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Prediction of the state of revolution bodies entering water in parallel

WANG Cong, HE Chaojie, YU Delei
(School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract; To study the motion characteristics of moving bodies in the course of high-speed water entry in parallel,
and to predict the mutual influence trends between moving bodies, combined with the results of numerical
simulations, the prediction formulas for the lateral and yaw motions of the moving body were derived, and strategies
to avoid instability were proposed. Firstly, the validity of the numerical calculation method was verified, and based
on the numerical calculation results, a restrictive hypothesis about jerk was put forward, so as to obtain the
prediction formula for the lateral displacement and yaw angle of parallel water-entry revolution bodies. Secondly,
the effects of initial cavitation number and initial clearance distance on lateral and yaw motion characteristics were
studied through the prediction formula. Finally, based on the concept of kinematic factor, the kinematics of
collision and excessive distance was studied, and a strategy to avoid the instability of revolution bodies was
proposed. Results show that the prediction formula was in good agreement with the numerical calculation results.
When the initial cavitation number was small, the head pressure promoted lateral and yaw movements, and the
smaller the initial cavitation number was, the greater the nominal lateral jerk and yaw angle were, indicating that
the lateral and yaw motions were promoted more strongly. When the initial clearance distance was small, the inner
pressure inhibited the lateral and yaw movements, and the smaller the initial clearance distance was, the larger the
lateral correction factor and the yaw angle correction factor were, indicating that the lateral and yaw motions were
inhibited more strongly. The initial conditions and the shape of the revolution body together determine the state of
the revolution body. The initial speed of water entering and the initial clearance distance should be controlled within
a reasonable range to avoid motion instability.

Keywords: revolution body; entering water in parallel; cavity shape; motion characteristics; numerical simulation

TEIE b AT ROKER VR RO, 7 A o 2 S I )
P MU, AT B 2R e N 4 AL 3
UL )33 S AP A K R Zad R, T e
A3z Bl A [R] I a7 AR L s 18] 1] B PP A7 4 25 8 ey

ks B #: 2019 -06 - 10

EE€WHE: FHEXARBEA(11672094)
EEBN: T BE(1966—) B, #8214 Sl
BIEEE: T I, alanwang@ hit. edu. cn

WA HE A K, 1T 4% 12 3 MR 0 3 ROl AR e R
VEF, 12 3R B T AN 42 2%, 38 B IR 5 % 2B 33 B
sfa.

[l P 1 %o BLAN3E B A K T IR T A 5T
FLIEZS WO TR A5 L 32 0 A 32 8 R 9 A 1
Logvinovich" " § Hy T 2 4 <7 i ik JEL 3, 9 )5 2 1
ZEUDE SR IR AL T BE Il s Lee 20 4R T 25
HA K S W25 2 J 04 BT A3 12, % 12 T LA



.29 WO E T

VAN S

%53 &

B A K o A rp 2 @E’Jttﬁi&b K 5 Aristoff
) o5 i e 7 P B AR B R T 2
LRI UL 70 Ny e R 4ﬁ? S W ST
R A B AT T 25 1 A T2 38N e Hox 25 B 35

(SR, VEANTHIA T 28 WA T AR 4535 43 T 32 I
PRI T, 4R T R SR W AT T I S A o
?73 A BT TR AR SRR A KR,

132N 3 FpAR 0 A KR 2 R S 58 s Rk
@4?—7-%16@312!&/\7kﬁﬁ S V6L 25 R0 A TE ) A5
5 FAARKEE BT Bl AR A X8 25 1 5 380 g B
TIZRBOT R TEETSR, 45 R R W A] — BRI 20 L
AR Y BH 7 B BB N TR 2 o L v Al E PRG
ST TP R T N IR T B Sk R A A K o AR
BEESE , A I KGR B 85, A 7 1A Sk 5 e 7 0 i
AR, A R B 220 A 7K 25 96 i K At B 5 T Rz B
AL TS A S R R A AR AT TR R
5z,

H AT N A6 I B A K A 5 e b e A 2%
T R R R TR T R R R I B A K 28
{@{?ﬁﬂcffﬂiﬂ’bk?’\ﬁﬁn R TR B 25 A bk

25 0 o A W (L R 5 2 s (1) 127 o o 57 1 3
j(Tfiﬁi*}:ﬂ R LT HGR B R T
R AR I A K I 2 25 Y0 TR 285 R 1) T 7y vk
25 BITIR X A KRB RIFTE Z2 41 X SR A K, 5
FFERA KB AE B D, H AR % S (b G Xtz )
IRIFERATK I AR FIIZ B A 52 R

ARSCHE TR 2030 B A BRI M (B, HE = AR
(AT A I 356 AR A 1] A7 5 R O £ %) T 2 =X, F
VIR 25 AN Uk 1 80 2500 G 25 A2 X5 A ) R0l
i SRR B 5 ) B HEHLEE ) 8 i 0 A [l 5 AR 2 sl 2k
TR SR .

