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Abstract 

In this paper, the turbulent flow induced by a production side-view 
mirror assembled on a full-scale production truck is simulated using a 
compressible k-� SST detached eddy simulation (DES) approach -- 
the improved delayed DES (IDDES). The truck configuration 
consists of a compartment and a trailer. Due to the large size and 
geometric complexity of the configuration, some simplifications are 
applied to the simulation. A purpose of this work is to investigate 
whether the simplifications are suitable to obtain the reasonable 
properties of the flow near the side-view mirror. Another objective is 
to study the aerodynamic performances of the mirror. The 
configuration is simplified regarding two treatments. The first 
treatment is to retain the key exterior components of the truck body 
while removing the small gaps and structures. Furthermore, the trailer 
is shaped in an apex-truncated square pyramid. This simplification is 
proposed based on the assumption that the downstream flow near the 
trailer has limited effect on the flow near the mirror. To assess the 
influences of the simplifications, the flow fields computed from the 
original and simplified configurations are compared. The regions on 
the window that are subjected to significant hydrodynamic 
impingement are identified. The mirror and A-pillar introduce the 
impingement. The frequency spectra of the surface pressure 
fluctuations on the window are studied. The frequencies of the peaks 
in the spectra are the same as the characteristic frequencies of the free 
shear layers that develop from the mirror side-edges near the window. 
The simplifications are found as feasible treatments to reproduce the 
flow characteristics of the original geometry.  

1. Introduction 

To reduce drag and wind noise for modern trucks, considerable 
efforts have been made in the industry [1]. The aerodynamic 
performance of a truck can be analyzed and improved by 
investigating the entire truck body. The approach is too expensive in 
practice since either experiments or numerical simulations will 
demand numerous resources to resolve the whole vehicle geometry.  
An alternative is to study a single component of the body. For 
example, side-view mirrors [2]. The component is assembled on a flat 
plate and subjected to a uniform freestream flow. As the complexity 
and size of the component are reduced as compared to the entire 
vehicle, the costs of the experimental or numerical resources can be 
greatly decreased. However, the drawback is that the aerodynamics 
characteristics of the component assessed using this reduced-order 
method could be different from those in the real operation conditions, 
where this component is installed on a vehicle body and interacts 
with other body components. The presence of a A-pillar could 

significantly change the characteristics of a side-view mirror, as 
compared to the case that the side-view mirror is isolated from the 
vehicle body. The changed characteristics due to the interaction 
between the mirror and its surrounding environment are described as 
the installation effect. Besides, the risk of the oversimplification was 
reported for the interaction between truck fore-body, aft-body and 
total drag [3].  

This study aims to develop a simple numerical benchmark case to 
investigate the aerodynamics installation effect for a production side-
view mirror mounted on a production truck body. The advanced CFD 
method, detached eddy simulation (DES) [4], will be explored for its 
suitability in the development of this case. A simplified geometry for 
the production truck body will be proposed and demonstrated for the 
purpose of reducing the computational resources that are taken to 
resolve the geometric details. The feasibility of the simplifications to 
reproduce the flow field near the A-pillar, the side-view mirror and 
the window will be assessed. The features of the pressure fluctuations 
on the window, which could be potentially interesting for the noise 
generation [2], will be addressed.  

The configurations including a production truck and its simplified 
geometry are presented in the Configurations in Application section. 
The numerical methodology used in the flow computation is 
described in the Numerical Methodology section. The numerical 
settings specified for the computation are provided in the Numerical 
Settings section. The mesh study is reported in the Computational 
Meshes section. The results are reported and discussed in the Results 
and Discussion section. In the Summary section, the findings are 
summarized. 

