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Abstract. The study presents a computational study of a drag reduction device based on an active boundary
layer control for a generic truck-trailer utility road vehicle. The conceptual device is in accordance with upcom-
ing EU regulations regarding attachable aerodynamic devices for heavy utility vehicles. Design and principles
of operation of the conceptual device are presented. The device is intended to increase decrease the trailer’s
base drag coefficient by manipulation of the separated flow region behind the vehicle base. Results of a steady
state Reynolds averaged analysis and Delayed Detached Eddy Simulation are presented to show the discrepan-
cies of fluid flow patterns between baseline and augmented configuration as well as between mentioned CFD
approaches. Results for drag reduction for baseline truck-trailer configuration and aerodynamically augmented
configuration are presented.

1 Nomenclature

1.1 Abbreviations

AFC - Active Flow Control
CFD - Computational Fluid Dynamics
DDES - Delayed Detached Eddy Simulation
LES - Large Eddy Simulation
RANS - Reynolds Averaged Navier-Stokes
S-A - Spalart-Allmaras (turbulence model)
SST - Shear Stress Transport (turbulence model)
TKE - Turbulence Kinetic Energy

1.2 Symbols

CD - Drag coefficient
D - Drag force
L - turbulence integral length scale
k - Turbulence kinetic energy
β⇤ - SST model constant
ε - Rate of dissipation of turbulence energy
ω - Turbulence specific dissipation rate
x, y, z - Cartesian coordinates

2 Introduction

This study relates to modelling flow fields of heavy road
vehicles. It focuses on predicting drag forces of a generic
truck-trailer configuration road vehicle, as well as mod-
elling flow fields of vehicle augmented with active flow
control (AFC) devices aimed at reducing the vehicle pres-
sure drag. Research in this field is recognized as being
⇤e-mail: jedrzej.mosiezny@put.poznan.pl

an important part of economic and environmental policies
[1, 2]. As a result a directive was introduced by Euro-
pean Union [3], part of which introduces regulations al-
lowing aerodynamic devices protruding by a limited dis-
tance outside maximum legal vehicle length. This cre-
ated a need for aerodynamic devices capable of creating
substantial aerodynamic forces with limited surface area.
AFC surfaces are suitable for such applications, as in the
past they showed aerodynamic loadings far beyond lim-
its for passive devices [4, 5] Especially circulation control
by steady tangential blowing in the boundary layer region
seems promising for such applications. For design pur-
poses of such devices, the precise value of vehicle drag is
not of greatest importance, as much more important is the
incremental drag prediction (di↵erence in drag force be-
tween configurations) as it is the parameter driving the de-
sign process. It is also important to predict accurately the
momentum exchange between truck/trailer boundary layer
and jets introduced by AFC device. Computational analy-
sis should be therefore focused on possibly accurately cap-
turing flow physics at trailer base, and in the vicinity of
AFC devices, with special e↵orts to provide solution res-
olution and accuracy in boundary layer region of drag re-
duction device. Accurate representation of truck and chas-
sis aerodynamics is of lower priority for the purpose of
drag reduction device design and assessment. In this ar-
ticle, analysis of baseline geometry and case with AFC
device are presented. Geometries and operational parame-
ters for both cases come from a research grant for drag re-
duction device R&D grant ”Development of a light trailer
construction with reduced aerodynamic drag” of REDOS
Trailers Sp. z o. o. subsidized by polish National Center
for Research and Development. Figure 1 shows the base-
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line geometry of a truck-trailer configuration. Augmented
geometry was basically the same as the baseline geome-
try, with cylindrical Coanda surfaces based on the circu-
lation control wing concept [4, 5]. As the mentioned re-
search program is ongoing, and the geometries are consid-
ered company’s proprietary information, detailed geome-
tries and AFC parameters are not provided in this article.
The study focuses on CFD methodology and di↵erences
between RANS and DDES approaches.

