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Abstract— Method of active flow control can be applied to
reduce aerodynamic drag of the vehicle. It provides the
possibility to modify locally the flow, to remove or delay the
separation position or to reduce the development of the
recirculation zone at the back as well as the separated swirling
structures around the vehicle. In this study, a passenger van is
modeled with a modified form of Ahmed's body by changing the
orientation of the flow from its original form (modified/reversed
Ahmed Body). This model is equipped with suction and blowing
on the rear side to comprehensively examine the pressure field
modifications that occur in order to modify the near wall flow
toward reducing the aerodynamics drag. The computational
simulation used is k-epsilon flow turbulence model. In this
configuration, the front part of body was inclined at an angle of
◦
35 with respect to the horizontal. The geometry is placed in a
3D-rectangular numerical domain with length, width and height
equal to 8l, 2l and 2l, respectively. The suction and blowing
velocities are set to 1 m/s, 5 m/s, 10 m/s and 15 m/s, respectively.
The results show that aerodynamic drag reductions close to 15.83
% for suction and 14.38 % for blowing have been obtained.
Index Terms— drag reduction, active flow control, suction,
blowing, reversed Ahmed body.

I. INTRODUCTION

A

ccording to the conclusions of International Energy
Agency in World Energy Outlook 2007, the gas
emissions with greenhouse effect will increase close to
57% in 2030 with strong effects on the environment and the
climate [1]. The human activities became main cause of the
increase of the greenhouse gases effect and average global
temperature. The activities included the transportation sector
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where the growth number of automobile is rapidly increasing
and make the fuel consumption increases as well. It tends to
create harmful effects on the environment because it increases
air pollution in the world. Based on these problems it has
become a must for automobile industry in the world to
immediately create an environmentally friendly automobiles
and efficient in fuel consumption.
Fuel consumption of automobile is related to its
aerodynamics drag, and the magnitude of aerodynamics drag
is highly influenced by separation flows around its shape.
Meanwhile, the flow around a traveling automobile is complex
and presents nonlinear interactions between different parts of
the automobile so that many research institutions and
industrial laboratories have been focusing their investigations
automotive aerodynamics with numerical studies [2]. It is
necessary to modify locally the flow, to remove or delay the
separation position or to reduce the development of the
recirculation zone at the back and of the separated swirling
structures. This can be mainly obtained by controlling the flow
near the wall with or without additional energy using active or
passive devices [3]. Significant results can be obtained using
simple techniques [4,5].
Many active control techniques which have been
developed by focusing on local intervention in wall turbulence
deal with steady blowing or suction [6,7,8]. A blowing devices
installed in an ONERA D profile can shift or even prevent the
flow separation to occur [9]. A local suction system located
on the upper part of the rear window is capable of eliminating
the rear window separation on simplified fastback car
geometry. Aerodynamic drag reductions close to 17% have
been obtained [10]. Other numerical works [11] using Lattice
Boltzmann method to an Ahmed body model indicated some
important parameters of active control to improve the
aerodynamics performance of a vehicle. Most of previous
numerical study in flow around automobile’s body used the
geometry suggested by Ahmed [12] as shown in Fig. 1.
Ahmed body allows reproducing flows phenomena around the
vehicles and making a possibility to apply active control.
However, to be practically implemented in controlling the
flow separation in the automotive application the active
control methods still need further comprehensive
investigations to obtain some fundamental insights of the
governing mechanism of separation control. Hence, the
current investigation was a part of a long-term fundamental
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investigation to develop an active control to the turbulent flow
separation which is a fundamental phenomenon governing the
aerodynamics performance of vehicle body. In this study, a
passenger van is modeled with a modified form of Ahmed's
body by changing the orientation of the flow from its original
form (modified/reversed Ahmed Body). This model is
equipped with suction and blowing on the rear side to
comprehensively examine the pressure field modifications that
occur in order to modify the near wall flow toward reducing of
aerodynamics drag.