2. Configurations in Application  

The flow simulation is conducted for a full-scale production truck 
and its simplified geometry. The original and simplified truck 
geometries are illustrated in Figure 1. The roof bar, which is a bar 
mounted on the roof to carry horns and lights, has been removed 
from the original geometry. Furthermore, the simplification includes 
the following aspects. The small-scale gaps at the connection 
between the surfaces are sealed. The truck front and the trailer are 
connected so that the large gap between them is removed. The trailer 
body is modified to a more streamlined structure. The wheels under 
the trailer are removed. However, the same mirror, A-pillar and 
window are mounted on the geometries. These body parts are 
illustrated in Figure 2. The simplification eliminates resolution of 
local flow introduced by the geometry components that are far away 
from the mirror and A-pillar, which account for the flow near the 
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window. The computational resources for resolving the flow are 
therefore reduced. Meanwhile, the large-scale influence from the 
flow guided by the truck front body is retained to take into account 
the installation effect due to the interaction between the mirror and 
truck front body.  

The freestream velocity vector is ��⃗ � = (25.16, 0, 0)�/� in terms of 
the coordinate directions illustrated in Figure 3. The freestream 
pressure is �� = 101325 ��. The freestream temperature is �� =
300 �. The air is considered as an idea gas with the dynamic 
viscosity of 1.86 × 10���� ∙� and the molecular weight of 
28.97 ��/����.  

 

 

Figure 1. The configurations of the production truck: (a) the original geometry 
and (b) the simplified geometry. 

 
Figure 2. Illustration of the side-view mirror components, the A-pillar and the 
window. 

3. Numerical Methodology 

The air is considered as an ideal gas. The flow is compressible. The 
finite volume method is utilized to discretize the continuity, 

momentum and energy equations. The simulation in this study is 
performed using the software STAR-CCM+ [5].   

The numerical methodology of the compressible k-� SST DES 
introduced hereafter is the same as our study on a generic side-view 
mirror [6], where compressible and incompressible DES, and 
compressible LES are used and compared in the simulation of a 
generic side-view mirror. The methodology is restated as follows. 

The segregated flow solver is used to solve the discretized equations. 
The SIMPLE (Semi-Implicit Method for Pressure-Linked Equations) 
algorithm is applied to the segregated flow solver. The convection 
flux on an element face is discretized by means of a hybrid second-
order upwind and bounded-central scheme. The diffusion fluxes on 
the faces of both internal and boundary elements are discretized with 
a second-order scheme. The second-order hybrid Gauss-LSQ method 
is used in gradient computation, which involves the reconstruction of 
the field values on an element face, the secondary gradients of the 
diffusion fluxes, the pressure gradients and the strain and rotation 
rates of a turbulence model. A dual time-stepping method with inner 
iterations at preconditioned pseudo-time steps is used in the time-
marching procedure.  

The turbulence is simulated using the improved delayed detached 
eddy simulation (IDDES) [7]. The coefficients of the IDDES model 
adopt the default values in the software, i.e., ����,��� = 0.78, 
����,��� = 0.61, ��� = 20, �� = 5 and �� = 1.87. The definitions of 
the coefficients are the same as those in the user guide [5]. Since the 
geometries are complex and since velocity over the walls varies in a 
wide range, it is difficult to ensure that the values of ∆��  of all 
elements nearest the walls are either above a high value or below a 
small value. This problem is solved with the approach of all ��  wall 
treatment, which modifies the specific dissipation rate in the near-
wall elements [8].  

4. Numerical Settings 

The computational domain constructed for the simulation is shown in 
Figure 3. In addition to the simplification of the truck geometry, the 
symmetry boundary condition is applied to the symmetry plane of the 
geometry, to simulate half of the geometry instead of the entire one. 
This treatment reduces the computational costs and memory 
consumption. The height of the truck front is denoted by �. The 
value of H is not presented for confidentiality. The length of the 
configuration is 4�. The computational domain is a quarter of a 
cylinder with a radius of 5�. The distance between the inlet and the 
configuration is 8�. The outlet is at a distance of 20� from the 
configuration. The size of the computational domain is chosen in 
consideration of accommodating the propagation of acoustic waves in 
the far field so that the magnitudes of the waves at the far-field 
boundaries are small. The bottom surface of the domain is regarded 
as the ground. The inflow direction is aligned with the x-axis.  

