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Analysis and control of square back Amed body wake : drag reduction
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Abstract :
This paper presents experimental and numerical simula-
tion results of the near wake of a square back Ahmed
body in view of investigating different control strategies
in order to reduce the aerodynamic drag. Main objectives
are to increase the knowledge of the complex unsteady
wake emitted at the model back in order to discuss opti-
mal control parameters to be selected for synthetic jet ac-
tuators modeled in the numerical simulation. This work
is focused on the recirculation zone that develops in the
near wake of the model. Experimental flow characterisa-
tion was done. Numerical simulation has been also done
to complete the characterisation and to test the effect of a
synthetic jet actuator on the development of the wake.
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1 Introduction
Despite advances in engine technology and new fuel
generation, transport industry and more especially
road transport remains the main contributor of energy
consumption and pollutant emissions. To improve both
of theme one way is to use active flow control to re-
duce drag. Vehicle wakes are characterized by both large
pressure drag and coherent structures [1, 2, 3, 4]. In ad-
dition, their three-dimensional features which contribute
for large part of performance losses make the physical
mechanisms at play even more complex. In this study, we
consider the square back Ahmed body [5, 6].

This bluff body is characterized by an abrupt geometry
change at the rear of the model that generates the vor-
tices. These vortices interact with each other and lead to
the formation of a large recirculation zone. This region
is bounded by the shear layers emanating from the edges
of the base of the model. Moreover, the boundary layer
developing on the ground modifies the lower shear layer.
This interaction alters the vortex emission in the wake and
thus the pressure distribution on the base of themodel res-
ponsible for an important part of the pressure drag. The
flow of the near wake has a complex dynamic as a bi-
stability [7]. Time dependent data show that two asymme-

tric topologies coexist in the wake of the model but time
averaging leads to a symmetric flow [8, ?]. This pheno-
menon is similar to the symmetry breaking found in the
wake of backward facing step [10].
The present work explores the wake of the 0.7 scaled
square back Ahmed body . The topology of the near wake
flow has been characterized first by experiment. Numeri-
cal simulations are also done to deeply characterize the
Ahmed body wake and to test the effect of a synthetic jet
on the dynamic of this wake.

2 Experiment and computation
The model used for this study is a 0.7 scaled square back
Ahmed body [11] (l=730.8mm, h=202mm, w=272mm).
Tests were run in the subsonic wind tunnel of the PRISME
laboratory at the university of Orléans [12]. The square
test section is 2 m by 2 m and 5 m long. The model is
fixed above a 3 m by 2 m aluminium plate with an ellip-
soidal leading edge. The rear part of the plate is equipped
with a 3◦ incline flap in order to suppress the pressure
gradient effect in the test section.
The pressure evolution at the back of the body was cha-
racterized by using 80 static pressure taps on the rear part
of the Ahmed body. The measurement recording lasted
160 s with a 25 Hz sampling frequency. Only a half of the
back was instrumented as the pressure distribution on the
back of the body is symmetric [13]. The symmetry dis-
tribution has been checked with thirteen flush mounted
pressure taps at mid-height of the model base.
Spatial characterisation of the wake of the Ahmed body
was carried out using a two-component Particule Image
Velocimetry (PIV) system. The velocity fluctuations were
recorded using one component hot wire probes.
The numerical solver used in this study is elsA software
developped by ONERA and CERFACS. It is able to com-
pute internal and external flows. The Navier Stokes equa-
tions are solved by using structured mesh and finite vo-
lum method. For the case studied here, URANS strategy
with turbulent viscoity concept is used. Turbulent mo-
dels, palart-Allmaras, k − ε, k − ω and k − ω SST, have
been tested. Finaly, this last one has been selected to per-
form the calculation. The computational domain is paral-
lelepipedic and its dimension is 5.731m× 2m× 1.05m.
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The square back Ahmed body is placed at 2m from the
inlet section, 3m from the outlet section, 0.90m from
the lateral surfaces, and wall clearance at 50mm . The
mesh contains 5393952 cells and is divided on 31 blocks
(Fig. 1a). The thickness of the first cell si 0.04mm corres-
ponding to y+ of 40.H
Concerning the boundary condions, we have walls on the
model and at ground (bottom domain boundary) where
the slip conditions and wall functions for turbulence are
used. For free boundaries, non reflected conditions are
used. For more details concerning the numerical method
see Lahaye [12].

