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Pulsating pressure characteristics and control methods of
underwater rotating body structures
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(1. Institute of Acoustics (IOA) of the Chinese Academy of Sciences, Beijing 100190, China; 2. University of Chinese
Academy of Sciences, Beijing 100049, China)

Abstract: The prediction accuracy and control effectiveness of hydrodynamic noise for underwater vehicles
directly impact their overall performance. Accurately grasping the distribution characteristics of pulsating
pressure is the fundamental and critical basis for assessing hydrodynamic noise levels and conducting low-
noise design. This study takes an axisymmetric underwater structure as the research object, conducts
numerical simulations of pulsating pressures based on Large Eddy Simulation (LES), and analyzes their
distribution patterns in different regions. Using the Q-criterion, the vortex structures in various typical regions
of the axisymmetric structure are captured and the characteristics of pulsating pressures in each region are
analyzed in conjunction with vorticity distribution. By comparing the simulated pulsating pressure results
with experimental data, the accuracy of the simulation method was verified. Based on this, research on
pulsating pressure control methods in the flank array region of an underwater vehicle was conducted, and it
proposes adding a guide fillet at the transition position between the front end of the flank array and the

hull. The study shows that this measure can effectively suppress the horseshoe vortex induced by the

Weks H#: 2026-02-15

BETH: ERAREEREE T IIH (52501410)

YEZE R ZEE(1994-), &, i+, Wil/E#, E-mail: liyuhui@mail.ioa.ac.cn;
FIHEK(1976-), B, L, PR 6L; IR (1980-), B, 11, BF5E 5L
BREE(1999-), 5, WA ; F0RGBA (1987-), Hit:, BB 51 .


https://doi.org/10.3969/j.issn.1007-7294.2026.08.014
https://doi.org/10.3969/j.issn.1007-7294.2026.08.014
https://doi.org/10.3969/j.issn.1007-7294.2026.08.014
mailto:liyuhui@mail.ioa.ac.cn

1388

over 5 dB.

fE AR 127

=

5530 4556 8 1
Key words: pulsating pressure; hydrodynamic noise; load distribution; optimized design

geometric discontinuity of the flank array, reducing the overall pulsating pressure level at typical locations by
03 &

K RUAT AR 7K Bl W RS T SR T HCRE T 1 52 PN A i T B1 LA R bk s s T R S A e R Y
/e B 5 0 G B S B W & A L ) N VB 77 s s i S K ESE U 1 s ke S A
AUREIRTERE . TRA BT AR LA R R0, FERR T T, fmniat s 5= h B ksl e I A SO S IR Bl o
N (1 S B, [t J2 P A 8 1 MR 1 = SR T R RIS TR R e A L
TR B FIE R TR A i 2 B el E B PR

S T B B R R F At ik sl i 77 e P ) B B A o B P el B2 A i A 2R X

=

YN

; HfE
RSN VB T G . 4, SRR T BOASCADL SR - B BN (DNS ) | TR I i iAo

FIY(RANS) . FiEI(LES) LA K2R A i i #5 % (Hybrid Model) . Zheng 25 3@ 330 5 20 5350 iy %t L
BIE T AR AR 28U 1L T RANS J74:. Meng 257 32 1] LES 45 AR R M -0

ARG IR 1 (4 ik sh H R, B8 a5 X SR s X LT, S8k 1 ORI AAE T I AE T 1k

KA I BB AORS A T S o SR ™ XA A B R AR (4 ik Bl R AT T R TR
(T, S I SRR A L, & Bk ah R 3R 5 BT R 22 A3 6 dB. Qu % SRR IR LA

g NS

BRI T VR R e FA Bl T | iR AR T 3 A [R1 2 2 A R RO i 45 4 B IR AL
AN T, KT BEAG TR (s BEHEBR ORISR . LA A T i 1 52 Bk 8 e 1 i — R B

