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ABSTRACT 

In this investigation, the flow over wheel in the wheelhouse of the simplified car body and the 

effect of the geometry of the wheelhouse on the flow field and drag coefficient by varying the 

radius and the depth of the wheelhouse of a simplified car body has been studied. Analysis has 

been based on  moving ground plane and rotating wheels for proper ground and wheel 

simulation respectively. The addition of wheels and wheelhouse increased the total drag. The 

results suggest that the vehicle drag increased as wheelhouse radius increased. The increase in 

drag was primarily due to the interaction of the interference produced by the wheel and 

wheelhouse with the basic body flow. It was found that the wheel drag decreases as the depth 

of the wheelhouse increases. In the present work, change in drag coefficient was calculated for 

different wheelhouse geometries of a simplified car body which ranges from 0.054 to 0.098. 

The results have been  analysed using a commercial code FLUENT. Various contours have 

been displayed and pressure coefficients computed which helps in understanding the flow 

within the front wheel cavity. 
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INTRODUCTION 

The field of road vehicle aerodynamics has advanced towards its limits in designing optimal 

body shapes. Basic low-drag body shapes were developed during the last few years.  The only 

open question seems to be the effect of the rotating wheels exposed to a free stream, or being 

partially covered by the car wheelhouse which leads to a dramatic increase in drag coefficient. 

The contribution of wheels to the total aerodynamic drag of a modern car is about 30% and 

the main contribution is due to front wheels. Fackrell [1] carrieout a study on the shape of the 

flow over a rotating cylinder. When the wheel is rotating, the air is squeezed in the lower part 

of the wheel as the oncoming air flows by sides, like pumping it. This produces less separation 

in that zone and less amount of air flowing towards the wheel cavity, which is better for the 

under body aerodynamics. Also, there are comments on the fact that the wake of the wheel 

interfere in the aerodynamics of the whole vehicle. Further work of interest was conducted by 

Cogotti [2] in 1983, which emphasizes the importance of ensuring effective ground contact 
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with the wheel. It was found that as the wheel was brought into closer proximity with the 

ground,  the air flow under the wheel became increasingly accelerated, and thus produced 

more negative pressure below the wheel, increasing the down force generated by the wheel. 

However as the gap is sealed, the pressure at the front of the wheel contact patch becomes 

positive. 

Also interesting result is given by Katz [3] which shows how the ground and the rotation of 

the wheel influence the pressure coefficient. The results for rotating wheel indicate that the 

drag is less intense when the wheel is rotating due to the shape of the pressure distribution 

compared to stationary wheel. When taking in to account the wheel housing, Hucho [4] 

suggests that the drag of an enclosed wheel is related with the volume of the wheel housing 

and the volume occupied of the part of the wheel inside the housing. An experimental study 

conducted by Cogotti [2], suggests that the bigger the ratio of wheelhousing to wheel volume 

with values going from 1.9 to 5, the bigger is the drag coefficient (values from 0.16 to 

0.20).These results were obtained by Cogotti when applied to stationary wheels as well as to 

rotating wheels, with similar conclusions. Regarding the three dimension experiments, 

Milliken [5] studies reveal the existence of vortices on the wakes after the wheels because of 

turbulence effects.  

Table 1: Wheelhouse radii and depths. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The geometry of the simplified car body. 

 

The studies referred above shows that there is a scope for studying the influence of wheel and 

wheelhouse on the drag force of a simplified car body, which is the motivation of the present 

work. The problem here consists in analyzing the flow within a front wheel cavity. As 

highlighted in a review by Le Good and Garry [6], the use of simplified forms of passenger 

vehicles have proven extremely useful in terms of understanding the fundamental flow 

characteristics associated with more complex passenger cars. Although many types of 

simplified passenger vehicle geometries have been investigated. In the present work the 

geometry of Fabijanic [7] experimental model of a simplified car body have been used for the 

investigations which has only one pair of wheels and can be seen in Figure 1. In the present 

Radius (m) Depth (m) 

R1 0.0434 D1 0.0404 

R2 0.0523 D2 0.0505 

R3 0.061 D3 0.0605 
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work study has been made, investigating the effect of the geometry of the wheelhouse on the 

flow field and drag coefficient by varying the radius and the depth of the wheelhouse of a 

simplified car body.          

The wheelhouse radius (R) and depth (D) for different cases are given in Table 1 and 

wheelhouse radii, depths and volume ratios with respect to wheel radius, depth and volume is 

given in Table 2.  

 
 

Figure 2: Computational Flow Domain. 

       

Where RW, DW and VW are the radius, depth and volume of the wheel. 

The Reynolds number based on the diameter of the wheel and the free stream velocity was 

1.58 x 10
5
, i.e. the flow can be considered to be turbulent. The Navier-Stokes equation is 

solved with the SIMPLE method in a Cartesian coordinates system. Standard k-ε turbulence 

model with the segregated implicit scheme is used for evaluating aerodynamic forces, velocity 

and pressure distribution. The flow velocity at inlet is assumed constant at 30 m/s. 

