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Abstract- In this study, the effect of vehicle speed into the radiators heat transfer and pressure drop characteristics were 
numerically investigated using ANSYS-Fluent. In analysis, four different vehicle speeds (30, 60, 90, 120 km/h) were used 
while the rest of the boundary conditions are kept constant. Both coolant and air flows were considered as turbulent, steady, 
incompressible. Standard k-e model was selected as turbulance model. For each vehicle speed, the outlet temperature of the 
coolant, cooling capacity of the radiator, radiator effectiveness and air side pressure drops were obtained. Apart from these, 
temperature distributions for each vehicle speed were presented. 
 
Index Terms- Computational Fluid Dynamics (CFD), Radiator, Effectiveness, Heat Transfer 
 
I. INTRODUCTION 
 
Automobile radiator which is one of the most 
important components of the automobile cooling 
system, is a very important subject of study. Basically 
automobile radiator is a compact cross-flow heat 
exchanger and its objective is cooling the hot water.  
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]  
Cooling capacity 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. There are a lot of 
studies about this topic in literature. C. Oliet et al. [2] 
made a set of parametric studies performed on 
automotive 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. S. M. 
Peyghambarzadeh  et al. [3] compared the heat 
transfer performance of pure water and a mixture 
which include Al2O3 nanoparticles. Furthermore, they 
changed the liqued flow rate from 2 to 6 liter per 
minute. They observed that nanofluids clearly enhance 
heat transfer compared to their own base fluid. H. M. 
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. They found that when the fin 
angle is 30° which is the optimum angle, maximum 
heat transfer enhancement per segment was obtained 
1.42W.  A. S. Canbolat et al. [5] investigated the 
effect of number of tubes in a radiator into the thermal 

performance and heat transfer effectiveness. They 
analyzed four radiators which have different number 
of tubes, numerically.  Their results demonstrated that, 
while the length and width of the radiator kept 
constant, with increasing the number of tubes,  
radiators effectiveness has been increased.  
In literature researchers generally do experimental or 
numerical study. Experimental study is a good way to 
calculate the heat transfer performance, pressure drops, 
effectiveness of the radiator, etc. But it is not a 
feasible method due to the high cost. For this reason 
computational fluid dynamics (CFD) analysis can be 
used to predict thermal characteristics of a radiator. In 
this study CFD method was used and a radiator was 
analyzed numerically for four different air velocity 
and the results were interpreted. 
 
II. MATHEMATICAL MODEL 
 
First of all,  because of the nature of the numerical 
analysis, the mass, momentum and energy 
conservation equations, which are encountered in fluid 
mechanics and heat transfer, were solved by Ansys-
Fluent. 
 Below it is presented some of the equations that we 
will use when we calculate effectiveness and cooling 
capacity of radiator. In order to find them, it is firstly 
necessary to calculate the mass flow rates of both 
fluids. The following formulas have been used to 
calculate the mass flow rates. [6] 
 

  * *water water water waterm u A                   (1)  

  * *air air air airm u A                    (2) 
 
To calculate the cooling capacity for both fluids, we 
use the following formulas: 
 
 ,* *water water p water waterQ m c T          (3) 

 ,* *air air p air airQ m c T                       (4) 
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In theory; Qwater must be equal to Qair. So that it can be 
written that; Q= Qwater= Qair. 
Effectiveness of radiator is a function of NTU, 
Cmin/Cmax and geometry of the radiator. Cmin is the 
smaller one from these values, Cair and Cwater.  
  ,*water water p waterC m c                             (5) 

   ,*air air p airC m c                                    (6) 
 
Effectiveness can be calculated using the following 
formula: 

      
max

Q
Q

                                             (7) 

                       
 max min , ,*( )water inlet air outletQ C T T               (8) 
Air side pressure drop can be obtained using the 
following formula:  

, ,air inlet air outlet airP P P                               (9) 
Here; m is mass flow rate,  is density, A is area, cp 
is specific heat, T is temperature difference, P is 
the pressure drop. 
 
III. MODELLING AND NUMERICAL 
ANALYSIS  
 
In this study, an automobile radiator was modeled by 
using a solid modeling software. Length of the 
radiator is 664 mm, height of the radiator is 360 mm. 
The diameter of the inlet tube is 8 mm.  
Secondly air domain was modelled around the 
radiator. These air and radiator models were 
transferred to Ansys-Fluent.  
 

