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Wave simulation and its effects on the exceeding water process
of the underwater vehicle
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Abstract : To study the effects of wave on exceeding water process of underwater vehicle, the wave surface ve-
locity of the second-order Stokes wave was coupled into the incident boundary condition, thus the unsteady nu-
merical wave was obtained, which agreed well with the theoretical value and had high accuracy. The effects of
wave on the flow field and dynamic characteristic of the underwater vehicle model when it was launched verti-
cally under the water were investigated under fifth wave level. The results show that when the vehicle approa-
ches the water surface, due to the induced effects of the vortices caused by the wave, the position and the size
of the attached vortices at two sides of the vehicle vary significantly. The vehicle body deflects in the left under

the effect of the moment rotated around the z axis in the anti-clockwise direction, so that the offset of the vehi-

cle afterbody is about one meter when the vehicle exceeds from the water completely.

Key words: underwater vehicle ; exceeding water process ; wave ; numerical simulation

KA T B A R MLl B A %R
SRVES IS, FE AR R 5 oy R HE AR
KT AR A K 3 B S — > 2 A [R] A S B
T, BRI o 6 JEE o Bl B2 25 2 MU AR AL 1Y
AEREH AR UK B B e 5 DR A )
T8 3 1 KR AL AL, B KT AT AR H 7K
B e EE A AR IR R /T, R FEL
TIPSO W, KT ALAT PR KT S S e % B 4
AR SCERI3 8 K PR AROK R R 18 12
528 RS AT Bl T2 i T 1 A A A A

FE B HA: 2009 - 07 -25.
EE R AU (1976—) 58 1+, w2 9% TR0,

ANFTA AR BeAh, K HA TR K I iz
SRR A A PR A 552 B LS IR O T K T
PR DL FZ R, MBS P IRAL SR T 1) IR
X35 K ML AT S S g o g gy
A 1 BRI K T UAT PR H K S 80 2 i, SCik
[5 JOFFEREA, K T AT A H K DR A1 72 3969
I AR AL B FE +3° 5 SR AE i A5 %
IK AT HAEARIEE DL T B AN R IR 7 1w £ 0
PIARALAR T B 52 2009 R 1 IR J7 R AT
9, BB IR 7K AT A A2 i BAT B ALY
ARSCE e R THOR BHE T3 2 T B Stokes 7
3 B IR I, I 1o 25 1 A S SR R e A JE



53

FUGEE , 55 IR SRS 7K AT I K R AR 5 - 141 -

217 1 ST 1 A4 5 SR 05 R P 50 0
HR UDF R %8 UL G W], 45 Tk F
AT AR ol Sk R )t 7K e TR = 2
Wb PSR .
1 BRI R

P K AL T AT b 2 2 B T3 VR
FEMAN ISR R B TR R A 2 B SR
G R K R AT AR G R A, 2
2R 2 % T R S BOK R AT % 5 2 ik
FEF XK T FE A A R T IE A, TR B R B
AT 43 4 R P FIAA SR 2 2. IR IR /N
SR I 5 5 TR 4 FL R T
HR MBI | 2 P U T Aot e e 2 1
SRRV Y, IR T R X TR O T
IR — B2 A R 1 , 15 350 Pl 4% B i o, e 30
B 4 KT 25 A 1l A 82 W 250 1 20 % 1,
{1 A T 038 3 4 1 R B J1 25 4 PR TR R A
R M S5 B  H  J TR AR 5 7 B
LV I

1847 4 Stokes 44 £ 511 1k ) T4 42 i ) BF
58 HUA B4R 10 T 2 P 00 TE B 22 2
) Fourier 24 155 7 4 BRK R &1 F 10— Wit
FITEBRACTE T 0 = Wi, 28 (1) B g Stokes A4
— iRt

BT TT R :
_H H (wH)\ cosh kd
M = S cos 0 + 8( i )Sinhskd(cosh 2kd +
2)cos26. (1)

