Chinese Physical Society

M!l ﬂ Acta Physica Sinica

. Institute of Physics, CAS

SIBAFA S 3T B SE F 4 M RO R0
IR OEHIE B

Effect of gas bubble volume fraction on low-frequency acoustic characteristic of sandy sediment
Wang Fei Huang Yi-Wang Sun Qi-Hang
5| {5 & Citation: Acta Physica Sinica, 66, 194302 (2017) DOI: 10.7498/aps.66.194302

TEZ 7% 132 View online:  http://dx.doi.org/10.7498/aps.66.194302
2114 %% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/119

A RERR ARy B A S E
Articles you may be interested in

IR P ) T X S PR B B B K L
Principle and application of diagonal reducing method in the complex noise fields
YH = 4.2017, 66(1): 014304  http://dx.doi.org/10.7498/aps.66.014304

o T ] TR IR AN SR P2 PR T U IS 2 B S s T
A far distance wideband geoacoustic parameter inversion method based on a modal dispersion curve
PP A H%.2015, 64(17): 174302  http://dx.doi.org/10.7498/aps.64.174302

T IK G TE AL RN IR 5 10 73 2 25 S 5 Al

Ordered detection of layered space-time signals based on the propagation delays of underwater acoustic
channels

YH = 4.2015, 64(16): 164302  http://dx.doi.org/10.7498/aps.64.164302

IR BB 7K W 5 U0 M 75 M I AR A
Flow-induced noise calculations for vector hydrophones in towed arrays
YH A 4.2015, 64(15): 154306  http://dx.doi.org/10.7498/aps.64.154306

KR EUbR ) UAR 7S R [ A 2 50 48 L oA 3 s v ) 2

Characteristics of the geometrical scattering waves from underwater target in fractional Fourier transform
domain

Y% 4.2015, 64(6): 064302  http://dx.doi.org/10.7498/aps.64.064302


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.194302
http://dx.doi.org/10.7498/aps.66.194302
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I19
http://wulixb.iphy.ac.cn/CN/abstract/abstract69148.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract69148.shtml
http://dx.doi.org/10.7498/aps.66.014304
http://wulixb.iphy.ac.cn/CN/abstract/abstract65093.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65093.shtml
http://dx.doi.org/10.7498/aps.64.174302
http://wulixb.iphy.ac.cn/CN/abstract/abstract65014.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65014.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65014.shtml
http://dx.doi.org/10.7498/aps.64.164302
http://wulixb.iphy.ac.cn/CN/abstract/abstract64811.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64811.shtml
http://dx.doi.org/10.7498/aps.64.154306
http://wulixb.iphy.ac.cn/CN/abstract/abstract63618.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63618.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63618.shtml
http://dx.doi.org/10.7498/aps.64.064302

) I8 ¥ 48  Acta Phys. Sin.

Vol. 66, No. 19 (2017) 194302

SRS B BRI A MR

I

2 HE VDT

78 A b2

1) (W /RVE TRER S, KA HORH ARG =, IA/RIE 150001)

2) (W& /R LRE R K LRES: B, MA/RIEE 150001)

(20174E 5 A 11 HY®l; 2017 4E 7 A 5 HIKRIER )

T B WL o AR TR ], SRR U R TR R A RS0, SR B AR & B3 52 U AT B 1 75 2
Rt PR 7 SO PR R A B PR TR s i ML B B . IR BMA IR R A AT ) TEE K
WA T RORE B R AR YD T PR S R SR &, 7R A2 1) R N 22 K W 88 s 3 T TR TR
T S A ARMAND BUTAY) 300—3000 Hz AREL A IR A TR 2 (79—142 m/s), IR FH UK T 8832 3K L T
[ — $ R Bl (112121 m/s). 7675 AT AR T U0 i B K S B SR AR N, MR 45 20 i B i,
B FLBR ARSI E SO — P S AR, Bl T /KA S 300 BE AR AU B B R T SR TR R AT
B 2R I I R A, BEOR R T AR R T N B ARG. E I o0 BTAR ZR T R  T X AE B 2 ) BURR A
FR I 15 2 (1) 75 3 AT RIS 2] T YT A ) X 3k i SR AR 4 8, AR E SN 1.07% 2240 5 2.81%.
St P R R R T SR AR - B TR T — OB Tk

