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ABSTRACT

Computational Fluid Dynamics (CFD) is used to simulate
the flow over a pickup truck. The flow solver used is ISIS-CFD
developed by the CFD Department of the Fluid Mechanics Labo-
ratory of Ecole Centrale de Nantes. CFD simulations are carried
out with the Explicit Algebraic Reynolds Stress Model (EARSM)
turbulence model and the Detached Eddy Simulation (DES). The
focus of the simulation is to assess the capabilities of ISIS-CFD
for vehicle aerodynamic development for pickup trucks. Detailed
comparisons are made between the CFD simulations and the ex-
isting experiments for a generic pickup truck. The comparisons
between the simulation results and the time-averaged measure-
ments reveals that the CFD calculations are able to track the flow
trends.

INTRODUCTION

The external aerodynamics of a car determines many rele-
vant aspects of an automobile such as stability, comfort and fuel
consumption at high cruising speed [1]. The aerodynamics of
road vehicles has frequently been studied in simplified geome-
tries to separate the effect of various components on aerodynamic
drag and on near wake flow dynamics. Several simple generic
reference models have been proposed in the past to experimen-
tally investigate the automotive aerodynamics and isolate rele-
vant flow phenomena [2]. The most popular simple model pro-
posed for such investigations is Ahmed body [3]. The propor-
tions of modern vehicles are not the same as those of models.
And the most significant models do not cover the proportions of

vehicles sold in North America. Recently, a joint computational-
experimental benchmark study was realized for a pickup by Al-
Garni et al [4] and Lokhande et al [5]. In this study, the authors
conduct an investigation of flow past a generic pickup truck that
represents a realistic automotive bluff shape.

The aerodynamics of pickup truck is more complex than other
road vehicle. Due to the presence of the bed of the pickup truck
and the interactions of the wake flow leaving the pickup truck
cab with the bed, the flow around a pickup truck is intrinsically
complex. And the understanding of the flow field over pickup
trucks is a lot less than the understanding over sedans or SUVs
for which a lot of effort have spent on the aerodynamics. A re-
cent experimental investigation of the flow in the near wake of
a pickup truck model has been conducted [4]. In this study,
instantaneous flow field over a 1/12-scale generic pickup truck
was measured using the particle imaging velocimetry (PIV) tech-
nique. The measurements provided the instantaneous velocity
field at certain planes in the bed and the wake region. The pres-
sure distributions on the pickup truck surfaces were also mea-
sured in the experiments. The CFD simulations for flow over
pickup truck follows the same tendency than the experiments for
this geometry. Numerical computations have been performed us-
ing the commercial CFD tools [5]. Transient formulations were
used in order to capture the unsteadiness of the flow field. In this
case, a steady state solution is first obtained. Then, this solution
is used to initialize the transient simulation with a time step of
0.002 s. When the solution reaches dynamic stability, the time
step is gradually reduced to 0.0003 s. The flow structures from
the CFD simulations were found to be similar to those observed
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in experiments. More recently, another numerical study [6], with
a steady state formulation rather than an unsteady formulation,
showed this formulation capture the structure of the flow field
around a pickup truck. Further more, CFD results also given
the same direction of change for the aerodynamics drag varia-
tions due to the change of vehicle geometric configurations, such
as the change from the short bed to long bed. Another com-
parison [7] between a conventional body-fitted and the Lattice
Boltzmann CFD methods has been performed for the prediction
of the flow around a generic pickup truck. This study showed
that the CFD codes were not able to predict correctly the drag.
Indeed, the CFD codes used predicted the drag within 12% of the
measured value.

The present CFD simulation are based on the using of the ISIS-
CFD solver, which is developed in the CFD group of the Fluid
Mechanics laboratory of the Ecole Centrale de Nantes. This
solver, included in the computational suite FINE™/Marine, is
used to capture the unsteadiness of the flow field around a generic
pickup truck model. The objective of this study is to assess the
capabilities of this flow solver when it is applied to flow around
pickup truck. In automotive field, this solver is only validated for
simplified car models [8,9]. However, this flow solver has been
validated for complex geometries and in particular in hydrody-
namics field [10, 11].

In this paper, the aerodynamic characteristics of a pickup truck
are study using numerical simulation. To take account the tur-
bulence of the flow, two turbulence models are used. The first
model is a Explicit Algebraic Reynolds Stress Model (EARSM)
and the second use the Detached Eddy Simulation (DES). These
turbulence models are already used to simulate the cross wind
effects around a car model [9, 12]. All simulation results are
evaluated against experimental data [4].

