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Flow Around an Automobile Wheel

FLUENT is used in this example to study the flow around an automotive whesl.
To better understand the effect of rotation, the wheel is simulated with and
without this motion. In both cases, the road and incoming air are given
boundary conditions consistent with forward motion of the vehicle. The results
are in good agreement with laboratory measurements taken from the literature.

The underbody airflow of an
automobile is complicated by the
presence of rotating wheelsinside
the wheel arches. Whedl rotation
affects the drag and lift forces,
vehicle stability, and passenger
compartment noise level. It causes
the oncoming air stream to be
forced forward, down, and
sideways from the front of each
whesl. In thisexample, FLUENT
is used to model this complex
flow behavior. The simulation
results are compared with the
experimental results of Skeaand
Bullen [Ref. 1].
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and side surfaces are treated as
symmetry (zero normal gradient)
boundaries. Wheel rotation is
modeled by prescribing a
rotational speed of 102rad/s
(974rpm) to the cylindrical and
side surfaces of the wheel. This
corresponds to a speed over the
road of 20.4m/s, consistent with
the oncoming air stream. The road
isalso given a 20.4m/s velocity
boundary condition, in keeping
with the actual conditions
experienced by the wheel. The
RNG k-e turbulence model is
used with a standard wall function
for turbulence modeling. The
simulations are run until the
velocity at a monitoring point in
the wake of the wheel becomes
constant. Velocity vectorsin
Figure 1 show the flow pattern
around the wheel for the non-
rotating case studied.

Figure 2 shows velocity contours
on avertical plane that bisects the
wheel along with the pressure
distribution on the wheel itself for
the cases where the wheel is not
rotating (top) and rotating
(bottom). The contour scale in

each figure represents pressure
valuesin Pascals. The effect of
wheel rotation on flow separation
is clearly seen from a comparison
of the results. In particular, when
the wheel rotates, boundary layer
separation occurs earlier than
when the wheel is at rest,
resulting in alarger wake behind
the whed.

The pressure coefficient,

_ Psatic = Pres
Cp =—1 X
—rv
2

around the circumference of the
wheel isamore rigorous indicator
of the effect of wheel rotation on
the downstream flow. In Figure 3,
Co is shown for the stationary
(left) and rotating (right) wheel.
Asindicated in Figure 1, 0° isat
the front of the wheel, 90° is at
the center of its contact with the
road, 180° is behind the wheel,
and so on. As expected, the
pressure coefficient is highest at
the front of the wheel and lowest
directly behind it for both cases.
With afew exceptions, the
FLUENT results arein very good

agreement with the experimental
values. Between 100 to 250°, C
ismore steady for arotating wheel
than it is for the non-rotating
wheel, where adecreasing trend is
evident.

In summary, FLUENT has been
used in this example to study the
flow over the wheel of an
automobile. To understand the
effect of the wheel rotation, two
conditions were considered: in an
oncoming air stream, the wheel
was either at rest or rotating at a
speed consistent with the speed of
the oncoming air. Results were
found to be in good agreement
with experimental results found in
the literature [Ref. 1]. More
comprehensive studies could be
performed that include the wheel
housing, vehicle underbody, and
the other nearby wheels.
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Figure 3: Pressure coefficient along the wheel perimeter for the non-rotating(left) and rotating (right) wheel cases
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