B AT AR 7R (R R T, Piomelli K AT A" @ 3R ABFSY /MR BE IR I 6 Lighthill 7525 1
AR AR I TR, A T IR AR A T AR I S AR P IS P AR B L RSB, T A s

KT K IR BB T T T ISR . IR ASIUL N BEA R S i U1 5= P Bk sh R L
HABN R RRCR, © RO IRFTHFZ IS ) B E 27718, PRIAS SCR FTZ 5 1k 304 T Ik sh 3 Ay

K S I VERE L FEARK B I MR VR 2 2R E MK R AT SR AMB BEAT T LA BETT . AT R
M LT Lauchle $8 Y 14 1oV DR (1 B 7 SRS B, 7 1 /K RUA T P SR s 2 A

PRI o AT ST T AT R O AR A5 2 1 Bk s 3 B, 4R T ksl i
(B B S AR Z A 2R o BRHASME 55 RO RK AT 882 . Bk sl 07 LR e e A 3 T e

EREAE TR [ I 5 47 L 2 A5 BIAR R, 40 b R e 45 5 0 il o A A 14
FIBE B4 5 NS5 . LEf
KB TTk

SO, Rt — LTI AT A K 3l ) KRR RE, BlFEAME 5 RO Rr a2 BI0GHE . ITAERFFE A
P, AT A K Bl S st A, ST S T AT S, A B T AR
NG Iéﬁﬁﬁ‘

A SR T T T R P55 A AR £ 08 S HL e I e, R R A E S R

S SOV i TR0 A A s A N - 55 A0 8 9 T B O A =l
EIRFTE R, AR R 2 Pl AR B K Bl D BEAT T BE T, (BAEK N A TR K 3l
Pl IR RiTE & s BrAR O P ) iR I i B B DS G VI R T AV s 2 R DO N L K i3 BB AV N B

it B OIS 2 REE T IRRA Y 5 Bl e e &S 0 e, MO 41 5 41 o B 2RSS A, 2 A 24,
D75 I Sy B it O 00 MR 7K 2l 3 MR, BRIk, AR R LA - 5 S S X AR A e, R R kS e
I W INK B TS S R REK R AT SR A AR RS T Sh £ I A T SR, AT B SR F R A
FUTT I8, X TR [ RS R 0 ik sl K 0 o AR BEAT T BB, IS I A R B IE TSRS
£, B fa s Ho AT A AR A BIS Ml BiJR, L SUBOFF AR Sy S, 73-5i1] i o 1 A% 0 K4 iy



55 8 PR KT IS AL Rk sh 5k Szl - 1389

G U I £y S RtE L B A4, LA RO T A BH SRR HE i R SRR IR, I R Gl T Bk
DEACSE I A TR T RCR, R 0 1T HRS ksl B AR RE . AFFE 4 2 al DK T A T b A9 R P
MBS KE TR REM AL PRI — & I BOR S

1 BkEhEEHTEIRE
1.1 B JLEsy

ARG BRI L= 0.4 m, T KR D=0.06 m [ [FIERLEH, Gn& 1 s, Hr, dHEsA 0
EXRHEEAND IR, HE N U=8m/s(Re = A

UL/v=3.2x10°, v iz gpli vk 280 5 I T I Lo -
1.006x10° m’/s) , ¥ i A 1B B i %6 4 B - - i
LOL KB FAR ). 158 Ot LT3R, \/

SR R A N 38 43 A e, R A AR R R B
R 3L, AR L, i B O X FRIL
S, IV At [T R s TR A R o B T S
PSP L SUR
1.2 B EMpk s EEITE

Wkl e 1A 2 b S i 5 v R R B TR e B iz 3 5 25 A SR T A BAE R 45 5 . LES i ELEE
T B R R iz 31y, SOIEA% - RUBE iz 3l ok T AR Y, AT A 5 il RANS 5 O 28 9 P i
TP | XELLYER A BRI RSN REOE R B, 7 ORIk 20 240 1 4l PokG B2 0 [RIRsk, Sfeit 1 T AR 0
FXH R BA AT 4t . DR, S5 B AR 0 A BRI Rk S rE " 5k & 2%k % i " i, LES & 471
K SRR B T . IR ASR /R IR FHZ NS T | T8 2548 B £ 1 Ak 3 O 5t
YRR B3 AR, A SCR ) LES Jit SR R T i ks A