SKHRIR): SRR, YRR, A, S AR
PACS: 43.30.4m, 92.10.Vz, 43.35.+d, 91.60.Lj

15 =

T e AR, BRSO Hh AR ) K B S I AT
45 B L R B R B T DUAR A b R Sl AR )
£ DT (B R K A AT R 0 75 2 A R 11 36 F T
PE SR A SEIL. BLA HIRE 50 B SR 32 B 1) T 32
FF Biot-Stoll A5 7 B—10] DL K 3% 45 Y {1 — 6 4% 1F A5
Y5 4 5 250 FE AR T AR Y (effective density
fluid model, EDFM) '], BIMGS A& 45 [12,13] e
e AR (1) SIZ 6 A (L A ) A S B )
5 Biot-Stoll 15 B £ & 14, 4R AT € FEAR SR AT
5, {HRARAI B s 5 AR 22 XK. BT
B H A v 43, A B i A 2 4 1) AN
JE FEIROR, PR IGAR sE m 428 1Y) S 56 35 P05 1 R A
RV IE () B Ak %

SEFRIEEREUTRAY) 57— AN AT R R AU, B

* B R HARIESREG (HHES: 11274078) BEIHEREL.
T #{E/E#H. E-mail: huangyiwang@hrbeu.edu.cn
© 2017 FEYIEF S Chinese Physical Society

DOI: 10.7498 /aps.66.194302

TUR AR Z AN, DU PR E =
RA B, 72 S A WL T i A FLIR
KA IR, TR B K
H B SR AR AR b DL RAR 2 AR
AFE AL PIARANR, W] R R =AY, RIVTAR
H 3] 00 FLES K AN AR, IR A AE 2
VORI P 22 R v A AR BOR ARk, IR A AT g2
AR B S A7 0 B K i 5 e R 8 SRAF AR BB K A 22 11
JEL AL

BT G 7E S 56 5 F 70 /K LR T AR A0 B 7 2
I, ESE R NG VTR BR R, X T
FE U, BT, BT T DO AR A
BUN, & N RE S OK AT YR 0 & 5. Bl
Wilson 45 U1K Vb 1 248 (8] NI #4J5 (K 7K v, JF
AEREE, SR 54 H ) = R B < Kimura 12 5@
R ARV IR G YR B R OB AR S RE P AT RR S
SRR TR B IUAR M A R PR OB T, 7 i

http: //wulizb.iphy.ac.cn

194302-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.194302
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 19 (2017) 194302

WK I KA AR 5 BT 7 DR RE i AR R SR
K, A U A& R FE SR MR M AR 15 BN TR
M, TURAEE SRR GE S Kok T — R 5L
FE L . R — e 0 N 53R R FH R 1 7
R /N RO K AN AR P AT A B 75 5 R 1 1
g 17160 E R S AR R, A B B8 UAR )
AR

St F S A ARM AU, Li%k U748 HA<IE
VR N2 51 YA R IR (ST H BRI R R
AR 7 ) 1 28 B AR AN 2298 1 28 BT 3
S22 S A Ry ok 10% I, X R b TR B AR
R 55 B S0/ . Toth 2 U813 i g 3 dth 72 4l b
(R A T TR R R AR (RO I,
HELU AT B R A LUK ZE 200 m/s IR, BRER
YRR S B ik 3.4%. Ecker 25 191 F1 Ghosh 2 [20)
1) FH 3o 1 5 540 [ ) A TF 7 9 IR DT AR
SRS A YIS . Wilson 25 P 7E S =
HIG T &ARARM AR, R S R A R
HBEAT 7 100—400 Hz A5 Bt P UUAR 90 75 Sl AT HIURE P
WF5E, 152 H A KL N 114 m/s, H TP AR
R