25

The work was conduted by using a Gambit 2.4 software to
generated the grid. Meshing type was tetra/hybrid element
with hex core type and the grid number was more than 1.7
million in order to ensure detail discretization and more
accurate calculation results. The boundary condition were inlet
velocity of 16.7 m/s . Mean free stream at far upstream region
was assumed in a steady state condition and uniform. The
Reynolds number associated with length L of the geometry is
Re = 2.98×105. The blowing and suction velocity are set 1
m/s, 5 m/s, 10 m/s and 15 m/s, respectively. Details of
computation condition are given in Table 1.
Table 1. Computation condition

Computation Condition
3D, Steady state
Air
Density
1.225 kg/m3
Viscosity
0.000017894 kg/ms
Boundary
Van model
Wall
condition
Pressure outlet
Pressure outlet
without flow
Velocity inlet
Velocity inlet
control
Wall
Wall
Boundary
Van model
Wall
condition with
Pressure outlet
Pressure outlet
suction/blowing Velocity inlet
Velocity inlet
Wall
Wall
Suction1/blowing1 Velocity inlet
Suction2/blowing2 Velocity inlet
Suction/blowing 1 m/s , 5 m/s, 10 m/s and 15 m/s
velocity
Model setting
Fluid
Fluid properties

Fig 1. Original Ahmed model (dimensions in mm) [12]

II. MODELLING AND NUMERICAL SIMULATION
The numerical simulations presented in this paper were
conducted on a modified/reversed Ahmed body which has
geometrical ratio 0.25 to the original size. The model
geometry was defined by its length (l = 0.261m), width
(w = 0.09725 m) and its height (h = 0.072 m). In this
configuration, the front part of body was inclined at an angle
of 35o with respect to the horizontal. The body is placed in a
3D rectangular numerical domain of length L = 8l, width
W = 2l and height H = 2l as shown in Fig. 2.

The governing equations were solved numerically by finite
volume approach using a commercial solver Fluent 6.3 [13].
The turbulence model used in the computation was a standard
k-epsilon model showed in Eq. (1) and (2)
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where : C1ε=1.44, C2ε=1.92, Cμ=0.09, Sk =1.0, Sε =1.3.
A dimensionless coefficient, called drag coefficient and
related to the drag force acting on the bluff body, is defined as
follows:
Fd
Cd 
(3)
1 V 2 S

2

(b)
Fig 2. (a).Computational flow domain. (b).Geometrical dimensions of van
model
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In this expression, ρ represents the air density, V∞ is the free
stream velocity, S is the cross section area and Fd is the total
drag force acting on the car projected on the longitudinal
direction. Note that the drag force Fd can be decomposed into
a sum of a viscous drag force and a pressure drag force as:





Fd   w sin  dS  p cos dS

(4)

Combining (3) and (4), the drag coefficient can be
expressed as:
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(a). Suction velocity, Usc = 1 m/s

Where w = (du/dy)w is the wall shear stress evaluated from
the wall velocity gradient and Cp = (p-p)/(V2/2) is the
pressure coefficient evaluated from the wall pressure
distribution.
III. RESULTS AND DISCUSSION
A. Pressure Distribution
Some selected results from computational are described in
the following figures. Fig. 3 shows computational result of
the pressure coefficient distribution without flow control in the
rear part of the reversed Ahmed body with the upstream
velocity at 16.7 m/s evaluated at several span wise locations.
From Fig. 3, it can be seen that the minimum value of pressure
coefficient is -1.3819 at y/h = 1 and z/w = -1/12 in the rear
side of the body.

(b). Suction velocity, Usc = 5 m/s

(c). Suction velocity, Usc = 10 m/s

Fig 3. Pressure coefficient distribution without flow control in the rear part of
the reversed Ahmed body

Meanwhile, Fig. 4 (a-d) describes the effect of various
suction velocities in the rear part of the reversed Ahmed body
to the pressure coefficient distribution with the upstream
velocity at 16.7 m/s. The suction velocities are 1 m/s, 5 m/s,
10 m/s and 15 m/s. Closer insight to Fig. 4 (a-d) indicates that
by introducing suction, the location of minimum value
pressure coefficient shifted significantly to y/h = 1; z/w = -1/4
and y/h = 1; z/w = 1/4 in the rear side of the body. The
minimum value of pressure coefficient is summarized in
Table 2.