R T BT BE TDRG PR )22, 30 A R DA% 23 AN J2 B0 RGP EAE AR A LA SR T 85 1) )
e, (RIS SR A0R, JT R THT ) 25 — J2 A 8 B8 1) 150 T TR 1) B - AP A7 PR TG R
TR By ~ 1, hFE NG 25 JZRORE 9, IS IE e LA i 7E 1.2, BETIVR it n] 5 i 1) A e i 2N
AR ST Axt ~ Az ~ 10y, X TR PR R F A ~ Az ~ Ay* s

. (AV/2 A A
+:uT y:ur ( )’/ )’ Ax+:ur x’ AZ+=uT Z (1)
v v

4 4

Herp R EESEE L, v b URE T2 3158 R A 1 A AR 5, Ay SRy 1] 8 IO A IR, Ao SR W ] F6 Do es J
S, AR RIS RT

R Y iR T SRR B TR B, X R G 5 S I AR St 1 o A3, Shy Rk
PG AU RGO B 300 S 2800, TR FE AR FH DR DOk A T 125 1, A0 T o S0 ) e )22 )
K& DAWERA i B i1 42 0 30, D AR Sl A% S5 ' i Eil
2060 J7, i RIS S M EK

R RE i T R AR S5 R B Dk 30 R T 4 o AT
B, VSO ) A ) X 5 S W o, e
LA RS THT 05, 0.01 o, 24 W i) i 5 0 T
&10.06 my, 34 I S BE A AR TV AL 0.18 m, 44105 T
JSUHE A BB TS 0.3 m, S# I A5 EE A T
0.35 m, 45 Wil o507 B R Al F A A &l 2 B o

FET U BNRFIE I B RUEE (8 28 oy M s ] DR S O N0 2T SR TR 24 W R A < C X Ligt / U, o

P AR L R

Fig.1 Computational domain and boundary conditions

Pl 2 AT TSI o A

Fig.2 Mesh of the fluid computational domain



1390 AT WA 5530 55 8

ZBCHEH L 0.1~0.01, AR SCHLC = 0.05, Fi SR IEEE Uy = U = 8 m/s, FFIEKE L = D= 0.06 m, N
At <0.005 s MAEEHRRCE SIS, A SR o B Bt e S il S . ELAHE, WL B
BOE R Ar = 0.001 s AL TH, DUNE T ARG AR m Gei AR ad I, WS BT
BB W SRR e 7 p (o) AR R] D AR M 2, B FE S8 — AR RS i~ 3 (B BEAIL I 21, TCHA i B
PA G BT WA R 3k BCSbR e o 35 BN WCSR 1 5 F B [E] 25 40 0 %8 Ar = 0.000 25 s, 47 Rk BE A H
BB, JHRBOR A BRSO R G R R 1 s AR Ik ol F %, 38 o b e L 728 o 15 2] (e B
R T, B TIZ0E Ak R MR K8l e T 28 Tl 3 A Rt

2 KT EIEEERFE NS

2.1 K T EEER AR EHFHE R EBk B E N 53
Ay S T M 7 2K [ e PR A5 A 2 T K 3l s 2 ) 3 A R P, T HE O ) A AR IX A 5 5 A4

JE 7 W v, ] 3 J s 1 AN [R) AR AIE DX e s 0l s Ak 200 E—
Jok 3l 3 ek L I e {3 A %) ER A S 180 :gzg,g‘%}gé.ggg;
FH AT 3 0, 45 W 5 9 ik sl s 7 B s 34 4% (1941595 dB )

