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Insertion loss by bubble layer surrounding a spherical elastic shell
submerged in water
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ABSTRACT: Acoustic radiation from a submerged elastic shell with an internal fluid surrounded by the bubble
layer is studied with the modal theory. An omni-directional point source located on the center of the internal fluid
is used as acoustic noise source. The unknown coefficients of modal solutions are solved using the interface
conditions between media. To preserve the stability of the modal solution over wide frequency ranges, the scaled
technique of modal solution is used. The bubble layer is modeled with four kinds of bubble distribution; uni-modal
distribution, uniform distribution, normal distribution, and power-law distribution, based on the effective medium
theory of Commander and Prosperetti. For each bubble distribution, the insertion losses are mainly calculated for
the frequency. In addition, the numerical simulations are performed depending in the bubble void fraction, the
material property of elastic shell, and the gap between the bubble layer and the elastic shell.
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Fig. 1. (Color available online) Spherical coordinate
and multi—layered spherical shell system,
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Table 1, Hyper—parameters for bubble distribution
functions (BDF),

Hyper-parameters Values BDF
Bounds of bubble radius |[300 um, 3000 um] All
Mean radius 1500 pm Egs. (3), (5)
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Fig. 2. (Color available online) (a) Four kinds of bubble
distribution functions (BDFs); (b) sound speed and
(c) sound attenuation in the bubbly fluid for each
BDF as a function of frequency (Note that Fig. 2 in
Ref. 1 was to plot Ze(w/k,). It is an error and

different from the sound speed of w/Re(k,,) shown
in Fig. 2(b) of this paper.).
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Fig. 3. (Color available online) Comparison of mode
solution and COMSOL solution for 200 Hz and 1 kHz
frequencies.

oth. 4= kHz &S afj 43 ofl, Uyt YA H o)A
of A COMSOL2 &t RER 4= Al7te] Ae]=
o, 343l 5% ol 2 At 7Hs3)

A
v AI'OI_I.__IAEI

713250l 2T At lEA S 712 Fol LS o ¢F
p)a} 71Z30] RS A=-(p,. )] BI= off
o o] A eJgith

IL==20log)g| —— 15)
pr‘ef

SA, 4RIl v A )% B vl A o

T dofu) A3 54 molg Stk A

AL YWEGA|/ 7] EZ/Q B8 A) 2 Y2+ 7)

A7) 32500 2 A EA 179

SE O] FL3E=Table 18] -3 ARG o, F=H| =2}
Z}0.132+0.001- A2t 5 -4 9] REA| &2
4.7mo|, 7| 3Z-0] FA= 03 m= 7Y et A}
+ Fig. 4of| ATt
Fig. 4= Fafpof| ThE AFYEAE EAEE A 0]
t}. Fig. 4@)¢t 4(0)= B, oF
719] 7327} H2 S uf, A gl<EAl SAo] Hop R e
HAA = A & 5 AUtk o] A2 TY 7|3 A 5
Lho] Fubae 2 Ve 33150429 81171 of 2
A719] 7|27t 2T = §2 tf o] ZAA &
AtE] o] Uehb7] wizolth @ 7|29 31 F=uf
420} 713237 9] A= o2l 2] Minnaert S} 4]
© 2 7hhs] FAE 4= Qlek

3y

[ (16)

Wy

Q|

A7|A yi= FAY BlE A, B T FA19
g, p, =AY Y=ot Minnaert 5-1+== Eq. (2)
2] Commander®} Prosperetti %2 2] 32| Z=11}=0] A]
ﬂiqﬁﬁﬂaETM&ﬂHT%%4€%§W
DoJ A= Fup=0t 5 A sttt o] A2 F R Fuket
7|32 2719 J_'—]fﬁ"% rstA atotel wf {85}t
Fig. 4ol A ©d 7] 32832 O] FX5=3}k4>= Eq. (16)
2

A AEEE AL 2 4 ok B T
ahgs A oA ARGlEAle] ZHg 2 AL BRI 4
olet.
SELEEE LR MRS
AFQIEALT A AR 0| 2 AT Tl
BEAY 5 SAF 7| 2 4] o]t
olo] H3) FULELE 2 7| ZHE 2L 7| EAA
FE oA B Areliae] Arael A7)k
Ao} Ayt Fo Hr} yojAt 21 2 5 ik
THE o] |3 AF9eAl TAlo] HFukE 0 2 oz
o153k A& B el Alo] ALg T AT Eel A 7] 2]
Pu Tt SR EA] 7| 2] Bito] B ] dE
ofch. Bighg: O] AR Alo] FEEEA Y v
HA A AL GASIE AF) enct nF
5} Gl A AelEAlo] L AL B 4 glr o] A
& B 5 AR AL 7| Eol ) o 71

The Journal of the Acoustical Society of Korea Vol.41, No.2 (2022)



180 ol23k o] Hel, w4

Void fraction = 0.1

4000
(a) I ~—Eq.(3)
3500 Eq. (4)
H Eq. (5)
3000 Eq.(6)
~ #
[=1] b
= 2500 |
N i
ks ht
= 2000 It
R
5 1500 -
z
1000
500
0 -
102 10! 10° 10! 10? 10
Frequency (kHz)
Void fraction = 0.001
4001 () Eq. ()
—Eq. (9
350 | ¢ Eq. (5)
I ——E0.(6)
3001 t
@Q
Zosef I
= b
= 200 it
S I
E i

102 101 10° 10! 102 103
Frequency (kHz)

Void fraction = 0.1

(®) %

100

80
———Eq.(3)
—ra 0| |U

| |']

60 Eq. (6)

Insertion loss (dB)

o

10”2 107! 10° 10! 10 10°
Frequency (kHz)

Void fraction = 0.001
‘k

Insertion loss (dB)

-20 - .
102 101 100 101 10%
Frequency (kHz)

”
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Table 2. Elastic property of steel and FRP used in
the numerical examples,

Property Steel CFRP
P-wave speed (m/s) 5600 8300
S-wave speed (m/s) 3100 2600
P-wave attenuation (dB/\.,) 0 0
S-wave attenuation (dB/\s) 0 0
Density (kg/m’) 7700 1410
400 T T T
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Fig. 5. (Color available online) Effect of the material
property of elastic shell on the insertion loss.
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Fig. 6. (Color available online) Insertion loss for the
thickness of outer fluid 1. (a) the case that the
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as 0.3 m, and (b) the case that the thickness of
bubble layer is set to be 0.3 m. BLT means bubble
layer thickness.
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