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Car Industry
36 000 employment

15t French Region for Car
Industry

3 Cars Manufacturers
550 000 Vehicles
7 production plants

Toyota
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Université Lille/Nord de France
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Logistics
41 500 employment

3" French Region for
Logistics

15t French Harbor platform
(Boulogne, Calais,
Dunkerque)

500 000 m? last generation
warehouses
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Increase Pressure in the
wake of the car

Oscillation of
recirculation bubble

- CONTROL STRATEGIES
BOUNDARY LAYER SEPARATION (Recirculation Bubble)

- METHODS OF FLOW CONTROL
PASSIVE CONTROL (Geometric Configuration)

' m  ACTIVE CONTROL (Injection of Momentum)
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ARI 2016 :Multidisciplinary Development within LAMIH
UMR 8201

Projet DESIRE DEvelopment of Innovative Strategies for Reactive Flow Control
«DEveloppement de Stratégies Innovantes de contréle Réactif d’Ecoulements»

[ 2nd Workshop on Machine Learning Control Feb. 2017 } <—°‘
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h=83mm B : =—
Uo=5.5m/s (Re;, = 30450) ‘

25 Unsteady
$ pressure probes

Wind tunnel floor
\ .

3 HW probes
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¢ Physical System

Dynamic characterization of row of piezoelectric micro-blowers for separated air flow control.
C. Choveta,+, M. Lippert, L. Keirsbulck, J-M. Foucaut . (Sensor and Actuators)

T U,,(m/s) v,
30: —

25F

T

20

L

15
10¢

N | ; e :
[ e & % ]
——2cm —— 08 —e—e—e—esy 10 15 V. (Volts) 20

Nozzle (0.8mm) Vo o Velyelis

Intake channel
115

110

15

Diaphragm Pump
Piezoelectric element

- Intrinsically non-zero-net-mass-flux.(double cavity).
- Combination of a disc-shaped piezoelectric element and a metal diaphragm (Vibrations 26 kHz).

- Airdischarges up to 1 I/min.
- Low Power Consumption. o
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Dspace
Quantum Bigsky Laser Nd-Yag 200mJ
| Cavity A

A 532nm
L | Cavity B

9 Q-Switch B

]

FLow

Wind tunnel floor

2 Powerview CCD camera 2000x2000 pixels




¢ Control of the physical Instabilities

rsnte\

: etd ainaut-

HWPmax — HWPI
/= Z ~ HWPmax — HWPmin
=n

Natural Flow flow
ALr

AAr
Ar _O%; —T—O%,](,:l

-1
<Si>%> +y <b>%? <Siz=

Manual forcing frequency

AAr ALr
- 25%; — 5%; J,=0.8

MLC OL

AAr ALr
_— = = 0 — = —69- =
" 21%; - 6%; J,=0.2

MLC OL&CL

2T = —32%; "= —8%; J, = 0.08
MLC CL

AAT ALr

?_ —3%, ? = O7%r Jo=1

(urms+vrms)lu_‘

.

b2
s11

-] ] B ] | ] ] [ j— |
s02 s03 s04 sO5 s06 sO7 s08 s09 s10 st

2l M M j— —
s05 s06 s07 s08 s09 s10 s11 s12  si3

%3] — -]
s02 s03 sD4 sD5 s06 sO7 s10 st

Back Flow Probability

enc e nes

re5|s @

& []

s12 s13
| %]
s12 13

[]
s12 s13

s12 s13



rsnte \\/

enc e BS

Loet du ainaut- re5|s

QUESTIONS




