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The speed of sound
• decreases with decreasing stiffness
• decreases with increasing inertia
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Slow sound with uniform flow
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Normalized linear and 
losseless equa6ons

velocity poten+al:

Dt = @t +M@x

v = r'

convec+ve deriva+ve:

Dtv = �rp

Dtp = �r.v
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@y' = 0 for y = 0
@y' = �Dt(CDt') for y = 1
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Slow sound with uniform flow
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@y' = �Dt(CDt')
for y = 1

Ingard-Myers condi6on:
pressure and transverse 
displacement are con+nuous 
at the boundary
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C(x) =
tan(b(x)!)
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Slow sound with uniform flow
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1
b velocity poten+al

D(!, kx) = ↵ tanh↵� tan(b!)

!
⌦2

⌦ = ! �M kx

↵2 = k2x � ⌦2

' = A cosh(↵ y)ei(kxx�! t)

Dispersion rela3on
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Slow sound without flow
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Dispersion relation no flow (M=0)

D(!, kx) = ↵ tanh↵� tan(b!)

!
!2

↵2 = k2x � !2

! = ⇡/2b
Quarter-wavelength 
resonance
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Slow sound with uniform flow
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4 real solutions of
D(!, kx) = 0

2 real solutions of
D(!, kx) = 0

Dispersion relation with flow

D(!, kx) = ↵ tanh↵� tan(b!)

!
⌦2

⌦ = ! �M kx↵2 = k2x � ⌦2
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Slow sound with uniform flow
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Dispersion relation with flow

D(!, kx) = ↵ tanh↵� tan(b!)

!
⌦2

⌦ = ! �M kx↵2 = k2x � ⌦2

M
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Region of 
one way
propagation

Diodeor b "
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Experiment with slow sound and flow

Fake photo

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 cavi+es of a cylindrical diode are 

filled with porous material.

ce =
r1
r2

=
15

70
= 0.22

In cylindrical geometry the effec+ve 
sound velocity is given by:

L

r1
r2
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Experiment with slow sound and flow
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Cylindrical computa+ons
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Experiment with slow sound and flow
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Experiment with slow sound and flow
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