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Tank
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Induced Vibration

— Making Friends with Uncertainty: Gaussian
Process Regression
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— Challenges in Dual Aerial / Aquatic Propulsion
— Flapping foil vortical flow control

— Inspired by nature: a peak into the future flapping
foil/wing actuator
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Motivation: Marine Riser Vortex-Induced Vibration (1/3)

Key hydrodynamic coefficients Cy , Cyy, , Cipy,

Is affected by many parameters, such as

1. amplitude; 2. frequency; 3. roughness; 4. Reynolds
number

C=C(fsfy,Ax, Ay,0,Re ..., Xp)
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Motivation: Curse of Dimensionality (2/3)

C = C(fx,fy,Ax, Ay, 0,Re ..., Xy )
If n =8, and 10 experiments each x,,:

10 X 10 X - X 10 = 1Q8
|

950 Years for 5 min each
experiment.
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Motivation: Dream of a lazy fluid enthusiast (3/3)

enthusiast
Once He dreamed a smart

Perform, analyze and design
experiments smartly and
automatically...
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A Reflection on Research (1/4)

(x,2")?

207}
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k(z,z') = U%fﬂ.’!:p( —

KX.X)+g,1 KX,
fy*]“'N (0' K(X,)Z): I K((X*,X*)))

|
|
L _____

prediction uncertaint
y

C. E. Rasmussen & C. K. |. Williams
(2006)
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A Quick Demo (2/5)

y = (6x — 2)*sin(12x — 4)

y = (bx — 2Psin(12z — 4)

y = (Bx — 2Psin(12x — 4)
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1. The first Reynolds effect CF datab:

ITT Applications (4/4)

11T used to learn the hydro-
dynamics of a CF vibrating

cylinder from Re = 1200 to
Re =19.000

BB R g P TR

D. Fan, et al., 2020
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4. The first DRL application in

bluff body active flow control
D. Fan, et al., 2020

e

The architecture of healing ps6
Electric cars make 80me noise p.66
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The Robot Scientists Are Coming. But That's Not a Bad Thing
---- By Discover Magazine

Beta Writer
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A Machine-Genera ted Summary of
Current Research
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Motivation: Aerial / Agquatic Transportation

Photo Hydroid Marine

- .
B e

Thrust
e
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NRL 2015

Drews et al. 2014 Lift 1 1 1
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Inspiration from Nature

Flying-Only

Swimming-Only

Dual Aerial/Aguatic

MATLAB
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Flying Underwater

MATLAB
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Puffin’'s Strategy on Flapping Wings

* Air: enough lift to balance weight (undersized wing)
» Water: enough thrust to overcome drag (oversized

wing) D
28m
Wing Trajectory Figure-Of-Merit: ';
) 0.0215 m?
Df M. Kikuchi, et al., JEB, 2015
e —— ——— N~
0.13m

I 2
Thrust = 2 Pwater Uwater Afusela,ge CDf

' 0.0093 m#
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One Minute Flapping Foil Theory: Symmetric Flapping

Force

ILift

Mean Thrust

Heaving & —
Pitching Foil Tail

Y‘ .., }mS(Lift) = mean(Thrusti

X From G. Lauder
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Non-Symmetric Flapping

Earth Coordinate

Animal Coordinate

20

Izraelevitz, et al. 2014



Challenges in Flapping Folil Vortical Flow Control

Angle of Attack (Degrees)

Angle of Attack (Degrees)

507

40t

30

20

101

_10,

-20

w2

m

3m2

Flap Phase (Radian)

2m

™2

m

3wz
Flap Phase (Radian)

2m

Downstroke Trajectory
= Jpstroke Trajectory

=Measured Force

MATLAB

0 1 2

= Downstroke Trajectory
== Upstroke Trajectory
—=Measured Force

3

m

S 15F

(=)

{

@

| 1_

°

2

S 05f

X

& of

|—

w

8 -05+

5

<

c -1r

S

3 I

S -15
-1

m

5

2 15

Q

—

T 1r

Q

_'Z

Q o5

=

@

~ of

o

8

S -0.5¢

<

c

g -1r

®

[=]

o -15f
-1

Position Down Tank (Chord Lengths)

21



MATLAB BEXIPPO

Outline

= Automated Science with Intelligent Towing Tank

— Problem to Solve: Marine Risers Vortex-Induced
Vibration

— Making Friends with Uncertainty: Gaussian
Process Regression

— A Peak into the Future with Robotic Scientists

= Next-Gen Bio-Inspired Aero/Aquatic Vehicles
— Challenges in Dual Aerial / Aquatic Propulsion
— Flapping foil vortical flow control

— Inspired by nature: a peak into the future
flapping foil/wing actuator

= Bottom up: Al for Fluid Experimentation

22



Future challenges: Robotic Control

TV-LQR
Control

MATLAB BEXIPPO

Lo
Trajectory i
1
1
1

Optimization ﬁ\\_
.

23



MATLAB BEXIPPO

A cute example: a gentle touch on the water
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A cute example

Environment

State / Hybrid-dynamic\
—— Force model

N

Aerodynamic
Forces

Hydrodynamic

—————————————————————————————————

actions
5 Pk

Update 0 !' -
a) Hydrodynamic force on webs; Reward _1 4.
b) Aerodynamic force on wings; : é‘ | ;
c) Aerodynamic force on the body; Q-value i & rtwarki i
d) Aerodynamic force on the tail. ” !

Update ¢»
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A cute example

>
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Physics-informed (and -informative) Learning for Fluid Mechanics

Statistical
Learning

Computation - Experiment

& Modeling & Fields
Exascale probabilistic computing
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