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1. Introduction

Energy consumption and energy saving are proba-
bly one of the most crucial issues for all scientists working
in any field of engineering sciences since usable energy is
limited in the World. In the field of aeronautics, a significant
amount of energy consumption is arising from aerodynamic
drag and friction except for deficiency considerations in
propulsion systems. Similarly, automobiles are suffering
aerodynamically from the air resistance force they are sub-
jected to. Most of the fuel consumed by an automobile is
based upon skin friction drag and pressure drag, where 80%
of the total aerodynamic drag is composed of these drag el-
ements depending on the external geometry of the vehicle
[1]. In order to overcome these energy losses, aerodynamic
shape optimization studies have been performing to increase
the aerodynamic performances of such devices. However,
some design constraints do not allow for further decrease of
aerodynamic drag of the vehicles even though the shape op-
timization is applied. Further drag reduction could be
achieved possibly by applying active or passive flow control
devices that arrange the flow over the vehicles. Therefore,
aerodynamic optimization of vehicle geometries utilizing
active or passive control devices comes to the fore in obtain-
ing minimized energy consumption.

Active flow control devices (jet vectoring, force
actuators etc.) simply bases on addition of auxiliary power
into the airflow, while passive flow control devices (turbu-
lators, roughness elements etc.) not require any energy by
definition [2]. The potential behind the passive control tech-
nigques should be considered within the scope of controlling
the pressure and regulating the drag force around a body. In
that context, the Ahmed body is a well-known standardized
vehicle geometry having adequate experimental data to
compare the aerodynamic performance effects of the appli-
cation of such flow control devices [3].

Passive control devices have widely been used, as-
sessed, and investigated in many studies in the literature via
analytical, numerical or experimental methods. Aider et al.
performed an experimental study that placed cylindrical
roughness elements on the rear of the Ahmed body model to
prevent flow separation and reduce drag force, which result-
ed in drag reduction about 10% once the roughness elements
were placed optimally [4]. Pastoor et al. used the Ahmed
body by making curve rear part [5]. Vortex generators were
applied as both active and passive. It was shown that the re-
duction of circulation of the trailing vortices could pro-vide
drag reduction even early separation of flow occurs.
Bayindirh et al. performed control flow study to postpone

vortex generation using feedback controller [6]. D-shaped
model was used to investigate the turbulence flow and
shown interplay shear layer and wake dynamics, where drag
reduction was achieved about 15%. Kohri et al. applied pas-
sive control device for a bus to reduce drag that originated
from pressure [7]. The results showed that drag coefficient
reduced about 5.27% and this improvement also provided to
reduce in fuel consumption about 3%. Thacker et al. inves-
tigated unsteady flow behaviour on the rear upper part of
Ahmed body [8]. It was found that the relationship between
the slant angle and Strouhal number, where this phenome-
non also discussed. Viswanathan et al. proposed a study to
control the flow at the rear of the Ahmed body with 25-de-
gree slant angle [9]. Sharp and rounded edge on the roof/rear
slant model was used to observe the flow physics. When
compared these two methods, drag level was reduced about
10% without flow separation on the rear window. Selvaraju
et al. performed flow control to improve aerodynamic per-
formance for the Ahmed body using various VGs that are
delta-winglet (DVGs), the cylindrical (CVGs) and trapezoi-
dal (TVGs) [10]. Joseph et al. proposed empirical and nu-
merical study to reduce drag force on a SUV car model. The
study was indicated that the position of VGs was crucial aer-
odynamic efficiency point of view [11].

Flow separation can be suppressed or delayed us-
ing active flow control devices as well as foresaid passive
devices. For example, the study that related with active flow
control was proposed by Metka et al. to reduce drag force
on rear slant of the Ahmed body [12]. In the study, flow of
the rear end of model was controlled using pulsed jets with
four different configurations. The wind tunnel test results
shown that the obtained drag reduction was measured about
6-8% for different jet configurations. Another similar study
that investigated flow control of the Ahmed body with rear
slant angle 25-degree was presented using fluidic oscillators
by Wang et al. [13]. The drag force reduction was achieved
about 7% by controlling flow on the rear part of model. Ya-
giz et al. were also investigated bluff body with 25-degree
slant angle to control flow using traditional synthetic jet
[14].

