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Abstract— Exhaust gas recirculation (EGR) system is one of 

the post processing techniques and, it is widely used to meet 

emission standards. And it has been considered as the most 

effective means to reduce NOx emission from diesel engine. 

EGR cooler is a simple heat exchanger in which exhaust gas 

is cooled with the help of coolant from engine itself. Our 

objective is to improve the effectiveness of shell and tube 

type heat exchanger; So that exhaust gas recalculated will be 

cooled more, in this way combustion chamber temperature 

will be lowered and it reduces NOx emission. Therefore, we 

create different models 1, 2, 3 and 4 of EGR coolers. Model-

1 is a simple shell and tube type and simulated its result on 

ANSYS fluent 16.0. Then in model-2 we replaced simple 

tubes by triangular finned type circular tube and get increased 

effectiveness of the same cooler. And in the model-3, we 

replace the plane tube in same model by rectangular finned 

tube, and in the Model-4, we replace simple tubes by 

Trapezoidal fin type tubes. Now compared all the four models 

by their effectiveness and suggest to use most effective 

Model-4 among them. We create four models of EGR cooler 

which are designed to check which type of EGR cooler is 

most effective out of these, Model-1 type of EGR cooler is 

consist of plain tube. Model-2 consist of internally triangular 

fins tube along its length and model-3 consist of internally 

rectangular fin tube and model-4 consist of trapezoidal fin 

tube on its surface .The maximum effectiveness is seen in 

case of the EGR cooler with trapezoidal fin tube. 

Keywords: Fin, Effectiveness, LMTD, NTU and EGR, NOx 

I. INTRODUCTION 

A. Introduction: 

The recent year severe problem in the world is environment 

pollution. It includes all type of pollution such as air 

pollution, water pollution, marine pollution etc, these are 

interconnected to each other. Which is very harmful for our 

ecosystem. All governments of the world number of 

convention held to control and reduce the environment 

pollution. Some convention are Vienna convention, Montreal 

protocol (for ozone depletion substance), Kigali amendment 

(for hydro flouro carbon) etc. Environment pollution created 

by many things out of them industrial, vehicular traffic. 

Exhaust gases from vehicles includes CO, CO2, HC, NOx. 

Out of this NOx is particularly very harmful. These are one 

of the chief constituents of smog, acid rain, which have an 

adverse effect on ecological systems. NOx react with water 

to form HNO3 it is an acid which make rain to acidic also 

causes breathing illness in human beings. 

Internal combustion engines exhaust gas 

recirculation (EGR) is oxides of nitrogen (NOx) emission 

reduction technique used in petrol/gasoline and diesel 

engines. EGR works by recalculating a small portion of an 

engine’s exhaust gas back to the engine cylinders. The 

principle of EGR is to recalculate about 10% to 30% of the 

exhaust gases back into the inlet manifold where it mixed 

with the fresh air and make diluted charge and this will reduce 

the quantity of oxygen (O2) available for combustion. This 

reduces the oxygen concentration and dilutes the intake 

charge and reduces the peak combustion temperature inside 

the combustion chamber which will simultaneously reduce 

the nitrous oxide (NOx) formation. About 15% recycle of 

exhaust gas will reduce NOx emission by about 80% [1]. 

 
Fig. 1.1: Schematic diagram of EGR Cooler 

Better fuel economy , higher power with lower 

maintenance cost has increased the popularity of diesel 

engine vehicles are for bulk movement of goods, Diesel 

engines also used to produce power stationary/ mobile 

equipment, and to generate electricity more economically 

than any other device in this size range. In most of the global 

vehicle markets, diesel car record sales have been observed 

in recent years. The exhorted anticipation of additional 

improvements in diesel fuel and vehicle sales in future have 

forced diesel engine manufacturers to upgrade the technology 

in terms of power, fuel economy and emissions [2]. 

In present year pollution increases due to various 

harmful gases occurs due to globalization, industrial 

development, transportation and vehicle industries. In these 

transportation industries internal combustion engines are the 

main power source because of non renewable fuel which 

contain hydrocarbon. In Comparison to petrol and diesel 

engine, diesel engines have high thermal efficiency because 

of high compression ratio and lean air-fuel mixture. High 

compression ratio leads to high temperature. Due to the lean 

air-fuel mixture, extra oxygen is present in the cylinder for 

complete combustion. This oxygen reacts with nitrogen and 

produces pollutants like oxides of nitrogen. 

B. Formation of NOx: 

Oxides of nitrogen (NOx) is produced in very small quantities 

can cause pollution. While prolonged exposure of NOx is 

dangerous to health. Oxides of nitrogen i.e. NOx which 

occurs only in the exhaust of the engine are a combination of 

nitric oxide (NO) and nitrogen dioxide (NO2). Nitrogen and 

oxygen react at high temperature. NO is formed inside the 
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combustion chamber in post-flame combustion process in the 

high temperature region. The high peak combustion 

temperature and availability of oxygen are the main reasons 

for the formation of NOx. [3]. In the presence of oxygen 

inside the combustion chamber at high combustion 

temperatures the following chemical reactions will takes 

place behind the flame. Zeldovich mechanism for formation 

of nitric oxide. 

N2+O = NO + N 

N+O2= NO+ O 

N2+OH = NO+H 

C. Exhaust Gas Recirculation: 

EGR is a useful method for reducing NOx formation. EGR is 

a method in which a portion of engine exhaust gas is 

recalculate to the combustion chamber through intake 

manifold system. This reduces the O2 concentration in the 

combustion chamber. The specific heat of the EGR is much 

higher than fresh air hence EGR increases the heat capacity 

of the diluted intake charge, thus decreasing the temperature 

rise for the same heat release [4] 

1) Different Types of EGR Systems: 

a) Classification Based on Temperature Hot EGR:  

Exhaust gas is re-circulated without being cooled, resulting 

in the increased charge temperature [4].                             