(d). Suction velocity, Usc = 15 m/s
Fig 4. Pressure coefficient distribution with various suction velocity in the rear
part of the reversed Ahmed body
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Table 2. The minimum value of pressure coefficient with suction

Suction velocity, Usc (m/s)
1
5
10
15

Pressure Coefficien, Cp
-1.0097
-1.1488
-1.2339
-1.3372

Figures 5 (a-d) shows the effect of various blowing velocity
in the rear part of the reversed Ahmed body to the pressure
coefficient distribution with the upstream velocity at 16.7 m/s.
The blowing velocities are 1 m/s, 5 m/s, 10 m/s and 15 m/s,
respectively. By the introduction of a blowing in the rear part
of the body it can be seen from Fig. 5 (a-d) that the location
minimum of value of pressure coefficient shifted significantly
to y/h= 1; z/w= -1/4 and y/h = 1; z/h = 1/4 in the rear side of
the body for blowing velocity 1 m/s, 5 m/s and 10 m/s. For
blowing velocity 15 m/s, the location minimum value of
pressure coefficient at y/h = 11/12; z/w = -1/4 and
y/h = 11/12; z/w = 1/4 in the rear part of the body. Table 3
summarizes the alteration of the minimum value of pressure
coefficient.

(c). Blowing velocity, Ubl = 10 m/s

Table 3. The minimum value of pressure coefficient with blowing

Blowing velocity, Ubl (m/s)
1
5
10
15

Pressure Coefficient, Cp
-0.8546
-0.7455
-0.7680
-0.9477

(d). Blowing velocity, Ubl = 15 m/s
Fig 5. Pressure coefficient distribution with various blowing velocity in the
rear part of the reversed Ahmed body

B. Turbulence Intensity
The characteristics of turbulence intensity in the rear part of
the van model without and with flow control are presented in
Figs. (6) and (7). Fig. 6 shows the turbulence intensity without
flow control in the rear part of the reversed Ahmed body with
the upstream velocity at 16.7 m/s. It can be seen that the
maximum value of turbulence intensity is about 1.99%
without flow control.

(a). Blowing velocity, Ubl = 1 m/s

Fig 6. Turbulence intensity without flow control in the rear part of the
reversed Ahmed body.
(b). Blowing velocity, Ubl = 5 m/s
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(a). Suction velocity, Usc = 1 m/s

(a). Blowing velocity, Ubl = 1 m/s

(b). Suction velocity, Usc = 5 m/s

(b). Blowing velocity, Ubl = 5 m/s

(c). Suction velocity, Usc = 10 m/s

(c). Blowing velocity, Ubl = 10 m/s

(d). Suction velocity, Usc = 15 m/s

(d). Blowing velocity, Ubl = 15 m/s

Fig 7. Turbulence intensity with various suction velocity in the rear part of the
reversed Ahmed body

Fig 8. Turbulence intensity with various blowing velocity in the rear part of
the reversed Ahmed body
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Furthermore, Fig. 7 (a-d) shows the effect of various suction
velocities in the rear part of the reversed Ahmed body to the
turbulence intensity distribution with the upstream velocity at
16.7 m/s. Meanwhile in Table 4 the maximum turbulence
intensities under suction velocities of 1 m/s, 5 m/s, 10 m/s and
15 m/s are summarized. These results indicate that there is a
decrease in the turbulence intensity by the use of suction
mechanism in the rear part of the body. The largest decrease
of turbulence intensity about 0.20 % is obtained at suction
velocity of 5 m/s.
Table 4. The maximum value of turbulence intensity with suction

