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Abstract: means of spectral analysis. As far as the periodic modes

Based on the recent work of Stella et al. on the bi-
dimensional (2D) flow behind aramp [11, 10], the present
paper aims at analysing the entrainment phenomenon in a
three-dimensional (3D) turbulent wake downstream of a
bluff-body. Numerical and experimental data of different
configurations of the Ahmed body are investigated. This
study is part of a framework on the aerodynamic drag re-
duction for ground vehicles by defining proper and real-
istic control laws derived from the entrainment.
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1 Introduction

Transport industry and more especially road transport
remains one of the main contributors of energy consump-
tion and pollutant emissions. To improve this negative
situation, one way is to use active flow control to reduce
drag. Vehicle wakes are characterized by both large pres-
sure drag and coherent structures [9, 5, 2, 7]. In addition,
their 3D features, which contribute for large part of per-
formance losses, make the physical mechanisms at play
even more complex.

In this study, we consider the square back Ahmed body [8,
6]. This bluff body is characterized by an abrupt geome-
try 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 re-
gion 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 the
model responsible for an important part of the pressure
drag. The flow of the turbulent near wake has complex
dynamics like a bimodal behavior [3]. Time dependent
data show that two asymmetric topologies, called reflec-
tional symmetry-breaking (RSB) modes, coexist in the
wake of the model but time averaging leads to a symmet-
ric flow [4, 12]. The bimodality does not seem to inter-
fere with the other periodic modes that can be detected by

are concerned, many authors agree with the identification
of the low-frequency modes associated with vortex shed-
ding, both from the left-/right-side planes and from the
roof and the floor of the vehicle [12]. It is thus interesting
to focus on the large-scale effects on the wake dynamics.
We aim therefore at investigating turbulent entrainment at
large-scale in the wake behind the Ahmed body to verify
if the results obtained by Stella et al. [11, 10] for a 2D
flow over a descending ramp can be confirmed for a 3D
fully turbulent flow. The idea consists in finding relations
between mean-field features of the wake like the base suc-
tion and the role of mass or momentum transfer. The final
goal is to identify the unsteady phenomena into the wake
of the square back Ahmed body through these relations,
with a view to the development of optimized flow control
strategies. We choose the recirculation region interface
(RRI) as the boundary through which entrainment will be
estimated.

2 Experimental setup

Tests are performed 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 free-stream turbulence level is less than 0.4%. The
square back Ahmed body has the original dimensions [1]:
L = 1044 mm, H = 288 mm, W = 389 mm. The
Reynolds number Rey; is based on the body height. The
model is mounted with a ground clearance G = 50 mm
above a 3 m by 2 m aluminium plate with an ellipsoidal
leading edge in order to be isolated from the wind tunnel
boundary layer [see Fig. 1(a)]. This results in a block-
age ratio lower than 3%. The rear part of the plate is
equipped with a 3° inclined flap in order to suppress
the pressure gradient effect in the test section. Five
freestream velocities are investigated: from Uy, = 20 m/s
(Reg = 3.9%x10%) to Uy, = 40 m/s (Regr = 7.7 x 10%).

The Ahmed body is linked to a six-components strain
gauge balance through its feet to evaluate the drag and lift
coeflicients. The mean pressure field over the rear surface
is measured by means of 32 pressure taps connected to
one MicroDAQ pressure scanner inside the body through

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(http://creativecommons.org/licenses/by/4.0/).



MATEC Web of Conferences 286, 07016 (2019)
CMM2019

https://doi.org/10.1051/matecconf/201928607016

30-cm vinyl tubes. The electronic device applies a 0.5 s-
moving average filter during the acquisition. The pressure
field dynamics are captured by five Kulite sensors. Pres-
sure sensors positions are given in Fig. 1(a) (red: micro-
DAQ, blue: Kulite). Spatial characterisation of the wake
of the Ahmed body was carried out using stereoscopic
Particule Image Velocimetry (stereo PIV) system. As
shown by Fig. 1(b), two kinds of planes are successively
investigated: six vertical XZ-planes and five horizontal
XY-planes. Data are simultaneously acquired during six
runs lasting 5 minutes each for each freestream velocity
and for each PIV plane by the previously presented sen-
sors. The sampling frequency are 500 Hz (balance and
Kulite), 50 Hz (microDAQ) and 1 Hz (stereo PIV).

The profiles of the boundary layer upstream of the bluff
body, of the underflow and of the upper boundary layer
upstream of the flow separation are also measured by a
one-component hot-wire probe.

3 Entrainment in a 3D wake
The mass entrainment through a 2D interface 7 is

= [ pV() - nls)ds, ()
z

where ds is the elementary length at the position s and
n is its unit normal vector. Figure 2 shows the mass
transfer through the RRI (where U = 0 m/s) detected
in three different horizontal planes for both RSB modes
and the mean flow. To better highlight the mass injected
into the recirculation bubble and the mass ejected from it,
the mass entrainment is integrated by parts between the
positions of the 3D toroidal vortex detected in the planes.
First, the mass transfer is clearly unbalanced between
the upper part of the wake and its lower part. Second,
the BSR modes seems to stress this unbalanced transfer.
To have a better insight, we need to consider the 3D wake.

Using the wall-pressure measurements, conditional aver-
aging is applied to the stereo PIV data (components ve-
locity and Reynolds tensor) to obtain sliced RSB modes
for each PIV plane. The full 3D RSB modes are then re-
constructed by interpolation. Equation 1 is also used to
analyse the mass transfer in the 3D fully turbulent near
wake. The local mass transfer across the 3D interface 7
is now

dm(s) = pV (s) - n(s)dS, )

where d.S is the elementary surface at the position s and
n is its unit normal vector [see Fig. 1(c)]. A detailed anal-
ysis will be presented during the conference.

Conclusions:

Experimental studies have been done to characterize
the 3D fully turbulent near wake behind the squareback
Ahmed body, especially to analyse a possible relation
between the mass transfer through the developing shear
layer and the bimodal behaviour.
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XZ-PIV planes

Figure 1: Experimental setup: (a) aerodynamic balance and pressure taps (red: microDAQ, blue: Kulite) and (b) stereo-

PIV planes positions. (c) Example of an elementary surface d.S with its normal vector 7 and its local velocity V' (U, V, W)
over an interface 7.
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Figure 2: Mass transfer between the detected positions of the 3D toroidal vortex (red dots) on the RRI at z/H = 1.1 (top),

z/H = 0.7 (medium) and z/H = 0.3 (bottom) for the P-mode (left), the N-mode (middle) and the mean flow (right). Red
values are injected mass into the recirculation bubble, whereas blue values are ejected mass. Rey = 7.7 X 105.
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