Figure 1. Generic truck trailer configuration with surface mesh

3 Approach to physical and numerical
modeling

3.1 Turbulence modeling

The flow field in question is characterized by a Reynolds
number of the order of 3 · 107, based on the vehicle length
and freestream velocity, it is therefore a fully turbulent
flow. The truck/trailer boundary layers arrive at the drag
reduction device, which is in general a smooth, curved sur-
face. Flow along that surface experiences significant (both
favorable and adverse) pressure gradients because of the
imposed aerodynamic loading and then become shear lay-
ers of the separated region downstream of the vehicle. For
such application, turbulence modelling approach should
be focused on the following abilities:

a Accurately resolving sidewall boundary layer profiles
of velocity, and turbulence parameters, as those define
stream conditions for the drag reduction device.

b Low-Re approach (resolving viscous sublayer, no wall
functions) is required, as limits of aerodynamic loading
is inherently associated with flow separation.

c Capturing as accurately as possible, momentum trans-
port in free shear layers around trailer base separated
region.

Requirements a and b, fit to the use of RANS anal-
yses, with one of Boussinesq hypothesis based turbu-
lence models tuned for turbulent boundary layers. Most
of 2-equation models from k- family as well as Spalart-
Allmaras (S-A) [6] model can predict turbulent boundary
layer velocity profiles with sufficient accuracy [7, 8]. Vali-
dation studies show however, that most of them (especially

standard k-ε) cannot predict flow separations from smooth
surfaces accurately. Only SST [9] and S-A are able to
predict the separation/reattachment with reasonable accu-
racy (with SST being slightly better), what is specifically
shown on cases of axisymmetric and flat flow di↵users
[10, 11] presented in mentioned references [7, 8, 12].

Requirement c is much more problematic. For com-
plex flows like the trailer wake, RANS (both steady and
unsteady) o↵ers limited accuracy, as the wake separated
region is dominated by momentum transport associated
with large scale eddies. It is therefore very often assumed
that RANS/LES hybrid approaches like DES or DDES are
more appropriate for such cases. In this paper, di↵erences
in some flow features and resulting drag prediction dif-
ferences are compared between steady RANS and much
more computationally demanding DDES. Despite higher
computational cost, the two equation SST model was cho-
sen over the one equation S-A for its higher versatility
and reattachment prediction capability [7]. It was used
in RANS simulations, as well as a subgrid scale model
in DDES simulations. Identical choice of subgrid scale
model for both (RANS and DDES) approaches allows also
to point out di↵erences from using hybrid RANS/LES ap-
proach between analyses clearly.

3.2 Mesh

In order to properly resolve the flowfield with accordance
to the requirements of the turbulence models in use, a qual-
ity mesh, with high resolution of boundary layer is neces-
sary.

First a generic geometry of a modern truck/trailer ve-
hicle is prepared. The geometry is defeatured from items
irrelevant from the standpoint of the flow, such as elements
of the undercarriage, cab panel dilatation, door handles
etc. Chosen model of the truck features no side mirrors,
therefore the source geometry for mesh is also lacking the
side mirrors. Although all these elements contribute to the
overall aerodynamic drag, the geometry of these features
is intricate and contributes to a very complicated mesh
with enormous number of elements. Geometry of the aero-
dynamic device was created within the meshing software
itself. As the geometrical features of the device are below
1 mm of size, in comparison to the 18m vehicle, creating
the geometry in the meshing software decreased the risk
of geometry errors coming from translating the CAD files
between the systems.

Performed literature studies of truck aerodynamics
showed that a common practice for analyzing such cases is
using an unstructured mesh with inflation layer or meshes
generated by automatic “cut cell” based algorithms. Such
approach is comfortable and does not require much work
time to generate the grid, with a downside of a grid with
hundreds of millions of elements. For presented study,
computational resources are limited, therefore this ap-
proach was dropped in favor of hand-crafting the meshes.

