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Challenges in turbulent flow control
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Challenges in turbulent flow control

Disturbance

v Physical
f(x,b,w), if available, is often Actuators
not of practical use b

Time resolution = use sensors NODEL PREDICTIVE CONTQ

b = g(s) must be identified and
must fulfil constraints , ) L |

rediction window

High dimensionality
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Full-field estimation from sensors

= Key for interpretability

= P|V “sees” the flow but time-resolution Is
often unaccessible

TRPIV - expensive and not always feasible

Novara et al EiF 2019
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1= Can we get the picture of the flow
fields from them?
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Full-field estimation from sensors

v'Fast response probes > PolNi-WisesrressITEMent, ﬂwigh temporal resolution}
v'Snapshot PIV = Instantaneous Flow-field, 1o TeTmseseke=snlUTion

Estimation
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Full flow description from probes

HOT-WIRE,
+ PRESSURE
TRANSDUCERS...

NON-TR-PIV FAST PROBES

v

& REQUIRES ROBUST

STANDARD EQUIPMENT
TIME- RESOLVED

VELOCITY DIMENSIONALITY
i : METHODS FOR FIELD ~ mmmmm) ocncTiON IS THE KEY
.=H=. ESTIMATE
V-u=0 FULL FLOW

DESCRIPTION
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Flow fields estimation
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Experimental setup — water jet flow

Time-resolved 2D PIV

Pressure field estimation
Chen et al. (2022)

Parameter Value

D 30 mm
U 0.08 m/s-0.16 m/s =
Re 2400 - 4800
f 100 Hz
Resolved Area 120x75 mm
Acquired Snapshots 107
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Synthetic Dataset Generation

Simulate non-TR PIV

experiment with

point-wise probes 2.5D

[ Down-sampled PIV data ]

] E Hot-wires =2 u(x, t
Point-wise fully-resolved

synthetic probes
[ Y P Microphones =2 p(x,

4ero
\Space uecdm ERCOFTAC SPRING FESTIVAL — Madrid, May 16-17th 2024




Extended POD - 5 Virtual Hot-Wires
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Extended POD - 8 Virtual Microphones
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Sensing from the wall

IR camera _. 100y"

FLIR PIV cameras -500

A\

500

Y,

PIV léser

Function generator
‘ ——a
q) (E gF O

Guemes et al. "From coarse wall measurements to =/h

Wall-measured turbulent velocity fields through deep learning." Physics of Wall_parallel
quantity (th p) fluids 33.7 (2021): 075121. Velocity f|e|d
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Challenges in turbulent flow control

x = f(x,b,w)
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Challenges in turbulent flow control
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Model Predictive Control
Past Future | —
1 — |
Optimization of control actions in receding horizon 4 Dreudioniwindon
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Why Model Predictive Control

v Linear control, nonlinear control,... Past Future |
v Handling easily hard and soft contraints & peidion windoy

v Anticipative actions, not simply reactions
v Handles well multiple inputs = coordinated “strategies’
v It uses explicitly a model of the system

)

State /Input

|
|
|
|
|
|
|
|
|
|
|
|
|

X Computational cost e p

X You need good models!
X Assessing stability and feasibility guarantees j '
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A test case: self-tuning control of a fluidic pinball wake

5 1 1 | 1

-5 0 5 10 15 20
x/D

MPC goal: Drag reduction and lift oscillation minimization s it feasible with minimal

Control actuation: Rotation of the three cylinders input from the user?
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A test case: self-tuning control of a fluidic pinball wake
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A test case: self-tuning control of a fluidic pinball wake

= |dentify the system

10 15 20

MPC goal: Drag reduction and lift oscillation minimization

Control actuation: Rotation of the three cylinders

a Coordinates? Model?
= Select automatically the best
control actions
a Account also for constraints
= Automatically balance the
hyperparameters

s it feasible with minimal
input from the user?

ucodm
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A test case: self-tuning control of a fluidic pinball wake

! b% 2 | Reduced-force model [ | Identi y the system
S e, a Coordinates? Model?
o o = Select automatically the best

control actions
a Account also for constraints
b b = Automatically balance the

' hyperparameters
i L - 14 —

MPC-tuning

( Control

Control results

performance
evaluation

\ v,
)
.
> SINDYc
pl L 1

3

ity Marra, L., Meilan-Vila, A., & Discetti, S. (2024).
—— — | [ Self-tuning model predictive control for wake
EES G — flows. J. Fluid Mech, 2024:983:A26
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e LS
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Selection of the coordinates

Training data collection ( i oA o123 )
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r
41 Feedback control optimization %

(iv) Cluster-based feedback control
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= Mean flow shift 2 C,4
= Limit cycle of unsteady oscillations = €, C;

ucodm
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b(bm, s)
(§3and 4)

Nair et al (2019) J. Fluid Mech.
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System identification

pl W2
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SINDy (Brunton et al 2016) based on
polynomials up to 2nd order
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Nonlinear system
identification

Reduced-force model

Cy = O(a, b)¢!
C; = O(a, b)&*
Cy = O(a, b)E
¢, = O(a, b)e
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A test case: self-tuning control of a fluidic pinball wake

A | = Identify the system
o ’“[f : ]* d| o Coordinates? Model?
e Select automatically the best
control actions
(o) a Account also for constraints
(_m NP Automatically balance the

e [ cd hyperparameters

N\ MPC G
Optimization C,
of J \ (o)

m— NP —
optimization ‘ \ cuc Marra, L., Meilan-Vila, A., & Discetti, S. (2024).
— ] [ —— ] s Self-tuning model predictive control for wake
condition setpoint T flows. J. Fluid Mech, 2024:983:A26
P T T T
M o o w
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Selection of the hyperparameters

MPC-tuning

Control

performance
evaluation

Bayesian
optimization

( Control
results
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Selection of the hyperparameters

MPC-tuning

Control
performance
evaluation

Bayesian
optimization

( Control
results
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Selection of the hyperparameters

w
— v
o Caq Cy b s ]: ||6 . — C
MPC-tuning (%) f@‘ j+klj *
k=0

( Control L b3
Control results ‘I‘ ,

performance
evaluation

Wc
2 2 2
o+ Z (IbjsslI%, + N18baasll, )

2 . T [Q¢ 0 A
0" (€410j = ) [ Od ch] (€410j = )

Optimization MPC State é‘\]+k|] — Cy
I} of J penalty
i LPR
Plant
[:Bf j BN b T
opli‘i]};?;;i-l}}:m n L ) R pl
‘ “ Actuation 2 _ T
Ibj+rslly, = (Bjakis) Rz (bj+kis)
[ Initial ] [ Reference ] COSt R,3
condition setpoint b

MPC-based
control

s o

ucdm ERCOFTAC SPRING FESTIVAL — Madrid, May 16t"-17t 2024



Selection of the hyperparameters
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Control strategy

Cn’
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Setpoint tracking

i

b1 b3
b>

4

1 1
S 2 S £
1
0 -1
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