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ABSTRACT 

  The heat exchanger system of a heavy vehicle is upgraded from existing 300 hp to 360 hp 

engine. Analysis is carried out on the heat transfer process involved in the operation of an 

automotive radiator used in the vehicle engine. The analysis of a radiator encompasses the 

heat transfer class, including the internal and external fluid flow through a heat exchanger 

and the design and analysis of heat sinks and exchangers. The theoretical heat exchanger 

investigation begins with analyzing the internal fluid flow through the radiator’s noncircular 

tubes, yielding the convective heat transfer coefficient for water. The paper discusses the 

design and analyse the heat exchanger for a heavy vehicle. 

    The external fluid flowing across the radiator tubes and fins is analyzed to find the 

convective heat transfer coefficient for the air. The heat sink design of the radiator must then 

be analyzed using the Effectiveness-NTU method to find the theoretical effectiveness, overall 

heat transfer rate of the radiator, and outlet temperatures of both air and water. Experimental 

analysis was conducted on the radiator to compare and confirm the analytical results. 

Simulation work is carried out using CFD analysis. 

 

1.INTRODUCTION 

The vehicle has been upgraded from 300 hp engine to 360 hp engine for increasing the 

mobility of vehicle.   While upgrading the vehicle (i.e. from 300 hp to 360 hp) the existing 

heat exchanger system is not enough to cool the coolant for 360 hp engine. While increasing 

the engine horse power the heat generation of engine is increasing. So that the heat exchanger 

system is modified for 360 hp engine to cool the coolant. While doing modification of heat 

exchanger system three factors are considered they are:  1) The fin has been modified (i.e. fin 

and tube contact region is increased for better conduction and the heat transfer rate will 

increase). 2) The fin and tube material has been changed from copper to aluminum.              

3) Generally water and ethyl glycol are the base fluid. For modified radiator Al2O3 nano fluid 

has been considered with the concentration of 0.5%, 1%, 1.5%.  
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The objective of the present investigation is to design and analyze the heat transfer process of 

a radiator and to compare the outlet temperatures found using the simulation method (CFD) 

and theoretical calculations are compared with experimental data. The methods of 

theoretically solving this problem and achieving this objective involve analyzing the internal 

and external fluid flow of the radiator and then comparing these results to the experimental 

data. 

Table 1: Specifications of 300 hp & 360 hp engine 

S.No Specifications For 300 hp engine For 360 hp engine 

 
1. 

 
Engine Type 

6-cylinder, 4-stroke, airless 
injection, liquid cooled, 

compression ignition 

6-cylinder, 4-stroke, airless 
injection, liquid cooled, 

compression ignition 
2. Gross horsepower at  

2600 rev/min 
210 to 221 kW  
(285 to 300 hp) 

268.56 to 271 kW  
(345 to 360 hp) 

3. Max torque at  
1500 to 1600 rev/min 

883 to 1030 N-m 945 to 1115 N-m 

4. Cylinder arrangement 
(between angle) 

120°V 120°V 

5. Specific fuel 
consumption for gross 

238 g/kWh 271 g/kWh 

6. Heat generated by 
engine at water jacket 

110-120℃ 120-135℃ 

7. Mass flow rate of water 5 kg/s 6 kg/s 
8. Velocity of water at  

2600 rev/min 
4.022 m/s 5.1 m/s 

 

1.1 Heat exchanger system 

    Radiators are more technically known as heat exchangers, but the basic principles are very 

similar. To keep engines cool enough to function properly, water is pumped through the 

internal combustion engine and heated by circulation around the engine cylinder. The water 

then flows into the radiator and through numerous smaller tubes, which are connected to the 

many fins. The rows of fins greatly increase the surface area to enhance the cooling capacity 

of the air flowing through the radiator. The motion of the vehicle, along with the fan, forces 

air through the fins and around the tubes of the radiator. The flowing air removes heat from 

the water flowing through the pipes to dissipate it to the atmosphere. Radiator is a fin and 

tube type one. It is designed to cool the coolant coming from the engine and is mounted in the 

casing of ejector under the oil coolers. The radiator is fastened to the ejector casing with 

clamping bands. The radiator has two branch pipes and a connection. One of the branch pipes 

connected through a pipeline to the cylinder heads, and the other, to the pipeline of the water 

pump. 

