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Abstract - Various turbulence models have been developed in the past years. All of these turbulence models can be used for 
heat transfer problems. Nevertheless it is not appropriate to use every turbulence model in every problem. In this study, five 
different turbulance models (Standard k-e, RNG k-e, Realizable k-e, Standard k-w and SST k-w) were used to obtain heat 
transfer and pressure drop values in automobile radiator.  Solutions which were attained from different turbulence models 
were compared with the experimental data to determine the most suitable turbulence model for automobile radiators that is a 
compact cross-flow, water to air heat exchangers. Heat transfer and pressure drop characteristics of the automotive cooling 
system were numerically investigated using Ansys-Fluent with three different air velocity (8.33, 13.88 and 19.44 m/s). Both 
coolant and air flows were considered as turbulent, steady and incompressible. For each turbulance model and air velocity, 
the outlet temperature of the coolant, heat transfer rate of the radiator, water and air side pressure drops were obtained. 
 
Index Terms - Turbulance Models, Computational Fluid Dynamics (CFD), Automotive Cooling System, Pressure, Heat 
Transfer 

 
I. INTRODUCTION  
 
Basically automobile radiator which is a main component of 
the automotive cooling system, is a compact cross-flow heat 
exchanger and its objective is to transfer thermal energy 
from water to air for the purpose of cooling.Radiators are set 
up in cars to send away heat from the under hood of the cars. 
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)). Coolant enters from the inlet of the 
radiator, passes through pipes, and exits through the outlet. 
When coolant passes though the tubes, heat transfer occurs 
between two fluids, and the temperature of coolant 
decreases. On the other side, cold air passes between the 
tubes, and is heated up. [1] 
 
Heat transfer rate of the radiator depends on the velocity of 
air, coolants mass flow rates, number of tubes, diameter of 
tubes, coolant type, geometry of fin, material of tubes and 
fins, etc. Numerous experimental and numerical studies 
about automobile radiators have been done in the past 
decades. Different turbulance models were used in 
numerical analyses. Peláez et al. [2] made 3-D numerical 
simulations of plain fin-and-tube heat exchanger. They 
studied the influence of Reynolds number, fin pitch, tube 
diameter, fin length and fin thickness into the Nusselt 
number and friction coefficient. They found that the 
increase in Re entails a growth of Nusselt and decrease of 
friction coefficient. Reducing the distance between fins 
increase the Nusselt number and also friction coefficient. 
Increasing the fin length causes a decrease of the Nusselt 
number and increase of the friction coefficient. The 
increase in the fin thickness produces a slight growth in the 
Nusselt number. Their analysis showed that friction 
coefficient is not influenced by the fin thickness. Oliet et al. 
[3]  made a set of parametric studies performed on 
automobile radiators. They developed a numerical tool and 
the results show the utility of this numerical model as a 
rating and design tool for heat exchangers manufacturers, 
being a reasonable compromise between classic e-NTU 
methods and CFD. Sahin et al. [4] investigated the heat 

transfer enhancement and pressure drop values of seven 
different fin angles with plain fin-tube heat exchangers. 
They used a computational fluid dynamic based program, 
Fluent. The numerical simulation of the fin-tube heat 
exchanger was performed with three-dimensional, steady-
state, laminar flow system. They found that when the fin 
angle is 30° which is the optimum angle, maximum heat 
transfer enhancement per segment was obtained 1.42W. 
Kulasekharan et al. [5] used the computational analysis tool 
Ansys Fluent to perform a numerical study on a compact 
heat exchanger and selected the    k-w turbulance model for 
their analysis. They changed the geometrical and flow 
parameters like louver pitch, air flow rate, water flow rate, 
fin and louver thickness. They found that increasing the 
louver pitch helped in reducing the pumping power 
requirements with increase in net heat transfer coefficient. 
Increasing air flow rate, thickness of fin and louver helped 
in increasing the overall heat transfer. Lower water flow 
rate showed higher heat transfer from the water side to the 
tube side. Vajjha et al. [6] investigated the heat transfer 
performance of a radiator with Al2O3 and CuO nanofluids. 
They numerically studied a three-dimensional laminar flow 
and heat transfer with two different nanofluids, Al2O3 and 
CuO, in an ethylene glycol and water mixture circulating 
through the flat tubes of an automobile radiator to evaluate 
their superiority over the base fluid. They found that 
convective heat transfer coefficient along the flat tubes with 
the nanofluid flow showed marked improvement over the 
base fluid. In their analysis it was shown that the pressure 
loss increased with increasing particle volumetric 
concentrations of nanofluids.  
 