3 Caracterisation of non-perturbed flow
The main flow is characterized by classical torus struc-
tures as has been observed experimentally by Grande-
mange et al. [15], Ahmed et al. [11], and numerically
by Krajnovic et al. [14] and by Rouméas et al. [5]. This
zone is the localisation of losses of total pressure. This
can be observed in the mediane planes.Two structures are
then observed in the longitudinal mediane plane with the
same size in agreement with Grandemange et al. [15],
Verzicco et al. [16] or Khalighi et al. [13]. Despite the
observed agreement between numerical and experimen-
tal position of higher vortex, the lower vortex is far from
the model base in calculation compared to the expe-
riment (Fig 1b). Another observed difference is the po-
sition of stagnation point. In the experiment it is equal to
(x/H, z/H) = (1.45,−0.27) and for computation it is
at (x/H, z/H) = (1.61,−0.81). Wassen et al. [17] and
Rouméas et al. [5] have comparable positions as our nu-
merical simulation. owever, Grandemange et al. [15] ob-
tain (x/H, z/H) = (1.46,−0.57).

4 Synthetic jet effects
This part will focus on the caracterisation of synthetic jet
parameters effects (momentum coefficient Cµ, frequency
of actuation StAct and jet orientation θ). The synthetic
jet is introduced as boundary condition with siunusoidal
velocity :

−→
U (x, y, z, t) = Umax · sin(ω · t)

 cos(θ)

0

sin(Θ)

 (1)

This jet velocity is imposed on the slot located on the base
along the horizontal edges. The size of this slot is 272mm
length and 2mm width. The control parameters used
are Umax = {0.5U∞, 0.63U∞, 0.75U∞, 0.88U∞, U∞}

corresponding to : Cµ = {0.007, 0.011, 0.014, 0.019}
where :

Cµ =
2 · h · U2

max

H · U2
∞

(2)

The non-dimensional frequecy is obtained with the height
of the base (H) and (U∞). Four frequencies have been
used StAct = {0.10, 0.17, 0.40, 0.80} corresponding to
0.5, 0.85, 2 and 4 times the natural frequency of the flow.
Three jet veocity angles have been also used 0◦, +45◦

and −45◦. The momentum coefficient effect is plottted
on (Fig 2, left side). In the range studied, the distance
between the torus vortex and the base decreases. So the
drag increases. The frequency effect is plotted on (Fig 2,
right side). The distance of the torus vortex to the base
decreases first and increase in the last case. So a drag
increases and reach a maximum and decreases of the last
case. For the jet velocity angle effect, the case with zero
angle leads to best results in the range of velocities and
frequencies studied.

Conclusions :
Exeprimental and numerical studies have been done to
characterize and to modify the near wake of square back
Ahmed body. The comparaison of exeperimental and nu-
merical results have been done on the base flow. Numeri-
cal parameter studies have been done to test low synthe-
tic jet velocity and frequency with different angles. In the
ranges studied no improvement in term of drag reduction
has been obtained.
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(a) Computational domain and Mesh (b) Comparison of the main flow in the longitudianl me-
diane plane between experiment (a) and computation (b)

Figure 1 – mesh and comparison experiment-computation

(a) Base flow (b)Cµ = .005StAct = .17

(c)Cµ = .011 StAct = .17 (d)Cµ = .019StAct = .17

(e) Base flow (f) Cµ = .019 StAct = .1

(g)Cµ = .019 aStAct = .4 (h) Cµ = .019 StAct = .8

Figure 2 – Jet Amplitude and Frequency effects : Cpi and streamlines
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