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Fig. 1. Infinite regular-corrugated cylinder.

A PR R A7 AR IV IE B, B

R(a,0) =a+ef(¥), (1)
Horp, a WREFR IR EAR, e PS04,

£ () =sin® (mp),m =0,1,2,3, -
SR SRR R K E S N

y m%[ovn}ﬂgﬁ

S (e,m) = /0 " [a + esin® (mgp)]2

+ [2me sin (mg) cos (mp)*de.  (2)
1 (2) AT Y, s A8 R e 2 R A B3] o 4
J¥ 5 RARIE B A4S o) BESUHA R AL e RIEAL
JAI m K.
Rilef (o) < a, ANFFEPHTHE Bk m
e LA BT BB, B A BA I
e 11,12,

Dscat (5 ©) Ze i [ b, HY (Er) cos(ng)

+e€ Z aprS) (kr)cos(pp)|, (3)
pF#EN

BRI T o, Hoft k= wfc RSP
W, w S, ¢ SR P, 7 et B
R BBEES, o 5 ASTE S o B 35
00 ={ 7 e b SEHO R B ()
S5-I IR L. DB U 0P 51
B

an {[ (kr) + b, H( (kr)} cos(ney)

HZ%WWmmm} (W

p#n

TGS A2 K S5 AT PN 7 3
SpICLLES

+e Z aeplp (kqr) cos pgo)]
pFEN

= > e feuh

+e Z aeplp (ks) sin pgp)} (5)

p#n

(kqr) cos(nyp)

(ksr) sin(ngp)

Hp J, & n B Bessel B
SE G REL, kg ARGy
B, p MBS

RS UR S SO

BREL, ayyy gy T gy, 21

) A N R 18

Trr (a+5f(<p),@)z—pt(a—&—sf(go),go), (6&)
ur(2) (a+5f (50) ) 90) = ur(l) (a+€f (90) ’SO) ) (Gb)
Trp (atef (9) ) =0, (6c)

o, T SRR R A AT, ul ATl A
G FK T B RS, T SRS HHR G VT 11157 7.
T AR (6) RALIE © 19— W 2 W g8
¥, WA

Trr (@, ) + pi (a, )

- et [ G2+ 2] e,

054301-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 70, No. 5 (2021) 054301

U'E‘?) (a’a 90) - ’U,S}) (CL, SD)

3u£2) auﬁ”
= 7€f (90) l or - or ] (a,(p), (7b)

O0Try

- €f (4,0) Ir ((I, 90)7 (7C)

Tre (a, ‘P) =

i (7) =, 15
D, DY, DY, 0 0 07
DY, DY, DS, 0 0 0
0 DY, DY, 0 0 0
Dy Di, D§s D4y D Dig
D§, Dj, D DY DY DS
L0 D DS 0 DY DI

b A
Cp, AQ* (8)
e o]
Qbp A}
Qep *
Oep A3
0
R v S A |75 3
Bg Ab n
bn:F%7 abp:Dii%v (9)

Hoft BE, Ay DS 6 x 6 HGFFAI, 179120 L
AL 2 LI A.

6 BR 100 5 £ 32 2 160 O 65 0
W 7y

_ 2 & [Bl@, .
P = = Y| g (1

+ed ’%@"(g (1)1’]. (10)
p#n "

& v = kRN FR KA I AL LN SR AR T
& Dy, () = OFAR. XM e=0nt, (10) A TEBREK
T BT 1 37 Sz 1) B T 285 R, MO i 5 SRR [14]
8 75 2 SR AR A D7 R A B JE BRAC S  [BIAT A5 AIE 8
(528, 100 mo. MREILIR BT B 1), ORI R
AEARAEFL A SO O HEARIGE O ARAR, U TE PR A BRI A
SERAR fo = 3o XARIAARALIE 19
cph = 2nfoa/n, n=0,1,2,3,- - (11)
e # O, Jo PR T AL ML 30 S5 A 3
FAAILN £ # 2 TE v IR e 19—F TN
r =z +ET7. (12)
¥ (6) 2 1E roH TR & 19— B TF, FLIA

WS B UL S A, Zoad— RIVEEEL R 1S
1 = *xOAnna (13)
Hrp

A = %/0 / Sp) cos(ne) cos(ny)dep.
U335 2 A8 KLU B 8 BRI o A i B
Ar =2 — 29 = —€x9Ann. (14)

X 7 14 Gl 5353 1 2 R D) 9 5 158 A i A3 4% i 4% ]
TN

Af=f—fo=—cfoAnn- (15)
T FR A A 583 T 72 0L D e 8 (B8] A S 41 A0 3 3 4L
f:fo_efOAnn~ (16)

