Convective effects:

Slow sound in lined flow tlucts
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“Slow sound”

Co =
P €~ density
The speed of sound
* decreases with decreasing stiffness
* decreases with increasing inertia
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o compressibility
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Slow sound with uniform flow

Lined wallj

Rigid wall

x Normalized linear and
losseless equations

Dip=—-V.v
DtV = —Vp

convective derivative:

Dt :3t—|—M(9w

velocity potential:

v=Voyp

D2p - V2?0 =0 for
Oyp =0 for
Oy = —D(CDyp) for

O<y<l1
=0
y=1
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Slow sound with uniform flow

Rigid wall

C(x)
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Oy = —Dy(CDyp)
for y =1
Ingard-Myers condition:

pressure and transverse

displacement are continuous
at the boundary

Compliance:

_ tan(b(z)w)

w
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Slow sound with uniform flow

velocity potential

¢ = Acosh(a y)ei(k”_“’ t)

Dispersion relation

Rigid wall tan(bw)
£ D(w, k,) = atanha — ———>0?
a? = kfc -2
Q=w—-Mk,
Wave Propagation in Complex and Microstructured Media Y. Aurégan' Guided Waves & Flow Interactions 27
Cargese, Corsica - August 20th - 30th, 2019 ) .

Slow sound without flow
Dispersion relation no flow (M=0)

b
tan(bw) 2
w

D(w, k) = atanha —

Quarter-wavelength
resonance w = 7/2b
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Slow sound with uniform flow
Dispersion relation with flow

D(w, k) = atanha — tan(bw)

QZ

w

2=k2-Q? Q=w-Mk,

b=3.33
0.4 |

0.3 .
2 real solutions of

o2 ___>/ \ D(w,kx) =0

4 real solutions of
o1 | M"\L / D(w, ky) = 0
0 L 1 1 L 1 J
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Slow sound with uniform flow
Dispersion relation with flow
tan(bw)

w

2=k -0 Q=w-Mk,

D(w, k) = atanha — 02

Region of

/one way
propagation

!

Diode
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Experiment with slow sound and flow

Everyone knows, that there is a high

risk of whistling. And indeed, a
whistling occurs during experiments.
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Experiment with slow sound and flow

To avoid whistling, the cavities of a cylindrical diode are
filled with porous material.

=N
<
In cylindrical geometry the effective 71 15 0.29
sound velocity is given by: Ce = — = = =VU.
Vise Y T2 70
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Experiment with slow sound and flow

Cylindrical computations

0 . . . .
-15 -10 -5 0 5 10 15
Ky

Wave Propagation in Complex and Microstructured Media Y. Aurégan' Guided Waves & Flow Interactions 33
Cargese, Corsica - August 20th - 30th, 2019

Experiment with slow sound and flow
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Experiment with slow sound and flow
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02 Diode
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