On the other hand, optimization techniques are
commonly used to find best results for specific problems by
the designers or engineers as mentioned before. For in-
stance, Han et al. presented a study to minimize drag using
control devices and applying optimization technique [15].
Optimization was performed using gradient-based tech-
nique for 2D bump parameters of Rae5243 airfoil and the
results shown that total drag reduced about 3.94% and lift


mailto:yuksel.eraslan@iste.edu.tr

increased about 5.03%. Another similar optimization prob-
lem was solved by Karthik et al. [16]. The actuation param-
eters of active control device were optimized using simu-
lated annealing Genetic algorithm. It was concluded that lift
of airfoil increased about 16.9% while drag reduced about
13.4% for corresponding angle of attack. Dickison et al.
studied optimization of wavy cylinder to reduce aerody-
namic drag using Particle Swarm Optimization (PSO)
method [17]. Ahmed et al. presented an aerodynamic opti-
mization study for sports car [18]. The aerodynamic perfor-
mance was investigated front, middle and rear region of car
and modification was performed to improve drag and lift
coefficients value.

The flow separation or adverse pressure gradient
well known to cause drag force. For a ground vehicle, the
most of the drag occurs at the rear end of body since flow
separation is generally observed at that region. In literature,
there is few studies related with both numerical analysis of
the Ahmed body with passive control and shape optimiza-
tion concurrently. Therefore, the main aim of this study is to
reduce drag force by controlling the flow at rear region of
the Ahmed body using passive control devices and applying
shape optimization for performance improvement simulta-
neously.

In this paper, passive flow control over the Ahmed
body to suppress or delay separation was performed using
cylindrical roughness elements, and rectangular shaped
VGs. The original Ahmed body is revised with addition of
the foresaid passive control devices located at the rear side
of the vehicle. Parametrical definitions of the devices were
made in terms of distance from each other, height, width,
and location with respect to the rear end. Computational
Fluid Dynamics (CFD) investigation process was conducted
to have aerodynamic performance assessment of various ge-
ometrical scenarios, which includes mesh independence
analyses to ensure the accuracy of the results. Furthermore,
the validation of the CFD analysis method carried out with
the existing experimental data from the literature. Aerody-
namic optimization of the Ahmed body within the limits of
the determined parameters of the control devices was per-
formed using a genetic algorithm on DesignXplorer in
ANSYS.

2. Material and Method

2.1. Simplified ground vehicle and passive control device
geometries

The Ahmed body has been a well-known geometry
used as a simplified ground vehicle body that presented by
Ahmed et al. [3]. The model was used by the authors to an-
alyse the time average wake structure experimentally and
shown that most of the drag force stemmed from the pres-
sure difference that occurs on the rear end of the body,
whose solid model is generated on ANSYS Design modeler
and given with dimensions Fig. 1 and Fig. 2.

In this study, flow control over the Ahmed body to
suppress or delay separation was performed using cylindri-
cal roughness elements, and rectangular shape VGs. Cylin-
drical roughness elements were placed upper side of the
body at three different positions and dimensions. The di-
mensions and array of the cylindrical roughness elements
are given in Table 1 [4]. ;, d, and k represent the spanwise

space, diameter height of roughness cylinder elements, re-
spectively, where dq is the turbulent boundary layer thick-
ness. Rectangular shape VGs dimensions are given Table 2,
where 1;, L and H refers to distance among the VGs, length
and height of VGs, respectively. The Ahmed body revised
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Fig. 1 Side, rear and top views of Ahmed body (dimensions
in mm) [3] [19]

b

Fig. 3 The Ahmed body with passive control devices:
a — cylindrical roughness elements, b — rectangular
shape VGs



c

Fig. 4 Properties of the passive control devices on the
model: a — cylindrical roughness elements, b — rec-
tangular-shaped VGs, ¢ — position of VGs