The freestream boundary condition [9] is set at the inlet, the outlet 
and the side ambient boundary. This boundary condition depresses 
the acoustic-wave reflection at the boundaries. The non-slip wall 
boundary condition is set on the geometry surfaces and the ground. 
The symmetry boundary condition is imposed on the symmetry plane 
of the truck geometry. It is worth noting that this boundary condition 
cannot resolve the lateral oscillations in the wake that are caused by 
the vortex shedding from the truck body. Thus, the integrated wind 
loads on the truck body cannot be resolved. This is not an issue in the 
present study since the local flow near the mirror is the focus. 
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However, this simplification is not generally applicable for numerical 
investigation of truck aerodynamics using CFD methods.  

 
Figure 3. A schematic diagram of the computational domain, which is labeled 
with dimensions. Here � represents the height of the truck front.  

The under-relaxation factors for the velocity and the pressure in the 
segregated flow solver are set to 0.6 and 0.3. The under-relaxation 
factor for the turbulence transport equations is specified to 0.6. 

The time step is set to ∆�= 5 × 10�� � to achieve the numerical 
stability in terms of the Courant number.  The maximum number of 
inner iterations at every time step is 20. This number is sufficient to 
converge the solution according to the preliminary numerical tests 
performed for the configurations.  

5. Computational Meshes 

The mesh generation takes a hybrid strategy. Polyhedral elements are 
generated in the region near the window and mirror. Hexahedral 
elements of a trimmed mesh [5] are produced in the far field.  

The polyhedral mesh generation method can control the growth ratio 
of element sizes in the near field to a small value so that the 
numerical errors introduced by the mesh quality in the solution of the 
acoustic wave propagation are reduced. The growth ratio is set to 
1.05 in this study, which is obtained based on previous numerical 
tests for unstructured meshes [10, 11] and structured meshes [12]. A 
drawback of this method is that it can in general produce more nodes 
in a volume than the trimmed mesh generation method. The growth 
ratio in the latter method is constant and equivalent to 2, which is 
larger than for the former method.  

The partition of the computational domain is shown in Figure 4. The 
cube enclosing the truck front is treated as the near-field region 
where the polyhedral mesh generation method is used. The trimmed 
mesh generation method is employed in the remaining of the domain. 
The element shapes of the trimmed mesh are illustrated in Figure 5a. 

 
Figure 4. The partition strategy adopted to apply the different mesh generation 
methods. Here polyhedral elements are generated inside the cube. Trimmed 
elements are constructed in the rest of the computational domain.  

Based on the hybrid generation strategy, the mesh generator of 
STAR-CCM+ is used to produce the meshes for the original and 
simplified configurations. The surface elements of the original 
configuration are shown in Figure 5. The polyhedral element sizes 
are 5 × 10��� on the mirror, 2 × 10��� on the window and 
5 × 10��� on the truck front surfaces. The element sizes of the 
trimmed mesh are 5 × 10��� on the interfaces of the partition block. 
The maximum size of the trimmed elements is 0.5�.  

 
Figure 5. The surface mesh generated for the original configuration on (a) the 
entire geometry (b) the window and upper mirror head. The red rectangle in 
subfigure (a) marks the region that is magnified in subfigure (b).  

The study of mesh independence is performed based on the 
simplified geometry. Three meshes with different levels of the 
refinement are used. The information of the meshes are listed in 
Table 1. The minimum and maximum lengths of the elements are 
denoted by ∆���  and ∆��� . The wall-normal heights of the elements 
nearest the walls are represented by  ∆ℎ�. The time-averaged values 
and the spectra of the pressure and velocity fluctuations at the 
monitors on the window and in the wake from the mirror have been 
compared between the meshes. For the sake of brevity, the figures 
plotted for the comparison are not presented here. These quantities 
obtained from the different meshes are consistent. Hence, the coarsest 
mesh (Case 1) is sufficient to resolve the flow. It is employed in the 
subsequent analysis.  