Fully cooled EGR: Exhaust gas is cooled before re-

circulation in to the combustion chamber by the means of a 

water-cooled heat exchanger [4]. In this case, condensed 

water enters the cylinder and produces undesirable effects.                                                              

Partly cooled EGR: To avoid the water condensation, the 

temperature of exhaust gas is kept just above its dew point 

temperature [4]. The dew point is the temperature at 

which air must be cooled to become saturated with water 

vapour. When further cooled, the airborne water vapour 

will condense to form liquid water (dew). When air cools to 

its dew point through contact with a surface that is colder than 

the air, water will condense on the surface.                 

b) Classification Based on Configuration Long Route 

System (LR):  

In LR system the pressure drops across the air intake and the 

stagnation pressure in the exhaust gas stream cause the EGR 

possible [4]. Stagnation pressure is the stagnation pressure at 

a stagnation point in a fluid flow. At a stagnation point the 

velocity of fluid is zero and all kinetic energy has been 

converted into pressure energy.                                                

Short Route System (SR): - These systems are mainly the 

method used to set up a positive pressure difference across 

the EGR circuit.  [4] 

c) Classification Based on Pressure Low Pressure 

Route System:  

The passage for EGR is provided from downstream of turbine 

to upstream side of compressor [4]. High Pressure Route 

System: The EGR is passed from upstream of the turbine to 

the downstream of the compressor [4]. 

D. Introduction of Fins:     

Fins are the extended surfaces designed to improve heat 

transfer rate for a fixed surface temperature, or lower surface 

temperature for a fixed heat transfer rate. 

1) Types of Fins: 

 
Fig. 1.2: Types of Fins 

2) Heat Transfer from Finned Surfaces           

The rate of heat transfer from a surface temperature Ts to the 

surrounding medium at T∞ is given by Newton’s law of 

cooling as,   

Where.                                                                    

As=the heat transfer surface area and                           

 h =the convection heat transfer coefficient                      

Ts= Surface temperature 

T∞=Ambient temperature  

The two ways to increase the rate of heat transfer: - 

1) To increase the convection heat transfer coefficient  

2) To increase the surface area. [7] 

As Increasing heat transfer coefficient may require 

the installation of blower or fan, or replacing the existing one 

with a larger one, but this approach may or may not be 

practical. Besides, it may not be adequate [7].                                                          

The alternative is to increase the surface area by extended 

surfaces called fins made of highly conductive materials. 

Finned surfaces are manufactured by extruding, welding, or 

rolling a thin metal sheet on a surface. Fins enhance heat 

transfer from a surface by exposing a larger surface area to 

convection and radiation. Finned surfaces are commonly used 

in practice to increase heat transfer, and they often increase 

the rate of heat transfer from a surface [7]. 

In the analysis of fins, we consider steady operation 

with no heat generation in the fin, and we assume the thermal 

conductivity k of the material to remain constant. We also 

assume the convection heat transfer coefficient to be constant 

and uniform over the entire surface of the fin for convenience 

in the analysis [7]. 

3) Application of Fin 

 Electric motor and transformers  

 Evaporators and condensers of refrigeration and air 

conditioning system. 

 C. Engines 

 Condensers and economizers of thermal power plant. 

 Cooling of electronics components. 

II. LITERATURE REVIEW 

A. Literature Review:  

[1] Harilal S. Sorathia,Dr. Pravin P. Rahhod and Arvind S. 

Sorathiya (2012), studies effect of exhaust gas recirculation 

(EGR) on NOx emission from C.I. engine” The aim of this 

work is to review the effect of exhaust gas recirculation 

(EGR) to reduce the nitrous oxide (NOx) emission from 

tailpipe of homogeneous charged C.I.engines. Cooled 

exhaust gas recirculation is a common way to control the 

nitrous oxide (NOx) generation in engine cylinder. It was 

found that adding EGR to the fresh air charge to 

https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Air
https://en.wikipedia.org/wiki/Water_vapor
https://en.wikipedia.org/wiki/Water_vapor
https://en.wikipedia.org/wiki/Water_vapor#Condensation
https://en.wikipedia.org/wiki/Dew
http://learnmech.com/wp-content/uploads/2016/05/typesoffins.png
http://learnmech.com/wp-content/uploads/2016/05/finsequation.png
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homogeneous charged engines will beneficial to reduce the 

NOx emission substantially.     

[2] Young-Ho seo, Hyung- Min Lee, Sang-Kwang 

Jeon, Tae-Wan ku, Beon-Soo Kang & Jeong Kim (2012) have 

studied Homogenization of dimpled tube and its Application 

to structural integrity Evaluation for a dimple-type-EGR 

cooler using FEM. In this study to improve heat-exchanger 

efficiency. A dimple type EGR cooler had considered they 

proposed dimple-type EGR cooler in order to obtain high heat 

exchanger efficiency.    

[3] M. Hatami, D.D.Ganji, M.Gorji-Bandpy (2014) 

studies Numerical study of finned type heat exchangers for 

IC engine’s exhaust waste heat recovery. In this paper, two 

cases of heat exchangers (HEXs) which previously were used 

in exhaust of internal combustion engines (ICEs) are modeled 

numerically to recover the exhaust waste heat. It is tried to 

find the improved viscous model to obtain the results with 

more accordance by experimental result.                                     

[4] Vivek Kumar Varshney, Kumar Gaurav, Sakya 

Singh Tripathy and Avinash Kumar Agrawal (2016) 

suggested that first part of this paper covers an extensive 

review of the research work carried out in the area of EGR. 

Three types of EGR are used: hot, partly cooled, cooled EGR. 

Two configurations of EGR systems namely long route and 

short route system have been used in various experimental 

investigations.                            