 
Figure 1. Solid model of the radiator and air domain 

This model was meshed and 2.446.762 elements are generated. 
Tube walls where the heat transfer is intense was divided 

smaller elements. 

 
Figure 2. Detailed meshes around the tube walls 

 
Figure 3. Mesh configuration of air and radiator domains 

 
In this study; coolant and air flows were considered as 
turbulent, steady, incompressible. Standard k-ε model 
which has a wide range of applications in the literature 
was selected as turbulance model. The convergence 
criteria considered in the analysis are shown in the 
following table. 

 

 
Table 1. The convergence criteria for each parameter 

 
Anti freze - water mixture was used as coolant in 
analaysis. Consequently this fluid and its 
thermophysical properties were added to Fluent as a 
new fluid.  

 

 
Table 2. Thermophysical properties of coolant 

 
In this study, four different scenarios were analysed. 
In analysis, four different vehicle speeds (30, 60, 90, 
120 km/h) were used while the rest of the boundary 
conditions are kept constant. Ambient temperature and 
coolant inlet temperature were assumed at 20ºC and 
90ºC, respectively. Boundary conditions are shown in 
the following table. 
 

 
Table 3. Boundary conditions 
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The air streamlines flowing through the radiator and 
coolant flow vectors inside the tubes are shown in the 
Figure 4 and Figure 5, respectively. 
 

 
Figure 4. Air streamlines flowing through the radiator 

 

 
Figure 5. Coolant flow vectors 

 
In terms of being an example, air velocity and 
temperature distributions which are obtain from the 
mid-plane of the radiator are shown in the Figure 6 
and Figure 7, respectively. 
 

 
Figure 6. Air velocity distribution 

 
Figure 7. Air temperature distribution 

 
Temperature distribution of the coolant for four 
different vehicle speed are shown in the following 
Figures. 
 

 
Figure 8. Coolant temperature distribution for 30km/h and 

60km/h 
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Figure 9. Coolant temperature distribution for 90km/h and 

120km/h 
 
As the vehicle speed increases, air velocity on the 
radiator has been increased and it was observed that 
coolant temperature was decreased more. It can be 
easily seen the difference from the colours in 
temperature distributions for each vehicle speed.  
 
IV. RESULTS AND DISCUSSION 
 
After completing analysis, some calculations about 
heat transfer and pressure drop characteristics were 
made. Correspondingly some graphs which contain 
coolant outlet temperature, cooling capacity, radiator 
effectiveness and air side pressure drop values for 
each vehicle speed were obtained. They are seen in the 
Figure 10, Figure 11, Figure 12 and Figure 13, 
respectively.  
 

 
Figure 10. Coolant outlet temperature values obtained at 

different vehicle speeds 

Outlet temperature of the coolant has been decreased 
as the vehicle speed increases. Consequently, cooling 
capacity has been increased.  

 

 
Figure 11. Cooling capacity values obtained at different vehicle 

speeds 
 
Since radiator effectiveness is related to the cooling 
capacity, the radiator effectiveness has been increased 
as the cooling capacity increases. 

 
Figure 12. Radiator effectiveness values obtained at different 

vehicle speeds 
 

 
Figure 13. Air side pressure drop values obtained at different 

vehicle speeds 
 
It is observed from Figure 13. with increasing the 
vehicle speed air side pressure drop has been 
increased significantly. All these graphs were obtained 
using the numerical data in Table 4.  
 

 
Table 4. Cooling capacity, radiator effectiveness and pressure 

drop values obtained at different vehicle speeds 
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CONCLUSION 
 
This numerical study has been focused on the 
influence of the vehicle speed into the thermal 
performance and hydraulic behaviour of the radiator. 
For four different vehicle speed, coolant outlet 
temperature, cooling capacity, radiator effectiveness 
and air side pressure drop values were calculated 
numerically. The calculations have been carried out 
by a CFD based software, Ansys-Fluent. 
Mathematical formulas used in calculation have been 
described within the paper.  
 
Analysis results show that; cooling capacity and 
radiator effectiveness depend on the air velocity. In 
other words air velocity affects the cooling capacity 
and effectiveness of the radiator. It is observed that 
increased air velocity or vehicle speed increases the 
thermal performance of the radiator. Depending on 
these results, it can be said that at high speed there is 
no need for the engine cooling fan to operate. 
Because the required cooling load can be provided by 
the high speed air. 

In view of the hydraulic behaviour of the radiator, air 
side pressure drop has been increased significantly as 
the vehicle speed increases.  
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