachine and plays a critical role in determining the performance of a turbomachine. As a consequence, the 

fluid machine's efficiency can be enhanced if the diffuser design is optimized for optimal pressure recovery. 

Computational fluid dynamics (CFD) study was done on diffusers with various half cone angles, and the shape that 

provided the maximum pressure recovery was chosen based on the results. The diffuser was then built and tested 

with the ideal shape. CFD analysis to determine pressure drop, velocity, heat transfer coefficient, mass flow rate, 

and heat transfer rate for various conical exhaust diffusers (rectangular, circular, and hexagonal), conical exhaust 

diffuser models modeling using CREO parametric software, and analysis in ANSYS software for different conical 

exhaust diffusers (rectangular, circular, and hexagonal). CFD and thermal study of conical exhaust diffusers using 

ANSYS analysis modules 

Keywords: CFD, shapes, thermal analysis, pressure drop and ANSYS.   

1. INTRODUCTION  

A blown diffuser is a device that uses exhaust gases to interact with the diffuser airflow. "A device for decreasing 

the velocity of a fluid traveling through a system while increasing the static pressure," according to the definition of 

a diffuser. Diffusers are used to slow the flow of a fluid while increasing the static pressure. Pressing factor 

recuperation alludes to the ascent in the liquid's static pressing factor as it moves through a pipe. A spout, then 

again, is intended to build release speed and lower pressure while coordinating the stream a specific way. Frictional 

impacts can be huge during investigation, yet they are often disregarded. Bernoulli's guideline may typically be 

utilized to look at conduits holding low-speed liquids. Compressible stream relations are commonly used to examine 

conduits streaming at higher speeds with mach esteems more noteworthy than 0.3. 

Supersonic Diffusers: A supersonic diffuser is a duct that shrinks in size as it moves in the flow direction. Fluid 

temperature, pressure, and density rise as the duct gets smaller, while velocity falls. These changes in pressure, 

velocity, density, and temperature are caused by compressible flow. In a supersonic diffuser, shock waves may also 

play a crucial function.. Diffusers come in a variety of shapes, including circular, rectangular, and linear slot 

diffusers (LSDs, for example). Linear slot diffusers are made up of one or more long, narrow slots that are usually 

partially hidden in a fixed or suspended ceiling. [1] Diffusers are occasionally employed in the other direction, as air 

inlets or returns. This is especially true for 'perf' and linear slot diffusers. Grilles are most typically utilised as return 

or exhaust air inlets. A gas turbine engine's divergent exhaust diffuser is a critical component. It essentially lowers 

the fluid velocity that exits the low-pressure turbine stage and raises the static pressure. 

2. LITERATURE REVIEW  

Singh et al. [2] directed a CFD examination of an annular exhaust diffuser with different shapes while keeping up 

with the gulf half cone point steady. At long last, they guaranteed that the exhibition of an annular exhaust diffuser 

with an equal wandering center and packaging outflanked twirl.  

 

The pressing factor recuperation of an exhaust diffuser can be upgraded by raising the channel disturbance force, as 

per Hoffman [3].  

 

The disturbance force of an exhaust diffuser can be changed to further develop the diffuser's pressing factor 

recuperation. This paper proposed a test research on the construction of disturbance in a cone shaped exhaust 
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diffuser by P A C Okwuobi [4]. They found that close to the edge of the divider layer, which stretches out to the 

mark of maximal change, the tempestuous energy rate arrives at a most extreme worth. The greatness of energy 

convective dissemination because of pressing factor and active impacts is equivalent to that of energy creation, as 

indicated by the fierce motor energy balance.  

 

The fumes diffuser of a liquid machine, like a gas turbine, recuperates static pressing factor by decelerating the 

stream and transforming motor energy into pressure energy, as indicated by R. Prakash [5]. Accordingly, it is a 

fundamental segment in a turbomachine climate and has a significant impact in choosing a turbomachine's 

exhibition. Therefore, if the diffuser plan is upgraded for ideal pressing factor recuperation, the liquid machine's 

proficiency can be expanded.  