[5] Ibrahim H. Shah, Bhupendra Singh (2015) 

studied A comparative analysis to enhance the effectiveness 

of EGR coolers used in diesel engine. They developed 

deferent EGR model like rectangular fin and circular finned 

type shell & tube heat exchanger. They concluded that 

rectangular fin tube has more surface area as compared to 

circular once therefore it is more effective. And ANSYS CFD 

results prove this                              

[6] Ibrahim H. Shah, Pawan Detwal (2016), studies 

Performance Study of EGR Cooler with Different Geometries 

& Comparison with Dimpled-Tube Type EGR Cooler using 

CFD. Then model we replaced simple tubes by internally 

rectangular finned type circular tube and get increased 

effectiveness of the same cooler. And the model, we replace 

the plane tube in same model by spiral (rectangular cross-

section) finned tube, and the Model, we replace simple tubes 

by Dimpled type tubes. Now compare all the four models by 

their effectiveness, and most effective Model Dimpled-tube.                                                           

[7] Saurabh Kumar, Sourav Kumar (2016) studied 

Performance Analysis of EGR Cooler for Different Types of 

Finned Tubes using CFD. The best way to optimize the heat 

transfer effect in an EGR cooler is to provide finned surfaces 

inside the tubes or use corrugations outside the tube surface, 

thus maximizing the heat transfer from the hotter exhaust gas 

to the cooler fluid. The focus of the study will be to compare 

the results with an innovative design of the tubes, with the 

inclusion of different types of fins inside the tube surface.                   

[8] Krishnan Arjun, Vinay C. Sekar, Balaji J, S.M 

Boopathi (2006) studies Prediction of NOx reduction with 

Exhaust Gas Recirculation using the Flame Temperature 

Correlation Technique. This paper discusses a simple 

methodology for evaluating the effect of EGR on NOx 

reduction based on the Flame Temperature Correlation, 

which can easily be implemented on a PC. It uses ‘base-

engine’ data to predict by how much NOx emissions would 

reduce for different exhaust gas flow rates, if an EGR system 

were to be implemented on the engine. The results were 

compared with experiments and were found to match 

satisfactorily for industrial purposes for low to medium loads, 

speeds and EGR flow rates.     

[9] Ibrahim Hussain Shah, Raghvendra S. Bhadoriya 

(2016), studies CFD Simulation of Stack Type EGR Cooler 

for CI Engine. Three different models of EGR cooler are 

investigated, among which model first is a traditional shell 

and tube while second models are stack type and third models 

are fins are added in stack type geometry.  

[10] Hussan. J, Palanirad ja. K, Alagumurthi. N, 

Manimaran. R (2012), use of EGR adopted diesel engine 

increasing day by day worldwide to reduce the NOx 

emissions. The EGR adopted engine can reduce NOx 

considerably but it adversely improves the emissions of UHC 

nearly 40 to50%. We can avoid this effect by reutilization of 

UHC. EGR adopted direct injection compression ignition 

engine with insertion of unburned hydro carbon (UHC) rich 

exhaust. The result were presented and compared with all 

EGR levels. The result were evidence that can reduce 20 to 

25% of UHC by this method.                                                                    

[11] Shravan H. Gawande, Sunil D. Wankhede, 

Rahul N. Yerrawar, Vaishali J. Sonawane, Umesh B. 

Ubarhande (2012), Studies the design of STHE includes 

thermal design and mechanical design. The thermal design of 

STHE involves involution of required effective surface area 

(i.e. number of tubes) and finding out log mean temperature 

difference (LMTD) whereas, mechanical design includes the 

design of main shell under internal and external pressure, tube 

design, baffles design gasket etc.The complete design, 

fabrication, testing, and analysis work was carried out at Alfa 

Laval (India), Ltd,                       

[12] Ibrahim H. Shah, Akhilesh Choudhary (2017),   

studies CFD Simulation of EGR Cooler for CI Engine. 

Different models of EGR cooler are investigated, among 

which model-A is simple a shell and tube. Model-B we 

replace simple tube by externally triangular finned type 

circular tube it increases the heat transfer rate and therefore 

we get increased effectiveness of cooler. Model-C we replace 

the plan tube in same model by square finned tube. Now we 

compare all three models by their effectiveness.                                                         

[13] Ajinkya B. Amritkar, Nilesh Badge (2016), 

studies the effect of EGR in internal combustion engine. 

Higher temperature in combustion chamber leads to 

performance of NOx and particulate matter which is harmful 

to human as well as environment.   

III. DESIGN OF HEAT EXCHANGER     

A. Method of design a heat exchanger, 

a) Conventional method 

b) Optimization method 

Types of Conventional method. 

1) LMTD method 

2) NTU method 

Types of Optimization method, 

 KERN`S method 

 Donohue method 

 Tinker`s method 

 Dell method 
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1) NTU Method  

The heat transferred by a heat exchanger can be obtained by 

the following equations 

Heat transferred of hot fluid Qh= mhCph(Thi-Tho) 

Heat transferred of cold fluid Qc = mcCpc(Tco-Tci) 

And by Energy Balance Qh=Qc=Q 

 Heat capacity of hot gases = mhCph 

 Heat capacity of cooling water = mcCpc 

 Heat capacity ratio R = Cmin/Cmax 

 NTU = UA/Cmin 

 Effectiveness for counter flow EGR cooler      

ε=1−exp[−NTU(1−R)]/1−Rexp[−NTU(1−R)] 

2) LMTD Method 

The overall heat transfer rate can be 

Q = UATLMTD 

 
Fig. 3.1: LMTD diagram 

TLMTD = 
Ɵ𝟏−Ɵ𝟐

𝒍𝒏 
Ɵ𝟏
Ɵ𝟐

 

Where,  

Ɵ1 = (Thi − Tco) and Ɵ2 = (Tho − Tci) 

Effectiveness 

 Hot gas exit temperature     

ε=Ch(Thi−Tho)/Cmin(Thi−Tci)    

 Cold fluid exit temperature   

ε=Cc(Tco−Tci)/Cmin(Thi−Tci)  