Table 1. The information of the meshes for the simplified geometry. 

Case 
No. 

∆���  (� ) ∆���  (�) ∆ℎ� (m) Total Number 
of Nodes 

1 5 × 10�� 0.5 4 × 10�� 4. 1 × 10� 

2 2.5 × 10�� 0.25 4 × 10�� 6.7 × 10� 

3 1.5 × 10�� 0.2 2 × 10�� 1.63 × 10� 

 
Since the same mirror and A-pillar are assembled in the simplified 
and original geometries, it is believed that the range of length scales 
of the turbulence in the wakes from these components will be similar 
between the geometries. The same mesh parameters are taken to 
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generate the mesh for the original geometry, which is also described 
in Figure 5.  

6. Results and Discussion 

The time-averaged drag coefficient is defined as �� = �/
(0.5����

� ����), where � denotes the time-averaged drag, �� is the 

freestream streamwise velocity, �� denotes the freestream density, 
and ���� is the reference area. Table 2 gives �� of the mirror based 

on �� = 1.17 ��/�� and ���� = 1��. The difference between the 

coefficients of the geometries is small. The simplified geometry is 
thus suitable to predict the time-averaged drag for the mirror.  

Table 2. The time-averaged drag coefficient of the mirror. 

 Original geometry Simplified geometry 

�� 0.854 0.855 

 
Defining the time-averaged pressure as �̅ = 〈� − ��〉, its magnitudes 
on the window are compared between the original and simplified 
geometries in Figure 6. Consistent results between the geometries are 
observed. Therefore, the present simplifications are valid for the 
prediction of the mean pressure. A low-pressure region is found near 
the A-pillar. This region is formed due to the flow separation at the 
A-pillar. The separation causes the turbulent structures and mean 
reattachment occurring in the region of strong surface-pressure 
gradients, which is indicated by the quick transition of the pressure 
contours from blue to yellow. This behavior will be further 
demonstrated in the subsequent analysis in terms of streamlines and 
resolved turbulence kinetic energy (TKE).  

  

Figure 6. The time-averaged pressure on the window: (a) the original 
geometry and (b) the simplified truck geometry.  

The flow quantities of the original and simplified truck geometries 
are compared at predefined monitors. The monitor positions are 
shown in Figure 7. The monitors named M1 and M2 are positioned 
on the window surface downstream of the upper and bottom mirror 
heads, respectively.  The monitors, M3 and M4, are located in the 
wakes induced by the mirror heads.  

 
Figure 7. The positions of the monitors. M1 and M2 are located at the window 
surface.  

The power spectral densities (PSDs) of the pressure fluctuations at 
M1 and M2 are displayed in Figure 8. The magnitudes obtained from 
the simplified geometry agree with those from the original geometry. 
This indicates that the simplified geometry can reproduce the 
characteristics of the surface pressure fluctuations on the window, 
which come from the impingement of the flow structures induced by 
the side-view mirror and A-pillar. Furthermore, energy peaks are 
observed at 645 �� and 1147 Hz. The peaks are associated with the 
characteristic frequencies of the shear layers developing from the 
mirror edges.  

 
Figure 8. The PSDs of the pressure fluctuations at the monitors M1 and M2.  

The PSDs of the pressure fluctuations as a function of frequencies are 
displayed for M3 and M4 in Figure 9. The results between the 
original and simplified geometries are consistent. This consistence 
indicates that the simplifications can retain the characteristics of the 
wakes induced by the upper and bottom mirror heads. In addition, 
there are no significant peaks in the spectra. This feature is different 
from the surface pressure fluctuations shown in Figure 8.  
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Figure 9. The PSDs of the pressure fluctuations at the monitors M3 and M4. 