Table 1
Dimensions and arrays of CE/A!]indrical roughness elements
Cylindrical-shaped roughness elements
Arra_n gemc_ent Az, mm d, mm kido
configuration
A 24 6 0.6
B 32 8 0.6
C 48 12 0.6
Table 2
Dimensions of vortex generators
Rectangular-shaped vortex generators
Position Az, mm L, mm H, mm
60 50 50 20
110 50 50 20
160 50 50 20

with addition of cylindrical roughness elements and VGs are
illustrated in Fig. 3.

The cylindrical roughness elements were placed on
the roof of the rear region of the body and VVGs were placed
on the slant surface of the body since the drag force was

more effective in that region due to the separation of flow.
Position of the VGs were determined as the distance be-
tween the centre of the VGs and rear end of the model. The
geometry and parameters of control flow devices and posi-
tion of the VGs are shown in Fig. 4.

2.2. Computational fluid dynamics (CFD)
2.2.1. Mesh generation and grid independence

The mesh generation of the models were per-
formed using ANSYS Mesher. In order to find accurate re-
sults for CFD solutions, mesh generation process was per-
formed at several times that starts from courser to finer mesh
element numbers. This process enabled to find efficient
number of mesh elements for solution and avoid waste of
time and reduce computational power requirement. The
mesh independence chart is given in Fig. 5. The prismatic
mesh structure was generated around the body to capture
flow separation due to adverse pressure gradients. Mesh
generation of the remaining parts of the computational do-
main was formed with tetrahedral mesh elements to easily
generate using automatic meshing applications. Size of the
computational domain in x-direction is 8 times of length of
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Fig. 5 Mesh (grid) independence chart for the Ahmed body
[20]

Fig. 6 Mesh structure of the computational fluid domain of
the Ahmed body



{ ! -

Fig. 7 Mesh structure around the Ahmed body with cylin-
drical roughness elements

Al

Fig. 8 Mesh structure around the Ahmed body with vortex
generators

body, in y-direction 6 times of height of body and in z-di-
rection 5 times of width of body. The computational fluid
domain is given in Fig. 6 and generated mesh structures
around the models for both of the passive control devices
are given in Fig. 7 and 8.

2.2.2 Computational setup and solution

Computational Fluid Dynamics (CFD) applica-
tions are crucial in assessing and designing virtual prototyp-
ing of various engineering cases involving fluids. In this
study, a Navier-Stokes solver, ANSYS Fluent, is used to in-
vestigate the Ahmed body together with various passive
control devices.

Navier-Stokes equations represent the motion of a
fluid element and the general governing equations of the
fluid dynamics. The equations consist of the momentum, en-
ergy and continuity equations, which are used to solve the
control volume elements. Furthermore, Reynolds-Averaged
Navier-Stokes (RANS) equations take the viscous effects
into account in a simpler way to provide convenience in so-
lution of complex flows [21]. RANS equations can be de-
fined for a turbulent, viscous and compressible flow in x-
direction as given in following Eqg. (1) to Eq. (4) [22]. The
time averaging is expressed as:
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The sum of the mean and fluctuating components
can be expressed as:

pi = Ei + pl ) (23)
U =Ui+U;. (2b)

Reynolds Averaged Navier-Stokes equations are
defined as:
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As the analytic solution for the full (3-D) Navier-
Stokes equations does not exist due to the complexity of par-
tial differential equations; some assumptions could be to
achieve the approximate numerical and viscous solution of
the flow. The finite volume method (FVM) evaluates partial
differential equations in the form of algebraic equations
[23]. In finite volume method, the computation is performed
in a small volume which surrounds each node point on a
grid. The conservation of mass, momentum and energy can
be rearranged to use solving a problem for CFD in ANSYS
Fluent that uses finite volume method to solve the conser-
vation equations. Eq. (5) represents the summarized equa-
tion for CFD solutions [24].