H1 T Stokes JEHIEIE ] TR EHIA PR BER
(TR T SO ALK R AT T % B
KRR BN BARBEE AR PG — B Stokes {52!
AT AN (2) A (3) Fros B9 i iz ol o

TR
1H cosh ks 3 mH/( 1tH)\ cosh 2ks
_mH 3 mhmH)cosh 2s o,
T sioh k4T L )sinh4 A
(2)
SR
_ mHsinh ks . 3 wH( wH\sinh 2ks .
T sinh k0t a T ( L )sinh4 " 20
(3)

A UDF AR FAR o A 5 26 (s A 2103
ST REAR, T SE BEAEE W RN 2 H O
P GIR) =i, 0 ABLA LR b B d A
TR R KR s it BBt KGR, T 2 JE 3.

SRS SR I 7 i B T4 AN A A
TSR AT T 3R ER 0 R K 30 B i gt
VOF R SEAT R, BB 401 — 4 iR 2 80
PR m KN 9 m A 2. 4 s KIE R
5 m. HPEE S AR PRV L 5 AN B 1 (a) BT
7R, 920 m x 10 m, SR FHZSH AR R A% R 3. T8
R R A AR T, S R ) ik
T TG E N D, A5 Rk iR
P AR R TR R R RRE b - &
ESiVR

(a) HEBUBIE

-~~~ CFD
—— mip

x/m
(b) L8 SEE BT AT 1

E1 ¢=13.6 s FEIEERER R E SBREHT Lt
Bl 1(a)f5HT ¢ = 13.6 s B BIEE. E
Al LB B AP A 2 NP, X5 9 m
Pk 20 m A EOX — A AR — B, | L
(b) RPN (1) 12y Stokes I — Fr FRIE R S
IR BB S A X FE il 28, v LA 50
AW, E 4.3 m Fil 13.5 m Ak 53 5108 B
W, 3B e 22 [V B 25 5 e I 25 A 1 9 m A —
(. Stokes U — I IS MREE AL WA TO R TS HE %
AP T 0 3 55 0 v A A5 B A, T I8 TR B0(E 1 L H )
FE T WARPORPEVE T A N - S 7 BROR 1
2, UL, BUE B S RPN A — o 2, B
Bifi 5 A S S P S A, ok R R e ) L ik
Hh, BN L(b) AT & Y, RN R EE A BN
V-3 I FLIRE 0 i 15400 e 1A 7 T R B SR T
WA B - BB, X B A W
Stokes U IS IEIE 1. ThEis sl A7 FRARIE Stokes
W) BT 58 Bl 2 AN AL Y, 7 is Sk b At T
VAR P IO A LA I 2 I T S o 38 B AR
—LE K 2(a) B, —#50 BR B IR IZ 3



- 142 - R BT

s

AN

FA43E

P IE ATHE T, B Stokes AN AR IR B, 1M
WA T RHIE. B 2(b) 45 BTt Rdu ik
P T XL SRR AE S, R 25 e
N B 43 A1 1 U ) 5 R I TR A B
VAT FLELA A B A s I R o, o] AR F
T,

u*T
(a) HIRZER
50F
- Ji -1
' So o A2
4.6; ________________________________ e [ 3
1 1 1 1
4.5 5.0 5.5 6.0 6.5
x/m
(b) I 5458

B2 REEZhETETEE
2 FIRSTRK TAUTIR KL v

TE LR TAERYSERE b, AR SOIF R T IR XK
TRATER HAGE RE  = 4E R4S s
12 B LR A A R W B FLAE T KR AT AR Y
ia g FEE I SRR 12 N - S Jr R E), AR
i B Stokes 1 BRIGAT E 3 B2 =0, F A UDF 47K
P ILAE S AT 00 S5 B0, LR T IR
HARZ 8 0y KR 45 m, 3 & 2.65 m, Ji #]
3.58 s, P4 20 m. KR MUAT PR B (S [ A
7)) Rk N B R, KA KIR R 30 m, L5 5E R
A20 m/s, #fE J14 10° N.