B SUIHCES T2 I 38 S (80 A U — A SC e R 2
& =c¢/a, MHA (10) IHE PR 0 = 0.05 mbPEY
PMMA TR EHE BEHFES S m =6, € =
~3% 114 TG FR A Tl 55 T8 A8 1 D)3 S [RIAT: S ) AT
A RERIR AR, B A B S BOLER 1. TR AR
TN 118 kHz, SR EIFEN 5 Hz, FrxthJC K
PR ka WITEFEN 0.20—4.19, ka B/, SCH T

® 1AM RESE

Table 1. Material parameters used in the calculations.
MR I/ (kgm?) AP/ (ms ) BUIIEDEGHE /(ms )
PMMA 1190 2690 1340
K 1000 1500 —

l 2(a) X H T JERRK B BIAE (R ES0L) A
TR T AR R 3 B A (200 5 k) I 1) B
2 oK B BRI, W 5 R B30 A A 55 AR T AT A
PMMA [FIHHREE A T . K 2(b) ZE 2(a)
W A R R 1Y SR R ORI, TERROSGIE [R
FEXT N O SLHRIEATR £ = 6745 Hz, f557E A AL
WEARE R HARIEIIR £, = 6845 Hz SHIH (16) X
THHETIERNRE SR HARATR £, = 6846.2 Hz
FAR—. e, ATRAH (16) 2O UG I BR K
S5 TS R S B Y AR A 2.

2.2 MBEEEEERGLRYIE

M4 (11) B4 2 LR K PMMA 5 4
Rayleigh 5 AH#S BEAT R ZE, anl&l 3 s, A 3
AT LLE H, Rayleigh P AHBE R (RO SCLR) Bl 5 40
BRI KB W E T 5 5 cr ~ 1060 m/s, /NF K

054301-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 5 (2021) 054301

2.4

Bare cylinder

—-— Deformed cylinder

-
! d
L 1
2.0 X
1
1
1
1

]

o = . . .
2000 6000 10000 14000 18000
f/Hz
2.4
(b) —— Bare cylinder
—-— Deformed cylinder
2.3+
Af=100 Hz
221
=
2.1r
2.0

N

1 9 ll' 1 1 1 1 1 h
6200 6400 6600 6800 7000 7200 7400 7600
§/Hz

P2 T el v T B R D) 30 5 [ A T 25 o 50 A
P (a) REELET; (b) Rk

Fig. 2. Form function of the infinite regular-corrugated cy-
linder based on the perturbation method: (a) Backscatter-
ing; (b) local enlargement.
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Fig. 9. Diagram of experimental system setup.
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Fig. 10. Backscattering form function of regular-corrugated

cylinders in the experiment.
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Fig. 11. Resonance frequencies obtained by experiment and Eq. (16): (a) £ = -3%; (b) £ = —-10%; (c) relative error.
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Manipulation of low-frequency resonance scattering from
submerged slightly deformed polymer cylinders”
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Abstract

Backscattering enhancement associated with subsonic Rayleigh wave resonance of a polymethlmethacrylate
(PMMA) cylinder is observed at low frequencies in water, which suggests that the PMMA cylinders may have
essential applications in the low-frequency standard scatterer design. A slightly deformed surface structure with
regular corrugation is presented to manipulate the low-frequency backscattering resonance frequency of PMMA
cylinder passively. Using the perturbation method, the approximate resonance frequency shift is derived for an
infinite slightly deformed cylinder with regular corrugations. Based on the phase matching of Rayleigh waves,
the mechanism of low-frequency resonance frequency shift is revealed. Studies show that compared with a bare
cylinder, a small boundary deformation can cause the propagation path of Rayleigh waves to change, namely,
the Rayleigh waves propagate along the slightly deformed surface with regular corrugations. The modified
propagation path can cause the propagation phase to change, which brings about the low-frequency
backscattering resonance frequency shift of a PMMA cylinder. Furthermore, how the resonance frequency shifts
with the deformation coefficient and period of the corrugation is discussed in detail. The backscattering
resonance frequency of the regular corrugated cylinder shifts to low frequency with the increase of £ under the
condition of the deformation coefficient £ > 0, but shifts to high frequency with the decrease of £ at £ < 0, and
the resonance frequency shift increases with the increase of absolute value of deformation coefficient. When
corrugation period m < 10, the phase variation with m is too small, so the corrugation period has little effect on
the resonance frequency shift. Finally, acoustic scattering experiment of the regular corrugated cylinder is
conducted in the tank. The resonance frequency shift is obviously observed in the experiment, which is in good
agreement with the theoretical prediction. Hence, the characteristics of backscattering enhancement associated
with subsonic Rayleigh wave and the resonance frequency shifts make the PMMA deformed cylinder have

potential applications such as in standard scatter design and identification using “AcoustiCode”.

Keywords: regular corrugation, cylinder, subsonic Rayleigh wave, resonance scattering
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