 

The subsonic stream study is done in diffuser blenders with and without swaggers, as indicated by Parameshwar 

Banakar [6]. For the two situations, all out pressure misfortune, pressure acquire, and significant stream boundaries 

like Mach number, speed, statics pressing factor, and twirl are analyzed. The investigation was done utilizing a 45-

degree area model of the diffuser blender without swaggers and with swaggers, considering the math's periodicity.  

 

In his examination, Venugopal M [7] tended to what the presentation of the fumes turbine diffuser means for the 

force and effectiveness of gas turbines. We should address the course through unsound contact with the turbine's 

high and low pressing factor rotational stages, which cause twirl stream, to foster a high-proficiency diffuser gas 

turbine. A survey of the writing uncovers that there is opportunity for development as far as turbine execution.. 

Since the diffuser is the focal point of the framework, it should manage variable levels of twirl. Twirl stream in the 

diffuser segment will cause issues like as pressing factor misfortune while streaming across swaggers and a 

lessening in momentary stream. The higher the Reynolds number, the more fierce the stream becomes, which is 

unfortunate. Reynolds' digit. At the point when mathematical discoveries are contrasted with exploratory outcomes, 

unmistakably the aftereffects of single-stage investigation are very near the trial results. 

3. MODELING AND ANALYSIS  

CREO is 3-D demonstrating PC programming utilized in mechanical designing, plan, assembling, and CAD drawing 

administration associations. It was recently known as expert/ENGINEER. It was one of the soonest three-

dimensional CAD displaying applications that utilization a standard based parametric framework. It might 

streamline the development item just as the actual plan by utilizing boundaries, measurements, and abilities to catch 

the item's practices. In 2010, the choice to change from genius/ENGINEER Wildfire to CREO was made. It became 

made accessible via the organization that made it, Parametric Science Corporation (PTC), sooner or later during the 

dispatch of its set-up of plan items, which incorporates applications like get together displaying, second orthographic 

perspectives for specialized drawings, limited detail examination, and others. As a result of its nitty gritty abilities, 

which contains the mix of parametric and direct displaying in a solitary stage, P.C.CREO claims it will give a more 

noteworthy powerful format information than exceptional demonstrating programme.TThe whole scope of 

capacities covers the whole range of item advancement, giving originators alternatives at each phase of the 

interaction. The application programming likewise offers a superior client decent interface, which gives creators a 

superior encounter. It likewise includes cooperation capacities that simplify it to share and adjust plans. 

 

Fig1: circular type      Fig: 2 rectangular type  
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Fig 3: hexagonal type      Fig: 4 2d drawing    

3.1 CFD 

Computational Fluid dynamics (CFD) is a part of liquid mechanics that settles and examinations issues including 

liquid streams utilizing mathematical strategies and calculations. The calculations important to display the 

communication of fluids and gases with surfaces characterized by limit conditions are performed on PCs. Better 

arrangements are conceivable with high velocity supercomputers. Momentum research is yielding programming that 

builds the exactness and speed of troublesome recreation situations like transonic or fierce streams. The underlying 

exploratory approval of such programming is completed in an air stream, with full-scale testing, for example, flight 

tests, giving a definitive approval. 

3.2 METHODOLOGY 

In ANSYS ICEM CFD, the math is worked for each model dependent on the given information, and a space is 

framed to incorporate the stream inside the area to the body's dividers. To examine space freedom, three tube shaped 

areas are assessed utilizing an experimentation strategy that includes estimating distances between the model's nose 

and last parts and computing the span from the model's hub. 

3.3 BOUNDARY CONDITIONS 

Coming up next are the applicable limit conditions for registering the dissimilar exhaust diffuser:  

 

Delta: The gulf boundary is bay speed, with a worth of 45m/s at the channel of a conelike exhaust diffuser.  

 

The boundary pressure-outlet is characterized in the power source area, and the worth is set to 101325. Pascal.  

 

 The fixed divider with no slip condition is characterized as the divider. The unpleasantness tallness and harshness 

constants are additionally set to 0, suggesting a smooth surface.  