International Journal of Scientific Research and Review

Volume 8, Issue 1, 2019

ISSN NO: 2279-543X

Page No: 1016



 

Fig 1: Existing Engine Radiator  

 

The scaled size model is analyzed by both experimental method and simulation method. By 

using simulation method the scaled model has been analyzed by using ANSYS workbench-

15.0, Fluid flow analysis. Finally both values are compared and plotted by the graphs. Also 

modified radiator has been analyzed and the values are compared with existing radiator 

shown  in Table 2. 

 

Table 2: Specifications of (1087mm×714mm size) Vehicle radiator 

S.No Specifications Dimensions(in mm) & 
Quantity(in numbers) 

1. Overall height 714 mm 

2. Overall length 1087 mm 

3. Core plate width 141 mm 

4. Number of tubes 846 

5. Number of fins 618- 636 

6. Water holding Capacity 27 liters 

7. Maximum Weight 110.5 kg 

 

Most of the literature studies available on enhancement in heat transfer rate have been carried 

out experimentally, by using different types of Nano fluids like CuO, Al2O3, SiO2, TiO2 etc. 

with water or ethylene glycol as base fluid. Enhancement of heat transfer rate has been 

studied under different conditions like by varying load on engine, at different volume 

concentration of Nano fluid, for different flow rate of Nano fluid, for different types of flow 

like laminar or turbulent, for different particle size of Nano fluid. The results were analyzed 

using CFD. 
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    Oilet et al (2007) performed parametric studies on a vehicle radiator in different conditions 

such as different ambient temperature, different coolant speed and different fin arrangements. 

They obtain the curve of radiator performance and heat transfer on the mentioned conditions 

that corresponded to LMTD and ԑ-NTU methods. 

    S.M. Peyghambarzadeh, S.H. Hashemabadi (2011)  investigated on forced convective heat 

transfer rate with Nano fluid increases with increasing fluid circulating rate in comparison 

with pure water. The nanofluid is implemented in different Al2O3 Concentrations, i.e. 0, 0.1, 

0.3, 0.5, 0.7, and 1 vol. % and at different flow rates of 2, 3, 4, and 5 l/min were implemented 

as the working fluids. 

    Matthew Carl, Austin Miller et al (2012) studied heat transfer processes for the radiator are 

analyzed by both theoretical and experimental investigation in a real life situation. Here the 

fluid flow through the radiator‘s noncircular tubes yielding the convective heat transfer 

coefficient of water and external fluid flow across radiator tubes and fins is then analyzed to 

find the convective heat transfer coefficient of air. 

        Datta N. Mehtre et al (2014) discussed the thermal performance of car radiator using 

Al2O3-nanofluid in temperature range from (40-75 ℃ ) under different fractions of 

nanoparticles from 0.5, 1, and 1.5% by volume. 

    Dhinesh Kumar Devendiran  et al (2016) investigated on selection of suitable heat transfer 

fluid for heat dissipation is an important consideration in the design of heat exchanging 

systems. 

    P. Salmon, S. Grove (2017) determined the heat transfer, pressure drop and 

inhomogeneous flow behavior for distinct heat exchangers to identify an optimum 

configuration for the charge air cooler, water and oil radiators placed in the side pods of a 

formula one (F1) car. The numerical data extracted directly from three-dimensional CFD 

simulations can be used in the side pod design process of the external cooling system of F1 

engines. 

 

2. SOLUTION METHADOLOGY 

 

2.1 Modeling of existing vehicle radiator 

    The modeling of existing radiator has been done in NX-10, CAD software. The purpose of 

the modeling is to understand the geometry of heat exchanger (radiator) and also it would be 

exported to ANSYS workbench to do simulation work. 
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Table 3: Components in existing radiator 

S. NO Parts Quantity 

1. Pipe 846 

2. Plate fin 618 to 636 

3. Tube board 2 

4. Smaller size header 2 

5. Medium size header 5 

6. Bigger flange 2 

7. Smaller flange 2 

8. Branch pipe 5 

9. Partition 5 

10. Hinge 4 

11. Handle 2 

12. Distance piece 18 

 

The radiator consists of three cores of tube bundles for each core contains 242 tubes at the 

length of 643mm. 

 

Fig. 2  Arrangement for six passes 

The Fig.2  shows the fully assembled heat exchanger system. To understand the flow of fluid 

in the radiator here the arrow line shows the fluid direction and how the fluid is transferred 

from one pass to another pass. Here the radiator consists of three cores each core has two 

passes. First fluid enters in flange and header then it enters to the first tube bundle contains 

141 pipes. After that the fluid can pass through branch pipes and it enters to the next pass of 

141 pipes. Then the process is repeat for next two cores of the radiator. Finally at sixth pass 

water will come out from the radiator and again it enters to the engine sump. 
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Table 4: Experimental analysis values of existing  radiator (250mm×250mm size) 

 

S. 