Suction velocity, Usc (m/s)
1
5
10
15

Turbulence intensity, (%)
1.70
1.75
1.84
2.23
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in the flow topology for Usc < 0.30 Uo. Conversely, during the
second phase in fig. 9, the drag shows tendency to increase
and the reduction obtained are 15.83% for Usc = 0.30Uo and
14.53% for Usc = 0.90Uo. Hence, from Fig. 9 it can be
indicated that there is an optimum suction velocity to obtain
drag reduction i.e. Usc = 0.30Uo.
Closer insight to Fig. 10 in the first phase, the control
performance increase very rapidly with the blowing velocity.
The reduction obtained are 14.38% for Ubl = 0.06Uo. These
result suggest significant modifications in the flow topology
for Ubl < 0.06Uo. Conversely, during the second phase in
Fig. 10, the drag show a tendency to increase and the
reduction obtained are 14.38% for Ubl = 0.06Uo and 11.32%
for Ubl = 0.90Uo. Hence, Fig. 10 indicates that there is an
optimum blowing velocity to achieve maximum drag
reduction i.e. Ubl = 0.06Uo

Figures 8 (a-d) describes the effect of various blowing
velocities in the rear part of the reversed Ahmed body to the
turbulence intensity the upstream velocity at 16.7 m/s. The
blowing velocity are 1 m/s, 5 m/s, 10 m/s and 15 m/s.
Meanwhile in Table 5 the maximum turbulence intensities
under blowing velocities of 1 m/s, 5 m/s, 10 m/s and 15 m/s
are summarized. These results indicate that there is a decrease
in the turbulence intensity by the use blowing mechanism in
the rear part of the body. The largest decrease of turbulence
intensity about 0.36% was obtained at blowing velocity 1 m/s.
Table 5. The maximum value of turbulence intensity with blowing

Blowing velocity, Ubl (m/s)
1
5
10
15

Turbulence intensity, (%)
1.63
1.67
1.77
1.94

Fig 9. Drag coefficient as a function of suction velocity.

.
Generally, the turbulence intensities obtained by the use of
suction and blowing are lower than those without flow control
in the rear part of the reversed Ahmed body. This alteration
seems to occur due to additional energy from suction and
blowing which modify the flow structure so that the separation
can be decreased or eliminated.
C. Aerodynamics Drag Reduction
The influences of suction and blowing are analyzed
according to the aerodynamic forces applied to the geometry,
with and without control. The results are presented through
aerodynamic drag reduction with respect to the reference
configuration (without control). The mean drag coefficients,
obtained at different velocities of suction and blowing are
indicated in Figures 9 and 10, respectively. In the figures, the
drag reductions obtained with respect to the reference
configuration (without control) are also indicated.
From Fig. 9 in the first phase, the control performance
increase very rapidly with the suction velocity. The reduction
obtained are 14.70 % for Usc = 0.06Uo and 15.83 % for
Usc = 0.30Uo. These results suggest significant modifications

Fig 10. Drag coefficient as a function of blowing velocity.

Generally, by comparing the results obtained from the use
of suction with those from the use of blowing in the rear part
of the reversed Ahmed body, it can be figured out that the drag
reductions obtained by suction is greater than by blowing.
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IV. CONCLUSION
An active flow control solution by suction and blowing are
tested to reduce the aerodynamic drag on reversed Ahmed
body. The maximum drag reductions associated with these
modifications are close to 15.83% and the increase of suction
velocity increase at Usc > 0.30Uo does not improve such a
reduction significantly. Likewise, the drag reductions decrease
when the suction velocity diminishes below 0.30Uo. In the
other hand, in case of blowing in rear side on reversed Ahmed
body, the drag reduction are close to 14.38% and the increase
of blowing velocity at Ubl > 0.06Uo does not improve such a
reduction significantly. Moreover, the drag reductions
decrease when the blowing velocity diminishes below 0.06Uo.
The present study also show that this is a good test case for
further development. In addition, the results presented in this
paper give information about potential of active flow control
by suction and blowing in the automobile industry. The results
should, however, be corroborated by experimental results and
tested on real car flow configuration.
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