The sort for the Inlet zone would be speed delta. A speed of 45 m/s and a temperature of 1773 K are the Velocity 

channel limit conditions. Fixed divider conditions are utilized for the line. The sort for the Outlet zone would be 

pressure outlet. Standard temperature and working pressing factor states of 101325 Pa are utilized to decide the 

pressing factor outlet limit conditions. 
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4. RESULTS AND DISCUSSIONS 

  

 

Fig : 5 imported model  

 

Fig :6 meshed model 
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Fig: 7 pressure drop 

 

Fig: 8 velocity counter  

 

 

Fig: 9 Heat transfer coefficient 
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4.1 THERMAL ANALYSIS OF CONICAL EXHAUST DIFFUSER 

 

Fig: 10 temperature distribution   

 

Fig 11: heat flux  
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5 Result tables  

5.1 CFD analysis results table  

Conical 

exhaust 

diffuser 

models 

Pressure 

(Pa) 

Velocity(m/s) Heat 

transfer 

coefficient 

(w/m2-k) 

Mass flow 

rate (kg/s) 

Heat 

transfer rate 

(W) 

Circular 1.70e+04 4.66e+01 1.52e+04 0.1629 490752 

Rectangular 2.24e+04 5.74e+01 1.74e+04 0.10063 304288 

hexagonal 1.71e+04 6.51e+01 1.96e+04 0.3409 1033152 

 

5.2 Thermal analysis result table  

Models  Materials  Temperature (K) Heat 

flux(w/mm2) 

Max.  Min.  

Circular  Steel 1773 888.41 11.878 

copper 1773 1509.8 23.187 

Rectangular Steel 1773 426.4 20.563 

copper 1773 1166.6 52.772 

Hexagonal  Steel 1773 516.45 19.566 

copper 773 1260.4 47.894 

 

6. CONCLUSION  

Considering the results of the analysis on various exhaust diffusers, the following conclusions can be drawn. CREO 

Parametric 3.0 modelling software was used for the modelling. In ANSYS workbench, the thermal analysis is 

carried out. Using FLUENT's post processing interface, the resulting solutions were then transformed to plots and 

contours. Different shapes of diffusers were computationally analysed, and their co-efficients of pressure recovery 

were computed using the results. Due to the conversion of kinetic energy into pressure energy, the velocity plots and 

contours show an exact opposite trend. Also, due to friction effects at the boundary layer, the centerline velocity is 

higher than the velocity at the boundary. Pressure, velocity, heat transfer coefficient, mass flow rate, and heat 

transfer rate were shown to improve turbine efficiency and performance when utilising this type of diffuser. The 

heat transfer coefficient and heat transfer rate values for hexagonal type conical exhaust diffusers are higher based 

on the CFD analysis results. The heat flux value is highest at copper material, according to the thermal analysis. As a 

result, the copper material is a preferable choice for a conical exhaust diffuser. 

REFERENCES  

[1] R. Prakash, D. Christopher, K. Kumarrathinam, "CFD Analysis of move through a tapered fumes diffuser", 

International Journal of Research in Engineering and Technology, Volume 3, Issue 11, NCAMESHE-2014.  

[2] Parameshwar Banakar, Dr. Basawaraj, "Computational Analysis of stream in max engine propulsion diffuser 

blender having various states of swaggers", International Journal of Engineering Research, Vol. 3, Issue 6, 2015.  

 

[3] Venugopal M, Somashekar V, "Plan and Analysis of Annular Exhaust Diffuser for Jet Engines", International 

Journal of Innovative Research in Science, Engineering and Technology, Vol. 4, Issue 7, July 2015.  

The International journal of analytical and experimental modal analysis

Volume XIII, Issue X, October/2021

ISSN NO:0886-9367

Page No: 403



[4] Nikhil D. Deshpande, Suyash S. Vidwans, Pratik R. Mahale, Rutuja S. Joshi, K. R. Jagtap, "Hypothetical and 

CFD Analysis Of De Laval Nozzle", International Journal of Mechanical And Production Engineering, ISSN: 2320-

2092, Volume-2, Issue-4, April-2014.  