PICKUP MODEL

The generic extended cab pickup truck model used in the
previous study [4,5,7] was used for the present investigation. The
model represents a 1:12 scale of the full-scale pickup truck. The
model is designed with a smooth underbody, enclosed wheel-
wells and without openings for cooling airflow. A schematic
view of the pickup truck with the dimensions is depicted in
Fig. 1. The length of the model is 0.432 m, the width is 0.152
m, and the height is 0.148 m. The maximum cross section area
is 0.0195 m?. A coordinate system is attached to the front tip of
the model in the symmetry plane are shown in Fig. 1.

The inlet velocity, Ujy,, is 30m/s. The Reynolds number, based
on the length of the pickup, is Re = 864,000. Instantaneous flow
field was measured using the Particle Imaging Velocimetry (PIV)
technique. The pressure distribution on the pickup truck surfaces
were also measured in the experiments. The experiments were
conducted in the wind tunnel at the University of Michigan [4].
This is an open-return suction wind tunnel equiped with glass

FIGURE 1. SIDE VIEW FOR THE PICKUP TRUCK (DIMEN-
SIONS ARE IN MM).

side and bottom test section walls for optical access. The tunnel
has 140 mm filets on the edges opposing to the floor. These filets
are also take into account in the simulations.

FLOW SOLVER

The ISIS-CFD flow solver, developed by the EMN (Equipe
Modélisation Numérique) of the Fluid Mechanics Laboratory
of Ecole Centrale de Nantes, uses the incompressible unsteady
Reynolds-averaged Navier Stokes equations (URANSE). The
solver is based on a finite volume method to build the spatial
discretization of the transport equations. The face-based method
is generalized to two-dimensional, or three-dimensional unstruc-
tured meshes for which non-overlapping control volumes are
bounded by an arbitrary number of constitutive faces. Numerical
fluxes are reconstructed on mesh faces by linear extrapolation of
integrand from the neighboring cell centers. A centered scheme
is used for the diffusion terms, whereas for the convective fluxes,
the scheme implemented in the ISIS-CFD code is the Gamma
Differencing Scheme (GDS) [13]. Through a Normalized Vari-
able Diagram (NVD) analysis, this scheme enforces local mono-
tonicity and convection boundedness criteria.
The velocity field is obtained from the momentum conservation
equations and the pressure field is extracted from the mass con-
servation constraint, or continuity equation, transformed into a
pressure-equation. These non-linear and coupled equations are
solved by a segregated SIMPLE-like algorithm. A second-order
accurate three-level fully implicit time discretization is used and
surface and volume integrals are evaluated using second-order
accurate approximation. In the case of turbulent flows, additional
transport equations for the modeled variables are discretized and
solved using the same principles.
In this study, a quadratic Explicit Algebraic Reynolds Stress
Model (EARSM) [14] is used. This model adopts the SSG
pressure-strain rate model [15], and solves the BSL k-w
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model [16] to determine the turbulence velocity and length
scales. It takes into account the variation of the production-to-
dissipation rate ratio. This model can be integrated down to the
wall and gives correct log law behaviors in cases without recir-
culation. The equations of this model are presented in [9].

The DES-SST turbulence model presented by Menter and
Kuntz [17] is also used. The idea behind the DES model
of Strelets [18] is to switch from the standard k-w SST of
Menter [16] to an LES model in those regions where the tur-
bulent length, L, predicted by the k- SST model is larger than
a local grid spacing. In this case, the length scale used in the
computation of the dissipation rate in the equation for the turbu-
lent kinetic energy is replaced by the local grid spacing A. The
destruction term, that is equal to € = B* X @ X k in the k- SST
model, becomes € = B* X @ X k x Fpgs in DES where € is the
dissipation rate, A is the local grid spacing, * is a constant of
the k-@ SST model and the function Fpgg is defined

L )
F = max 1 (D
DES ( CopsA

where the turbulence length is defined by L, = Vk/(B* x @), A

=/ Ax? —|—Ay2 +Az? and Cprs =0.78.

