SAPEM 2014, December 16-18, Stockholm

Acoustic propagation in liquid foamd

J. Pierrel:3, B. Dollet3, W. Drenckhan?, C. Derecl,
R.-M. Guillermic?, A. Saint-Jalmes3, C. Gay?, F. Elias?, V. Leroy?

1- Laboratoire MSC, Paris, France
2- Laboratoire Physique des Solides, Orsay, France
3- Institut de Physique de Rennes, Rennes, France

Ong

Ipr  (PS

ORSA‘Y/




"HS% & (#) %"

"#PAR" () +,#+-,&'-%.
v N$)%'H#1%* 2-3-1-'#1"-1&.,(&-45.
o 677)8%)'9%$'4%.
o D'4*#(0%.
X 9%'4*:#(0%.



"HS% & (#) %"

"HPNR" ) *+ #+-,&'-%.
v N$)%'H#1%* 2-3-1-'#1"-1&.,(&-45.
o 677)8%)'9%$'4%.
o )'4*#(0%.
X 9%'4*:#(0%.

[=+-,0-1&()*4">"$)&"-%. E+-1*9$-%&#1%.
0! (& #1?)8*(@-1$(&'17*. o! F%"#3%*#,*&C-,00*(@-1$(&'#1G.
0! A1%&(7)-*. 0! H#)-*#*%$,;("&(18&%G.

0! B( 4*&#*"(:( ("&_ D-. o! /I-"&'3-*3-)#"&8G.
o! 6$77)-*-%#1(1"-G.



"H$%& ()%

<'9%'4*#(0*%&,$"&$,-.

(membrane)

liquid | |
channel
(strut)




S ()96 oo e eHL

<'9%'4*;#(0*%&,$"&$,-.

‘1 Shiadbal

(membrane)

liquid | |
channel
(strut)




S ()96 oo e eHL

<'9%'4*;#(0*%&,$"&$,-.

(membrane)

liquid | |
channel
(strut)

6$77)- 96'DO-(%$,-0-1&.

100

80

60

40

Number of bubbles

20

0 ll ~ N
0 20 40 60 80 100

Bubble radius (um)




l,-.&"(.+0'1. |

| loudspeaker

-
@l

Ul eikow
microphone
U2 e — ik() €T I
air
sample

/

imaginary part
_O . 6 1 1 1 | 1
0

1 2 3 4 5 6
frequency (kHz)




1,-.&/"(.+0'1. |

d

~ loudspeaker

zl " . sound attenuation

A]6

< N

|
| : density "'@ """

Urleikom

U2e—ik()'1:

J"g

microphone

_air

_ sample

Cxd
°
o
uoo"'.. .

........ L //(\\\

............ i~ x| V: sound velocity

L

~

peak 6

—0.4f

¢ imaginary part

-0.6 : ' ' ' '
0 1 2 3 4 5
frequency (kHz)



l,-.&/"(.+0'1.

F-)#"&8H" *4-1%'&8.

v (m/s)

65

K'=&$,-*)(L.

/I

50

|
100

150
| (kg/m®)

|
200

|
250

|
300



4)56+7%.8."().9 |
A)&,(%#$14*2NOPNOO*QBDS.

I
—_

RS*T'-,,-*-&*(H$%E&""()*+23*2VOWX

Complex transmission!

o M WE TR Attenuation and velocity

6$77)- 96'DO-(%$,-0-1&. 5

100

€
0.5mm 3
N
80 f 4
. S
% n
S 60 _g
Q0
5 a3
CT) | -
Q 40} c
5 ks
©
20 f (b} 2
-
0 II = N
0 20 40 60 80

Bubble radius (um)

0-

o

o

o

in the foam!
21
- (¢) e
o .- - 10.
e lo.
’,’ (@)
-7 °
e -./'/-" ——————————————————————— e 0
L o O/O [ J
o 10.
(" 1 1 ] 1
0 20 40 60 80 100
Time (min)

» o o™
3 AyszadsipATod

N



4)56+7$.8'."().9 |

|@-1$(&'#1*(14*3-)#"&S8. J#(0.

35 | 32 m/s | Surfactant = SD3
30/ S (mixture law) ! ® = 10%
25 /e Bubble radius:!
20 g 2 min -> 15um!
15 e
10 #

Re(k) (1/mm)

0 100 200 300 400 500 600
f (kHz)



4)56+7$.8'."().9 |

|@-1$(&H1*(14*3-)#"&S.

35
) e— |

30| ;< 32 m/s!
—~~ /I .’. I
E 25 220 m/s!
=20 /. |
g S & T2 min l _
%‘; 15 oo 39 min > i
o 10¢ ?';DE . ‘ | jmnjum‘: .

51/ ez 90 min

0« .

15/ ® o
£ o %

>

g 10+ o0 o
~— o o ®
< © g
g Do .0.. Boggo -

5 80"‘ Dmgnuuﬂucunomunnumcunamu o, ©

Ky
00 100 200 300 400 500 600

f (kHz)

J#(0.
Surfactant = SDS
é = 10%
Bubble radius:!
2 min -> 15um!

39 min -> 34um!
90 min -> 45um!



Results!

Dispersion relation (rescaled,Rg = 40 ym !)
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Results!

Dispersion relation (rescaled,Rg = 40 ym !)
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Model: role of the bIms !
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Model: role of the blms !

Effective density! pPeff = @’pg + (1 — q))pg
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Model: role of the bIms !
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Model: role of the blms !
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