160 —s# ($A%176.5 dB)

FEA B, (H AU A IR ARLR N S ik sh e
P RF AR A 225 . Ho, I A
(4 Ik 201 . 3 K7 3 AR T A DU A W e, JHE Ak o
HE S BB R S A AE2 30dB. 5 T I |

VAN A LY, 262 Sel i o5 i) ik sl i 0 A2 4k
iéﬁﬁﬁéﬁ, (B W R 2 T AT SR AT AR i
(028 5 S#MRIN R Ik He 17K B s HOIRCH 607
DHW I A, HL R A S#W I AR 24 4 dB; TR 100 200 300 400 500 600 700 800 900 1000
g MU, B 24 IR 6 dBs LR e
A A SR SR AR 7 dBL 3 5 A 3 AR b B M B T xT e
W 45 SR TR IR A I S, SO0 25 ] Fig.3 Comparison of pulsating pressure at assessment points
O3 25 S E BT AR IR X 00 R i sl R
FRIANTR], AN AR | HARAOLE | I3 i it T o HE 45
2.2 ETiRGEMS HRIK T BIEERKENE N FiE 5

RN

—_

=

S
1

Jik sl J1/dB
8

80

in different characteristic areas

w=VxXxu (2)
Hr, w R, uw s BERE,
XA ] R4 sl 7 REoR LR, R AT A5 213 5 1 friz i A
ow

E+u-Vw=w-Vu+vV2w 3)
8u,» .
Hr, - Vu ki A B, o BEA R4y i £ CIEZ v,
J
aui
a = Sij_‘gij “)

J

Horp, S A B BE A xRk i, RIARTE 28K i, 0, SRk A B 1 S G PRl e, BIVERE Rk it
A Q HENIHEA T iR

= 2 (11l ~ 15, ©



55 8 PR KT IS AL Rk sh 5k Szl - 1391

Q VHEDUITEUI) H Fy 8 A FAE L 37 P oA iz 3 EL i i SR T XY™ g o3BT Ik sh 2 7 23 ) A3 A e
PL Q=100 Fl Q=700 2| T [MIF R =4 iR a5 = A&l 4 s o

B SN 2 N TN R
[ [ [ N N O RN |
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Vorticity: magnitude

Bl 4 [l =2 iR st =
Fig.4 Three-dimensional vortex structure contour of the rotating body

3 ARy 6 4 S JRE I it A O B0 S v i 22 ST OR [ 0 18 5 32 SR s T, el 4 R 1l
PR WA RN G 2 N L P ) B o 5 S e 1 =) DR B BT s i W N PSR PR S ) = R Y S R b
AR ZE A K AR PIRAR AR TR, Bl R i G A PR R AR | G L WA, SR 2P A2 2R 14 i U 2 A, 24
AESE T T2 UL 16 i 2 4 B DX, 2% DX SR O sl A WAt DX B O AN AR E , WK sl e g 8 3 R L R

ZER AR IX Z S, ~PAT AR BE T H BRI (4 DAY 18 3, fE i B b, i S U, AR
2D AR B 1) i A2, e A8 I 4 B i 0.05 K
TR o 3#A A K, T TE 70 A R i
X HE 4 5 5 BoR, 3# S ry s oAk
THARD, K H K 8l KPR R R R
AT R AR S B i R T SR R R, sl A

HIRBIGE P EPRAS . anlEl 5 s, BE AT X SES S 0SS
Ja s W AR S 2%, AFAEARS P R T [ ) i 45 Vorticity Vector X

Ay, AR R X A 5 B s 1 T I A SN IR e

JB, IR T4, i 6 BORE ) E i Fig.5 Vorticity contour of the rotating body
LRI, LT 5T U7 B0 A 00 R P T Pl FRLRE A 3y 0 e BS99 DX B 8 i ), 2% DXk
BRS8N 7 8973 AR OGS , 10T BB S BR85Sl A ok — 2P AR AR I A