COMPUTATIONAL DETAILS

The computational domain starts at 2.5 XL from the origin in
front of the model and extends to 4 xL behind the model. This in-
let position is widely used, see [5,7]. Even for the Ahmed model,
this position is used, see [19,20]. Moreover, in the paper with ex-
perimental results, no information is given on the development of
the boundary layer. The length of the domain behind the model
is lightly short than the previous authors for which the length of
the computational domain extends to 5xL. The section of the
computational domain is identical to the test section of the wind
tunnel used for the corresponding measurements [4]. The cross-
section of the tunnel gives a blockage ratio of 5.2%. The mesh is
generated using HEXPRESS™, an automatic unstructured mesh
generator. This software generates meshes containing only hex-
aedrals. Computational grid consists from 16.6 million of cells
with 804,000 faces to describe the pickup truck. The surface
mesh on the pickup is depicted in Fig. 2. A uniform mesh edge
length of 1.5 mm is used for an additional box of refinement in
the bed of the pickup, see Fig. 3. Figure 4 presents a view of the
mesh in a horizontal plane. This mesh is not fine in the wake of
the model. This mesh is the first generated and to complete this
study, a grid convergence must be carried out.

For the surface of the pickup, we use a no-slip boundary con-
dition. For the walls of the wind tunnel, we use a wall function.
This approach, used to take the walls into account, is the same as
the approach proposed by Guilmineau and Chometon [9], who

(a) Front view

(b) Back view

FIGURE 2. SURFACE MESH ON THE PICKUP TRUCK.

investigated the crosswind effects around a simplified car model.
At the inlet boundary, velocity and turbulent kinetic energy are
imposed while at the outlet of the computational domain, the
pressure is prescribed.

For the simulation with the EARSM turbulence model, the time
step is Ar = 0.0002 s which corresponds to 72 time steps for one
passage of the model at freestream velocity while for the DES the
time step is Az = (0.0001 s and then 144 time steps for one passage
of the model at frestream velocity. Thus, the non-dimensional
time is 0.0082 and 0.0041 for the simulation with the EARSM
turbulence model and the DES, respectively. As, a implicit for-
mulation is used, the CFL number is not used. These values of
time step are close to those used by Lokhande et al [5], which
used a time step of 0.0003 s. A maximum of 20 iterations are
conducted within each time step to ensure that the continuity and
momentum equations were converged till the residuals dropped
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FIGURE 4. MESH IN A HORIZONTAL PLANE.

more than 2 orders. For the DES, only 10 iterations are neces-
sary. The time to obtain an average flow is T = 0.1124 s for the
simulation with the EARSM turbulence model and T = 0.3412
s for the DES. The CPU time for the DES is approximatively
four times more expensive than the simulation with the EARSM
turbulence model.

RESULTS
Following Al-Garni et al [4], the local velocity past the ve-
hicle is used as a reference velocity and is defined by:

Alun

U=Uy, ———
" Atun _Aveh

(@)

where Uy, is the tunnel inlet flow velocity (30 m/s), Ay, is the
tunnel cross-section area (0.2967 m?) and A, is the vehicle

frontal area (0.0195 m?). Thus, taking into account the block-
age ratio, the pressure coefficient Cp is defined by

_ P — Pref

Cp
3PV
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where p is the air density, and p and p,.; are static pressures
at the measurement and reference points, respectively. The drag
coefficient Cd is given by

F
- 0
3P U=Ayen
where Fx is the drag force. The lift coefficient is given by
F
Cl= " (5)
jp U=Ayen

where Fz is the lift force.

Velocity Distribution

Figure 5 shows the streamline comparison in the symmetry
plane in the bed of the pickup truck and the near wake region.
The overall flow structure predicted by the simulations is seen
to match almost exactly with the experimental measurement. A
strong recirculating flow region exists behind the cab. The loca-
tion of the center of the recirculation zone in the bed captured by
the simulations is slightly different from that captured by the ex-
periments. Due to the strong downwash, there is no flow reversal
in the near wake.

Figure 6 shows the mean velocity field on the left vertical plane
(Y = 33 mm). The flow field exhibits a recirculation behind the
cab as in the symmetry plane. The shape of this separation is dif-
ferent between the numerical simulation and experiments. Be-
hind the tailgate, a double vortex structure is observed.

