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Abstract— The experimental testing for the determination of 

the thermal characteristics of fin-and-tube automobile 

radiators is very common, but these experimental testing are 

not preferable considering the cost and the time. One 

substitute to the experimental testing is the utilization of 

computational fluid dynamics (CFD) analysis to guess the 

thermal features of these types of radiators. However, CFD 

models are also not suitable to be used as a design tool since 

the considerably amount of computational power and the 

computational time required due to the complex geometric 

structures of the fins. This issue becomes difficult when the 

heavy-duty radiators are considered. A simplified model can 

be used to analyze and predict the thermal behavior of the 

radiator. This paper presents the thermal CFD analysis of a 

simplified radiator tube using ansys fluent. Tetrahedral 

elements were used to model the fluid medium while shell 

tria elements were used to model the tubes. Cases based on 

variable cross section of the tube were simulated. The cooling 

effect of the fluid from the outlet of the tube were measured 

and compared. Based on the simulation results, it was found 

that the variable cross section showed more cooling than the 

plain tube. 
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I. INTRODUCTION 

During the transformation of fuel energy to mechanical 

energy by combustion, for off-the-cuff engines about one-

third of the energy goes to mechanical energy, one-third goes 

to exhaust heat and one-third goes to cooling system heat load 

[1]. In current scenario leading automotive industries are 

manufacturing more powerful and efficient engines. As the 

engines become more powerful, the energy created by the 

engine is increases and so does the heat load of the engine. 

Together with the increase in the heat load, the required 

cooling capacity of a radiator also increases [1]. Engine 

builders postulate the required cooling ability according to 

their engine design limits. For this reason, in general cooling 

ability is a known input quantity. In addition to this, 

automotive businesses also specify the fundamental size 

limitations of the required cooling system. An appropriate 

cooling system which fulfills the engine cooling capacity 

needs to be designed according to the specified input 

parameters. 

The radiator is the main component of a cooling 

system of an engine. Radiators are classically fin-tube type 

heat exchangers. Radiators are composed of up-tank, low 

tank, up and low trays, tubes and fins [1]. Simply, a radiator 

works with two fluids that are air and anti-freeze water 

mixture (which is defined in the literature as ethylene glycol 

(EG)) [1]. EG enters from the inlet of the radiator, passes 

through pipes, and exits through the outlet. When EG passes 

though the pipes, heat transfer occurs between two fluids, and 

the temperature of EG decreases. On the other side, cold air 

passes through the fins, and is heated up by the heat 

transferred from the EG [1]. A typical vehicle radiator is 

presented in Figure 1. 

 
Fig. 1: Typical Automobile Radiator 

The main parameters of Cooling ability of a radiator 

are: 

1) The inlet mass flow rate of EG,  

2) Inlet velocity of the air,  

3) The number of the tubes,  

4) Sizing of the tubes,  

5) Type of the fins, 

6) Number of the fins, and  

7) The shape and location of the inlet and outlet manifolds.  

In a real-world application, the design of an 

optimized radiator with respect to the cooling necessities of 

an engine is now an interesting process. Major design 

criterion is the thermal effects instead of the mechanical 

design limits. Analyzing the thermal show of a radiator is a 

challenging subject. The heat capability of radiator can be 

analyzed through experiment testing such as calorimeter 

testing or air to-boil tests. However, these tests are expensive 

and time consuming. When the performance optimization of 

a radiator is analyzed, series of tests may be required which 

makes experimentation even more time consuming and 

costly. Unlike the experimental approaches, simulation 

methods such as the computational fluid dynamics (CFD) 

analysis can be used as a design tool. However, in this case, 

number of elements which is required for solving the 

complete radiator is extremely high due to the complex and 

repeating geometrical features of the radiator (more 

specifically the complex geometry of the fins). Such a large 

mesh cannot be handled efficiently even with today’s 

computer technology. In this study, an alternative 

methodology is developed to use CFD as design tool for the 

design of a fin-tube radiator. This methodology is based 

simplified radiator modeling. The number of elements in the 

computational mesh has been decreased dramatically by 

modeling simplified radiator tubes with fluid medium.  