The PSDs of the streamwise velocity fluctuations at M3 and M4 are 
shown in Figure 10. Consistent results are observed for the 
geometries. The other velocity components also have the same 
behaviors. They are not presented for the sake of brevity. The 
observation suggests that the simplifications have negligible 
influence on the statistics of the velocity fluctuations in the wakes 
that are induced by the mirror heads.  

 
Figure 10. The PSDs of the streamwise velocity at the monitors M3 and M4.  

To identify the flow structures downstream of the mirror, a snapshot 
of isosurfaces of the vorticity magnitude at  2 × 10� ��� for the 
simplified truck geometry is illustrated in Figure 11. Many vortices 
are seen behind the mirror. This indicates that the mirror plays an 
important role in the generation of the noise sources near the window 
[13]. The important role of the mirror in the production of the 
turbulence and noise is also commonly reported for cars [14]. 

 

Figure 11. A snapshot for isosurfaces of the vorticity magnitude at 2 ×
10� ��� produced by the simplified truck geometry. The isosurfaces are 
colored with the contours of the instantaneous pressure, for which �� has 
been subtracted.  

The flow structures produced by the simplified truck geometry are 
further identified based on the Q-criterion at 1 × 10� in Figure 12. 
The A-pillar also induces vortices under the mirror although the 
amount of the vortices is lower than for the mirror. Note that these 
vortices cannot be discerned based on the vorticity magnitudes. The 
reason is that the strength of the vortices from the A-pillar is lower 
than those from the mirror. Moreover, the window is subjected to the 
impingement of the vortices from the A-pillar. The impingement can 
exert fluctuating hydrodynamic pressure on the window.  

Streamlines for the time-averaged velocity of the simplified geometry 
are shown in Figure 13. The flow separation at the A-pillar is 
indicated. The streamlines from the A-pillar reattach to the window 
in the region of high pressure gradients. No reattachment is observed 
for the streamlines from the mirror. The A-pillar is thus important to 
produce the hydrodynamic impingement that is associated with the 
reattachment.  
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Figure 12. A snapshot of isosurfaces of the Q-criterion at 1 × 10� produced 
by the simplified truck geometry. The isosurfaces are colored with the 
contours of the instantaneous pressure, for which �� is subtracted.  

 

Figure 13. Streamlines for the time-averaged velocity (those from the A-pillar 
in purple and those from the mirror in green) and contours of the time-
averaged surface pressure on the window, drawn for the simplified geometry.  

The resolved TKE in the wakes of the mirror heads, compared to the 
root mean square values (RMS) values of the pressure fluctuations on 
the window, is shown in Figure 14. The high TKE near the window is 
caused by the shear layers developing from the inner side-edges of 
the mirror heads that are close to the window. Moreover, the high 
TKE is caused by the turbulent flow due to the flow separation at the 
A-pillar. The distribution of large RMS values of the pressure 
fluctuations follows the regions of the high TKE. The reason is that 
the impingement of the turbulence induced by the inner side-edges 
and A-pillar produces significant hydrodynamic pressure fluctuations.  

The RMS values of the pressure fluctuations on the window are also 
illustrated in Figure 15. It is observed that the results between the two 
geometries are consistent. The regions of high energy are identified. 
Regions 1 and 2 are caused by the upper and bottom mirror heads, 
respectively, as indicated in Figure 14. Region 3 results from the A-
pillar. The energy levels of Region 3 are higher than the other regions. 
The reason is that the vortices from A-pillar exert direct and strong 
impingement (see Figures 12 and 14) although their strengths are 
weaker than the shear layers (see Figures 11 and 14). In addition, a 
small region of very high energy is observed near the bottom corner. 
The shear layer initiating from the bottom part of the mirror bracket 
is the cause of this region.  

 
Figure 14. The resolved TKE in the planes (a) near the middle of the upper 
mirror head and (b) in the middle of the bottom mirror head, as well as the 
RMS values of the surface pressure fluctuations on the window, drawn for the 
simplified geometry.   