3) Kern’smethod 

Kern’s method was based on experimental work on 

commercial exchanger.  

a) Advantages: 

 Giving satisfactory prediction of the heat-transfer 

coefficient for standard design 

 Simple to apply 

 Accurate enough for preliminary design calculations 

b) Kern’s Method Design: 

Collect physical properties physical properties at fluid mean 

temperature 

 Density, ρ (kg/m3),  

 Thermal conductivity, k (kg/m-s) 

 Prandtl number, Pr = 
𝝁𝒄𝒑

𝒌
 

 Specific heat, Cp (J/kg-K) 

 Viscosity, 𝛍(kg/m-s) 

 Tube Arrangements: 

The tubes in an exchanger are normally arranged in square, 

equilateral triangular or rotated square pattern 

 

 
Fig. 3.2: Tube Arrangements 

The recommended tube pitch is 1.25 times the tube 

outside diameter; and this will usually be used unless process 

requirements dictate. 

c) Calculate tube number:  

Surface area of the tube: -    At = 2πr0l                                         

So, number of tube required  

 No. of tubes (n) =  
Total outside surface area of tubes (Provisional area)

Outside surface area of one tube
 

d) Calculate shell diameter: 

As estimate the bundle diameter Db can be obtained from 

equation below which is an empirical equation based on 

standard tube layouts. 

Bundle diameter  

Db= (don/K1 )1/n
1 

 
Table 3.1: Constants K1 and n1 

Where, 

 Db = bundle diameter in mm, 

do = tube outside diameter in mm., 

n = number of tubes. 

Shell diameter = Db + clearance  

IV. CALCULATION 

A. Engine Specification 

Description Specification 

Displacement 1248cc 

Induction Type Turbocharger 

Bore x Stoke 69.6mmx82mm 

Maximum power (ps/rpm) 75/4000 

Compression ratio 17.7 

EGR System Cooled 

Maximum torque (kgf-m) 190 

RPM 2000 

Table 4.1: Engine Specification 

B. Calculation for Engine Parameter 

Calculation mass flow rate of exhaust and temperature of 

exhaust gas – 

Swept volume of engine 

Vs = 
𝜋

4
 * d2 * L 
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Vs = 
𝝅

𝟒
 * (.0696)2 * 0.082 

Vs =3.119767×10-4m3 

Volume swept per minute by piston 

 = 
𝝅

𝟒
 * d2 * L * 

𝑵

𝟐
 *k 

 = 
𝝅

𝟒
 * (.069)2 * .082 * 

𝟐𝟎𝟎𝟎

𝟐
 *4 

 =1.24790 m3/min 

1) Flow Rate of Air into the Engine: 

At the end of the exhaust stroke some exhaust gases will 

remain in the clearance volume, at the start of the suction 

stoke fresh air charge does not enter. Hence the exhaust gas 

expands to fill the vacant space cause by downward motion 

of the piston. When the pressure of expands exhaust, gas 

become equal to the inlet pressure of fresh air charge, then 

enter fresh air charge for the remaining of the suction stroke. 

The actual volume of fresh air charge taken in (V) to the stoke 

volume is define as the volumetric efficiency of the engine 

and it is given by 

ɳv=V/Vs 

V = ɳv * Vs    (where ɳv=90% ) 

V = 1.1241 m3/min 

Mass flow of air into the engine 

ma =  
𝑝𝑣

𝑅𝑇
 

ma =  
1.2∗105∗1.1241

287∗318
 

ma = 1.4780 kg/min 

ma = .0246 kg/sec 

mg = ma + mf 

mg = ma + ma/25(where A:F=25:1) 

mg = 0.0246 kg/sec 

We use only some 15 % of exhaust gas into the engine 

cylinder: 

mg = .15 x 0.0246=0.0038376 

We start our design calculation for 15% mass of the exhaust 

gas in EGR cooler, 

2) Inlet condition: 

 
Fig. 4.1: Diesel cycle P-V diagram 

P1 = 1.2 bar, T1 = 318  

Taking isentropic condition (process 1-2) 

(
𝑃2

𝑃1
)

ƴ−1/ƴ

 =   
𝑇2

𝑇1
………….(1) 

(
67.04

1.2
)

1.4−1/1.4

=  
𝑇2

𝑇1
 

T2 = 3.516 * T1 ………… (2) 

T2 = 1003.73 K 

Heat is supplied at constant pressure (process 2-3) 

Q = mf * C.V.= mg cp (T3-T2)   (Where calorific value for diesel  

is 45.5 MJ/kg) 

 Q = (ma/25) * 45.5* 106 =0.025584*1140.8 (T3-1003.73) 

                          T3 = 2537.74 K 

Cut off ratio =  
T3

T2
 =

2537.74

1003.73
= 2.52 

Isentropic exhaust process (process 3-4) 
T3

T4
  =  (

V4

V3
)

ƴ−1

 

T3

T4
  =  (

17.7

2.52
)

0.4

 

T4 = 1164 K 

C. Analytical Design Calculation for EGR Cooler: 

S. 

No. 
Properties Hot Gas Coolant 

1. Density(kg/m3) 0.3318 990.1 

2. 
Thermal 

conductivity(W/m-K) 
0.07669 0.637 

3. Viscosity(kg/m-s) 
4.648x10-

5 

0.596x10-

3 

4. Prandtl number 0.711 3.91 

5. Mass flow rate(kg/sec) 0.0038 0.01 

6. Specific heat(j/kg-K) 1173.13 4180 

7. Inlet temperature(K) 1164 318 

Table 4.2: Properties of fluid: -[10] 

1) NTU Method:  

Heat capacity of hot gases = mhCph = 4.46 × 10-3kJ/sec-K 

Heat capacity of cooling water = mcCpc = 0.0418 kJ/sec-K 

Heat capacity ratio 

R = Cmin/Cmax = 0.1066 

Assuming heat transfer coefficient U for gases is 70 

W/m2K Most of the EGR cooler cool the hot exhaust gases 

coming out the engine to a temperature around 100 to 180 0C. 

so we have taken the exist temperature of hot fluid about 170 
0C behalf of above mention. 