—U +£f+ié+—ﬁ=0. (5)
0 oy

F, G and H are the flux terms and U is the so-
lution vector, whose elements (p, pu, pv, pw, pE) are depend-
ent variables that are acquired in steps of time. Drag coeffi-
cient that is used to determine performance of vehicles is
expressed by its drag force as given in the following equa-
tion, Eg. (6).

Co= e ©)
0.50V°S

The terms Cp, and D are the drag coefficient and
drag force, p, V., and S are air density, free-stream velocity
and cross-sectional area, respectively in Eq. (6). In the pre-
sent study, the computation is performed at different free-
stream velocity and slant angles of the Ahmed body with the
afore-mentioned passive control devices. For the solutions,
a three-dimensional, steady-state and density-based solver
is defined and RNG (Re-Normalisation Group) k-¢ turbu-
lence model is used. The near wall treatment that determines
non-dimensional y+ value is selected as Enhanced wall
treatment since this function gives reasonable results for
fine meshes and uses two-layer model as a near wall model
that resolves the whole boundary layer in the viscous sub-
layer [25]. For the solution method, implicit formulation
with Roe-FDS flux type is defined and second order upwind
is selected for flow, kinetic energy and specific dissipation
rate. In addition, Green-Gauss cell based is used for spatial
discretization gradient operator because it provides good re-
sults for second order finite volume method. Courant num-
ber which is a dimensionless number shows the time a par-
ticle stays in cell of mesh and its value is defined as 0.7-1
for all solutions. To find the correct solution, the solution is
completed when the change of CD value is lower than 1%
for the last 100 iterations.



3. Results and Discussion
3.1. CFD analysis results and discussion

CFD solution of the Ahmed body with passive con-
trol devices was performed using cylindrical roughness ele-
ments, and rectangular-shaped VGs. The results were firstly
given for cylindrical roughness elements placed on top of
the rear region of the body with three different configura-
tions and slant angles at 20-degree, 25-degree and 35-degree
at 20 m/s airspeed. The streamlines of the flow field are vis-
ually presented in Fig. 9. The results stated that the centre of
the vortex formation was delayed in x-direction for all of the
configurations, and that is provided reduction in drag force
due to the adverse pressure gradient. The flow separation
and vortex formation can be observed on the slant surface
of the model when the slant angle increases to 25-degree.
25-degree slant angle shown that the vortex formation on
the slant surface was not suppressed completely however; it
was delayed in the x-direction of the rear region of the
model. Hence, it can be concluded that the applied control

devices have indicated positive effect in terms of aerody-
namics by means of suppressing and delaying flow separa-
tion. However, the recirculation bubble has not been sup-
pressed on the slant surface for the configuration C. The ve-
locity streamlines of the Ahmed body with VGs for base
model and three different positions are presented in Fig. 10.
Itis clear from the figure that the size of the vortex occurring
on the rear region of base model was larger than model with
VGs and centre of vortex was also delayed. In addition,
when the size of the vortex compared, VGs placed at 60 mm
is resulted in smaller than others. In order to show effective-
ness of VGs, CFD analysis was also performed at 25-degree
and 35-degree slant surface of the body. When the figure
examined, VGs found to be prevented the flow separation
and reduce adverse pressure gradient for especially when
placed at 110 and 60 mm. The formation of vortices oc-
curred on the slant surface of the body and caused the in-
crease of drag force. By means of used VGs, low separation
and vortex formation on slant surface were suppressed and
prevented. Moreover, vortex size occurring rear region of
the model decreased for slant surface of model at the 35-
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Fig. 9 Velocity streamlines or velocity contours at 20 m/s airspeed: a — base model (left), 20° slant angle (middle) and 35°
slant angle (right), b — configuration A with base model (left), 20° slant angle (middle) and 35° slant angle (right), ¢
—configuration B with base model (left), 20° slant angle (middle) and 35° slant angle (right), d — configuration C with
base model (left), 20° slant angle (middle) and 35° slant angle (right)