Two sets of meshes were prepared for the study. Set
one consisted of the URANS grids, prepared during the
first stage of the R&D grant, while many concepts of aero-
dynamic devices were tested by means of CFD. Therefore
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itself. As the geometrical features of the device are below
1 mm of size, in comparison to the 18m vehicle, creating
the geometry in the meshing software decreased the risk
of geometry errors coming from translating the CAD files
between the systems.

Performed literature studies of truck aerodynamics
showed that a common practice for analyzing such cases is
using an unstructured mesh with inflation layer or meshes
generated by automatic “cut cell” based algorithms. Such
approach is comfortable and does not require much work
time to generate the grid, with a downside of a grid with
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Two sets of meshes were prepared for the study. Set
one consisted of the URANS grids, prepared during the
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a baseline mesh with capability of interfacing the aero-
dynamic device was created. Any mesh for conceptual
aerodynamic device was saved as a separate project and
merged to the aforementioned mesh with interfaces at non
matching boundaries. Although comfortable, this solu-
tion proved to be numerically unstable and increased time
to convergence. Also, unsteady RANS analyses showed
further issues with mesh induced calculation instabilities.
Meshes for second stage of the grant were rebuilt from the
ground up for baseline configuration and a small count of
most promising aerodynamic augmentations. New grids,
despite the geometrical intricacies of the AFC devices,
omit the internal interfaces and address the issues of mesh
induced errors encountered during the unsteady RANS
stage.

Baseline and augmented mesh represents full (mean-
ing, not half) geometry. Coordinate system orgin is placed
at crossing of planes of trailer base, symmetry and ground.
Positive x direction is the direction of the flow, positive z
direction is the normal to ground plane vector.

In order to reduce the number of elements, a mesh with
structural, hexagonal nearfield and tetrahedral farfield re-
gion is created. Due to complex topology, an area below
the trailer base is filled with tetrahedral elements. Non di-
mensional wall element spacing (y+) is set to 1 (17 μm)
for all surfaces of interest. All wall spacings are computed
for 25m/s flow velocity, 18m characteristic dimension and
thermophysical properties of standard air. The only mesh
region with thicker mesh elements in the boundary layer,
is the chassis region. This is because this region is domi-
nated by separated regions, and negligible flow velocities
close to chassis element walls and creating high resolution
boundary layers was considered unjustified in that region.
On the chassis first element spacing of 8 mm was applied
(which for freestream values would refer to y+ around
450). During post-processing it was calculated that for
most area of chassis elements y+ was still below 10 as in
that region the flow was considerably slower than around
side and top walls.

Tangential wall sizing is set in a following manner.
Values of turbulent kinetic energy and turbulence specific
dissipation rate are obtained from RANS analyses per-
formed in Stage 1 of the grant. Next, an integral length
scale Lt is obtained from formula 1 [13].

Lt =
k(3/2)

ε =

p
k

β ⇤ ω (1)

Based on preliminary RANS calculations, values of
k = 40 m2

s2 and ω = 360s–1 are obtained for wake shear
layers, which corresponds to integral length scale of 195
mm. Source [13] provides that for resolving minimum of
80% of turbulent energy, it is required that the cell siz-
ing is at most of 0.21 times the Lt value, resulting in the
maximum element edge length of c.a 40mm. This element
sizing is kept in regions where LES behavior is intended,
that is in the nearfield (boundary layer directions tangent
to wall) and in the wake region behind the trailer base.

E↵orts were made to generate grids of highest pos-
sible quality possible with special attention to non-

orthogonality. Definition of non-orthogonality used for
this case is: an angle between a face normal vector and
vector connecting the centroids of neighboring elements,
with 90 degrees being worst element and 0 degrees being
a fully orthogonal (or cartesian) element. Baseline mesh
reaches the worst orthogonality of 57 degrees, augmented
configuration mesh reaches the worst nonorthogonality of
63 degrees. Final meshes are on range of 20 million el-
ement count with 18 million hexagonal cells in the near-
field region. Computational grids are created in Pointwise
meshing software. Outlines of the grids are presented in
the figure 2.