1 HETEFE
1.1 #=HFEREKRE

AT FRIARFE X B B N-S R it
AT, VOF ZAH B R IR S A0 . IR

IR RS TR N

ai+f<pu>- (1)

ot
Hri=1,2,3, . ZjJijﬁijﬂ

d d
5(pmui) + aixl(pmuzu’j) =

e e (G @

7
AEEF[.p :alpl+agpg+ap sMm _a//'l’l+ag/'l’g+a/"‘
o\, o, SRR K ES SRR ZE SR B 5 p,

P po N AHE B sy, e, A = AR B0 R
o =p,C /e TR EEREG C, NARFEGE A
T BN HE s & A ANFERURE u, «w;, HHE S0 55, &, N
ik syt C, MR e
1
C, =W. (3)
&

ot

A, =4.04; A, =/€cos[éarccos(/g(z:’;:“jm)]

Ju; du; .

Hir s, 2(ax,.+ax)‘U = /S5,
ARSCRHIE T K& #HE 31 1Y realizable k-g

AT Sl A R 3h R B 64 7 R

B

d(pk)  9(puk) :i[< +&)%] N
ot 0x; 0x; K o} 0%,
G, +G, —pe-Y, +S,, (4)
d(pe) a(psu) & de
ot 0x; [( ) ]
pC.Se —pCy—5—4¢.2C,.6, +S,.  (5)

+ \/7 le k
2P Gy B R B 5 5 S 1Y e B35 G, A iF )
FIE B B RE 3 Y, kSN KA Ji A FE HCR I Y

B;C, =max[0.43,n—%

T A, — L C,, =1.44,C,, =1. 9250, .0, 47
R ke i i AR AL — R o, = 1,0, =
1.2;S,.S, JiEmi.

AN K Schnerr and Sauer %
SUIG. KA i TN

2aI’|UC(1 _al/‘)pl,'
+ L .
ot aw, i) T e R,

= F

v _ 3a7}pli lp _pl/' (6)
3 P cond Ry \Y 3 P

AR, =1 x10 °m A FHa,, =5 %107
ANATBESS SAARTR B p M R J‘J;p,, RN ZE
SJE;F,, =50, F,,,=0.001.
1.2 FEBIERIE

SCHRL4 T 2h iy T IR SR B 45 R4 A AP 19 25 3
TSR, HZRIR

R(z) =

:I;Cz =1. 9;015\625\039%7

A ik

172

R§+ZRO Z%V(Z_ZO)Z

C,
ﬁ(z_%) -

(7)
KR NZ WAL Ry N RERAL 2 HiFE 520
WIS 500 w0 o3 AW IR S AR B 25 08 €, =
Co(1+0),0.82<C,<0.83; N HZU 2%, BUR 2.



i, 2 [HARTRIR A K PR ST .23

NYUETT ST A R A R, XA S mm B9 2SRRI PSR R B : 1) 0 1A Bl R
HEALL 98. 7 m/s AJK i e BEAT BOEH3, JF A AU shEEIhZe A 3 AR A5 2) Ml e 230 2 A
A7) BEATR L. 8L Pl R E R, B TR S ST ¢ SEOr RIS T