Fig. 10 Velocity streamlines or velocity contours at 20 m/s airspeed: a — base model (left), VGs placed at 60 mm (middle)
and VGs placed at 60 mm (right), b — base model with 20° slant angle (left), VGs placed at 160 mm (middle) and
VGs placed at 60 mm (right), ¢ — base model with 25° slant angle (left), VGs placed at 110 mm (middle) and VGs
placed at 60 mm (right), d — base model with 35° slant angle (left), VGs placed at 60 mm (middle) and VGs placed

at 60 mm (right)

degree with VGs. In conclusion, the use of VGs shown es-
pecially superior performance aerodynamics point of view
for slant surface 35-degree.

3.2. Aerodynamic shape optimization
3.2.1. Genetic algorithm

Genetic algorithm (GA) is a type of Evolutionary
Algorithm (EA) widely used in finding optimum solution
for engineering problems. GA is a heuristic scanning
method developed inspired by the change processes in na-
ture. It is a robust and flexible approach in general and can
be used to solve many problems with both discrete and con-
tinuous character [26].

In the optimization problem, firstly, the objective
function should be defined and later on the population

should be specified. The upper and lower limit for the solu-
tion of a problem can be defined when there may not be idea
for some problem. Every individual in the population can be
generated by the random number operator as following Eqg.

() [27].

9 =xj+ (4~ Jrand (0.), e
i=1,2,...,Np, (7b)
i=12,..,n, (7c)

where x; represents the i. chromosome in the population, x;;
represents the j. gene of chromosome, n is the gene number

and Np indicates population size xﬁ’ — ij indicates the up-
per and lower limits of gene. If the designers have a



knowledge about the solution of the problem, the initial pop-
ulation can be selected that is closer the optimal solution.
The concept of Elitism transfers the best solution from gen-
eration to generation and this provides to find fitness value.
Elite individual update in each generation can be performed
according to the following Eq. (8) and (9) [27].

£ (t)=argmin, ., f(x (1)), (8)
X1 fU()> £ (t-1)
" (t)‘{ ) ()<t (t—l)}' ©

where t is generation number, f¢(t) is the objective function
value of elitism individual and x°(t) is the design vector.
The selection process of GA is performed by se-
lecting individual genomes from population to use crosso-
ver process. The crossover of two parent string produces
offspring by changing genes of the chromosomes. In cross-
over process, the individual number can be specified
Eg. (10).
N,=N,(1-R,), (10)
where Ns is the individual number for crossover, P is cross-
over rate. Then, individual number with crossover can be
obtained Eqg. (11).
Nc =N ppc . (11)
Mutation process that is widely used genetic oper-
ator provides genetic diversity from one generation of pop-
ulation of genetic algorithm chromosomes to the next. The
number of genes that applies mutation process can be de-
fined as given in Eq. (12).

G, =nR, (N, -N,), (12)

where G, is the gene number and Ry, is the mutation rate.
3.2.2. Design of experiments

The aim of the design of experiments (DoE) is to
gather set of data to calculate a response surface that is used
to run an optimization for a response surface optimization.
In the DoE step, the design space is explored and the test
matrix of design points are generated to investigate each
computational experiment. Box-Behnken Design algorithm
is used to generate the design points due to its advantages of
understanding the potential interactions between parameters
and saving process time by reducing the number of experi-
ments [28].

3.2.3. Response surfaces

Response surface describes the output parameters
in terms of the input parameters, and can provide the ap-
proximated values of the output parameters analysed in de-
sign space without obtaining complete solution. Genetic ag-
gregation and Kriging Response Surface types are com-
monly used to analyse design space. Genetic Aggregation is
used when dealing with high number of design points while
Kriging type is efficient in a large number of cases and it is
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suitable for highly nonlinear responses. Hence, in this study,
Kriging type is used to analyse Response Surface since it
gives more accurate results for nonlinear responses.

