Optimization for boundary
layer flows using DNS
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Motivation
 Examine stability of flows in complex geometries :3
- Spatially growing boundary layer C)
- Jet in cross flow val
- Parabolic Leading edge LL

Prohibitively large eigenvalue problems

o

S
FKTHS

VETENSKAP

&, verensar g Matrix-free optimisation methods can help with
™ - Asymptotic stability (modal)

OF TECHNOLOGY - Short time stability (non-modal)
- Designing controllers
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Problem Formulation

* Linearized Navier-Stokes :g
du = —UVu — uVU — Vr + Re~'V2u &)
e 2D Base flow: 15
- Bl.asius floyv ol | lL
- Fringe region s
5r 4
ﬁ
m e —
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FKTHE B State-space formulation . Res; = 1000
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- Define pressure through Poisson

s

AL AT =V - (—(U-V)u— (VU)u) = 7= Ku

ou=—UVu —uVU — VKu + Re"'V?u = Oiu = Au

e Choose a norm (a,b) //deth

* Define adjoint  (p 7u) = (7'p,u) + B.T.
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Optimal Disturbances
using Lagrange approach .g

Looking for the initial condition that optimizes the energy of the

final condition. C)

* Governing equations and objective function

dyu = Au J = (u(T),u(T)) u_
® Lagrange functional
S4B, £ = (u(T),u(T)) - / (P, (9 — Ayu)dt — A(p(T), u(T)) — (p(0), u(0)
0
FKTH% o
g vermuoe & Lagrange multipliers: p and )

s

orrecinoioay  ©  Variations of the Lagrange function
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L _ (Z9,+ Ay =0 - DNS of NS
op
0L _ (—g,— ANp=0 — DNS of Adjoint NS
ou t
oL .
0L (p(T),u(T)) - (p(0),u(0) =0 = ICfor the Adj DNS

O\
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Optimal Forcing

Looking for the time periodic volume forcing f that optimizes the time 'g
integral of the kinetic energy of the response at the asymptotic limit -

« Governing equations and objective function = !mportant! Time of C

[
T integration T must be )
ohu= Au+f exp(iwt) J = / (u(t),u(t))dt @ large -> All the transient .J
® Lagrange function =

behavior has died out. lL

T T
ﬁ: L= (u(t),u(t))dt — / (p, (0 — A)u + fexp(iwt))dt — A((f,f) — 1)

g =% ’
B, KTH 8 < Variations of the Lagrange function

S 008
ROYAL ISTITUTE % = (_at + ./4)11 + feXp(u‘Jt) =0 - DNS Of NS
T oL Adj DNS of NS forced by

Su (0 — ANp +ul =0 - forward solution

5 T o "
5—? = / (pexp(—iwt))dt +f =0 mmp Optimality condition
0
* Equivalent eigenvalue problem to be solved

(iwZ — AN (iwT — A)7H = Af
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Results for initial conditions

Disturbance Response
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Results for initial conditions

(Arnoldi) :g

)
Eigenvalues gives energy 304 C)
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Results for forcing
Forcing Response .g

mms = 0.021121 rms = 72049.1798
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Results for localized forcing

Forcing Response

N | rms=0l-030734 | s | rms=13l995.7546 | :?
10f ] 101 7 C)

= s | =

0 | | | | di @/’/T IJ

0 200 400 600 800 % 200 400 600 800 lL

rms = 1.7002 rms = 133.682
15 ' 15 :
ﬁ 10} : 10 1
nﬁ >
ot g Py _
£KTHS . . . . e
% ocH KoNsT O 0 200 400 600 800 0 200 400 600 800
9 o x X
TR
A : : ) : :
HOYAL INSTITUT (X 10 | Locallseq Forcing | (X 10 ]Tocahsedl Forcmgl(scaled)l
OF TECHNOLOG'
51 51 -
4t 4f .
O 3 O 3 1
2t 2t -
1t 1t -
0 1 1 1 0 1 1 | |
0 200 400 600 800 0 200 400 600 800
X B-x

Antonios Monokrousos 10




Santa Margerita Ligure October 2008

Conclusions :‘;
o | wad
e TS-mechanism gives more growth than lift-up LL
since computational box is long and initial
position is far down stream
a?@%a
FKTHE _ _ _
Sy oo ronsT o2  Smaller difference between maximum growth in

s

TS-mechanisms and lift-up for optimal forcing
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e Results are similar to previous studies with the
boundary layer equations
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