 

GOVERNING EQUATIONS  

The general form of continuity and momentum i.e., Navier-Stokes equation is 
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where p  is static pressure,   is the density, V is the velocity,   is stress tensor, g   and F  

are the gravitational body force and external body force. 

The Standard k-ε model equations are: 
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Where k  represents the turbulence kinetic energy, and   is its rate of dissipation, where kG

represents the generation of turbulence kinetic energy due to the mean velocity gradients, bG

is the generation of turbulence kinetic energy due to buoyancy, 
MY represents the contribution 

of the fluctuating dilatation in compressible turbulence to the overall dissipation rate, 1C , 2C  

and  3C are constants.  k  and    are the turbulent  

Prandtl numbers for k  and  , respectively. kS  and S  are user-defined source terms. 

 

Table 2: Wheel to wheelhouse ratios 

      

Boundary Conditions 
The isometric view of the computational domain is shown in Figure 2 and has the dimension 

of    5.6 x 2.8 x 1.4 m. In the flow domain the model is placed on ground 1.4 m in front of the 

inlet boundary and its volume is subtracted from the flow domain in order to study the 

external flow over the wheel in the wheelhouse of a simplified car body. The ground clearance 

for all the cases was 0.0168 m. In the computational flow domain the boundary condition of 

translational movement to the ground is given in the same direction and magnitude as the 

incoming air velocity, i.e. set to moving wall (30 m/s). The wheels are set to moving rotating 

walls on the ground in accordance with ground speed (783 rad/s). The model has to be a 

stationary wall in this case. The rest of the walls are stationary. The choice for the elements 

has been tetrahedral for meshing the volumes. In the proximity of the wheels the mesh is finer 

than any other part of the domain. As the distance from the vehicle grows the cells are coarser. 

The continuum-type specification in present case is fluid i.e. air. The density of air is taken as 

1.225 kg/m3 at temperature 288K. 

 

RESULTS AND DISCUSSIONS 

The addition of wheels and wheelhouse to a basic automotive body results in significant 

changes to the drag produced by the vehicle. The aim of the simulations has been to determine 

the flow field around the wheel in the wheelhouse responsible for the buildup of forces acting 

on the body. In this investigation of flow around the simplified car body shape have been 

studied that included wheelhouse with varying radius, or height, and depth while the position 

and size of the wheel remained constant. The addition of wheel and wheelhouse increased 

drag to the basic car body. Aerodynamic forces acting on the body, wheelhouse and wheel 

were determined separately for different configurations of wheelhouse geometries. Parametric  

studies were carried out by changing the main parameters influencing the flow i.e.,  the depth 

(D) and radius (R) of the wheelhouse related to the width (DW) and radius (RW) of the wheel.  

The pressure distribution around a simplified car body can be represented by the contours of 

pressure coefficient which shows the zones with higher pressures around the vehicle body and 

V/VW D1 D2 D3 D4 R/RW 

R1 1.18 1.47 1.76 2.05 1.14 

R2 1.60 2.00 2.39 2.78 1.37 

R3 2.06 2.58 3.09 3.60 1.60 

D/DW 1.12 1.40 1.67 1.94  
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wheels as is shown in Figure 3. It is observed that the maximum pressure lies on the front face 

of the vehicle and on the lower part of the wheel. 

 

 
 

Figure 3: Contours of pressure coefficient body and 

                                                wheels. 

 

 
 

Figure 4: Detail of pressure coefficient 

contour in front wheel. 

                         

In Figure 4 a detailed view of the front wheel allows observing that the higher pressures lie on 

the surface that is most exposed to the incoming air. In the shrouded parts of the wheel the 

pressures decline to lower values. The body of the vehicle influences the upstream flow onto 

the wheel. Since the wheel has sharp shoulders, when the effect of rotation is modeled, a very 

complex structure of separated flow is formed. Two basic mechanisms of flow separation can 

be observed in the case of rotating wheels. First is the shear effect due to “jetting” and the 

rotation of the wheel. The vortices due to the effect of “jetting” can be seen in cross-section in 

Figure 5 and second is the “usual” separation from the sharp slant surface of the wheel. 

 

 
 

Figure 5: Contour of turbulence kinetic energy behind 

                                              the wheel. 
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Figure 6 shows the comparison of side vortices beside the wheel visualized by simulation to 

the one found by T. Re´gert [8]. On comparing qualitatively, the vortex generation from the 

lower part on the outer side of the wheel and the underbody flow pattern, they resemble each 

other very closely. The vortex caused by the jetting and the separation on the outer slant 

shoulder is larger than that of the inner vortex. For an isolated road wheel, these two vortices 

would be of the same size, but due to the outward deflection of the approaching flow, 

additional separation occurs. The turbulent kinetic energy reaches its maximum  

value of 127 m
2
/s

2
 for the wheels. 

