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Transportation industry
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Automotive problem

Flow configuration
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Automotive problem

Methods of flow control

9¢ Passive control
(Small variation in the geometric configuration)
Limitations of design requirements

J Active control (Injection of momentum)
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PROBLEM
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Reduce gas
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Physical system: Case | — Ahmed body ‘

Drag
reduction




. /
Wind tunnel e

Characteristics:

v'Closed-loop wind tunnel
v'"Max. velocity 60m/s 200km/h)
v'Optimal test section:

2m x 2m, length 10m




Physical System | — Ahmed body

H = 0.135m r = 0.05m

L =0.370m

W =0170m g=0.035m s

Upo = 10m/s
Reny = 9x10*
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Physical System

PIV

/ PIV domain
3.7H x 1.8H

2000 double frame pictures
7Hz repetition rate

Interrogation window 16x16pixels?

50% overlapping
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Sensor and actuator characteristics

/ Sensor \ f Actuator \
Back view Actuator device details

ke
-2
718
- A force and torque balance: 8 os b
* Drag, lift and drift o7k - ' !
+ Sensing range up to 165N R
* Error 0.03N - Actuator slit (width hg = 0.1mm and a
2 sub-miniature piezo-resistive Kulite length w, = 150mm )
sensors: - Pressure supplied by a compressor
* Nominal measurement range of - Pulsed blowing driven by a FESTO-MH2
35Kpa solenoid valve
\- Sampling frequency 10KHz / k\/elocities up to 30m/s (@ 6bar) /
Jet velocity Steady jet velocity
V; Vio = 16m/s
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Flow control

Actuator device details
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Flow control
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Sliding Mode Control

Actuation

b(t)

4

Experimental plant

s(t) =f(s,t) + g(s,t).b(t)
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Controller

~N
Sensor
s(t) = F,;(t
y (t) = F4(t)
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Control law Experimental plant
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Choose s* > Reaching phase >> Sliding phase >

e Wait for s(t) to arrive to s* e Keep s(t) at s*
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Fy(t)
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Choose s* > Reaching phase >> Sliding phase >

e Wait for s(t) to arrive to s* e Keep s(t) at s*

S7 Reaching phase . Sliding phase

_ s =f(s,t) +g(s,0).b(1)
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
t
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lifo(t)—0* <0
s(t) = as(t) + Bb(t) b(t) = -
o* = s(t) Oif o(t) —a* >0

4

s(t) = f(s,t) + g(s,t).b(t) — s(t) = as(t) + £b(t)
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lifo(t)—0* <0
s(t) = as(t) + Bb(t — h) b(t) = -

o* = s(t) Oif o(t) —a* >0

0.2F g
s(t) =f(s,t) + g(s,t).b(t)—s(t) = as(t) + Bb(t)
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s(t) = as(t) + Bb(t — h) b(t) = -

5 =5 +8 [ beap om0
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0.2F g
s(t) =f(s,t) + g(s,t).b(t)—s(t) = as(t) + Bb(t)
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|dentification

Experimental plant
Actuation Sensor

S(t) = fls.e) + gls.1). b(t)

b y

bty (L) = Fy (1)

Sensor without delay Controlier
l—l—l
s(t) =a;s(t—h) —a,s(t)+ (B —ys(t—h)+y(t—1))b(t —h)
;'—J

Sensor with delay

”Sexp — Ssim”L
FIT(%)=+1-— 2+ x100% =53%
”Sexp o Sexp”L2

a, =2737 a,=3270 =197 y=192 1=0.18 h=0.01
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Sliding mode control

s(t) = as(t) + fb(t — h)

t

t

b(t) = -
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SMC
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Closed-loop control on square back Ahmed body
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https://www.youtube.com/watch?v=2Z0gxbEBm8s
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Transportation industry

Physical system: Case Il — Vehicle PROBLEM
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Physical System Il — Real car o

Measurement mechanisms

A

[

Race track located at

J 3 Clastres (North of France)
S,

1 -\lhm[
|
E P.
r - P.
-4 -d
| g Pt
i e

B
P’
P

L3}
-
L3}

O

.

L.




24/27

Measurement mechanisms

Onorato’s relation

vz (r (U2 U2 U2, U2’
’ jj( )dmz U(l_vx )dg
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Measurement mechanisms

Onorato’s relation
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Results
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Future project — Flow control
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What’s next?

Twingo GT

https://youtu.be/V1BQaCjO7to

Dreams...
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