55 6 ] BB

- - b B
—= realizable k-¢ = —— SCHABERY _ 3r — MR ,/ 130
S a«
20} . 40} 3 “r 120 §
N 2
N N 20 =i 1o
0r 6 6I 1‘2 1I8 2l4 3‘0
; ] o ,t/D
O 2 o130 (a) D P BB A0
UTV.VLo . 0 | i 0
E1 =it
Fig.1 Comparison of cavity shapes St ~
_ 1-0.5 &
S .10t =
2 0 LA A R A A T A K s .l : S
Tl i R
TR K ELA X FRPE , 19 1] 5 A 0 0 o 457 % D 20t —— frafi £ s R _
AUt A I/ INKE AR, T ) AR B AR SC2A 5 T3 U AH EL G 15 P R b
FR9 7 T g 1) (528 H T 5 T, S 396328 25 1 2 3 5 31 A
FRYJRER% 7 il by G AL A 9 TE. D7 16, AP 2 . [ 3 (b) R f 1 0 5 8 5
Zﬁ\ﬂj T’Efé D =10 mm,JL/( [ =60 mm ‘I%'—j\ﬂ%'J*ﬂZIKE 3 M EEEAM A SR
WItHZS L o =0. 02, Wl iR #E d =0. 6D 54 FIf Fig.3 Lateral and yaw motions of left rotation body
HRAK A ) F0 g i1z s k. |18 2 ol DL S N
o s _ WAERTR IR -
(1P SRR PO 9 B K 1 2% 51 1) 0} RS
i 56 S A2 30 2 8 S I e
IR A= NS 5 R e S R b
S It/
e e 2 by
| > IRV
,l I/~
ol | B
' 0 ;’) i2 1I8 24 30
yii /D
i | ' 20 () BT s
AR T K
; kR R X @
RTEED Wi o1r TS
I}
H2 FENKREE o o IV P A
Fig.2 Schematic of water entry in parallel Neﬁ i I/ " /j/j{i T
=2 ! e VS|
S — 22 B ) oA FEE A9 o B T R g0 L0
N i — S . NI [N I o
TR (R T 20 s PR/ N 3l T i fBLk . . Lt , .
SR ¢ 8/ INRAV re o R R G A o gt R 2 AT 4 e
ANRABLA, T ¢ 853 RN 5 et 84k, an &l 4 Fir (b) R Fi I3 FEE
71N PRIk P 22 2 e (i BT 00 ) 2 0 A £ B4 s 05 B RO B £ 0 R R G S S

%ﬁ]gﬁ t iﬁlj\ﬁd‘%lgﬁ//l\ﬁ 3 /l\)’:&ﬁ)‘j—i ’ ﬁﬁé/l t }Eﬁj\ Fig. 4  Fluctuation characteristics of lateral and yaw angular
KIS EEB LT 2. T2 60 1a) & 3h B A s i £ acceleration



<24 - L S N

VAN S

%53 &

I S TBE A 1) 2 30 B85 A AL £ 2 2l B 43 )R
Jx(t) = Z Cxl " fra (1) ,Jy (1) = Zacentnfo,z(D'
(8)
K ey, e ATFESEG S, (1) Sy, (1) TR E R
U R, A (AR B S IO
t"fxn(oo) :O,tnfo"(oo) =0. (9)
X (8) By I B4 — i B e B AT 1
ay = z ey t"Fy, () ,a, = z ot Fy, (1),
(10)
HrpFy, (1) F,, (0) iR XH0E
Ful) = [ fudi B = [ fu(od,
Exa(t) Egn(1)
an(t> ’f&n(l) € [O’t:l (11)
[, i AR 35 — v i B2 (10 ) 1 22
FEG3 T A S0 1) 457 8 A AL 573 205010 A
X = Zcx,lt”AXn(t),e = annt”’/lan(t). (12)
Ley=c¢,; =0(i=0,1,2),LU M ¢y =6¢cy,c, =
6cy; I A (1) =exp( —cydit/oD) Ay (1) =
exp( = ¢, d\t/aD) FFEM AR FVRmAT A T A2 .
X=c i’ exp( —cydit/aD),
0 =c,t’exp( —c,dt/aD).
ey e, 2000 R0 ) AL A 44 LRBNEE se.x vc
3 S0 A 00 ) R A A L PR 3K 8 S 000 T
() B0 A K 3 2 8 B0, X T 45 o ANE LR T A
[e 2 (A U] 2 0 e 25 A BRI B v 8 ) R
3 EEFELN
R 1 S W h S5 B BB BB X =X (13)
AT, B S B, A4 R (13) 4.
Fx1 VREH

Tab. 1 Initial conditions

(13)

WGz AL B o 0.040 0.031 0.024 0.020 0.020 0.020 0.020

A — R R
i d/D

0.4 0.4 04 0.2 0.6 1.0

MIELS 3 il LA Y Ta]— e 22000 1] 43 % 0 i A
F it ) i 2 A RS/ N T3 A i v B o e
BEJE IR S5 2 WS IR REANT < Sk IR T BE R R
PCBB/ NG R , PRI i 2 AL BOB I [R5 1A iy 32
AT 3 RE RN RS A 3 AR, BT AN ] 45272 0 4 7 £
K 5 T JRE O A7 B B s A AR /N T R A L
BRGNS, 380 RE B K7 B TP AP i) A
A% , A0 iy v B RN AL R B4 2 15 il N

TR, A i AT 7 B 200 e 5 B D/ N T 496 K 3 T 602
T 7 BE ) 3 e LD/ N T A, TR G LR /N
PR 5 30 R 78 4 A1 s DX [ e (A T 7 1) 0 L, A8
A3 RE AT BRSO 77 56400 Y #4580 /N 7 8/ 0, DA T
St iy i Az 3032 ) FR