Volume-averaging method was used for radiator 

modeling by various research groups In the first group[4-8]. 

These Studies include analysis of micro heat sinks and macro 

heat sinks. In these works, generally analytical techniques 

were implemented and validated with the experiments, and 

volume-averaged modeling has been successfully 
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implemented to determine the necessary flow and heat 

transfer characteristics [2-5]. In the second group, the studies 

comprising computational modeling, are focused on some 

specific subcomponents of the heat exchangers [6-19]. These 

studies includes the analysis of flow over the fin structures 

[6-19], analysis of flow through a fan located at the inlet of 

the radiator [15], analysis of mal distribution in header parts 

[9, 16, 17] of a radiator. In many of these studies, the 

computational model is validated with respect to the 

experimental results, and it is observed that computational 

modeling is prosperous tool for the determination of flow and 

heat transfer characteristics for such components and flow 

domains. As discussed so far, there have been many studies 

considering the determination of flow and heat transfer 

characteristics for either a single component or for a complete 

heat exchanger. In many studies, fin structures are modeled 

with porous medium approach due to their complex and 

periodic shape characteristics. It has been proven that porous 

modeling is an efficient tool to model the flow and heat 

transfer characteristics of the fin structures. Considering the 

3-D modeling of full-sized compact heat exchangers 

especially the vehicle radiators, there are very few studies 

recently (after 2004) available in the literature [18-21]. There 

is only one study considering the CFD modeling of a full-

sized vehicle radiator [21]. In their work one-equation model 

for the energy equation is utilized which is not an appropriate 

model especially when there is an appreciable temperature 

difference between the fin structure and the fluid. In this 

thesis study, a 3-D CFD modeling of a full-sized vehicle 

radiator is performed by using porous modeling for the 

modeling of fluid flow and heat transfer on the finned 

structures. Forcheimer model and two-equation model for the 

energy equation are implemented. Commercial CFD code, 

FLUENT® is used in this study. The cooling capacity of a 

tractor radiator is computed with the proposed computational 

model and compared with the catalog data of the same 

radiator. 

II. METHODS 

CFD modeling proposed in this paper is composed of three 

phases. The preprocessing phase involves  

The modeling of radiator tube and fluid medium and 

setting up the necessary parameters. In the solution phase, the 

solution method is selected, relaxation factors are tuned up 

and solution is performed. Finally, in the post-processing 

phase, the results are processed. For CFD analysis, 

commercial software ANSYS 14.5 workbench is used with 

FLUENT® 14.5. The water domain of the radiator was 

modeled as a regular fluid domain. 

Internal combustion engines are often cooled by 

circulating a liquid called engine coolant through the engine 

block, where it is heated, then through a radiator where it 

loses heat to the atmosphere, and then returned to the engine. 

Engine coolant is usually water-based, but may also be oil. It 

is common to employ a water pump to force the engine 

coolant to circulate, and also for an axial fan to force air 

through the radiator as shown in figure 2. Figure 3 shows the 

outer temperature of radiator tube.  

 
Fig. 2: Circulation of coolant inside the radiator 

 
Fig. 3: Outer temperature of radiator tube 

A. Geometry 

The starting point for all problems is a “geometry. The 

geometry describes the shape of the problem to be analyzed.it 

consist of volumes, faces (surfaces), edges (curves) advertises 

(points).Geometries can be created using the same pre-

processor software that is used to create the grid, or created 

using other programs (e.g. CAD, graphics). Figure 4 shows 

the geometry of the radiator tubes.  

 
Fig. 4: CAD model of radiator tubes 

B. Meshing 

Many different cell/element and grid types are available. 

Choice depends on the problem and the solver capabilities. 

Used in the current study -triangle and tetrahedron type 

elements. Figure 5 shows the finite element model of the 

radiator tube and fluid domain. 

 
Fig. 5: Mesh of tubes and fluid 

Historically speaking, the pressure-based approach 

was developed for low-speed incompressible flows, while the 

density-based approach was mainly used for high-speed 

compressible flows. 