The mean flow field in the near wake of the tailgate is shown
in Figure 7 at X = 482 mm and in Fig. 8 at X = 550 mm. The
numerical results are compared with experiments [21]. These
figures presents the mean velocity and vorticity fields in the near
wake of the tailgate. The flow is characterized by a pair of strong
counter-rotating vortices behind the tailgate. These vortices drag
the flow behind the tailgate thus inducing strong downwash at
the symmetry plane. In experiments, another weaker pair of vor-
tices appears above the stronger pair of vortices. This second
pair of vortices is present in the numerical results but the size
and the position are not correct. In the wake, the mesh is not
very fine and this can explain why this second pair of vortices is
not well predicted. As in experiments, weaker vortex structures
originate from the bottom corners of the model. The pair of vor-
tices moves down toward the ground as it travels donwstream as
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FIGURE 5. STREAMLINES IN THE SYMMETRY PLANE.

shown in Fig. 8. Between the two positions in the wake, vortices
have moved down about 8§ mm in the numerical results and about
10 mm in experiments. As these vortices travel downstream, they
approach each other.

Additional insights on the three-dimensional flow field around
the pickup truck can be extracted from the surface friction lines
shown in Figs. 9 and 10, respectively for the EARSM turbulence
model and for the DES-SST simulation. No experimental oil-
flow visualizations are available, only simulation results are pre-
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FIGURE 6. STREAMLINES IN A VERTICAL PLANE AT Y = 33
MM.

sented. The results are very similar between both numerical re-
sults. We can notice the presence of a recirculation area at the
base of the windshield. The presence of this recirculation was
also found by a numerical simulation with the Spalart-Allmaras
model [6]. On the other hand, the same authors [6] did not find
this recirculation with another turbulence model. The other flow
features, like the attachment line on the front bumper, the under-
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FIGURE 7. MEAN VELOCITY AND VORTICITY IN THE NEAR
WAKE OF THE TAILGATE AT X = 482 MM.

flow with separation regions behind the wheels, the vortex struc-
ture at the tailgate are similar between the two computations and
the other simulations [6].

The velocities in the symmetry plane are compared at several X
locations, beginning at X = 305 mm immediately behind the cab
and extending to X = 540 mm (about 120 mm downstream of the
tailgate). The streamwise velocities u/U for the X locations in
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FIGURE 8. MEAN VELOCITY AND VORTICITY IN THE NEAR
WAKE OF THE TAILGATE AT X =550 MM.

the bed are shown in Figs. 11 while the streamwise velocities u
for the X locations in the wake are shown in Figs. 12. The shape
of the velocity profile is captured in the CFD simulations and
both simulations given the same results. Inside the bed, the loca-
tion of zero u-velocity is well captured, suggesting that the size
of the recirculation from the experiments and from the CFD are
comparable. All u-velocities in Figure 12 are positive, confirm-
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FIGURE 9. FRICTION LINES: EARSM MODEL.

FIGURE 10. FRICTION LINES: DES-SST MODEL.

ing that there is no flow reversal region in the near wake. The
evolution of the streamwise velocity shows a reduction of the
maximum velocity in the underbody flow when we move away
from the body. When we move away from the tailgate, the agree-
ment is less good. At X = 540 mm, the mesh is relatively coarse.
This is perhaps an explanation of this disagreement.

The vertical velocities w/U at the same X locations are shown
in Figs. 13 and 14 in the bed and in the wake, respectively. The
shapes of the vertical velocity distribution are well predicted by
the simulations. Minima are slightly underestimated while the
extremes are over-estimated. For the flow outside the bed, the
results are very similar to those of Yang and Khalighi [6]. The

X =305 mm X =375 mm X =400 mm
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FIGURE 11. STREAMWISE VELOCITY PROFILES ON THE
SYMMETRY PLANE IN THE BED (THICK RED LINE = DES-SST,
THIN BLUE LINE = EARSM, SYMBOL = EXPERIMENTS).

X =475 mm X = 500 mm X =540 mm
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FIGURE 12. STREAMWISE VELOCITY PROFILES ON THE
SYMMETRY PLANE IN THE WAKE (THICK RED LINE = DES-
SST, THIN BLUE LINE = EARSM, SYMBOL = EXPERIMENTS).

downstream location of the negative maxima is approximately at
X ~ 540 mm while in experiments it is at X ~ 500 mm.

