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Abstract

In this work, validation of block-coupled incom-
pressible pressure-velocity solver is presented. It
is carried out on two test cases relevant for rac-
ing car aerodynamics: a bluff body with a fixed
diffuser angle and a rotating wheel in ground ef-
fect. Results of the simulations are compared to
experimental data.

1. Introduction

Aerodynamic design of a racing car is important
as it plays a significant role in the behaviour of
a vehicle on a track. The diffuser is situated
at the rear of a racing car under-tray and is of
great importance in down-force generation. Ex-
posed wheels of a racing car travelling at high
speeds produce dominant effects on the drag
force and also greatly influence the lift character-
istics. These problems have been experimentally
investigated in detail and measured data is avail-
able for comparison.

2. Mathematical Model

The pressure and velocity equation are implicitly
coupled, which is accomplished by assembling
the coefficients of the momentum and continu-
ity equation into one diagonally dominant matrix,
Darwish et al. (2009). In contrast to the segre-
gated approach, coupled solution increases the
convergence rate, at the cost of higher memory
use. The turbulence was modelled using k-omega
SST model. Multiple Reference Frame (MRF) was
used for rotation of the wheel.

3. Validation

3.1 Bluff Body with a Diffuser
The simulation results are compared to the exper-
imental data from Senior (2002). The experimen-
tally measured drag and lift coefficient for the bluff
body are equal to 0.49 and 1.90, respectively. The
lift coefficient obtained from the simulation was
equal to 1.88 (-1.1% difference) and the drag co-
efficient was equal to 0.47 (-4.3% difference).

Figure 1: Measurement planes: Red - x/d = 5.44,
Blue - x/d = 5.91, Green - x/d = 6.83, Yellow - x/d
= 7.76

Comparison of simulation results and experimen-
tal data is shown in Fig. 2. Non-dimensional
vorticity contours are presented on measurement
planes shown in Figure Fig. 1. Comparison of
the pressure coefficient on the upswept surface on
measurement planes is shown in Fig. 4.

Figure 2: Non-dimensional vorticity contours com-
pared with experimental data for selected mea-
surement planes

Figure 3: Non-dimensional velocity at diffuser exit

Figure 4: Comparison of the pressure coeffi-
cient on the upswept surface on the measurement
planes

3.2 Open Rotating Wheel
Simulation results are compared to the experi-
mental data from Zhang (2006). Experimentally
measured drag coefficient for the rotating wheel
in ground effect is equal to 0.598. Drag coef-
ficient obtained from the simulation was equal
to 0.60 (+0.3% difference). Flow characteristics
were compared to experimental results, Axerio
et al. (2009), and are presented in Fig. 5 to Fig. 9.
Axerio et al. (2009) states: ”The near wake of
the tire is dominated by two large counter-rotating
vortices. Looking from the back of the wind tunnel
the left vortex is larger and more persistent than
the right vortex, Fig. 6, and this is due to the com-
bined effect of the wheel camber angle and strut.”
There is ”a region of strong downward velocity,
Fig. 7 to Fig. 9, between the vortex cores in the
centre-plane of the tire...”, Axerio et al. (2009).

Figure 5: Two counter-rotating vortices - stream-
lines

Figure 6: Two counter-rotating vortices - turbulent
kinetic energy

Figure 7: Region of strong downward velocity -
Glyphs

Figure 8: Region of strong downward velocity -
Pressure

Figure 9: Region of strong downward velocity -
Velocity Magnitude

4. Conclusion

Simulation results match the experimental data
well. For the bluff body case, mesh refinement
study was conducted and it is shown that the res-
olution of the mesh affects the accuracy of the
results. Also, y+ values on the body should be
taken into account and adjusted to produce good
results. For denser meshes, convergence was
slower. Typically, in all simulations, the limiting fac-
tor for the convergence of the system is the devel-
opment of turbulent variables and boundary lay-
ers.
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