3.2.4. Optimization solution, results and discussion

The optimization is carried out to find the optimum
sizes of passive control devices by means of DesignXplorer
in ANSYS. The first step of the optimization process is de-
termination of the objective and design parameters for both
devices. The objective of this study is reduction in drag
force and design parameters for cylindrical roughness ele-
ments are height (k) and diameter (d) of the elements. The
cylindrical roughness elements are placed at the optimal
streamwise position that is found between 44, and 5/, up-
stream of the separation line [4]. The passive control ele-
ments are positioned about 4.5/, for three configurations. In
addition, 4, L and H are defined as the design parameters
for rectangular-shaped VGs. Design points should be gener-
ated to start the optimization, where nine and thirteen differ-
ent design points are determined for cylindrical roughness
elements and rectangular-shaped VGs, respectively. Later
on, CFD analysis is performed for each to obtain optimal
solution, within some determined constraints given with the
equations below.

CDopt Dpase (13)
kcLyd <Ky < kc”yd , (14)
doyg <dgyg <dgyq - (15)

The upper and lower limits for cylinder heights of
roughness elements are defined as kcbd and kg,d , which are
+10% of the base height. Moreover, diameter limits of the
cylinders are defined as d-, and dY,, which are ¥10% of

cyd cyd 1
the base diameter.

] L

X; —Xj, (16)
L\I;Gs < L\/Gs < LgGS’ (17)
H\Ist <Hyg, < H\yes : (18)

The upper and lower limits for the length and
height of VGs are defined as Lys,, Hyas, Ligs and Hyg,
which are +10% of their base values. In addition, VG posi-
tion limits are defined as P, and Py, , which are F20% of

the base spanwise space.

Optimization solution is performed for three differ-
ent configurations at 35-degree slant angle and 20 m/s free-
stream velocity. The response surfaces are presented for
each configuration in Fig. 11, Fig. 12 and Fig. 13. The fig-
ures shown the variation of objective variable (drag force)
with design variables (diameter and height). Fig. 11 indi-
cates that the diameter of control device was more effective
than its height. The Fig. 12 shown that the increase of both
design variables is dramatically increased the drag force.
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Moreover, Fig. 13 is clearly illustrated similar characteris-
tics with Fig. 12. In summary, drag force is found to be in-
creased with the increase in the both design variables. How-
ever, the decrease in size of the design variables found to be
resulted in a sudden reduction in drag force. Hence, its opti-
mum results are closer to that point.
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Fig. 11 Response surface for configuration A
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Optimization processes are also carried out for ob-
taining optimum shape of VVGs. In order to show sensitivity
between the design parameters of VGs, response surface
chart is given in Fig. 14-16. When Fig. 14 is examined, the
increase of length of VGs reduces the drag force if the length
is higher than 48 mm while increase of its height adversely
effects the aerodynamic performance. The similar case can
be stated for the Fig. 16 that shows length versus VGs posi-
tion. When VGs position is closer to end of slant surface,
drag force is adversely affected. The other response surface

chart is Fig. 16 that represents the relation between VGs po-
sition and its height, where can be concluded that the change
of drag force is further for the VGs height. Therefore, the
optimum case can be observed when VGs height is reduced
together with its position is placed towards top of the slant
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Fig. 15 Response surface for VGs length versus its position
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Fig. 16 Response surface for VGs position versus height
surface

The results of the optimization solution for objec-
tive variable are given in Table 4. Results of design variable
for each cylindrical roughness elements configurations and
VGs are given in Table 5 and 6, respectively.



