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Abstract - Engine-bay-cooling system is an important part of the vehicle engine, maintaining the operating temperature. One 
of the factor determines heat-transfer efficiency of the system is the inflow air velocity which is controlled by the grille shape. 
A specific military vehicle designed for amphibious use intakes cooling air from the top of the vehicle via high performance 
exhaust fan. The grille and engine bay are modelled and analyzed by computational fluid dynamics to determine the suitable 
grille shape. The simulation has shown that vehicle speed has insignificant effect on the amount of air intake, and the grille 
blade setting at 45-degree gives the highest flow velocity into the engine bay.  
 
Index Terms - Engine bay cooling system, cooling grille, CFD 

I. INTRODUCTION 
 
Cooling system is tremendously important for vehicles 
as it keeps the engine running at operating 
temperature.Air is considered as a function of cooling. 
Therefore, cooling system of most commercial vehicle 
located at the front bumperto directly intake air. The 
intake air is normally controlled by a grille which is 
carefully designed to direct the air into the engine 
chamber because the shape of the grille has much 
effect in the aerodynamic and cooling performance of 
the vehicle [1]. Unlike a commercial vehicle, military 
vehicle has its cooling air intake on top of its body to 
allow amphibious use as demonstrated in fig.1. The air 
is no longer entering the engine bay directly, and 
needed high performance fan to increase the amount of 
airflow into the engine bay. To enhance the cooling 
performance airflow through the engine bay must be 
managed [2]. As theamount of airflow through the 
engine bay varies with the inlet grille shape i.e. the 
settings of the grille blade, and the increase in velocity 
of the airflow through the engine has much impact on 
the overall heat transfer coefficient[3],the grille must 
be designed to allow the maximum air velocity into the 
engine bay. 

  
Fig.1 Military Vehicle 

 
II. THE MODEL 
 
The engine chamber is as illustrated in fig.2. The 
cooling air enters the chamber through the inlet grille 

on top of the chamber, pass through the cooling pack, 
and exit through the high-performance-exhaust fans. 
The flow into the engine bay is driven by the velocity 
of the vehicle and two fans. However, as the 
simulation is aimed to study only the airflow through 
the grille, the cooling system is simplified. The grille 
slope with respect to the horizontal plan is 10 degrees. 
The grille dimension is shown in fig.3which affect to 
characteristic of airflow. 
 

 
Fig. 2 Engine-bay-cooling chamber 

 

 
Fig. 3 Inlet grille-blade dimension 
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Where 
T = The blade thickness 
W = a distance between two blaedes 
X = ventilator width 
Y= ventilator length  
V = airflow velocity 

 
III. METHOD 
 
The analysis uses the eddy motion that is described by 
the Large Eddy Simulation (LES)to stimulate the 
flow. 

 
A. Large Eddy Simulation Model (LES) 
Filtered Continuity Equation: 
 

 
 
Momentum Equation: 
 

 
 
τ is called subgrid– scale (SGS)stress term  

 
For LES simulation, the small scale is modeled .
Therefore, the SGS is describing the 
small-scaled-turbulence mechanism the cascade and 
dissipate the energy from the large one .Here, the 
Wall-Adapting Local Eddy (WAL (Emodel is selected 
since this model provide good properties both near to 
and far from the wall and both for laminar and 
turbulent flows .The detail of LES and SGS is further 
studied. 
 
B. CFD Analysis 
The CFD analysis examine the airflow through the 
inlet grille at the driving velocity of 30 and 80 
km/hr.At each velocity, the grille blade angle is set at 
15, 30, 45, 60, 75 and 90 degrees with respect to the 
horizontal plane as shown in fig.4. The outlet airflow 
is 10 kg/s at fan location, and the computation domain 
is 3 times larger than the model. 
 

 
Fig. 4Grille blade angle at 15, 30, 45, 60, 75 and 90 degrees 

C. Reynolds number 
The Reynolds number is a dimensionless value that 
measures the ratio of inertial forces to viscous forces 
and describes the degree of laminar or turbulent flow. 
Systems that operate at the same Reynolds number 
will have the same flow characteristics even if the 
fluid, speed and characteristic lengths vary.[4] 
 
The Reynolds number is calculated from: 
 

 
 
Where 
 
V = Velocity of the fluid 
l = The characteritics length, the chord width of an 
airfoil  ρ = The density of the fluid 
μ = The dynamic viscosity of the fluid 
푣 = The kinematic viscosity of the fluid 
 
IV. RESULTS 

 
The total of twelve simulations have been done under 
the same condition for vehicle speed of 30 and 80 
km/hr.  The air velocity through the grille and 
turbulence intensity were recorded. Fig. 5 and 6 
present the air velocity and turbulence intensity, 
respectively  

 

 
Fig 5 Air velocity at various grille blade angle 

 

 
Fig 6 Turbulence intensity at various grille blade angle 

 
The result from simulations at 30 and 80 km/hr share 
the same trend. This can be explained by noticing that 
Reynold’s Number of both simulation is in the close 
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range. Moreover, the air velocity depends on the fan 
performance much more than vehicle speed in cruise 
level.  The setting angle of 45 degrees gives the 
highest air velocity and the least turbulence intensity. 
Fig7illustrates the flow trajectory that the airflow 
smoothly into the engine bay. However, the left 
portion of the engine bay is rarely cooled by the intake 
air.  
 

 
Fig.7 Flow trajectory – 45 degrees 

 
On the other hand, the lowest air velocity occurs at 60 
degrees even though the turbulence intensity is not 
highest amongst the simulations. The slow velocity 
occurs because there are two vortices interfering the 
incoming airflow as shown in fig.8 
 

 
Fig. 8 Flow trajectory – 60 degrees 

 
In addition, the 90 degrees simulation also gives 
comparable air velocity to 45 degrees simulation. It is 
only lower by 18%. However, the flow trajectory 
(figure 9) suggests the intake air has more effect on 
overall area of the engine bay. Further study is needed 
to clarify whether the overall heat transfer 
performance between 45 and 90 degrees 
grille-blade-setting angles is better. 

 
Figure 9 Flow trajectory – 90 degrees 

 
CONCLUSION 

 
The result has shown that grille blade setting angle has 
significant effect on the velocity of air flowing through 
the engine bay. The setting angle of 45 and 90 degrees 
are interested due to air velocities and flow trajectory. 
The 45 degrees simulation shows the highest velocity 
and the 90 degrees simulation is 18% less. However, 
the flow trajectory of 90 degrees case passes through 
larger volume of the engine bay. More studies on the 
heat transfer is needed to justify whether which angle 
should be used to manufacture. 
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