Figures 15 and 16 show the normal correlation «’2/U? in the
symmetry plane in the bed and in the wake, respectively. In-
side the bed, the normal correlation u? /U 2 increases towards the
tailgate. In the cab shear layer, 2 /U? remains almost constant
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FIGURE 13. VERTICAL VELOCITY PROFILES ON THE SYM-
METRY PLANE IN THE BED (THICK RED LINE = DES-SST, THIN
BLUE LINE = EARSM, SYMBOL = EXPERIMENTS).
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FIGURE 14. VERTICAL VELOCITY PROFILES ON THE SYM-
METRY PLANE IN THE WAKE (THICK RED LINE = DES-SST,
THIN BLUE LINE = EARSM, SYMBOL = EXPERIMENTS).

in the experiments. In the numerical simulations, this value is
underpredicted near the cab and overpredicted close to the tail-
gate. In the wake, the magnitudes of the normal correlation are
larger compared to bed flow values. Maximum values are found
in the underbody flow shear layer. In experiments, the down-
stream evolution shows an increase in magnitude up to X = 500

X =305 mm X =375 mm X =400 mm
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FIGURE 15. NORMAL CORRELATION PROFILES ON THE
SYMMETRY PLANE IN THE BED (THICK RED LINE = DES-SST,
THIN BLUE LINE = EARSM, SYMBOL = EXPERIMENTS).

X =475 mm X =500 mm X =540 mm
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FIGURE 16. NORMAL CORRELATION PROFILES ON THE
SYMMETRY PLANE IN THE WAKE (THICK RED LINE = DES-
SST, THIN BLUE LINE = EARSM, SYMBOL = EXPERIMENTS).

mm, followed by a reduction in magnitude farther downstream.
The numerical simulations give an increase until X = 540 mm.
And for this position, the agreement is not very good.

The normal correlation in the transverse direction, w'? JU 2
is presented in Figure 17 for the bed and in Figure 18 for the
wake. In experiments, the maximum normal correlation W/ U?
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FIGURE 17. NORMAL CORRELATION PROFILES ON THE
SYMMETRY PLANE IN THE BED (THICK RED LINE = DES-SST,
THIN BLUE LINE = EARSM, SYMBOL = EXPERIMENTS).

is larger inside the bed than in the cab shear layer. In the nu-
merical results, the cab shear layer is clearly visible. But as in
experiments, this value is about half that of «'2 /U?. In the wake,
the profiles of w2 /U? show similar structure as the u’2/U? corre-
lations. The location of the maximum value is in the underbody
flow shear layer.

The shear correlation #’w’/U? in the symmetry plane is pre-
sented in Figure 19 for the bed flow and in Figure 20 for the
wake flow. The magnitude is smaller in the cab shear layer com-
pared to inside the bed. Maxima are found near the tailgate. In
the numerical simulations, the shear correlation in the cab shear
layer is more important than in experiments. For the wake flow,
as the previous correlations, the maximum value is in the under-
body flow shear layer.

Pressure Distribution

Figure 21 shows the measured and the calculated pressure
distributions on the hood, windshield, and cab top of the pickup
truck in the symmetry plane. CFD predictions and the experi-
ment give the same pattern of pressure distribution. At the front
bumper, there is a stagnation point, followed by a rapid drop in
pressure due to the transition between the fascia and the hood.
On the hood, the flow speed decreases and the pressure increases
until the flow reaches the intersection of the hood and the wind-
shield. At this intersection, wen can see a change in the shape
of the curve towards X = 100 mm which is due to the presence
of the recirculation, as shown Figs. 9 and 10. Then, the pressure

X =475 mm X =540 mm
140p 140p 140f
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100F 100F 100F
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FIGURE 18. NORMAL CORRELATION PROFILES ON THE
SYMMETRY PLANE IN THE WAKE (THICK RED LINE = DES-
SST, BLUE LINE = EARSM, SYMBOL = EXPERIMENTS).

X =305 mm X =375 mm X =400 mm
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FIGURE 19. SHEAR CORRELATION PROFILES ON THE SYM-
METRY PLANE IN THE BED (THICK RED LINE = DES-SST, THIN
BLUE LINE = EARSM, SYMBOL = EXPERIMENTS).

decreases over the windshield, and reaches the second low point
at the transition between the windshield and the cab top. And
then, the pressure recovers on the cab top.

Figure 22 shows the pressure distribution on the cab base in the
symmetry plane. Experimentally the pressure coefficient has a
minimum value at approximatively the center of the cab base (z
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FIGURE 20. SHEAR CORRELATION PROFILES ON THE SYM-
METRY PLANE IN THE WAKE (THICK RED LINE = DES-SST,
THIN BLUE LINE = EARSM, SYMBOL = EXPERIMENTS).

FIGURE 21. PRESSURE DISTRIBUTION ON THE CAB TOP.

~ 50 mm). The CFD simulations predict the minimum value of
Cp at the same position.