TSR A% T 43 A& 3 R, R T R HER
VAR EL D5 T L B DB YR 5 MU A T AR 1 A ELAE T A
FEK T BT UEAT T b 2. 1 3 sp 22 B A
F9p KoKW AH, 5 UDF 3% 7 % i LT K
FH LW LA B S A i B B R R AR, b
TN AR A, B S S SRR A

KA T A2 2 (86 A BE T 2% F. it AR B AT 2R
PRUE b — & BETY. AR (18] 4) sP Al LI AR 3C
B 7K WLAT AR A ) 7 I Ak 2 4 BT
N T BRFEBRAS AT A oK e (8 B ) A4
TR AR I AT AR K A, HeAh A1
A BRI FRL (B o A bR g AT TS 1,y AebR
TR 1], 2 AR TR ATy ), LR 25 16T AR R
FHARTR] R E S

3 HEENEL S

B4 ¢=1.13 s BH+EE

Pl S g TR S 5 48 P AN [ B 220 ) J 4k
P, P S R 7R KR AT AR B K TR B i A
F VR B S 224 A S X BT, B R 515
[ 3 3l 32 224 Hh AR S K T Y XIS £ B
PR B AR IR XA T AR a2 B R R e A T LA 22
W BEATAT A0 K T2 2l , 32 IR 5 | e i 175
PR LA T TR 00 ) B B b 25 K 22 S 5K, L2
e 72 /0 L3 ¥ M 785 Sk 30 1) 1 s 3l , i A {0 e
K HAISAFAE TR HR 35X 2 A AN KRR 45 19 1
TR AUAT IR 2 1 A58 2 B k4177 1 /9 71
TR , (L W 1) Ze M 5% o, SRR T =
BT PIIE e 25 44 1) 2250034 5 K TR TR
HRKFREA 5, AN [R) AR AL HE 7 IS BT i 245 A4 R 2
KL K ZE— IR



FUBEIE , 55 RS HR /K R AT MR K

M) - 143 -

(a) Sk B /K i

5 &

MIE 6 Fir 7R A JCHGR K AT iRiz sh

5 2T FE P bl o i, TR K I A 5 i i
FUATR 438 BB i D — 2 LR, A PR ATAE
I HAs S HOE Uy« Fh TR A A T e, K R AT

@IPR 5 3w N1}

() Bk

(5] Bt % it 2 B
REME KGR mMEERE 1 m Af, XS
KO T A7 T AR A AT 5% A, | T3
S =4EPE, K N ATAT R AE IR I b B TR
PRS-

” 40 401
T A .
30 ., X 30 F —— o 300 —e— jnwzvg
i —— PR AR
20 - |
£ S2r \i 20
10
10 - 107
0 \\5—1
11 A (U= 0
/m - 5 1 0 1 ) -2 -1 0 1 2
x/m z/m
(a) =4zl (b) 3B SR E 5 () 32 ST A 1352
B 6 K THITEIEshEN T i 4

K7 S 7K T AT AR B A B 1o ) i 2 78
feHhgk, aTRIA Y SR AR RIS A AT 2 i )
LSRR Fe K, TG IR I v i) 181 734 B A
O, W BRATAERS , BEK T AT A K T« [
LSy BB ELZE I, X5 18 S B i1
AR EACARST. KB UATIR 1] 3 JEE 73R A
A TCUR IS AL A B FE AR — B, (H PR AT AE %

{EROR. 33 2RO K T AT AR B i /K T Y
S i SR B AR 32 Bl T A A= e Ak, B K T A X
SN TR AT — R B 1 2 A R By
JE I3 AR R BUZE . A 2 7 1], A JGHIR
FR) T JRE AR A Km0 S = HE PR Bl , FUE A R HL A 1]
75 1) s 18] 5777 ) R BERLIE.