 

 
 

 
 

 Figure 6: Comparison of vortex generation from the 

                                                wheel. 

For the analysis of the flow around the front wheel in its cavity, it is interesting to see how the 

streamlines of air flows. In the next Figure 7 the stream lines, can be observed. The structure 

of the flow field is very complicated. The strongest vortex dominates the whole separation 

region together with a smaller vortex that arises on the lower trailing edge of the car body. In 

Figure 8 it can clearly be seen that vortices govern the flow in the region of the wake of the 

body. 

The weak vortex coming from the underbody disappears in the wake of the body and that the 

strong vortex stays far away from the wake and is separated from its main flow mechanisms. 

 

 
 

Figure 7: Pathlines around front wheel within the cavity 

                                            with colors of turbulence  kinetic energy.  
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Figure 8: Pathlines along the simplified car body with 

                                              wheel and wheelhouse colored by turbulence  

                                              intensity.                 

                                                         

The Figure 9 shows vertical planes in X-direction with contours of pressure coefficient around 

the front wheel within its arch cavity. These graphs describe quite well the zones of higher 

pressures. 

The zone with highest pressure corresponds to the zone near the contact of the wheel with the 

ground. Figure 10 shows the vertical plane with turbulence kinetic energy contours around the 

front wheel within its wheelhouse cavity. The maximum value of turbulent kinetic energy is 

158 m
2
/s

2
 inside the wheelhouse. 

 

 

 

 

 

 

 

 

Figure 9: Sequence of vertical planes showing pressure 

                                             contours around the front wheel. 

 

The formation of whirls in the wake of the flow appears is a characteristic of the flow in the 

surroundings of the wheel. The representation of some velocity vectors in the proximities of 

the wheel can give an idea of their shape. Figures 11 and 12 depict the velocity vectors in their 

different respective planes (vertical X, vertical Z and horizontal Y). The direction of the 

vectors is represented in the coordinates of their respective planes so that the directions and 

intensity of the air flow and the whirls can be observed. The whirls of the wake formed behind 

the wheel can be clearly seen. 

For mapping the origin of forces and to carry out a systematic study, several geometry 

configurations were tested. First, a baseline model was created that included wheelhouses and 

rotating wheels with different radii and depths of wheelhouse geometries. Then the 

wheelhouse and the wheel were removed to determine the drag acting on the basic body. 

Ground was moving in both the cases. The effect on the drag coefficient was investigated by 

including or removing the wheel and the wheelhouse from the basic body. Also for the 
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Figure10: Sequence of vertical planes of the contours of turbulence kinetic energy around 

                 the front wheel. 

 

simplified car model with wheel and wheelhouse, the change in drag coefficient due to the 

change in radii and depths of the wheelhouse was calculated. Table 3 gives the comparison of 

forces acting on the individual surfaces of the basic body with one of the models having wheel 

and wheelhouse with R2, radius and D2, depth of the wheelhouse. The drag coefficient of the 

vehicle increases by 30% when wheels and wheelhouses are added to the basic body. 

Analyzing the components of the drag force, 10% of the increase is originating from the 

forces acting on the vehicle body due to the modification of the flow field. 7% and 13%  drag 

force is acting on the wheelhouse and the wheel respectively. The increase in drag was 

primarily due to the interaction of the interference produced by the wheel and wheelhouse 

flow with the basic body flow. The experimental values [7] of drag coefficient for wheel, 

within the wheelhouse of a simplified car body for different geometries of wheelhouse by 

varying the radii and depths are given in Table 4 and the simulated values of drag coefficient 

is given in Table 5.   

           
 

            
Figure 11: Velocity vector in the vertical plane of X around the front wheel. 
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On comparing the computed values of the drag coefficient of the wheel with the experimental 

value, it was found that the drag coefficient of the wheel decreases as    the depth of the 

wheelhouse of a simplified car body increased for all the cases where as the experimental 

results show that the wheel drag decreases as the depth of the wheelhouse increases from D1 

to D3 and then slight increase in drag of the wheel with the increase in wheelhouse depth i.e. 

D4. Figure 13 gives the comparison between the experimental value and the computed result 

of drag coefficient of the wheel for the model with R1 radius of wheelhouse against varying 

wheelhouse depth.          

 

  
   

Figure 12: Velocity vector in the horizontal and vertical plane of Y and Z around the front   

                 wheel. 

 

The experimental values [7] of change in drag coefficient of the simplified car body with 

wheel and wheelhouse to the basic body without wheel and wheelhouse is given in Table 6 

 

Table 3: Comparison of Drag Coefficient. 