NP 7 BT 7R, S i A7 T [0 5 A 08 38 9 3 s 2 18 X, ol TR A LA SRR B0 2 A, 7 A i A
DSk B AN I B T ATRE BT UN)Z o I VIR ARG RE A& R B Ui, 1 Bl 5 A 10 3¢
JEIGEI P EO B o B o 0 DX TR A R A R U v 9 AR AR — 2P Ok T R AN R Bk B T .
I, 57T 0 1 DX St I i SR B e i (9 Bk sl e g o b 3 ksl s g 4 2 T O3 A B, O A
P b S K 3l i g 47 ) SR B A TR, DT AT B S K T LA T A e ik sl R 7 A my K S

Mg



1392 AT WA 5530 55 8

0.04 0.04
> K
0.02 0.02 N) /
-~ . ééé
£ 0 £ 0 : ==
N N a
—0.02 —0.02:
-0.04 -0.02 0 0.02 0.04 -0.04 —0.02
y/m y/m
[ I E— [— ] [ | [— |
—1000 —600 —200 200 600 1000 —1000 —600 —200 200 600 1000
VorticityVector X VorticityVector X
(a) 3#iil s (b) 4 AT

Pl 6 o 3#L A4 R ) T O 2k 14
Fig.6 Cross-sectional flow images passing through assessment Points 3# and 4#

0.4

y/m
[}

-0.4
-04 -02 0 02 04 06 08 10 12 14
x/m
[ [ I S |

0 80 160 240 320 400 480 560 640 720 800
Vorticity: magnitude

P 7 G\ i ek B Ak 1

Fig.7 Longitudinal section vorticity and stern flow image

3 KT EFEAEERIRKEE ikl

3.1 BEKRAKENE X5

R BEA Sk Bl )5 5 R B HERE, FEPE AL Tk R 7J<{HJE1TTH7]<B)EU—7'JﬁWA AR
TR AN AR 50, S 50 AR, iK% |
T 8 m/s, UKkl iR E AN A 8 Bz .
32 HESIKEERIIE

T IBURF B B RIS 1) 240 T SR S# e
i 075 ELAE 5 IR B AT X BE, X Fe g 2R an 1Al 9
%RO =2 s
IR 9 T 201, TG 1 0 L (B 7 T 9 B R W Pl 8 rmssdt Kl k30 7 ik
TR IR, 75 P 25 951 B T W 25 TS i, {H % Fig.8 Pulsating pressure test in high-speed water tunnel
W%Aﬁﬁwu'&%Tﬁk3m3Eﬁmfﬁmﬁfﬁ%ﬁﬁ%mﬁm R EAER) 200~500 Hz 4

BOu A, 05 B S I g A EEA 3, Ak, 7E 0~100 Hz S I, 7T 68 TR S FT & A%
R Bl T B i g, T T IR A2 84, Tl H TR 500 Hz DL B RKsh Iy gesidetie. R, ik
XFHCBIE T AR SRR T 125 A S FE R 1




55 8 PR KT IS AL Rk sh 5k Szl - 1393

— {HEAE (4:172.4 dB) — fE(H (1%%176.5dB)
180 — WM (HZ175.4 dB) 180 — R (%1783 dB)

} : . . . 100+ T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000
SR /Hz S /Hz
(a) 24 5 (b) SHUEM

B9 Jikah 1 7 AR5 SE R EX He

Fig.9 Comparison of simulated and experimental values of pulsating pressure
4 IKTAITRRBKBNE =R T EA R