[5] Ali Asgar S. Khokhar, Suhas S. Shirolkar, "Plan And Analysis Of Undertray Diffuser For A Formula Style Race 

vehicle", International Journal of Research in Engineering and Technology, Volume: 04 Issue: 11 | Nov-2015  

[6] Manoj Kumar Gopaliya, Piyush Jain, Sumit Kumar, Vibha Yadav, Sumit Singh, "Execution Improvement of S-

molded Diffuser Using Momentum Imparting Technique", IOSR Journal of Mechanical and Civil Engineering, 

Volume 11, Issue 3 Ver. I (May-Jun. 2014), PP 23-31.  

[7] Masafumi Nakagawa, Atsushi Harada, "Investigation of Expansion Waves Appearing in the Outlets of Two-

Phase Flow Nozzles", International Refrigeration and Air Conditioning Conference at Purdue, July 14-17, 2008.  

[8] K.M. Pandey, Member IACSIT and A.P. Singh, "CFD Analysis of Conical Nozzle for Mach 3 at Various Angles 

of Divergence with Fluent Software", IJCEA, Vol.1, No.2, August 2010.  

[9] Vinod kumar S Hiremath, S. Ganesan, R. Suresh, "Plan And Analysis Of Exhaust Diffuser Of Gas Turbine 

Afterburner Using CFD", Proceedings of 27th IRF International Conference, 26th June, 2016.  

[10] Santhosh Kumar Gugulothu and Shalini Manchikatla, "Exploratory and Performance Analysis of Single Nozzle 

Jet Pump with Various Mixing Tubes", International Journal of Recent advances in Mechanical Engineering 

(IJMECH) Vol.3, No.4, November 2014. 

The International journal of analytical and experimental modal analysis

Volume XIII, Issue X, October/2021

ISSN NO:0886-9367

Page No: 404


	3.4.3 -  11 (6).pdf (p.1-8)
	3.4.3 -  11 (7).pdf (p.9-13)
	3.4.3 -  11 (8).pdf (p.14-31)
	3.4.3 -  11 (9).pdf (p.32-38)
	3.4.3 -  11 (10).pdf (p.39-44)
	3.4.3 -  11 (11).pdf (p.45-51)
	3.4.3 -  11 (12).pdf (p.52-57)
	3.4.3 -  11 (13).pdf (p.58-63)
	3.4.3  1.pdf (p.64-74)
	3.4.3  2.pdf (p.75-83)
	3.4.3  3.pdf (p.84-88)
	3.4.3  4.pdf (p.89-102)
	3.4.3  5.pdf (p.103-109)
	3.4.3  6.pdf (p.110-116)
	3.4.3  7.pdf (p.117-120)
	3.4.3 -12.pdf (p.121-131)
	3.4.3 -13.pdf (p.132-139)
	3.4.3 -15.pdf (p.140-146)
	3.4.3 -16.pdf (p.147-160)
	3.4.3 -17.pdf (p.161-164)
	3.4.3 -18.pdf (p.165-168)
	3.4.3 -19.pdf (p.169-173)
	3.4.3 -20.pdf (p.174-180)
	3.4.3- 21.pdf (p.181-195)
	3.4.3 -22.pdf (p.196-201)
	3.4.3 -23.pdf (p.202-206)
	3.4.3 -24.pdf (p.207-212)
	3.4.3 ADD THIS FILE AY 21-22 SN 2.pdf (p.213-214)
	3.4.3 ADD THIS FILE AY-21-22.pdf (p.215-216)
	3.4.3(10).pdf (p.217-221)
	3.4.3(45).pdf (p.222-232)
	3.4.3(46).pdf (p.233-237)
	3.4.3.pdf (p.238)
	3.4 (1).pdf (p.239)
	3.4 (2).pdf (p.240)
	3.4 (3).pdf (p.241)
	3.4 (4).pdf (p.242)
	3.4 (5).pdf (p.243)
	3.4.3   (1).pdf (p.244-252)
	3.4.3   (2).pdf (p.253-258)
	3.4.3   (3).pdf (p.259-264)
	3.4.3 -  11 (1).pdf (p.265-270)
	3.4.3 -  11 (2).pdf (p.271-277)
	3.4.3 -  11 (3).pdf (p.278-286)
	3.4.3 -  11 (4).pdf (p.287-293)
	3.4.3 -  11 (5).pdf (p.294-301)