 

 Drag Coefficient 

 Basic body +wheel & wheelhouse 

Base 0.1480 0.1305 

Front face 0.1050 0.1495 

Top  0.0032 0.0031 

Underbody 0.0035 0.0023 

Partial resultant 0.2597 0.2854 

Wheel - 0.0272 

Wheelhouse  - 0.0191 

Net resultant - 0.3317 

∆CD 0.0720 

 

Table 4: Experimental values of drag coefficient of    

               wheel for different wheelhouse geometries [7]. 

 

CD D1 D2 D3 D4 

R1 0.042 0.039 0.035 0.038 

R2 0.046 0.038 0.032 0.042 

R3 0.041 0.043 0.040 0.038 
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Table 5: Computed values of drag coefficient  of wheel  for different wheelhouse geometries.  

 

 

 
Figure 13: Comparison between experimental and simulated wheel drag coefficient. 

      
Figure 14: Comparison between experimental and simulated value of change in drag   

coefficient. 

                       

and the simulated values of change in drag coefficient is given in Table 7.  

On comparing the simulated value of change in drag coefficient with the experimental results, 

the computed value of change in drag coefficient for different wheelhouse geometries of a 

simplified 

 

Table 6: Experimental values of change in  drag coefficient.   

∆CD D1 D2 D3 D4 

R1 0.075 0.082 0.090 0.090 

R2 0.092 0.110 0.120 0.120 

R3 0.124 0.125 0.122 0.121 

   

Table 7: Computed values of change in drag coefficient.      

 

 

0
0.01
0.02
0.03
0.04
0.05
0.06
0.07

1.1 1.3 1.5 1.7 1.9

C
D

D/DW

Wheel Drag Coefficient

R1 Experimental
R1 Computed

0.02
0.04
0.06
0.08

0.1
0.12

1.1 1.2 1.3 1.4 1.5 1.6

C
D

R/RW

Change in Drag Coefficient

D1 Experimental

D1 Computed

CD D1 D2 D3 D4 

R1 0.031 0.028 0.026 0.0255 

R2 0.032 0.0272 0.025 0.0245 

R3 0.0314 0.030 0.029 0.028 

∆CD D1 D2 D3 D4 

R1 0.054 0.059 0.060 0.063 

R2 0.062 0.072 0.074 0.076 

R3 0.092 0.096 0.097 0.098 



International journal of advanced scientific and technical research                              Issue 2 volume 5, October 2012          

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

 Page 731 
 

car body ranges from 0.054 to 0.098 for CFD simulation where as for experimental results it is 

0.075 to 0.125. The Figure 14 gives the comparison between the experimental value and the 

computed result of change in drag coefficient of the simplified car body for one of the model 

with D1 depth of wheelhouse against varying wheelhouse radius. For different geometries of 

wheelhouse of the vehicle bodies, the computed values of the change of aerodynamic force 

coefficients are slightly  different from the experimental one but the flow characteristics are 

similar e.g. the vortex generation caused by the jetting and the separation of the flow on the 

outer slant surface of the wheel. The difference in results may be due to the lack of 

computational power, the first order discretization scheme and the standard k  turbulence 

model applied for the numerical simulation. 

 

CONCLUSION  

The flow field around a simplified vehicle model was computed by means of CFD. The 

geometry, grid generation and the computational domain were modelled using Gambit and the 

simulation of the flow field is carried out by the commercial code Fluent. The purpose of this 

investigation was to understand the behavior of the air flow around a rotating wheel in the 

wheelhouse of a simplified car body on the moving ground. As the wheels are rotating, the 

surfaces of the wheel and the ground move towards the ground contact patch, they transport 

energy towards the stagnation point, so the total pressure increases. The pressure difference 

builds up between the point in front of the ground contact patch and the sides of the wheel 

forces the flow laterally and accelerates it rapidly. 

This pressure difference in front of the wheel causes the “jetting” and separation of flow from 

the sharp slant surface of the wheel generating vortices. The vortex caused by jetting and 

separation on the outer side of the wheel is larger and separated than that of the inner vortex. 

These vortices govern the flow in the region of the wake of the body, the weak vortex coming 

from the underbody disappears in the wake and that the strong vortex stays far away from the 

wake and is separated from its main flow mechanisms. 

Aerodynamic forces acting on various parts of the simplified car body were determined on the 

basis of the results of RANS modeling. The addition of wheels and wheelhouse to a basic car 

body results in increase of the drag coefficient of the vehicle. It was found that the drag of the 

wheel decreases as the depth of the wheelhouse increases also the vehicle drag increased 

primarily as wheelhouse radius increased, the substantial increase of drag force is mainly due 

to the drag acting on the wheel influencing underbody flow. The force acting on the wheel 

amounts half of the increase in drag and the remaining half of that was considered due to the 

modification of the flow in the presence of wheelhouse and rotating wheel.  
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