ST VARG vk O, AT TR R T K N A TR B bk sh s i o . il 2 /K P 0
3K, TR BB e A 0.5 m AR TF 4R A BERZAN A5 4, SGAERE AR F] SUBOOF AUy LA A, 457 4>
KH 4.356 m, J K HAEHK 0.508 m, JEHEFT- RGN & 10 Fros, Infz s w2 e iRl an sl 11
FIiR o 3X— Sl diAs 1 # W s B 0 254 Hh B AR, SR A R S R, QR 12 Fos, SE0Z S
WK S 7 BN . PG, T, gl PR WA T G 1) 28 A8 67 1, A IOk sl 4 o %) B A X

1# 2#
P10 JEAERIR (K1) P11 B 7 A Y (508 2 )
Fig.10 Lightboat model (Model 1) Fig.11 The model with side sonar arrays added (Model 2)
200 200
175 175
150 150

=
S
Vorticity: magnitude
=
[=}
Vorticity: magnitude

[ 12 AL 1 FIBLAL 2 =HEiR s = E
Fig.12 Three-dimensional vortex structure contours of Models 1 and 2
BEXTUA L [RIRE, #0254t IR 7 58, 430 R - FE NG 9 B R 5 I BEL e Bk, LA BE F2 075 il B4 i g
InZetgad B ny e A, ani 13 FE 14 s

13 e AT (47 3 ) Bl 14 s M ey (18 4)
Fig.13 Optimized model with flow blocks added Fig.14 Optimized model with flow-directing rounded corners
(Model 3) (Model 4)

IS S RERSETY | e A A A A AR TR LA K PR DI A D7 S R A ik gl 1 05 A5, B A
6 1, THR A S 11— AE 1R 2 WD RS R KB AN 15 BR .



1394 AT WA 5530 55 8

180 — BEAENOUAERE (8201288 dB) 180 — BANOLAERA (£42153.6 dB)
160 — BRI (£227166.7 dB) 160- BUR2-IAZ IR (E4%159.6 dB )
— BRI AR (9163.1dB) — BB AR (44%166.1 dB )
1404 — BRI A A AR (2516 dB) 14040 FERIA- I T A AR (R324151.6 dB)
M 120 M 120
3 3
= 1004 2 1001
2 100 2 100
B 80 B 801
= =
60 60
40 40
20 20
500 1000 1500 2000 500 1000 1500 2000
i /Hz i [Hz
(a) THMEI 5 (b) 2#Wa A5,

15 AR RKS) TS0 e 2k
Fig.15 Comparison curves of pulsating pressure among various models

HITEL 15 AR, IRl s i [ A8 20 2, FLRK Bl e D B0 RERE Y 1 A7 1 IR A T g, JHerp 1 0
RKBN 1 B IE N 38 dB, 244 I AT IEAN 6 dB, MR HR RO AL T7 58 (RS 3) %) 140 A4 Bk 5
F A — 2 R RCR, SRR 3.6 dB, X 24 s 5 A 007 B 4% il BOR A = i 181 A DL A s
S8 (BT 4)XF LA 24 0 AT W Sl RO P R, e TR S SR AR 15.1 dB, 240 5 Bk sl e
TR 8 dB.

W 16 P, Potb)s i 5z B AR,
S AOEM . ik BEL I B i A8 Ak O 58 (B 3) ARBIRET it
o i AL 300 52 A B ) A8 6 ¥ 2 T B i 23
B A NI K B B 2 A BT AR, A8
T2 B0 1AM 0 R A T O i A A 5 B A
B, VK SN A B L 28 RSB R
AR BHIR P AT i FYZ R AT > B, (HR X T 24
{00 5 30 B T S R CRATI AN 2855 AR 4 A

ke MBS |

O I [ |
WA M Ry st N 1 SR IR A, B gt it S A 020 40 60 80 100 120 140 160 180 200
PRILIE, 55 1T M0 B4 28 A8 7 5 | 1) 5 8 0, %VOmC‘”y‘ mafgmmdi B
15 22O 8 8 45, T S 71 116 FRURRLAC L RO 21