Q = UATLMTD 

 
Fig. 4.2: LMTD diagram 

By Heat balance Qh = Qc 

Tco=336.13 K 

TLMTD  =
Ɵ𝟏−Ɵ𝟐

𝒍𝒏 
Ɵ𝟏
Ɵ𝟐

 

Where,  

Ɵ1 = (Thi − Tco) and Ɵ2 = (Tho − Tci) 

TLMTD  =
827.82−676

ln 
827.82

676

 

TLMTD = 749.34 K 

Now, as we know that  

Q = mCp(Thi-Tho) = UATLMTD 

Q = 0.0038*1173.13*170 = 70*A*749.34 

 A = 0.01444 m2  

NTU = UA/Cmin=0.226 
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Effectiveness for counter flow EGR cooler    

ε=
1−exp [−NTU(1−R)]

1−Rexp[−NTU(1−R)] 
 

After substituting the values, 

ε = 20.02 % 

D. KERN`S Method for Design EGR Cooler:  

Since in the design of heat exchanger tube diameter, tube 

thickness and tube material are independent variable. 

Taking dimension of EGR cooler.Tube material = Copper 

(k=401 W/m-K) 

Tube outer diameter = 9.5 mm [11] 

Tube thickness = 0.889 mm [11] 

Tube inner diameter = 7.722 mm  

And taking tube length 100 mm for 1mm thick sheet [11] 

Now, 

Surface area of the tube  

At = 2πr0l 

At = 2.98 x 10-3 m2 

So, number of tube required  

No. of tubes (n)=
A

At  
 = 

.01444

2.9x10ᴧ−3   
 = 5.17 = 6 

Using triangular arrangement for the tube 

Pitch of the tube (Pt) = 1.25do = 11.875 mm 

Tube side Reynolds number  

Re   = 
ρudi

μ
 

mg= ρAu 

0.0038376= .3318*6*(π/4)*(7.722*10-3)2* u 

     u = 40.9 m/s 

Re=
.3318×40.9x7.722x10ᴧ−3

4.648x10ᴧ−5   
 

Re = 2253 

 Nusselt number  

Nut = 0.024Re0.8Pr0.4 

=0.024 * 22530.8* 0.7110.4= 10.07 

Heat transfer coefficient  

ht = Nu kg/di 

ht = 99.1 W/m2-K   

For single pass, triangular pitch [11] 

Bundle diameter 

Db= do*( n/k1 )1/n
1 

=9.5 × (
6

0.319
)

1/2.142

 

Db = 37.38 mm  

For fixed head, clearance 7.5 mm [11] 

So, Shell diameter = Db + clearance 

 = 37.38 mm + 7.5mm 

 = 45 mm 

E. Calculation of EGR Cooler Effectiveness 

1) Triangular Fin Tube 

 
Fig. 4.3: Triangular fin tube 

Number of fins=5 

Fins height=2mm 

Fins width=0.2 mm 

Fins length=100mm 

Surface area of fins= Asf =P*L 

=(2.0025*2)*100=400.5 mm2 

Total surface area of fin ATotal= number of fin* Asf 

=5*400.5=2.002*10-3 m2 

Total unfinned area= tube area - area of fin 

=2 πril-Nfin*w*l 

= π*7.722*100- 5*.2*100 

=2.325*10-3 m2 

Heat transfer from finned portion=hA(TS-TO) 

=99.1*2.0025*10-3*(1164-318) 

=167.9 W 

Heat transfer from unfinned portion= hA(TS-TO) 

=99.1*2.325*10-3*(1164-318) 

=195 W 

Qt =Heat transfer from finned portion + Heat transfer from 

unfinned portion 

=362.9 W 

Heat transfer from bared tubeQb= hA(TS-TO) 

=99.1* π *7.722*100*10-6*(1164-318) 

=203.38 W 

Increase in heat transferred =
(Qt−Qb)

Qb
*100 

=  
362.9−203.38

203.38
*100 

=78.43% 

Where, Qactual=No. of tube *Qb*increase of heat transfer 

Qactual=6*1.7843*203.38=2176.97 W  

Qactual=mCp*(1164-Tho) 

2176.97=0.0038*1173.13*(1164 - Tho) 

Tho=675.65 K 

Effectiveness of EGR cooler for triangular fin tube 

Є=
actual heat transfer

maximum heat transfer
 

=Ch(Thi−Tho)/Cmin(Thi−Tci) 

= 
1164−676.65

1164−318
 

=57.72 % 

2) Rectangular Fin Tube 

 
Fig. 4.4: Rectangular fin tube 

Number of fins=5 

Fins height=2mm 

Fins width=0.2 mm 

Fins length=100mm 

Surface area of fins= Asf =P*L 

=(2*2+.2)*100=420 mm2 
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Total surface area of fin ATotal=number of fin* Asf 

=5*420=2.1*10-3 m2 

Total unfinned area= tube area - area of fin 

=2 πril-Nfin*w*l 

=π*7.722*100- 5*.2*100 

=2.325*10-3 m2 

Heat transfer from finned portion=hA(TS-TO) 

=99.1*2.1*10-3*(1164-318) 

=176.06 W 

Heat transfer from unfinned portion=hA(TS-TO) 

=99.1*2.325*10-3*(1164-318) 

=195 W 

Qt =Heat transfer from finned portion+Heat transfer from 

unfinned portion 

=371.06 W 

Heat transfer from bared tubeQb= hA(TS-TO) 

=99.1* π *7.722*100*10-6*(1164-318) 

=203.38 W 

Increase in heat transferred =
(Qt−Qb)

