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Vortex sound analogy

For a perfect fluid

where

Continuity equation 

Euler equation in
Crocco’s form

is the stagnation 
enthalpy

Acoustical Analogy for stagnation enthalpy (Powell-Howe analogy) 

(Powell 1964, Howe 1975, Möhring 1979, Doak 1995)
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Vortex sound analogy

For low Mach number, at the order
Powell’s simplification

Propagation

Sources

Wave Propaga+on in Complex and Microstructured Media 
Cargèse, Corsica · August 20th - 30th, 2019 

Y. Aurégan: Guided Waves & Flow Interac5ons 51

Vortex sound analogy

Coriolis force 

It acts as a dipole

For a periodic acoustical field, the acoustic power is given by

For Powell’s simplification

P =

Z

⌦

D
~fc .~ua

E
dV = �

Z

⌦
⇢0 h(~! ⇥ ~u).~uai dV
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p
<latexit sha1_base64="NQzaJo4k1TrBdEKj7RUr9Xj1iig="></latexit>

Trapped mode

Resonator with grazing flow

Video from 
TU Eindhoven
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Sr =
tf
ta

<latexit sha1_base64="PNpqJ8e7j76A4t2eHxLUEJ4/hQs="></latexit>

Resonator with grazing flow
Concentrated vortex model hypothesis :

l A vortex is created as soon as        becomes negative

l The vortex move with a constant velocity

l The vorticity increases linearly

Strouhal
number ua<latexit sha1_base64="CGLDWLF2G6zn/zCkZx4p4wrJNuA="></latexit>

U� = 0.4U0
<latexit sha1_base64="MfgJ8tzUtuXItAieUUO7QL3ayhw="></latexit>

+me for the vortex 
to cross the slit (W )

<latexit sha1_base64="Nejf3o+ZYpgTEW9WUp1SjK2mNaw="></latexit>

acous+c period

Sr =
fW

U
<latexit sha1_base64="nC2ayLNzfcFNKxbtFrK9uWHFDvo="></latexit>
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Resonator with grazing flow

ta
<latexit sha1_base64="31/3WSbmSYTlpQ13CyMvBns1i7Q="></latexit>

~fc
<latexit sha1_base64="04mtKMD+5gnu9XkO7XKPgK4yjeQ="></latexit>

~U�
<latexit sha1_base64="I4gZUF1qs9FAaVmOY8zYWDby3rw="></latexit>

Loss

~fc = �⇢0 ~! ⇥ ~u
<latexit sha1_base64="cF/q/nw2ac7lYUj4QaD0HW6uMI0="></latexit>
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Resonator with grazing flow

ta
<latexit sha1_base64="31/3WSbmSYTlpQ13CyMvBns1i7Q="></latexit>

Loss

Gain

tf = ta
<latexit sha1_base64="0+oeW3Kpp6EYL25uvQbJlViSlxg="></latexit>

S� =
fW

U�
= 1

<latexit sha1_base64="nLEn1xT/Lj5W0LQouWOMy+AIWYU="></latexit>
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tf < ta
<latexit sha1_base64="v1Wzo/W7RSSDTKwcBYLwjKtbUDs="></latexit>

S� =
fW

U�
< 1

<latexit sha1_base64="cDVexmBA4V2qhKZ8Ae5pwsBPQL4="></latexit>

Resonator with grazing flow

ta
<latexit sha1_base64="31/3WSbmSYTlpQ13CyMvBns1i7Q="></latexit>

Loss
Gain

speedy vortex
~fc
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S� =
fW

U�
> 1

<latexit sha1_base64="6UJuysnXXotC56liyz2UBvSB6so="></latexit>

tf > ta
<latexit sha1_base64="rEy4UpeuE2A1meYhU7BcKyiZlnM="></latexit>

Resonator with grazing flow

ta
<latexit sha1_base64="31/3WSbmSYTlpQ13CyMvBns1i7Q="></latexit>

Loss
Gain

slow vortex~fc
<latexit sha1_base64="04mtKMD+5gnu9XkO7XKPgK4yjeQ="></latexit>~fc
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Resonator with grazing flow
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S� =
fW

U�<latexit sha1_base64="JPrO+HPdpSp0xX8/H24jgTbv9DI="></latexit>
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Resonator with grazing flow

U0

U0

f0W

0.8
<latexit sha1_base64="0Ahgp4/e9Z/LPqajb3nvCmYBASY="></latexit>

f0W

0.4
<latexit sha1_base64="bbeuhn1lPONlgpkGE94RduNcME8="></latexit>

f0
<latexit sha1_base64="XQxZ9Z6miCq8Yh80Ozp2vaOIGio="></latexit>

f
<latexit sha1_base64="u1ScfGBDhgvlxMKYtZhKluRpy9A="></latexit>

pf
<latexit sha1_base64="FKh5XyIaeWaZUFGfx4B/CVtqXM4="></latexit> pf

<latexit sha1_base64="FKh5XyIaeWaZUFGfx4B/CVtqXM4="></latexit>

1st hydrodynamic mode

2nd hydrodynamic mode

Sr =
fW

U0
= 0.4

<latexit sha1_base64="eVCHxI8LWvSc5X3WdKPfX86do5U="></latexit> = 0.8
<latexit sha1_base64="14+67KpcAaTuk/CSvInGZx/sfmE="></latexit>

...
<latexit sha1_base64="8kssYCn81ZVNtXkNTTXLvpf+vb4="></latexit>
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Vortex sound
Volume V

U0

L

S

R

Whistling condition :

f0 =
c0
2⇡

r
S

V L
<latexit sha1_base64="5YTMurDGkYCwX/f3Xu24/e1aCxk="></latexit>

jet

Poten+al
flow

Sr =
f0R

U0
= 0.3; 0.6; ...

<latexit sha1_base64="Ukj38ZSBQshmeJmIeK7JCAWfgfg="></latexit>
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Vortex sound

St
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Sc
<latexit sha1_base64="RUjUiChW2+K5v0mKQZ1fCW+hJpA="></latexit>

uc<latexit sha1_base64="vmbLKnIuUG56DxYe62Z+WtaMFBU="></latexit>

u1<latexit sha1_base64="XsC+T5DLj1JocEVBjfZz2LqBNw8="></latexit>

u2<latexit sha1_base64="Xc26yOT0qvATUmGmUeMVTw4/d5I="></latexit>

L2
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<latexit sha1_base64="99rY4hpfim7h+48Re/KbXePZJ80="></latexit>

�p
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=
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✓
1
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+

1
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uc

�p
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1

Z1
= j tan(kL1)
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= j tan(kL2)
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ZR = jklc +
Sc

jkV
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r
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