N

O 

 

Water 

in°C 

 

Water 

Out°C 

 

∆t℃

 

Flow 

rate 

litrs/

hr 

 

Heat 

decipiat

ted 

kW 

 

Air 

IN

℃ 

 

Air 

OU

T 

℃ 

 

Air 

OUT 

(Avg)℃ 

 

 

∆t℃ 

 

Air 

Velocit

y m/s 

 

Air 

Veloc

ity 

km/hr 

 

Temp 

gradie

nt °c 

Heat 

trans

fer 

rate 

(q) 

kW 

1. 85.4 84.7 0.

7 

300 14.637 32.5 75.5 

77.0 

75.0 

75.83 43.3 2.736 9.85 52.9 380.6 

2. 85.5 84.5 1.

0 

300 20.910 31.5 71.0 

71.5 

72.5 

71.66 40.1 5.640 20.3 54.0 532.7 

3. 85.35 84.0 1.

35 

300 28.229 31.5 67.5 

69.0 

69.0 

68.5 37.0 8.598 30.9 53.85 721.2 

4. 85.55 83.9 1.

45 

300 30.320 31.5 65.5 

67.5 

67.5 

66.83 35.3 10.37 37.3 53.85 77.46 

 

2.2 Heat Transfer Test 

The Table 4 shows the heat transfer test for different inlet water temperature at different air 

velocity at same flow rate water for 250mm × 250mm size radiator has been tested 

experimentally by using wind tunnel test.  

The aim of the test is to find out the quantum of heat dissipated by radiator core, at various air 

flows for stipulated water flow. To keep the heat input requirement of the test within practical 

limit sealed model of core not less than 250mm×250mm frontal area is prepared with 

necessary tanks and plumbings. 

The heat dissipation is carried out on the scaled model of core at specified coolant, flow rate 

and the heat dissipation in kW of core area is computed. 

The following parameters are  considered for the test: 1)Inlet water temperature 85℃  

2)Water flow rate 300 liters/min 3) Air velocity to be varied 10 to 40 km/hr at room 

temperature. 
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Table 5: Comparison values of (1087mm×714mm and 250mm×250mm size) Radiator. 

S.N
O 

Radiator 
size 

Flow 
rate 
kg/s 

Water 
velocity 

m/s 

Water 
in℃ 

Water 
out℃ 

∆�℃ Air 
velocity 

m/s 

Air 
in℃ 

Air 
out
℃ 

∆�℃ Heat 
transfe
r rate 
kJ/k 

1. 1087mm×
714mm 

5 4.02 85.35 65.28 20.0
6 

9.875 31.5 85.
29 

53.
79 

419.39 

2. 250mm× 
250mm 

5 4.02 85.35 83.48 1.87 9.875 31.5 33.
7 

2.1 18.12 

 

The Table shows the outlet temperature of water and air, heat transfer rate of 

(1087mm×714mm and 250mm×250mm size) Radiator has been calculated analytically. 

These analytically calculated values are finally compared with both experimental and 

simulation values of same radiator size for existing and modified radiators.  

 

Table 6: Specifications of (250mm×250mm size) Vehicle radiator 

S.no Specifications Dimensions(in mm) & 
Quantity(in numbers) 

1. Overall height 250 mm 

2. Overall length 250 mm 

3. Core plate width 21 mm 

4. Number of tubes 34 

5. Number of fins 84 

6. Water holding Capacity 3 liters 

7. Maximum Weight 9 kg 

 

 

Fig.3. Fully assembled (250mm×250mm size) vehicle radiator with single pass flow 

    

 The models of the 250mm×250mm size radiator are shown in the above figures are used in 

the investigation for various input conditions.  
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3. RESULTS  

3.1. Existing engine of 300 hp:  

     The heat transfer enhancement of vehicle radiator (250mm×250mm size) has been 

analyzed by simulation method. The simulation values are compared with already 

experimentally analyzed values for different air and water flow rate conditions. Finally the 

observed simulation values are similar to the experimentally analyzed values of 

(250mm×250mm size).   