Qb
*100 

=  
371.06−203.38

203.38
*100 

=82.4 % 

Where, Qactual=No. of tube *Qb*increase of heat transfer 

Qactual =6*1.82*203.38=2220.9 W 

Qactual =mCp*(1164-Tho) 

2220.9=0.0038*1173.13*(1164 - Tho) 

Tho=665.8 K 

Effectiveness of EGR cooler for rectangular fin tube 

Є=
actual heat transfer

maximum heat transfer
 

= Ch(Thi−Tho)/Cmin(Thi−Tci) 

= 
1164−665.8

1164−318
 

=58.80% 

3) Trapezoidal Fin Tube 

 
Fig. 4.5: Trapezoidal fin tube 

Number of fins=5 

Fins height=2mm 

Fins larger width=0.4 mm 

Fins smaller width=0.2 mm 

Fins length=100mm 

Surface area of fins= Asf =P*L 

=(2*2.0025+.4)*100=440.5 mm2 

Total surface area of fin ATotal=number of fin* Asf 

=5*440.5=2.202*10-3 m2 

Total unfinned area= tube area - area of fin 

=2 πril-Nfin*w*l 

=π*7.722*100- 5*.2*100 

=2.325*10-3 m2 

Heat transfer from finned portion= hA(TS-TO) 

=99.1*2.202*10-3*(1164-318) 

=184.65 W 

Heat transfer from unfinned portion = hA(TS-TO) 

=99.1*2.325*10-3*(1164-318) 

=195 W 

Qt =Heat transfer from finned portion+Heat transfer from 

unfinned portion 

=379.65 W 

Heat transfer from bared tubeQb= hA(TS-TO) 

=99.1* π *7.722*100*10-6*(1164-318) 

=203.38 W 

Increase in heat transferred =
(Qt−Qb)

Qb
*100 

=  
379.65−203.38

203.38
*100 

= 86.67 % 

Where, Qactual=No. of tube *Qb*increase of heat transfer 

Qactual =6*1.8667*203.38=2277.04 W 

Qactual =mCp*(1164-Tho) 

2277.04=0.0038*1173.13*(1164 - Tho) 

Tho=653.21 K 

Effectiveness of EGR cooler for rectangular fin tube 

Є=
actual heat transfer

maximum heat transfer
 

=Ch(Thi−Tho)/Cmin(Thi−Tci) 

= 
1164−653.21

1164−318
 

=60.37 % 

F. Comparison of finned tube 

MODEL 
Inlet hot 

temp. (K) 

Outlet hot 

temp. (K) 
Effectiveness 

Plain tube 1164 994 20.02% 

Triangular fin 

tube 
1164 675.65 57.72% 

Rectangular 

fin tube 
1164 665.8 58.8% 

Trapezoidal 

fin tube 
1164 653.21 60.37% 

Table 4.3: Analytical result of different model 

 
Chart 4.1: Performance chart for different model of EGR 

cooler 

V. MODELING 

A. Introduction of PTC CREO 

Creo is a family of Computer aided design, supporting 

product design for discrete manufacturers.   



Modeling and CFD Analysis of EGR Cooler with Different Type of Finned Tube for Diesel Engine 

 (IJSRD/Vol. 7/Issue 07/2019/130) 

 

 All rights reserved by www.ijsrd.com 565 

Creo run on the Microsoft Windows and provides 

application for 3D CAD parametric feature solid modeling, 

2D orthographic views, Finite Element Analysis (FEA), 

simulation, and viewing and visualization [21]. 

Creo Elements and Creo Parametric compete 

directly with CATIA, Siemens NX/Solid edge, and Solid 

Works. The Creo suite of apps replace and supersede PTC’s 

products formerly known as Pro/ENGINEER, and Product 

View [21]. 

Version Release date 

Creo 1.0 6 January 2011 

Creo 2.0 27 March 2012 

Creo 3.0 17 June 2014 

Creo 4.0 15 December 2016 

Creo 5.0 19 March 2018 

Table 5.1: Release history PTC Creo 

Every CREO application serves unique purpose of 

product development. Hence one CREO software can handle 

every aspect of product design like, designing, concept 

development and analysis. 

1) Product Design 

Creo Elements/Pro offers tools to enable the generation of a 

complete digital representation of the product being designed. 

In addition to the general geometry tools, there is also the 

ability to generate geometry of other integrate design such as 

industrial and standard pipe work and complete wiring 

definitions. Tools are also available to support collaborative 

development [21]. 

2) Analysis 

Creo Elements has number of analysis tools available and 

covers, static, dynamic and fatigue finite element analysis 

along with other tools all designed to help with the 

development of the product. These tools include 

manufacturing tolerance, human factors, mould flow and 

design optimization. The design optimization can be used at 

a geometry level to obtain the optimum design dimensions 

and in conjunction with the finite element analysis [21]. 

3) Surface Modeling 

Creo has a good surface modelling capabilities also. Advance 

options like Style (Interactive Surface Design Extension - 

ISDX) and Freestyle provide more capabilities to designer to 

create complicated models with ease [21]. 

S.No. Description Values 

1 Shell inner dia. 45 mm 

2 Shell thickness 1.2mm 

3 Bundle dia. 37.38 mm 

4 Tube outer dia. 9.5 mm 

5 Tube thickness 0.9 mm 

6 Tube inner dia. 7.7 mm 

7 Tube length 100 mm 

8 Number of tube 6 

4) Manufacturing 

With the use of fundamental abilities of the software with 

regard to the single data source principle, it provides a rich 

set of tools in the manufacturing environment in the form of 

tooling design and simulated CNC machining and output  

B. Modeling of the EGR cooler in PTC CREO 

Table 5.1.1:-Design parameter obtain from kern’s method 

and TEMA data book 

 Tube 

 
Fig. 5.1: Tube 

 Tube Sheet Model 

 
Fig. 5.2: Tube Sheet Model 

 Cylindrical Head 

 
Fig. 5.3: Cylindrical Head 

 Shell 

 
Fig. 5.4: Shell 

 