In our model the speed is low hence pressure-based 

approach Enhanced wall treatment is a near-wall modeling 

method that combines a two-layer model with enhanced 

wall functions Ideally, then, one would like to have a near-

wall formulation that can be used with coarse meshes (usually 

referred to as wall-function meshes) as well as fine meshes 

(low-Reynolds-number meshes).  

Figure 6 shows the CFD model setup. The outer wall 

temperature was setup as 20 degree celcus.  
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Fig. 6: Complete CFD model of radiator tube. 

Alternatively to analyze the effect of variable cross 

section of the radiator tube, another model was developed 

with variable cross section as shown in figure 7. 

 
Fig. 7: Variable cross section of the radiator tube. 

The outlet temperature of both the designs will be compared.  

III. RESULTS 

Figure 8 shows the temperature profile of the baseline case 

along with the radiator tube. As shown in figure clearly the 

fluid travels inside the tube and its temperature reduces 

gradually till the end i.e. outlet.  

 
Fig. 8: Temperature variation of fluid inside the radiator 

tube 

Figure 9 shows the temperature profile along the 

cross section of the baseline case along with the radiator tube. 

As shown in figure clearly the fluid travels inside the tube and 

its temperature reduces gradually till the end i.e. outlet. The 

inlet temperature was observed as 90 degree calculus. The 

outer wall shows the temperature as 20 degree calculus 

because of outer surrounded cold water. The outlet 

temperature was observed as 76 degree calculus.  

 
Fig. 9: Outlet and inlet temperature difference 

Figure 10 shows the velocity stream lines of the 

baseline case along with the radiator tube. As shown in figure 

clearly the fluid travels inside the tube with initial velocity of 

4m/s. The velocity of the fluid remains constant inside the 

tube. 

 
Fig. 10: Fluid velocity stream lines 

Figure 11 shows the pressure profile of the baseline 

case along with the radiator tube. As shown in figure clearly 

the fluid travels inside the tube with initial pressure of 7.7 Pa. 

The pressure of the fluid at the outlet was observed as 3.3 Pa.  

 
Fig. 11: Pressure profile along the radiator 

Figure 12 shows the temperature profile of the 

modified case along with the radiator tube. As shown in 

figure clearly the fluid travels inside the tube and its 

temperature reduces gradually till the end i.e. outlet.  

 
Fig. 12: Temperature variation of fluid inside the radiator 

tube in modified design 

Figure 13 shows the temperature profile along the 

cross section of the modified case along with the radiator 

tube. As shown in figure clearly the fluid travels inside the 

tube and its temperature reduces gradually till the end i.e. 

outlet. The inlet temperature was observed as 90 degree 

calculus. The outer wall shows the temperature as 20 degree 

calculus because of outer surrounded cold water. The outlet 

temperature was observed as 68.8 degree calculus.  

 
Fig. 13: Outlet and inlet temperature difference in modified 

design 

Figure 14 shows the velocity stream lines of the 

modified case along with the radiator tube. As shown in 

figure clearly the fluid travels inside the tube with initial 

velocity of 4m/s. The velocity of the fluid does not remain 

constant inside the tube. 
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Fig. 14: Fluid velocity stream lines in modified design 

Figure 15 shows the pressure profile of the modified 

case along with the radiator tube. As shown in figure clearly 

the fluid travels inside the tube with initial pressure of 49 Pa. 

The pressure of the fluid at the outlet was observed as 7.2 Pa 

 
Fig. 15: Pressure profile along the radiator in modified 

design 

IV. CONCLUSIONS 

The detailed meshing of CFD model was developed using 

hypermesh. The CFD analysis was performed using Ansys 

fluent. First the baseline case was simulated with the 

appropriate boundary conditions. The total temperature drop 

in baseline case was found as 14 degree Celsius. 

Modifications were done in baseline case with variable cross 

section and named it modified design. The results were 

compared in baseline and modified design. The modified 

design showed the total temperature drop of 21.2 degree 

Celsius. The total efficiency of the radiator has been 

improved by 8% with modified design.  
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