Experimental and numerical studies have been carried out 
by the reserachers. Experimental study is a good way to 
calculate the heat transfer rates, pressure drops, 
effectiveness of the radiator, etc. But it needs time and 
numerous prototypes to do a series of experiments. Because 
of that, it can be made use of CFD analysis to predict 
thermal characteristics of a radiator. In CFD studies, one of 
the most important issues to be considered is to select the 
appropriate turbulence model. In this study, five different 
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turbulance models (Standard k-e, RNG k-e, Realizable k-e, 
Standard k-w and SST k-w) were investigated to find out 
the suitable turbulence model for a cross-flow, water to air 
heat exchanger. 
 
II. MATHEMATICAL FORMULATION 
 
As it was mentioned before, numerical calculations have 
been done by using Ansys-Fluent. For the thermal and fluid 
dynamic analysis some governing equations must be solved. 
Computational fluid dynamics software Ansys-Fluent can 
solved these governing equations which are for continuity, 
momentum and energy, numerically. Because of the fact that 
the coolant and air flows were considered as steady state and 
incompressible, the governing equations were also assumed 
to be steady state for incompressible fluid and they were 
written in cylindrical coordinates. 
 
The governing equations for continuity, momentum and 
energy are shown below. 
Continuity equation: 

 
 
Momentum equation: 

 

 
 
Energy equation: 

 
It is also presented some of the equations which is used for 
calculating heat transfer rate of radiator. In order to find it, 
firstly it must be determined the mass flow rates of both 
fluids. The following formulas have been used to calculate 
the mass flow rates.  

 
To calculate the cooling capacity for both fluids, it is used 
the following formulas: 

 
Coolant and air side pressure drop can be obtained using 
these following formulas:  

 

In the equations; m is mass flow rate,  is density, A is area, 

cp is specific heat, T is temperature difference, P is the 
pressure drop. [7] 

 
III. NUMERICAL METHODOLOGY  
 
Automobile radiator was modeled with computer aided 
design software program as a flow field, then transferred to 
Ansys-Fluent to be analyzed. It is shown that the coolant 
and air flow directions in Figure 1.   

 
Figure. 1. Coolant and air domain used in analysis 

 
It is very important to constitute a fine mesh structure 
toobtain accurate solutions. Therefore it was generated 
tetrahedral grid scheme which has 2446762 finite elements. 

 
Figure 2. Grid layout used in the analysis 

 
The coolant which was used in analaysis consist of 50% 
ethylene glycol and 50% water mixture. Density of coolant 
and air were assumed constant. Thermophysical properties 
of the new coolant was added to Ansys-Fluent material 
database manually and they are shown in Table 
1.

 
Table 1. Thermophysical properties of coolant 

 

 
Table 2. The convergence criteria for each parameter 
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The aim of this study is to find the most appropriate 
turbulence model for the automotive cooling systems. For 
this reason while boundary conditions are kept constant, 
excluding air inlet velocity, turbulence models were changed 
and compared the solutions with experimental data.  
The assumed convergence criterias used in the analysis are 
shown in the following table. 
Numerical analyses were carried out in turbulent flow 
conditions at different air inlet velocities of 8.33, 13.88 and 
19.44 m/s.  Air temperature and coolant inlet temperature 
were taken as 35ºC and 95ºC, respectively. Boundary 
conditions are shown in the following table.  
 