https://en.wikipedia.org/wiki/Microsoft_Windows
https://en.wikipedia.org/wiki/Solid_modeling#Parametric_and_feature-based_modeling
https://en.wikipedia.org/wiki/Solid_modeling
https://en.wikipedia.org/wiki/Orthographic_projection_(geometry)
https://en.wikipedia.org/wiki/Product_visualization#Product_visualization
https://en.wikipedia.org/wiki/PTC_Creo_Elements/Pro
https://en.wikipedia.org/wiki/CATIA
https://en.wikipedia.org/wiki/Siemens_NX
https://en.wikipedia.org/wiki/SolidWorks
https://en.wikipedia.org/wiki/SolidWorks
https://en.wikipedia.org/wiki/Pro/ENGINEER
https://en.wikipedia.org/wiki/ProductView
https://en.wikipedia.org/wiki/ProductView
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 Assembly Model 

 
Fig. 5.5: Assembly Model 

 Exploded View of Assembly 

 
Fig. 5.6: Exploded View of Assembly. 

 EGR cooler assembly with fluid model  

 
Fig. 5.7: EGR cooler assembly with fluid model 

VI. CFD SIMULATION AND ANALYSIS 

A. CFD Analysis Process:  

Computational fluid dynamics (CFD) is a branch of fluid 

mechanics which uses numerical analysis and data structures 

to solve and analyze problems that involve fluid flows. 

Computer are usually 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. 

Computational Fluid Dynamics (CFD), is the 

science of predicating the fluid flow, heat and mass transfer, 

chemical reactions and related phenomena. To predict these 

phenomena, CFD solves equations of conservation of mass, 

energy and momentum by using different numerical methods 

and a number of computerized algorithms. These equations 

are of non-linear nature and are used to solve and analysis 

problems that involve the flow of fluids, CFD analysis of the 

system starts with modelling desired geometry using 

modelling-software (Creo 2.0). The model is based on 

analytical calculations or actual geometrical feature. These 

models may consist of a single part or an assembly of several 

parts. Generally, these models are simplified for the CFD 

studies. Then the meshing of the model is done to discretize 

the model into several small volumes where the solver will 

use certain equations to obtain converged solution with the 

help of iterative methods. The analysis starts with defining 

the boundary and initial conditions in the solver setup. 

Finally, analysis of the result is done for the designed models. 

B. Basic Approach to using CFD  

Pre-processor: Establishing the model. 

 Identify the process or equipment for evaluation.  

 Represents the geometry of interest using CAD tools. 

 Use the CAD representation to create a volume flow 

domain around containing the critical flow phenomena. 

Post processor: Interpreting the result. 

 Post-process the completed solution to highlight 

findings. 

 Interpret the prediction to determine design iteration or 

possible solutions, if needed 

C. Application of CFD 

CFD is used in a wide range of industrial and non-industrial 

application areas which are as below:- 

1) Aerodynamics of aircraft and vehicles. 

2) Heat exchangers in industries and EGR Cooler. 

3) Combustion in IC engines and gas turbine in power plant. 

4) Loads on offshore structure of marine engineering. 

5) Blood flow through arteries and vein in biomedical 

engineering. 

6) Weather prediction in meteorology 

7) Flow inside rotating passages and diffusers in turbo-

machinery. 

8) External and internal environment of buildings like wind 

loading and heating or ventilation system. 

9) Mixing and separation or polymer mouldings in 

chemical process engineering. 

D. Solution with ANSYS (fluent) 

Various step in ANSYS (fluent) as follows: 

 Import geometry 

 
Fig. 6.1: Import EGR cooler (Plain tube Model-1) 
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 Generation of mesh 

Meshing is graphically break in defined shape or geometry or 

simplify. 

In computational solutions for partial differential 

equations, meshing is a discrete representation of the 

geometry that is involved in the problem. Zone boundaries 

can be free to create computationally best shaped zones, or 

they can be fixed to represent internal or external boundaries 

within a model. 

The basic 3-dimensional elements are the 

tetrahedron, quadrilateral pyramid, triangular prism, and 

hexahedron. They all have triangular and quadrilateral faces. 

In general, quadrilateral faces in 3-dimensions may 

not be perfectly planar. A nonplanar quadrilateral face can be 

considered a thin tetrahedral volume that is shared by two 

neighboring elements. 

 
Fig. 6.2: Types of meshing 

1) Tetrahedron 

A tetrahedron has 4 vertices, 6 edges, and is bounded by 4 

triangular faces. In most cases a tetrahedral volume mesh can 

be generated automatically. 

2) Pyramid 

A quadrilaterals-based pyramid has 5 vertices, 8 edges, 

bounded by 4 triangular and 1 quadrilateral faces. These are 

effectively used as transition elements between square and 

triangular faced elements and other in hybrid meshes and 

grids. 

3) Triangular prism 

In triangular prism there is 6 vertices, 9 edges, bounded by 2 

triangular and 3 quadrilateral faces. 

4) Hexahedron 

In hexahedron, a topological cube, has 8 vertices, 12 edges, 

bounded by 6 quadrilateral faces. For the same cell amount, 

the accuracy of solutions in hexahedral meshes is the highest. 

The pyramid and triangular prism zone can be considered 

computationally as degenerate hexahedrons, where some 

edges have been reduced to zero. 

5) Advanced Cells (Polyhedron)  

A polyhedron element has any number of vertices, edges and 

faces. It usually require more computing operations per cell 

due to the number of neighbours (typically 10). Though this 

is made up for in the accuracy of the calculation. 

 
Fig. 6.3: Meshing of EGR cooler for simple tube (Model- 1) 

In this meshing model-1, Number of nodes are 

67420 and Number of Elements are 125225 

There are two types of meshing is available in 

ANSYS fluent fine meshing and coarse meshing. For above 

model fine meshing is used. Meshing is fine at the center of 

the model which is automatic adopted by the ANSYS mesh 

generating tool. At the curve portion meshing is also fine. 