Modified engine of 360 hp:  

    For 360 hp engine the heat exchanger has modified by different case (i.e. from copper to 

aluminum material, fin & tube contact area has been increased, and finally the Al2O3 nano 

fluid has been taken for increasing the heat transfer rat). 

    The same (250mm×250mm size) has been analyzed by simulation method in this the heat 

transfer rate is increased while comparing with existing radiator. So the modified heat 

exchanger are more heat transfer rate while compare with existing one and it keeps the 

coolant as engine operating temperature. 

 

Parameters considered while doing analysis for 300 hp Engine (250mm×250mm size) 

radiator of copper tubes. Properties of water: 

i. Density of water (�) = 998.2 kg/m3 

ii. Specific heat of water (Cp) = 4182 J/kg-K 

iii. Thermal conductivity = 0.6 W/m-K 

iv. Viscosity = 0.001003 kg/m-s   

v. Inlet temperature of  water (Th,i) = 90℃ (for 300hp engine) 

Properties of copper 

i. Density of copper (�) = 8978 kg/m3 

ii. Specific heat of copper (Cp) = 381 J/kg-K 

iii. Thermal conductivity = 387.6 W/m-K 

iv. Inlet air temperature (tc,i) = 31.5℃ 
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Fig.4 : Meshed model of (250mm×250 mm size) radiator 

For 300hp engine inlet coolant temperature is (Th,i =90℃) for copper material 

 

Fig.5 Velocity contour of existing  radiator 

 

 

Fig. 6  Pressure contour existing  radiator 

 

Fig.7  Temperature contour of existing  radiator 
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For 360hp engine (inlet coolant temperature is  (Th,i =107℃) for copper material: 

 

Fig.8   Velocity contour of existing  radiator 

 

Fig. 9  Pressure contour of existing  radiator 

 

 

Fig.10 Temperature contour of existing  radiator 

 

3.2 Modified Radiator Analysis 

Parameters considered while doing analysis for 300hp engine (250mm×250mm size) radiator 

(for aluminum material)  

Properties of water: 

i. Density of water (�) = 998.2 kg/m3 

ii. Specific heat of water (Cp) = 4182 J/kg-K 

iii. Thermal conductivity = 0.6 W/m-K 

iv. Viscosity = 0.001003 kg/m-s   
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v. Inlet temperature of  water (Th,i) = 90℃ (for 300hp) 

Properties of aluminum: 

i. Density of aluminum (�) = 2700 kg/m3 

ii. Specific heat of aluminum (Cp) =900 J/kg-K 

iii. Thermal conductivity = 205.0 W/m-K 

iv. Inlet air temperature (tc,i) = 31.5℃ 

Properties of nano fluid (Al2O3) 

Table 7:  Properties of Al2O3 [2]. 

Particle Aluminum Oxide Nanopowder Al2O3 

Appearance White powder 

Avg. particle size 20nm  

Density 3880 kg/m3 

Purity 99.99% 

Silicon (Si) content (ppm) 3.5 

Iron (Fe) content (ppm) 0.2 

 

 

Fig.11 Modified fin with increased contact area of fin and tube (aluminum material) 

 

Fig.12  Meshed model with modified fins 

For 300 hp engine inlet water temperature is (Thi = 90℃) with modified fin and using Al2O3 

nanoparticle of aluminum material: 
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Fig.13  Air flow on the radiator fins and tubes. 

Air flow on the radiator fins and tubes are similar for existing vehicle radiator of both 300 hp 

and 360 hp engine. 

 

Fig.14  Velocity contour of modified  radiator 

 

 

  Fig.15  Pressure contour of modified  radiator 

 

 

Fig.16 Temperature contour of modified  radaiator 
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Table 8: Comparison of experimental and simulation values of existing (250mm×250mm 
size) radiator 
 
S.n
o 

Engine 
power 

 
 
 

Existing(250mm
×250mm) with 
copper tubes 

&fins 

Mass 
flow 
rate 
of 

water 
kg/s 

Velocit
y of 

water 
in m/s 

Cool
ant 
in℃ 

Cool
ant 

out℃ 

∆�℃ Velocit
y of air 
in m/s 

Air 
in
℃ 

Air 
out
℃ 

∆�℃ 

1. 300 hp Simulation values 
5 4.02 90 88.75 1.5 8.598 31.

5 
32.6 1.1 

2. 360 hp 6 5.1 107 98 9 9.816 31.
5 

33.3 1.8 

3. 300 hp Experimental values 
5 4.02 90 89 1.35 8.598 31.