Figure 23 shows the pressure on the cab base in a plane paral-
lel to the ground at Z = 50.9 mm. We can see that the pressure
distribution is quite flat for the experimental measurements and
both numerical results. This remark is also the same for other
numerical simulations [6,7]. This also suggests that the recircu-
lation covers the cab base.

The pressure distribution on the bed floor is shown in Fig. 24. A
recirculating flow region is established in the truck bed with the
stagnation points at the front and the rear ends of the bed. The
simulations correctly predict the higher values for Cp.

The pressure distributions on both sides of the tailgate are shown
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FIGURE 22. PRESSURE COEFFICIENT ON THE CAB BASE IN
THE SYMMETRY PLANE.

FIGURE 23. PRESSURE COEFFICIENT ON THE CAB BASE IN
A PLANE AT Z =50.9 MM.

in Figs. 25 and 26. CFD predictions and the experiment give the
same pattern of pressure distribution. A small difference exists
at the bottom of the outside surface of the tailgate. We can notice
that the pressure on the inside surface of the tailgate is lower than
on the outside surface. This indicates that the force acting on the
tailgate is in the forward direction and then reducing the drag of
the pickup truck. This has been demonstrated by Cooper [22]
who suggests to keep the tailgate up.

The pressure coefficient distribution on the underbody, along
the symmetry plane, is shown in Fig. 27. The pressure coeffi-
cient varies slightly with two local minima which correspond to
the location of the wheels. This variation is attributed to the local
acceleration of the underbody flow due to the reduced flow cross
section area at the wheels. Numerically, we find these two local
minima of pressure but at the level of the front wheels, the value
is underestimated.

Copyright © 2010 by ASME



FIGURE 24. PRESSURE COEFFICIENT ON THE BED FLOOR IN
THE SYMMETRY PLANE.

FIGURE 25. PRESSURE COEFFICIENT ON THE INSIDE SUR-
FACE OF THE TAILGATE IN THE SYMMETRY PLANE.

Force coefficients

Table 1 shows the experimental and computed drag coeffi-
cient, Cd, and the lift coefficient Cl. For both simulations, the
drag coefficient is very similar and the computed drag coeffi-
cients are overestimated 4.5% and 5.1% of the measurement for
the EARSM turbulence model and the DES, respectively. How-
ever, these values are in better agreement that those presented by
Khalighi [7] using two commercial CFD codes. For the lift co-
efficient, the numerical simulations give again the same results
and underestimate the experimental value. This result is not very
surprising. During, the SAE 2010 World Congress, an open dis-
cussion was focused on the lift prediction that is less successful
than drag prediction. And the conclusions were that it may come
from experimental measurements or the flow under the vehicle is
not simulated correctly.
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FIGURE 26. PRESSURE COEFFICIENT ON THE OUTSIDE SUR-
FACE OF THE TAILGATE IN THE SYMMETRY PLANE.

FIGURE 27. PRESSURE COEFFICIENT ON THE UNDERBODY
IN THE SYMMETRY PLANE.

TABLE 1. FORCE COEFFICIENTS.
Force  EARSM DES-SST Experiments
Cd 0.369 0.371 0.353
Cl 0.291 0.298 0.425
CONCLUSION

This paper presents numerical simulations of the flow
around a generic pickup truck. Simulations are performed using
Reynolds-averaged Navier-Stokes equations by the ISIS-CFD
flow solver. The objective of this paper was to assess the capabil-
ities of CFD approach when it is applied to flow around pickup
truck. Two turbulence models are used in this study: the EARSM
turbulence model and a DES approach.

Copyright © 2010 by ASME



The comparisons between the numerical results and the experi-
mental data show that the the structure of the flow field around
the pickup truck can be well described by the ISIS-CFD flow
solver. The DES approach is not more beneficial than the sim-
ulation with the EARSM turbulence model for the flow aound a
pickup truck as to the distribution of pressure, average velocity
and force coefficients.

It seems that the DES-SST approach is not necessary for the
simulation of the flow around a pickup truck because this ap-
proach requires more CPU time than that of a simulation with
the EARSM turbulence model. However, it may be interesting to
try other DES approaches to see if forces are better predicted.
The objective of this paper was to compare a numerical solu-
tion with experimental data. For a full-scale pickup truck, the
Reynolds number used in this study corresponds to a velocity
Uin = 9 km/h. Consequently, a study of scale effects could be
interesting.
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