Table 4
Results of objective variables for each configuration of cy-
lindrical roughness elements and VGs

Objective Variable Dose Dopt
Cylindrical A 0.2719 0.2638
Roughness B 0.2698 0.2597

Element C 0.2807 0.2681

Vortex Generators 0.2606 0.2501

Table 5

Results of design variables for each configuration of cylin-
drical roughness elements

Design Variable, mm A B C
kbase 12 12 12
Koptimum 12.72 11.185 10.801
dbase 6 8 12
doptimum 5.85 7.92 10.801

Table 6
Results of design variables for VGs
Design Variable Value, mm

Hbase 20
Hoptimum 18.13

Lbase 50
Loptimum 54.87

Base position 110
Optimum position 118.77

3. Conclusions

This study aims to control the flow around the Ah-
med body thanks to coherent streamwise streaks by sup-
pressing or delaying the separation that occur rear end of
model due to adverse pressure gradient. For that purpose,
two different passive control devices, which are cylindrical
roughness elements and VGs, were used and an optimiza-
tion process was performed to find optimum aerodynamic
shapes and locations of the devices. Firstly, validation pro-
cess of the numerical simulation was performed, and later
on CFD analyses were performed to solve the flow field for
Ahmed body combined with application of various config-
urations of cylindrical roughness elements and VGs. In con-
clusion of the CFD analyses, the flow separation on rear re-
gion of the model was found to be delayed and it was stated
that drag coefficient reduced thanks to the delayed vortex
centre and prevented the vortex formation on the slant sur-
face of the model.

On the other hand, aerodynamic shape optimiza-
tion of the devices was performed with generated nine and
thirteen design points for cylindrical elements and VGs, re-
spectively. The process was carried out using Genetic Algo-
rithm, and in conclusion, the drag coefficient reduced about
3.02%, 3.76% and 2.58% for A, B and C configurations of
cylindrical roughness elements, and 4.21% for VGs, respec-
tively. The results of optimization also shown that separa-
tion of flow of rear end of model was delayed and that total
drag reduction was achieved about 8.23% and 11.62% with
optimum shape of cylindrical roughness elements and rec-
tangular-shaped VGs, respectively.

In conclusion, this study proposes a remarkable
drag reduction and correspondingly improved fuel effi-
ciency for automobiles via application of passive control de-
vices. Such applications commonly applied on racing cars
while application of these devices on city cars could have
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difficulties in leading to an additional cost, requirement for
maintenance and various aesthetic concerns. However, the
designer should certainly carry out a tradeoff within the ben-
efits in fuel-efficiency, stability and noise reduction before
an application.
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A. Sumnu, Y. Eraslan

AERODYNAMIC SHAPE OPTIMIZATION OF
SIMPLIFIED GROUND VEHICLE (AHMED BODY)
USING PASSIVE CONTROL DEVICES

Summary

The present study aims to control the flow separa-
tion on the simplified ground vehicle (Ahmed Body) utiliz-
ing cylindrical roughness elements and vortex generators
(VG) as passive control devices. To simulate the flow over
the solid body, the Computational Fluid Dynamics (CFD)
method was used and combined with aerodynamic shape
optimization applied concurrently to obtain the optimal di-
mensions and position of the passive control devices.
Firstly, aerodynamic analysis methodology was validated
by conducting also mesh independence study with experi-
mental results from the literature. Later on, by changing the
slant surface angle of the model, the analyses were per-
formed to indicate different scenarios and the results were
presented visually for each case. Aerodynamic shape opti-
mization is performed using a Genetic Algorithm (GA) on
DesignXplorer in ANSYS to find the optimum size and lo-
cation of the passive control devices that minimize drag
force, as an objective. Consequently, the flow separation of
the rear end of the body was found to be delayed or sup-
pressed and vortex height is to be reduced thanks to the ap-
plied passive control devices. The total drag reduction was
achieved by about 8.23% and 11.62% for the optimal shape
and location of the cylindrical roughness elements and VG
devices, respectively, comparing to the baseline model.

Keywords: aerodynamics, computational fluid dynamics,
ground vehicle, optimization.
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