MEA T TAETT LU H, R ITRRA)  BI
AFAE /D (1S, (B UR R AT B 1 75 2 e M 5
Wit AR 2. N T R I R DU AR AT B 1)
SRV S SR R B TR I N FE R R, A
T S & ASAR M AR A 75 S AR A DL R 3R AR
W SRR B e AR K R LR A 7S 2
B AR SCHE RSEAS K I = 9 K (1 22.5 my 58
2.44 m IR 2.8 m) PR TR REE &AM i
DU TS SR I &, 25 18 BT S Ik 1K
BERRIZK I 22 3 T ™ B 45 e, SR FH MK T 2%
FRBUK R R S IME S, 754 R N 20K
W 38 S 8 5 92 1 USRI T & R AR R YD 5 i AR
R B 1) 75 S A, I [R)Is) R F XUK W E R T
PR, ARG R TSR B, OOEE T K
EDFM, #7~ T SRR MR AT B 75 25 R 1 1) 5
M R, MBS EARRE T TR A 75 R Y SR
BRI, i i 8 T T A 2R TR 75 3 o A 28 2 5 )
M, AMRE BT SO 0B B RN T RR A v 1 A S ) A
SR T PUR YA R X3 AR FL o 3,
TEAL R ECITRR A P38 SR TR 0 B S oy A $e 4t T
BB

2 AR RN BLE TR K

2 FE TR BRAICIN, PR KGR, A A (A
IR B S S BB 2R X 2> 2 B iR ZU ) 22 T 9.
5 R8BI 5 A R AR R TR A BG4 7 8 A AR
I 10 o P P 7 RSO ik 5 L, K K T 2 A
PR b A BGE S 5 . K R 7 TR0k o B
J7 18}, LT ORI T, SR DT R BN y BT ), S
VAL T K, KW SR AE TTRRY o, i ar B 1 BT R
R AR FR . i TR S ) 5 S P VRO ) U AR ) 2R THT
Sk Pk e 7 90, A Smell T 5 A A 14 R KGN T
TP I A5 7K i 2 L
RV P ¢y, PUARMI T T g, PR YRS A
OEF SV HMES H, 5i(i = 1,2,...,8) 5 /KWt
PR BT EE S D, MEWRA T (= 1,2)
Ar BB, 5F 5 /KT 2% R B RS R X K P ER A Ly,
PR NI s BE B A R A K P BRSO ;. AR Snell
P50 €, 2 TURRA Hh A ) 7 () AR Ak, R AIE 7S
2R AL AR I [R) 75 FE AN Snell 75 F2 AT R7m A
VI + n VD; + (Lji — i)

C1 C2

— Tji = 07

(1)
=0, (2)

ci(lyi —wji) oy

VDi+ (Lji — xji)? \/xi + H?

Horb oy RORFEIRAL T2 5 LB BITE S 4 5K
AR . BT (1) NS E S R BER %)
AR, 2) NG VIS ERAEEA L, (1) b
SR AR /N T (2) 2, Bk B b5 e e

et
il P2

™

H
K
\\ o

x xr
T4 d co
"""""" [ Yl

kmmmmm e Lgjm=========== 3\

L+,
L1

5 i 5K g
1 P S PR

Fig. 1. Schematic diagram of sound velocity inversion.
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Fig. 2. (color online) Monte Carlo experiment of sound

velocity inversion.
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Fig. 4. (color online) Schematic diagram of experiment platform: (a) Length direction; (b) width direction.
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®1 BB SHRRE

Table 1. Parameters used in the model.

B A Y ZHE
AR K, Pa (15.4455—16.2855) x 10* 15.8655 x 10*
SIEAERE By, T 0.01—0.03 0.02
SR py, kg/m3 1.06—1.293 1.215
LB B AR n kg/m-s~! — 0.001
FLBRAK 5T 5 2 po kg/m3 — 1000
FLBUR RSP K, Pa — 2.25 x 10°
SURL 5 B FEE g kg/m3 (2.4778—2.5169) x 103 2.49735 x 103
WURL AR B AR B K Pa (3.2—4.9) x 1010 4.05 x 1010
LB 8 T 0.4393—0.4841 0.46165
SPIRRLRLEE ¢ phi 2.9341-—2.9709 2.9525
1800 FELT CC KM T bR E S ).
1600 a0 B 7 UL LTSS, B K S il o A
1400 | A —o001 ] LB FE R £ S 3CHR [24) A1 [25) 45 ) A 2, @it
P 51— 0,00 | FLIG BRI P BRSS9 S ALK
S| oo SEMIZ 8, WFLIUK B BRI E . FLIUK R L
| o | P~ FLBUK ARSI PR K, 5% SOk [13] BRAEK
0 FRBEHE (.
200 o FE BRSO3 AT 1 45 2R TT LUK Y R 1 S 400y
s — d N ) AR ORI RN B, T R, S5
B /Hz F10 738 A 3 0P T A 2 PR AN S T 2) 7 O AT A