5 
32.7 1.2 

Analytical values 
4. 300 hp 5 4.02 85.3

5 
83.48 1.87 9.875 31.

5 
33.7 2.1 

 

Table 9:  Comparison of existing and modified (250mm×250mm size) radiator 

S.n
o 

Engine 
power 

 
 
 

Existing(250mm×
250mm) with 
copper tubes 

&fins 

Mass 
flow 
rate 
of 

water 
kg/s 

Velocit
y of 

water 
in m/s 

Cool
ant 
in℃ 

Coola
nt 

out℃ 

∆�℃ Velocit
y of air 
in m/s 

Air 
In
℃ 

Air 
Out
℃ 

∆�℃ 

1. 300 hp 5 4.02 90 88.75 1.5 8.598 31.
5 

32.6 1.1 

2. 360 hp 6 5.1 107 98 9 9.816 31.
5 

33.3 1.8 

 
3. 

 
300 hp 

Modified(250mm
×250mm)Alumin
um tubes & fins 

 
5 

 
4.02 

 
90 

 
85.5 

 
4 

 
8.598 

 
31.
5 

 
33.1 

 
1.6 

 

The Table shows comparison between experimental and simulation values of existing 

(250mm×250mm size) radiator. Here the simulation results are similar to experimentally 

analyzes results for 300 hp engine. The Table  shows the comparison between existing and 

modified radiator, simulation results of (250mm×250mm size) radiator. Herr the modified 

radiator is analyzed only for 300 hp engine.  The temperature drop of modified one is more 

when compare to existing vehicle radiator.    
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Nano fluid (Al2O3) 

Fig.17  Heat transfer rate for different  proportions of nanofluid  

 

In modified radiator (i.e. copper material to aluminum material, water and ethyl glycol to 

water, ethyl glycol and Al2O3 of 1.5% concentration, plate fin to modified fin in Figure. Due 

to this factors the heat transfer rate, temperature drop on modified radiator is more when 

compare to existing  radiator. 

So, the modified radiator will be suitable for upgraded 360 hp engine to keep the engine 

coolant as operating temperature.  

4. CONCLUSIONS  

    The heat transfer performance of radiator is analyzed by experimentally, analytically, and 

simulation method. Analysis is carried out on the heat transfer process involved in the 

operation of an automotive radiator used in the tank. The analysis of a radiator encompasses 

the heat transfer class, including the internal and external fluid flow through a heat exchanger 

and the design and analysis of heat sinks and exchangers.  

    The analysis result shows the modified radiator simulation values which keep the coolant 

as operating temperature of engine and the performance test result shows radiator is able to 

deliver required heat rejection. Simulation results are good approximations of the tested 

values found experimentally. The objective to design and validate the radiator is 

accomplished successfully with experimentally found values. 

Case 1 (300 hp engine with existing (250mm×250mm size) radiator of copper material): 

    Inlet temperature of coolant (Th,i = 90℃), water and ethyl glycol as a base fluid (coolant), 

velocity of coolant 4.02m/s, air velocity 8.598m/s, with plate fin, are considered and analyzed 

by simulation method and the analyzed values are compared with experimentally analyzed 

values and theoretical values. From this it is observed that the simulation values are much 

closer to the experimentally analyzed values. 
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Case 2 (360 hp engine with existing (250mm×250mm size) radiator of copper material): 

    Inlet temperature of coolant (Th,i = 102℃), water and ethyl glycol as a base fluid (coolant), 

velocity of coolant 5.1m/s, air velocity  9.816m/s, with plate fin, are considered and analyzed 

by simulation method and the analyzed values are related with 300 hp engine. Based on these 

values the existing radiator is not suitable for 360 hp engine so, that the existing radiator has 

been modified by different factors. The factors modified have been mentioned in case 3. 

Case 3 (300 hp engine with modified (250mm×250mm size) radiator of aluminum material): 

     Inlet temperature of coolant (Th,i = 90℃), water ethyl glycol and Al2O3 nano fluid of 1.5% 

concentration with base fluid (coolant), velocity of coolant 4.02m/s, air velocity 8.598m/s, 

with modified fin. (i.e. fin tube contact area has been increased) are considered and analyzed 

by simulation method and these values are compared with existing  radiator. 

    While comparing modified radiator with existing radiator the heat transfer rate and 

temperature drops are more in modified one. Based on this, the modified radiator is good 

enough to cool the 360 hp engine heat lode and keep the engine coolant as operating 

temperature.      
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