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Hydrodynamic noise calculation method based on comb
functions for finite cylindrical shells
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Wuxi 214082, China)

Abstract: Single-layer cylindrical shells are common structural form of underwater vehicles, which have
more advantages than double-layer cylindrical shells regarding hydrodynamic noise control. With the increase
of speed, however, the hydrodynamic noise of single-layer cylindrical shells cannot be ignored. This paper
establishes the vibro-acoustic coupling model of a finite cylindrical shell fully immersed in infinite ideal
water medium. On the basis of the comb function, the hydrodynamic noise calculation method for finite
cylindrical shells under external turbulent boundary layer (TBL) excitation is established using correlation
function and power spectral density function. The comb function method and the direct expansion method are
used to establish the TBL wavenumber-frequency spectrum, respectively. The influence of the two methods
on the excitations and displacements of the cylindrical shell in the calculation are analyzed. Furthermore, the
sound radiation powers determined by the two approaches are compared with that of the statistical energy
method. The results indicate that the comb function method produces different power spectrum density
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functions of TBL excitations and cylindrical shell displacements from the direct expansion method. The
sound radiation power of finite cylindrical shells calculated by the comb function method has better
agreement with the results of the statistical energy method in the medium and high frequencies, indicating that
the hydrodynamic noise computation of finite cylindrical shell based on the comb function is more accurate.
The effects of various speeds and shell thicknesses on the sound radiation power of finite cylindrical shell
under TBL excitations are also compared. The results comply with the general law of hydrodynamic noise.
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Fig.1 Structural model of finite cylindrical shell
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Tab.1 Parameters of cylindrical shell and turbulent boundary layer
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Fig.2 Power spectrum amplitude of modal force on the small-scale cylindrical shell's surface
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Fig.3 Power spectrum amplitude of modal force on the large-scale cylindrical shell's surface
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Fig.4 Power spectrum amplitude of modal displacement on the small-scale cylindrical shell's surface
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Fig.5 Power spectrum amplitude of modal displacement on the large-scale cylindrical shell's surface

N EE— BT Mr TG A B R B A SO AR A i 2 52 Wk sl T T O T B ARG A TR, I
KRG RE R L TR SRR RS R . ST RE R TR AT Auto-SEA R I PFER A, I 2% 1
RGBS A RN BRI AR B IE . T RS R Nk S S RE AR T 45 R, f
BRSSP RS R RIS A 173 ARG, PRIk a5 R Al 6 s . 4550
PRV 0 B3 5 P2 pR RO R IS B AR P D, BEASARAR ( i UHEAR — 2, {H B e
LSRR T RUR REGE ISR . 7 500 Hz LI ESAIE L, 5105 4 m B SERERY, Je T 1 Ik
AR B HE 75 DR LG e RIA 45 K 4.5 dB 24y, ALK 9.6 m B B9 T 150 45 1



1130 FiEAR 32 5529 B4R 7

FEGETHRETEIA K T 24 10 dB; 172 TR pRBE THI0A5 21 3 P RR JUBE (9 19 AT Fe B TR R 3 7 D) 3%, A
500 Hz DA ARG B L GE b RB R A5 SR K T 24 2.5 dB, BEHH SR FI IR pRACE 1545 30 09 R A e 4
FYPRGGTRE AT A R T . R R So R ] B ki S 4T i T A R 4R
PR AR 2 SR, S UM BRI P DA S A RO TS B D A BE s O TS 4R, i 4%
PR AR pR BT AR T Dl 230 4 B2 R i 250 SRR RUBEA OG0 7 SRS AR
P D338 % FE 9 25 A = 101g[ D (FUIR BREGE )/ (EHEY RIE)), 43 01 R Y B4 Ji vk 5 Atk e B
U5, IR 2 PSR S RO TS A IR 5 3 T i UL 20 52 ok sl T il RO P g Zh i i B2 2
M 22 (M2 AN & 7 7R o AT SRR N, RS AL S B2 4 mgd 3 2 10 m, A A9 42
L m 3 2 2.5 m, BRI EE TR A B O BS A T D1 33  FE G 22 (EA T R, O ELRE R RS 4L
RSN, Y TR A R N THUR B EOE TR S R . BT IR, 9.6 m KA B AEFE A
B4 m R APBRR, 2 T B A TH A AR 575 DR S R s B0 AT 45 R 22 5 JER, AR e 55
GEtREEAR IR ZE WA P, BT X2t 2 A2 B sl e s B 1AL e BOR, SR AR R 0158
PSR I D3 2 pR BRI R S P D AT S e 1, LR RURE (B A e R )7 AR o
LT AR AST AR

100 T T 100

/M /Mm
T 80 I
o 153
z z
o =]
&, 2,
= =
2 60} -2
= s
3 E
'é L=4 m, a=1 m, =5 mm 'é L=9.6 m, a=3.5 m, =28 mm
2 40f - HE Rk 2 40r ~ A L
“ ~— MR R “ RN e

~SitEe ~SEithg s

20 L ! 20 . L
10! 10? 10° 10* 10! 10? 10° 104
JHz fiHz
(a) /MR RIFEF (b) KRREZREMHT

K6 BigsikSatitfet kit A a s e A R A

Fig.6 Comparison of sound radiation power calculated by modal method and statistical energy method
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comb function method and direct expansion method
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