Tetrahedral meshing is used for the meshing purpose 

automatic adopted by the ANSYS mesh generation tool. 

A tetrahedral has 4 vertices, 6 edges and is bounded 

by 4 triangular faces. In most cases tetrahedral volume mesh 

can be generated automatically. 

Tetrahedral elements can fit better complex 

geometry. If your geometry is simple, the best option is to 

mesh it with hexahedral elements but curved geometries, 

acute angles or similar then go with tetrahedral. 

 
Fig. 6.4: Meshing of EGR cooler for simple tube sectional 

view (Model-1) 

 Setup and solution 

In these prosess double click on setup then window is opened. 

Now click models, on the energy equation then viscous 

option select k-є turbulent . Now select material using 

create/edit button, required material from the fluent material 

library and it can be edited and added to the solver, add water 

and hot gas with the following properties. 

S. 

No. 
Properties Hot gas Coolant 

1. Density(kg/m3) 0.35 990.1 

2 
Thermal 

conductivity(W/m-K) 
0.07669 0.637 

3 Viscosity(kg/m-s) 
4.648x10-

5 

0.596x10-

3 

4 Prandtl number 0.711 3.91 

https://en.wikipedia.org/wiki/Square_pyramid
https://en.wikipedia.org/wiki/Triangular_prism
https://en.wikipedia.org/wiki/Hexahedron
https://en.wikipedia.org/wiki/Cube
https://en.wikipedia.org/wiki/Polyhedron
https://en.wikipedia.org/wiki/File:Three_Dim_Grid.PNG


Modeling and CFD Analysis of EGR Cooler with Different Type of Finned Tube for Diesel Engine 

 (IJSRD/Vol. 7/Issue 07/2019/130) 

 

 All rights reserved by www.ijsrd.com 568 

5 Mass flow rate(kg/sec) 0.0038 0.01 

6 Specific heat(j/kg-K) 1173.13 4180 

7 Inlet temperature(K) 1164 318 

Table 6.1: Properties of fluid 

 Result 

Temperature contours for different models as follows: 

 
Fig. 6.5: Temperature contour of simple tube (mode-l) 

 
Fig. 6.6: Temperature contour of triangular fin tube (model 

2) 

 
Fig. 6.7: Temperature contour of rectangular fin tube (model 

3) 

 
Fig. 6.8: Temperature contour of trapezoidal fin tube (model 

4) 

VII. RESULT 

A. Result Comparison  

Model 

Inlet 

hot 

temp

. (K) 

Outlet 

hot 

temp. 

(K) 

Inlet 

cold 

temp. 

(K) 

Outlet 

cold 

temp. 

(K) 

Effect

ivenes

s 

Plan tube 1164 655.63 318 346.14 
60.01

% 

Triangular 

fin tube 

1164 

 
625.22 318 352.2 

63.73

% 

Rectangul

ar fin tube 
1164 620.54 318 362.8 

64.30

% 

Trapezoid

al fin tube 
1164 610 318 370.2 

65.48

% 

Table 7.1: Comparison between Different Models tube fin 

 
Chart 7.1: Comparison between Different Models 

B. Analytical and CFD Result Comparison  

Model 
Analytical 

result 

CFD 

result 

% 

Error 

Plan tube 20.02% 60.01% 39.99% 

Triangular fin 

tube 
57.72% 63.73% 6.01% 

Rectangular fin 

tube 
58.8% 64.30% 5.50% 

Trapezoidal fin 

tube 
60.37% 65.48% 5.11% 

Table 7.2: Analytical and CFD result comparison 
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Chart 7.2: Comparison between Analytical and CFD result 

VIII. CONCLUSION AND FUTURE SCOPE 

A. Conclusion 

Conventional method used to design and calculate the 

performance of EGR cooler is time consuming and costly. 

New generation presence of Creo software it is easy to design 

and calculation of performance of EGR cooler. EGR coolers 

are designed in the different ways to increase the performance 

of them to reduce the engine emissions mainly NOx. There is 

various type of EGR coolers designed to use in the diesel 

engine to increase the surface area such as EGR cooler with 

trapezoidal fin tube, rectangular fin tube and with triangular 

fin tube, and because of this heat transfer rate would increase 

and the effectiveness of EGR cooler will increase.  

In these cases, on four types of EGR cooler, two 

types of analysis are done first one is analytical and second is 

the CFD analysis. We are reduce the number of tube which 

help to reduce the weight of EGR cooler. And we also change 

the arrangement and position of fin in the tube to increase the 

surface area because of this heat transfer rate increase as well 

as effectiveness of EGR cooler increase.  

We create four models of EGR cooler which are 

designed to check which type of EGR cooler is most effective 

out of these, Model-1 type of EGR cooler is consist of plain 

tube. Model-2 consist of internally triangular fins tube along 

its length and model-3 consist of internally rectangular fin 

tube and model-4 consist of trapezoidal fin tube on its surface 

in order to increase its effectiveness. 

The maximum effectiveness is seen in case of the 

EGR cooler with trapezoidal fin tube. 

B. Future Scope of Work 

In this research work, a great scope for developing new 

exhaust gas recirculation cooler with acceptable limits of cost 

and availability of space and investigate the performance and 

effectiveness. 

Use different type of coolant which reduce the 

exhaust gas temperature as much as possible, and material 

which help to reduce the weight of the exhaust gas 

recirculation cooler weight and improve the compactness and 

effectiveness. 

Basic requirement of coolant 

a) Eco-friendly and non hazardous 

b) Thermodynamic properties and operating conditions 

The ideal coolant should have the properties such as 

1) High latent heat and chemical stability 

2) Exillent heat transfer capacity 

3) Zero ozone layer depletion and zero Global warming 

potential 

4) Low cost  
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