017 - .
. 015 — IR
01+ 0.10 ) ﬁ/ﬁ(iﬁ
A " 0.05 //
£-03 ) /
& R L
=05 -0.05[ 4
0.7 - : - - O ' : ‘ 010k : : - !
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
t/s ts t/s
(a) x [ EEAE AL (b) y 1) EE AR AL () z [ EEE AL

B7 34FEEEEN



. 144 - MR oW OL Ok ok % %O

FA43E

3 %

1) AR SCHEF R BIS 15 8] T K Stokes J¢
1R T 7 A e H i 2l B ek =, R AT UDF R
B A A S R SRR B S R b, e
THEEE IR, B S BEIeEY) & BRI R E
2) BUERL T H US54, K FALATIR
R (i Sk (B4 440 ) /K Tl 1 S e g YR 6 =
A 12 R AR R .

3) 7K T 42 Ak 38 TR X K R AT RS B Y
SO BEAS AT DL 200 K TR, 52 35 VR 5 | S 1Y e i
(5 VR R LA T 1A 0 7 A e A 45 44 T Ab o7
B ZERNBR HAFK T AATIRZ B 28 2 Bl i
BB 1) 9 D S I, JEL ) 22 A Az | 2 o6 4
K mFEEGES] 1 m 2475 K S LT iR
5 EH 7K T P B O TR Ak AR A2 B i & AR AR Ak, H
KT A DX P AR B — o B B, K AAT
A y [ 43 B TE TR S K

5% Xk

(1] BUNE. KN RS R EEO D], et Jeaiss
B IR, 2001.

[2] Bi— A SR 5 KA AT FE [ D] 1522 74
JE LAl K2+ ,2004.

[3] BURGDORFO O. Hydrodynamics of unsteady underwa-
ter launched missile with trailing cavities and crossflow
drag[ C]//Fluid Dynamics, Plasma Dynamics, and La-
sers Conference. Honolulu: AIAA, 1987. AIAA Paper

87 - 1319.

(4] XU, hRRTe. Whak oo FK S /K B T8 A o3 1 i I
WFFELT]. BEAR AL ,2005,27(3) :6 - 9.

[S] XUBE. PARAIBHEAS HKESAB LT ] BAF
4R ,2005,27(3) ;32 - 34.

(6] FHEC, BRBTET, FME K. IR0 o8 3 5l S 93 1 7Kk s
AR )] AR AR 2000 31(4) (81 -84,

[7] BURCE J, WEST J, THOMSON A, et al. Statistical
mechanics of ocean waves[ J|. J Hydronautics, 1975, 9
(1):25-31.

[8] LI Benxia, YU Xiping. A 2 — D Numerical Trregular
Wave Tank and Its Verification[ J]. Journal of hydrody-
namics, 2005, 17(2) . 222 ~227.

[9] BRADFORD S F. Numerical simulation of surf zone dy-
namics[ J]. Journal of Waterway Port Coastal and Ocean
Engineering — ASCE, 2000, 126(1) . 1 - 13.

[10] ZONG Zhi, DONG Guohai. A second order volume of
fluid ( VOF) scheme for numerical simulation of 2 = D
breaking wave[ J]. Journal of Marine Science and Ap-
plication, 2007, 6(2) . 1 -5.

[11]BRORSEN M, LARSEN J. Source generation of nonlin-
ear gravity waves with boundary integral eqution method
[J]. Coastal Engineering, 1987, 11 93 —113.

[12] OJHYAMA T. Development of a numerical wave tank
for analysis of nonlinear and irregular wave field [ ] ].
Fluid Dynamics Research, 1991 (8) . 231 -251.

[13]QI Peng, HOU Yijun. Numerical wave flume study on
wave motion around submerged plates[ J]. China Ocean

Engineering, 2003, 17(3) : 397 —406.
(wEE # )