Figure 2. Outline of the mesh. Top - symmetry plane, bottom -
ground view

3.3 Numerical setup

RANS and DDES analysis are performed on the same
numerical setups, with the only di↵erence being the tur-
bulence strategy and time domain discretization. Gradi-
ent discretization is Least Squares Cell Based, momentum
equations are discretized with Bounded Second Order Dif-
ferencing. Second order discretization is applied to pres-
sure, turbulent kinetic energy and specific dissipation rate
equations. Time discretization is set to Bounded Second
Order Implicit. Timestep size for DDES calculations is
set to 1e-04 seconds, which corresponds to volume aver-
aged Courant numbers of 0.01, with local maxima below
16. This time step gave sufficient CFL numbers in regions
of LES behavior (below 0.05) for temporal resolution and
achieved close to optimal flowtime to walltime relation.
Total flowtime is set to 2.2 seconds.

The domain inlet is set to ‘velocity-inlet’ type bound-
ary condition with velocity magnitude of 25 [m/s]. Do-
main outlet is a pressure outlet type boundary condition
with 0 [Pa] outlet pressure value. Boundary representing
the road is a viscid wall and farfield boundary is set as in-
viscid wall. Both ground and farfield walls have relative
linear motion enabled to simulate the movement of the ve-
hicle with relation to the ground. Multiple farfield bound-
ary condition combinations were tested, including a pres-
sure outlet and incompressible far-field BC at the farfield
boundary, with inviscid moving wall being the most reli-
able. Working fluid is an incompressible standard air with
properties corresponding to ISA 15OC air properties at sea
level. The domain pressure reference is set to 101325[Pa].
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3.4 Solution strategy

The flowfield is initialized using a Fast Multigrid algo-
rithm with setup identical to the main calculation. This
operation initializes the flowield with velocity and pres-
sure field close to a converged solution. Next a steady state
RANS analysis is performed. Target weighted residual cri-
terium was set to 1e-10. Both cases reached the resid-
ual level below 1e-03 after 15000 iterations and reached a
plateau. After that, no significant changes occurred in the
flowfield. The chassis flow still experienced some oscilla-
tions but with no influence on the calculated drag by any
meaningful value. It must me noted that the goal for the
RANS analysis is not to reach a fully converged solution,
but to resolve the flow field with developed boundary layer
and wake. Earlier, (yet unpublished) studies showed, that
launching a DDES analysis from a well converged steady
state solution increases the number of timesteps required
to induce DES type flowfield. It is decided to use an not
converged RANS solution to star the DDES analysis.

The DDES analysis is set to run for 22000 timesteps,
which corresponds to 2.2 seconds of flowtime. At 25 [m/s]
velocity and total vehicle length of 18m for baseline and
18.5m for augmented configuration, the time which the
freestream passes the full length of the vehicle is about 0.7
seconds. It is decided that first 0.7 second “passthrough”
is the intermittent analysis, where characteristic for DDES
analyses flow patterns are generated from the Reynolds
Averaged flow field. Following two “passthrough” times
of 1.4s are considered as the data acquisition time, where
a coefficient of drag is computed and stored for each
timestep.