Fig.16 Vorticity contours of the monitoring points in each

PR IR B T B A ks i 4l ok . LA_Ea
TR AR B IR R A —E R TTE S

model

54 ¢

ARSCHRET [V e AR T T S5 A8 o3 A1 S Jok sl 25 (W) 0 A RpE BEAT 1200, Sl S50t LA 1 015
HACRAEIIE, fe a1 BKah s Jsm 07 5, BRGHE T

(DXFT KT [HARSE R, TR ARA5AE Ko 1 AL S EON I Z K HE oy 1, i DXCSbk s 1 (35 v
THABXI AR DX I BR AR TRk SN T 3 e R A X, ELK TR AT s A 7 WA SR I e A A A A 1 T
REE, PR A i B A T I ) B B

(2)FEK T [V A AT vp AR B4 i U DX, 30 A i 3l P 8 O, D sh &4 e T e A, ik
IR STBEEAR, IR THAR XA B X

)AL R SIS R B P RZEA R 3 dB, Bk 1R E 7 1k i Al SRR FIA 2o

(4) 7EFZ I B i s 335 0 7S 38 188 A B9 DA T SR B 1ty B Dk s s 1 s il R Ml e R A



55 8 1 R KT RS K Sh B e S il - 1395

8 dB LA L, I gk sl Jy Mg il e i — 52 (U UTA S, Ja Sl AR X Bk sl s 1 P T ik AT IR A
WS, Bl tnxh o I8 A I E | BELRBRA B 25 AT SR, W 2275 S EA T bIb 422 1 <5

Z % X W

(1] %R, ardak®, £ k. K3y e B M. Jb et B2 ik, 2019.
Tang W L, Yu M S, Wang B. Hydrodynamic noise theory[M]. Beijing: Science Press, 2019. (in Chinese)
(2] %), ME R 7 S 00 B 1 L U2 B 1 Jhk 3h R 0 BIF g ot R 1), oF [ AR A 92, 2018, 13(4): 57-69.
XuJ Q, Mei Z Y. Research progress in sonar dome turbulent boundary layer wall fluctuating pressure[J]. Chinese Journal of
Ship Research, 2018, 13(4): 57-69. (in Chinese)
[3] Kim J, Sung H J. Wall pressure fluctuations and flow-induced noise in a turbulent boundary layer over a bump[J]. Journal of
Fluid Mechanics, 2006, 558: 79—102.
[4] 3 .1 B, RGN, A5 BRI K SO — 3 e — e T Sk s R D BUE D SE[I]. K 3 3 2 58 5 0 e (A 5]),
2021, 36(5): 677-685.
Ji N, Yang C, Qian Z P, et al. Numerical study on rudder force and pulsating pressure of ship-oar-rudder integrated in
confined waters[J]. Hydrodynamics Research and Progress (Series A), 2021, 36(5): 677-685. (in Chinese)
[5] Goncalves E. Numerical study of unsteady turbulent cavitating flows[J]. European Journal of Mechanics, B. Fluids, 2011,
30(1): 26-40.
[6] Zheng X, Montazeri H, Blodeen B, et al. CFD simulations of wind flow and mean surface pressure for buildings with
balconies: Comparison of RANS and LES[J]. Building and Environment, 2020, 173: 106747.
[7] Meng W, Moreau S, laccarino G, et al. LES prediction of wall-pulsating pressures and noise of a low-speed airfoil[J]. The
Journal of the Acoustical Society of America, 2008, 123(5): 3538.
[8] BKIe e, 5K A, 5% 5 1L 3 AU G4 i Dk 3l Hs o B R B - 3 1) R IR S S e BT AR SR [Cl/ B = LR A E
KB J1 22 W 2 SC4E (). 2015: 100-110.
Zhang X L, Zhang N, Wu B S. Computational analysis of large eddy simulation of turbulent fluctuating pressure and
wavenumber-frequency spectrum of airfoil[C]//Proceedings of the 27th National Symposium on Hydrodynamics (Volume I).
2015: 100—110. (in Chinese)
[9] Qu Y, Wu Q, Zhao X, et al. Numerical investigation of flow structures around the DARPA SUBOFF model[J]. Ocean
Engineering, 2021, 239: 109866.
[10] Piomelli U, Streett C L, Sarkar S. On the computation of sound by large-eddy simulations[J]. Journal of Engineering
Mathematics, 1997, 32: 217-236.
[11] AT 6%, B AH A, Rk 26 7K T AUAT U B0 A% W 75 4 B0 0 75 22 B i 7 TR [T]. K B 1 2 i3 5 i i A R, 2002,
17(5): 529-537.
YuMS, Li SJ, WuY X. An acoustic designing method of low noise profile for for-body of underwater vehicle[J]. Chinese
Journal of Hydrodynamics, 2002, 17(5): 529—537. (in Chinese)
(2] ] S, BORR &, 5 P, S5 KR AT 45 A6 5 Dk 3 R 0 B2 oK 3l J W 7S g BIF S (], P AL Toll R 24 24, 2025,
43(3): 488-495.
He X, Huang Q G, Lu B, et al. Experimental study on pulsating pressure and hydrodynamic noise at the bow of underwater
vehicles[J]. Journal of Northwestern Polytechnical University, 2025, 43(3): 488—495. (in Chinese)
[13] 5Kk A, B4, RARE, 55 VA Rl e 2k LU Ak 300 0 Bk 3 e 0 -5 3 0 MR 75 ) (B UL BT 5 (0. AR B 1 2%, 2014,
18(4): 448-458.
Zhang N, Lii S J, Shen H C, et al. Numerical simulation on the effect of fairwater optimization to suppress the wall pressure
fluctuations and flow induced noise[J]. Journal of Ship Mechanics, 2014, 18(4): 448—458. (in Chinese)
[14] Toxopeus, Serge, Kuin, et al. Improvement of resistance and wake field of an underwater vehicle by optimising the fin-body
junction flow with CFD[C]//ASME 2014 33rd International Conference on Ocean, Offshore and Arctic Engineering:

American Society of Mechanical Engineers, 2014.



1396 AR 27 55 30 55 8 1]

[15] EREME, BEMT L, 0 6. BIFS TR RS A 7K 2l 77 W s 52 i B (B F 5 ). v B 3 95, 2020, 61(S2): 262-272.
Wang X H, Huang Q G, Pan G. Numerical research on influence of fairwater shape on flow-induced noise of sub-marine[J].
Shipbuilding of China, 2020, 61(2): 262—272. (in Chinese)

[16] Wang X H, Huang Q G, Pan G. Numerical research on the influence of sail leading edge shapes on the hydrodynamic noise
of a submarine[J]. Applied Ocean Research, 2021, 117: 102935.

[17] 437 d . A0 - 65 B9 7K 3l g W 7 R 42 ) H AR BIF S (D). I 7R - e R U6 TR R %%, 2025,
Gu C T. Research on hydrodynamic noise and control technology of side array platform[D]. Harbin: Harbin Engineering
University, 2025. (in Chinese)

(18] WEA, T W, gk . T Ui #5760 B M. B 50 5 Tk At 2011,
Fan B C, Dong G, Zhang H. Turbulence control principle[M]. Beijing: National Defense Industry Press, 2011. (in Chinese)



	0 引　言
	1 脉动载荷计算流程
	1.1 回转体结构几何模型
	1.2 回转体结构脉动载荷计算

	2 水下回转体脉动压力分布特性
	2.1 水下回转体不同特征区域脉动压力分布
	2.2 基于涡结构分布的水下回转体脉动压力特性研究

	3 水下回转体模型脉动压力试验
	3.1 高速水洞脉动压力试验
	3.2 仿真与试验结果对比

	4 水下航行器脉动压力控制方法研究
	5 结　论
	参考文献