 
Table 3. Boundary conditions 

 

IV. RESULTS AND DISCUSSION 
 
Ansys-Fluent was run for each turbulance model for three 
air velocity. Coolant outlet temperature values were 
compared with the experimental data [8]. As shown in 
Figure 3, the closest values to the experimental data were 
obtained from the Standard k-e turbulence model.  
 

 
Figure 3. Coolant outlet temperature values obtained at 

different air velocity 
 

 
Table  4.  Coolant outlet temperature values obtained from experimental and numerical studies

Figure 4. Figure 5. and Figure 6. illustrate how the coolant 
temperature varies with respect to the air velocity. For 
instance, analysis with Standard k-e turbulence model which 

gave the nearest values with the experimental data was 
selected to present.  

Figure 4. Coolant temperature distribution for 8.33 m/s 

Figure 5. Coolant temperature distribution for 13.88 m/s 
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Figure 6. Coolant temperature distribution for 19.44 m/s 

 
It can be seen from these figures, outlet temperature of the coolant decreases with increasing velocity of air. Outlet 
temperature of the coolant has been decreased as the air velocity increases. Consequently, heat transfer rate has been increased.  
 

 
Figure 7. Heat transfer rate values obtained at different air velocity 

 
In normal conditions, it is not expected that the change in air velocity will affect the pressure drop in the coolant side. But 
slight changes have been observed due to the use of different turbulence models. It can be seen in Figure 8, coolant side 
pressure drop remains almost constant while the air velocity is increasing. However all other models showed different 
characteristics about pressure drop for the coolant side. 
 

Figure 8. Coolant side pressure drop values obtained at different air velocity 
 

Besides the temperature distributions on the coolant side, pressure distributions obtained from Standard k-e turbulence model 
on the air side were presented in the following figures for three different air velocity. 
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Figure 9. Air side pressure distribution for 8.33 m/s 

 

 
Figure 10. Air side pressure distribution for 13.88 m/s 

 
Figure 11. Air side pressure distribution for 19.44 m/s 

 
Pressure distributions shown in Figure 9., Figure 10. and 
Figure 11  were presented graphically for five different 
turbulence model in the following figure. 
 
It is observed from Figure 12. with increasing the air 
velocity, air side pressure drop has been increased 
significantly.  

 
FIGURE 12. AIR SIDE PRESSURE DROP VALUES OBTAINED AT 

DIFFERENT AIR VELOCITY 
 
CONCLUSION 
 
This numerical study on automotive cooling system has 
been focused on the influence of the turbulence models into 
the thermal and hydraulic behaviour of the radiator. Before 
the numerical methodology, the governing equations solved 
by Ansys-Fluent, have been described within the paper. A 
CFD based software, Ansys-Fluent was carried out 
successfully for the thermal and pressure drop analyses in 
the automotive cooling system. 
 
In this study, coolant outlet temperature, heat transfer rate, 
air and coolant side pressure drops were evaluated for three 
different air velocity (8.33, 13.88 and 19.44 m/s) and five 
different turbulence model (Standard k-e, RNG k-e, 
Realizable k-e, Standard k-w and SST k-w). The computed 
coolant outlet temperature values for three air velocity were 
compared with the experimental results in the literature. 
 
The numerical results showed that; Standard k-e turbulence 
model is giving the nearest values with the experimental 
data with regard to thermal behaviour. As already 
mentioned, it is not expected that the change in air velocity 
will affect the pressure drop in the coolant side. Coolant 
side pressure drop results showed that values obtained from 
the Standard k-w turbulance model remained almost 
constant for three air velocity. However, slight changes 
were observed in values obtained from other turbulence 
models. Moreover, air side pressure drop values were 
obtained for three air velocity and these values were almost 
same for five turbulance model.  
 
The results indicated that Standard k-e is the most 
appropriate turbulence model with regard to thermal 
behaviour, while Standard k-w is a better option for 
hydraulic behavior for this radiator model. Additionally, it 
is observed that an increase in air velocity resulted in an 
increase in the heat transfer rate and air side pressure drop 
for the radiator.  
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