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Motivation

» TS wave opposition control

» low electrically conductive
(Wehrmann 1965, Milling 1981)

fluids (seawater)
» electric and magnetic field

\ \ = (oscillating) Lorentz
A A ﬁ \ ) / \ force
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Problem description: Computational domain

» laminar inflow, Re = 585
Lorentz

» 2-D/3-D DNS, SEM force
» FH =108

TS wavesf/’/

sponge
layer

actuator

disturbance strip

Optimum parameters?
3-D force < control 2-D waves?
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Lorentz force: Two parameters Z,.s, a

1
gl:—l-(u Vu = —Vp—i—EV%—i—F sin(wt), F ~ Zexp(—my/a)ex
F. amplitude Z,s = j%:;iUMozf Penetration depth a
8 8

0 0.5 1 0 0.5 1
normalized force normalized force
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Wave superposition

107
zzﬁf;fo > for a =4.5:

< best Z,ms = 0.27
‘qo; » max. rms-value
= of u/(x)
[<% -3 |
% 10 = wave
v amplitude A
g
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Wave superposition

rms 0 » for a =4.5:

best Z,ns = 0.27

» max. rms-value
of u/(x)
= wave
amplitude A

10

wave amplitude A

» damping
measured at
x = 170: 95%

10
200 -100 0 100 200

x x=170
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Optimum actuator length

Variation of penetration depth a

0.8 | damping:
0.6 t
g » global max. 97%
N 0.4 at a=>5.5,
02 B Zrms = 04
5 for45<a<75
S 901
£
Q.
E 80
T 70+t

a/ 9
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Variation of actuator length L4

» actuation only

N
v

max. amplitude if
La=3irx=18

[N

» amplitude A
~(=L3)

, . > elec. power required

~(-0.160L + 5.77L 5 - 4.55) / 10" PrLp-Zms

actuator length L ,

a=>552Z,=04

wave amplitude A/ 107
N
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Optimum actuator length

» elec. power required
P~ LA . Zrms

» wave amplitude
A~ ZrmSa A~ (7L§\)

. A(18
> ming, P=Lx A((LA))

> optimum:
La=533~ 1A

wave amplitude A/ 10°

~(-0.160L3 + 5.77L, - 4.55) / 10°

5 10 15 20 25 30 p Zm(8) _ 55
actuator length L ,

a=>552Z,=04
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Inhomogeneous force (3-D)

Wave cancellation using inhomogeneous force (3-D)

“realistic” Lorentz force,
a=>5.>5 2Zms =04 actuator
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Inhomogeneous force (3-D)

Wave cancellation using inhomogeneous force (3-D)

vortex visualization by A,
“realistic” Lorentz force, a = 5.5, Z;ns = 0.4
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Wave cancellation using inhomogeneous force (3-D)

vortex visualization by A,
“realistic” Lorentz force, a = 5.5, Z;ns = 0.4
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Wave cancellation using inhomogeneous force (3-D)

——actuator

0%}

wave amplitude A

-5 L \ \ \ \ \ \ \
10
-200 -100 0 100 200 300 400 500

X

“realistic” Lorentz force, a = 5.5, Z,ms = 0.4
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Wave cancellation using inhomogeneous force (3-D)
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10 T » damping
72D, no act. “;‘ delayed

fﬁ actuator ‘,‘
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“realistic” Lorentz force, a = 5.5, Z,ms = 0.4
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Wave cancellation using inhomogeneous force (3-D)
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10 T » damping
2D, no act. delayed
<<E 3 actuator :‘; > spanwise modes
< 103 ¢ .
2 10 —3-D peak amplitude’ rise & decay
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“realistic” Lorentz force, a = 5.5, Z,ms = 0.4
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Wave cancellation using inhomogeneous force (3-D)

wave amplitude A
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10 T » damping
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ator o spanwise modes
107 | 4 rise & decay
-D peak amplitude:
.1 » damping at
x = 170: 95%
10" (2-D: 97%)
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“realistic” Lorentz force, a = 5.5, Z,ms = 0.4
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Inhomogeneous force (3-D)

Conclusion

Oscillating Lorentz force

» can reduce TS wave amplitude
» maximum damping 97% (2-D) at a = 5.5 and Z,;,s = 0.4
» optimum actuator length ~ %)\

» more realistic force distribution: 94% (3-D)
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Inhomogeneous force (3-D)

Thank you.
Questions?
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Is detailled actuator modelling necessary?

Is detailled actuator modelling necessary?

spanwise averaged Lorentz force:

=ocEx B
~ Ne~™/2g,
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Is detailled actuator modelling necessary?

| — expdnentia) Lorentz force )
41— reference » small phase shift
3.5°

2 .
o » damping: 94%
3 0 (reference: 97%)
‘3

2

-4 actuator
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x /9
(La = 18)
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Is detailled actuator modelling necessary?

Problem description: Relative to neutral stability curve

300 T > F+ =108
250 [ » laminar inflow at
Re = 585
200 ¢ disturbance input | » disturbance input at
+ Re =~ 700
w 150 ] .
ouflow » actuation at
100 }. ' Re ~ 880
inflow
50
actuation
O L L L L
500 700 900 1100 1300

Re
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Is detailled actuator modelling necessary?

Lorentz force: Actuator geometry

104-

10
FLl[N/ImS]
low elec. conductive media:
F = jxB=Fe,
j = o(E+uxB) Gailitis, Lielausis 1961
6 = Eof(UnBo)>1 0795 +vO0 = 00 4 7e
F = gjo/vloe—%y Z= M =1
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Is detailled actuator modelling necessary?

Evolution of the cancelling wave

Y/ 01
SO ~N N W N OO0 O N

actuation
only:

x=10

—no actuation

3 0

I -3 I -3
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Is detailled actuator modelling necessary?

Dimensionless numbers

» Navier-Stokes

Ju 1
7+(UV)U——VP+%

ot V2u + Nexp(—7y/a)ey

» Interaction parameter

7 2
_ Lorentz f._ joBy No £ ( T >
~inertial f.  pUZ Re

» modified Hartmann number

_ Lorentz f. JoMoa?

~ viscous f.  8mpUsov
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Is detailled actuator modelling necessary?

Wave superposition

no actuation, LG » for a = 4.5;
=0 i best Z,ms = 0.27

rms ! it

EN

vel. fluctuation u'/10'3
IN o

-8
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X
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Is detailled actuator modelling necessary?

Wave superposition

8
& no actuation, L » for a = 4.5;
2y ’:rmsv_‘:o A best Zyms = 0.27
:E 6”51 » max. rms-value
3 - 0.32 of u/(x)
3 0 0.27 1 = wave
S amplitude A
=
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X
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Is detailled actuator modelling necessary?

Wave superposition

107
zzﬁf:fo » for a =4.5:
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Is detailled actuator modelling necessary?
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