4 RESULTS AND DISCUSSION

4.1 Flowfield comparisons

Following control surfaces are included in the compari-
son of the flowfield: symmetry plane of the vehicle and
two normal to ground planes at 2m and 0.15m distance
from the ground respectively. Contours of velocity magni-
tude, static pressure and turbulent kinetic energy are com-
pared between RANS and DDES cases. Figures 3 and 4,
show comparison of velocity magnitude at z = 2 m and z =
0.15 m (chassis flow) for the baseline case (Steady RANS
- top and DDES at time instance of 1.8 s - bottom). At
the front of the vehicle, the di↵erences are minor, even the
side separations are of similar extent. Downstream of them
however, flowfields di↵er substantially, as the averaged so-
lution exhibits typical shear layer, with velocity gradient
perpendicular to the main flow direction (x axis). DDES
solution has that region dominated by large scale vortices
and the velocity field is more nonuniform. This is con-
sistent with fields of turbulence kinetic energy (Figure 5
- note the logarithmic scale). Di↵erences between RANS
and DDES approaches, are clearly seen on vorticity fields
6, where RANS shows vorticity only in places of signifi-
cant shear while distinctive eddies are visible on DDES re-
sults, especially in the wake region. Velocity comparisons
show that the augmented case separated wake region is

dominated by smaller length scale eddies as well as lower
average velocity magnitude.

Figure 3. Baseline velocity contour, z = 2m, upper – RANS,
lower – DDES

Figure 4. Baseline velocity contour, z = 0.15m, upper – RANS,
lower – DDES

Figure 5. Baseline TKE contour (log scale,z = 2m, upper –
RANS, lower – DDES

4.2 Drag predictions

The project goal is to accurately assess the aerodynamic
drag reduction of the truck-trailer configuration aug-
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4.2 Drag predictions

The project goal is to accurately assess the aerodynamic
drag reduction of the truck-trailer configuration aug-

Figure 6. Baseline z-vorticity contour, z = 2m, upper – RANS,
lower – DDES

Figure 7. Pressure contour comparison on symmetry plane, up-
per – baseline, lower – augmented

Figure 8. Pressure contour comparison on z = 2m plane, upper
– baseline, lower – augmented

mented with an Active Flow Control device. Comparison
of drag coefficients is presented in Table 1 (A1 indicates
case with AFC device). DDES drag coefficient values are
presented for instantaneous time values from 1.8s time in-
stance. Time averaged value of CD is also provided. It is
seen that augmentation with an Active Flow Control aero-
dynamic device provides a reduction of aerodynamic drag
of 5.85% for RANS analyses and 15.59% for time aver-
aged DDES analysis.

Figure 9. Velocity contour comparison on symmetry plane, up-
per – baseline, lower – augmented

Figure 10. Velocity contour comparison on z = 2m plane, upper
– baseline, lower – augmented

Figure 11. Comparison of drag coefficient

Figure 11 shows DDES drag coefficient history for
both cases in last second of the simulation. Amplitudes
of CD oscillations are similar for both cases with standard
deviations of instantaneous drag coefficient being 0.0081
and 0.0095 for baseline and augmented cases respectively.

5 Conclusions

Two approaches for numerical modeling of flow field anal-
yses were compared for a generic truck trailer configu-
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Table 1. Comparison of drag coefficients

Component Base A1 Reduction

RANS
Pressure 0.4694 0.4415 5.94%
Viscous 0.0315 0.0301 4.44%
Total 0.5009 0.4716 5.85%

DDES 1.8s
Pressure 0.5066 0.4212 16.86%
Viscous 0.0335 0.0372 -11.04%
Total 0.5401 0.4584 15.13%

DDES (avg) Total 0.5370 0.4533 15.59%

ration and augmented configuration with drag reduction
devices. Results show typical for blu↵ body flow di↵er-
ences between steady RANS and DDES simulations. For a
baseline case, RANS drag predictions are 6.7% lower than
DDES (time averaged) results. Situation is opposite for
augmented case, where RANS gives values 4.0% higher
than DDES. As experimental data for given case are not
available jet, it is not possible to assess deviation of both
approaches from experimental flow. DDES is clearly tak-
ing into account more of the related flow physics, it there-
fore seems that significant amount of drag reduction po-
tential for AFC devices is associated with inherently un-
steady phenomena or non-isotropic, large scale turbulent
motions not resolved in RANS approach. This questions
the applicability of RANS modelling to road vehicle drag
reduction studies.
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