 
Figure 15. The RMS values of pressure fluctuations on the window: (a) the 
original geometry and (b) the simplified truck geometry, where the high-
energy regions are marked with red lines.  
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To address the characteristic frequencies of the free shear layers, 
monitors are set near the side-edges of the mirror heads. The 
locations of the monitors are illustrated in Figure 16. The PSDs of the 
pressure fluctuations at the monitors are displayed in Figure 17. The 
results are compared with the surface pressure fluctuations at M2 on 
the window. No peaks are seen at M5 and M7 in the shear layers 
from the outer side-edges. The reason is that the shear layer from the 
bracket upstream of the mirror impinges on the outer side-edges and 
triggers powerful turbulence (see Figure 14). In contrast, the effect of 
the bracket on the inner side-edges is not obvious. Peaks at 1147Hz 
are thus captured at M6 and M8, which are located in the shear layers 
developing from the inner side-edges. The same frequency is also 
found in the surface pressure fluctuations. This suggests that the 
fluctuations at this frequency are associated with the inner shear 
layers. Large magnitudes of a semi-broadband type are observed 
between 200Hz and 1000Hz without noticeable peaks at 645Hz, 
which is another peak frequency of the surface pressure fluctuations. 
The present results are therefore insufficient to demonstrate whether 
this peak frequency results from the inner shear layers. An extensive 
study to confirm the cause of this peak frequency is ongoing in the 
authors’ group.  

 
Figure 16. The locations of the monitors near the mirror edges.  

 
Figure 17. The PSDs of the pressure fluctuations computed for the simplified 
geometry. Note that M2 is located on the window, as shown in Figure 7.  

7. Summary 

The flow induced by a production side-view mirror mounted on a 
full-scale truck is simulated with compressible improved delayed 
detached eddy simulation (IDDES). A simple numerical strategy of 
investigating the installation effect for the mirror is presented. In this 
strategy, very coarse elements are generated for the mesh in the 
region that are far away from the mirror, whereas refined elements 
are constructed near the mirror and the region of the wakes induced 
by the mirror. The strategy leads to a RANS type computation in the 
region of the coarse elements and a LES type computation in the 
refined elements region. As the total number of elements is reduced 
by means of the usage of the coarse elements, the computational 
resources are saved.  

The installation effect of the side-view mirror is investigated using 
the simple numerical strategy. Since the size of the full-scale truck 
geometry is large and the geometry is complex, a convenient way of 
simulating the installation effect is to well resolve the flow only near 
the mirror. Furthermore, some simplifications are applied to reduce 
the complexity of the original truck geometry. The total number of 
the mesh elements is decreased since the details of the geometry are 
removed by the simplifications and are not resolved in the mesh. In 
the simplified geometry, the small-scale gaps at the connections 
between the surfaces are sealed. The truck front and the trailer are 
connected so that the large gap between them is removed. The trailer 
body is modified to an apex-truncated square pyramid. The wheels 
under the trailer are eliminated. Half of the configuration is simulated 
with the application of the symmetry boundary condition.  

The results of the original and simplified geometries are compared in 
terms of the surface pressure on the window, the surface pressure 
fluctuations, and the pressure and velocity fluctuations in the wakes 
behind the mirror. It is found that the simplified geometry reproduces 
the flow field surrounding the mirror. Furthermore, the surface 
pressure fluctuations are found with peaks at 1147 Hz. The peaks are 
related to the free shear layers that initiate from the inner side-edges 
of the mirror heads. The present approach is suitable specifically for 
the evaluation of the turbulent flow surrounding the mirror region. It 
is assumed to be applicable for the aeroacoustics evaluation, but such 
evaluation is not performed in the present study and thus will be an 
interesting future work.  
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Definitions/Abbreviations 

LES large eddy simulation 

DES detached eddy simulation 

IDDES improved delayed DES 

RANS the Reynolds-averaged 
Navier–Stokes equations 

  

  

  

 
 
 
 
 
 
 

 