8 (MR () T ALY FoH 7 ek i Y R R 4 B R Ak
Fig. 8. (color online) Sound velocity curve predicted by
the corrected model with different gas bubble volume

fraction.
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Fig. 9. (color online) Sound velocity predicted by the model with different parameters: (a) Mean value; (b) SBp;
(c) Ki; (d) B; (e) pg; (f) ¢; (8) pb; (h) Kg.
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Table 2. Parameters used in calculating the resonance

frequency of gas bubble.

S LXDa SHUE
#IKIE S Po(KF 0.9 m) Pa 1.10325 x 105
TURPIBIIRRE G Pa 106
VIR E B p kg/m3 1.806 x 103
SR LTS L TEHN 1.4
HE R AR LR sp J/(kg-K) 1.012 x 103
AR 35 C J/(ssm-K) 2.503 x 102
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Fig. 10. (color online) Sound velocity derived from
the double-hydrophone method and predicted by the

model.
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inversion and predicted by the model: (a) Source at
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Table 3. Gas bubble volume fraction derived from in-

version.
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FRALE 1 FUEALE 2
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Effect of gas bubble volume fraction on low-frequency
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Abstract

Owing to the decomposition of organic material and other reasons, the actual marine sediment contains gas bubbles,
and the existence of gas bubbles will significantly affect the low-frequency acoustic characteristics of sediment. Therefore,
it is significant to investigate the effect of gas bubbles on the low-frequency sound velocity in the sediment. Considering
the uncontrollable environmental factors of field experiment, an experiment platform for obtaining acoustic characteristics
of a large-scale gas-bearing unsaturated sandy sediment is constructed in the indoor water tank. Considering the long
wavelength of low-frequency acoustic wave and the multipath interference in water tank, the transmitted acoustic signals
are received by hydrophones which are buried in the unsaturated sediment. The sound velocity data (79-142 m/s) in
the gas-bearing unsaturated sediment are acquired by using a multi-hydrophone inversion method in the bounded space
for the first time in a 300-3000 Hz range, and the sound velocity data (112-121 m/s) are also acquired by using a
double-hydrophone method in the same frequency range. The refraction experiments at different horizontal distances
between the source and the hydrophones are conducted, which verifies the reliability of sound velocity data acquired
by using the multi-hydrophone inversion method and the double-hydrophone method. At the acoustic frequency well
below the resonance frequency of the largest bubble in the sediment, the pore water and the gas bubbles are regarded as
an effective uniform fluid based on effective medium theory. On this basis, the density and the bulk elastic modulus of
pore water in the effective density fluid model are replaced by the effective density and the effective bulk modulus of the
effective uniform fluid, then a corrected effective density fluid model is proposed in gas-bearing unsaturated sediment.
The numerical analysis indicates that when the gas bubble volume fraction is small (<1%), a small increase in the gas
bubble will cause a significant decrease in the effective bulk elastic modulus of sediment, but the density of pore water is
much greater than the density of gas bubbles, the presence of a small number of gas bubbles hardly changes the density of
pore fluid and certainly does not change the density of sediment, which results in a significant decrease at a low-frequency
sound velocity in the gas-bearing unsaturated sediment. Furthermore, with the increase of gas bubble volume fraction,
the sound velocity predicted by the corrected model gradually decreases, and the decreasing trend gradually becomes
gentle. The corrected model reveals the effect of gas bubbles on the low-frequency acoustic characteristic of sediment.
By analyzing the sensitivity of the predicted sound velocity to parameters of the model, the gas bubble volume fractions
(1.07%—2.81%) of different areas are acquired by inversion according to the measured sound velocity distribution and
the corrected model. In the future, it will provide a new method of obtaining the volume fraction and the distribution

of gas bubbles in the sediment.

Keywords: gas bubble volume fraction, sediment, low frequency, acoustic characteristic
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