6=0.040, d/D=0.4(¥flii+%E)

0.5 —:o'=04031. d/D=0.4($1EH5)
——0=0.024, d/D=0.ACKH )
——0=0.020, d/D=0.AC¥UfiL5)
0.4 | ——0=0.020, d&/D=0.20% i)
——0=0.020, d/D=0.6(¥{Hit%)
——0=0.020, d/D=1.0(¥fHit%E)
g 03}p"o =0.040, d/D=0.4(Fidl A=)
g T eeeeeee0=0.031, d/D=04(FMAR)
= weeeee05=0.024, d/D=0.4(FAMARK)
> 0.2 |7 0=0.020, D=0 4(HIMA L)
il X =0.020, d/D=0.2(Ff A=)
-------- =0.020, d/D=0.6(TiAX)
o1 | +eeeer0=0.020, &/D=1.0(FHAR)
0 r —_—
(ll ()lﬁ 1.0 1_‘§ 2.0 2.5
t/ms
(@) Mm%t
0} ..
“Q%::\
SRR
AN NN
10 NN\ \\
~ AN
= AR
= O
20 \ \\
AN
AN
X
N
=0 05 10 15 20 25

(b) LA XT H
BS BMurXE5HEITEL

Fig. 5 Comparison between prediction formulas and numerical
calculations

OhRE R 25 A S A RSCRIAY) iy v T A0 ) R
fas sh A2 LI, B 6 45t 1 48 LRBNE ¢y e, AN
EIERT ¢ x v FERTIR A AFIAEAL. Al AR ey A0
cy WA o W/INTRTHG K, T Bl d/D B4R 551G J5 5
e Ml ¢, Bl d/D W/ R 33k BE— 25 B0 4 25 £k
SSGES /)N ST Hs g eF 0 i) 60 D T 3 A i 22 A P
iR T390 G RS/ N, PR OO R T A0 i) A A 12 20
IR o 41 P i

4 B KA R

1000 i) 1A A 128 008 (o0 2 28 7 i 53 - 4 A, T
RE AT [T e A fa el B e 2, B sl AR IR g3k
5 AR A R O 8 Y 2 AR AT AL 2L

7 SCB PR B B A AR Ak B 5 W i v i
ZHEHI AR SR, B



55 6 ] £

i, 2 [HARTRIR A K PR ST 25

= _2X+D(1 -sec 0);—([+Dtan 0)sin 6’ (14)

[ e R M AR P, K B8 P05 ) R e A fih, n &1 7
JIe7s. B AL AN R LG AR -

1
X+*d fD—TDsec( -0) =
fl—than( -0) |sin( -9). (15)
2 2
164
0.8 |
_ / 160
2 06} o
g —E— % 156 F
g ——c, 3
:k 04+ 152 :’E
0.2} 148
0. 03 0.04
0,d/D=0.4
—a— S 150
08 e _
g 0.6 [ 140 'é
g S
= 04 s
© 130
0.2 r
d/D,o‘ =0.020
(a) Ml % X230 E KB IER T
03 10.18
—a—, -
= 10.16
; o1s B
9 10.1
t <
\ o
(8]
410.12
N 0.10
0.2
B g
Rt o 10.1 >
T 01t \ o
A\
A\
=
—_—,
0 — == —= 1]
v.3 V.0 L.y
d/D,o =0.020
(b) IR fA % L 28 KB IERF

E6 AEVBFHTHAXIEEMEERTF

Fig.6  Nominal jerkiness and correction factor under different

initial conditions

S

7 EEFEHERERE

Fig.7 Schematic of collision state of rotation bodies

INEll
_ 2X+D(1 —sec §) +(l+Dtan 9)sin § _
p=- - -1,
(16)
B A IR S A . AR e (Bl <1, 4 A
05 B =1 WhnlFE AR, > HAYY B= -1 Wi
JEIE PR, A (14) Tk 5
_ 2X/D+ (1 —sec §) +(0.25) +tan f)sin 0
B=- /D

(17)

Horfr xRN XA S AR A =24,

F(3) A (17) BpA g Fib . ix Ak
3z BPIRAS A URITR] ih 254 (90 1R 25 AR BRI B
V) A7 IR R AR AME (KA1 L) FHOC.

Rl 8 L TRRIWI Ui 45 XF B 1%, nf L&
B, X R A B, A7 AR 8 [ A e ) I IR A
(A7 46 25 A5 o) ) — 70 43 25 AR, A AR [l A 1Ak
PE A2 L IR 25 B L v . T sk S sh e R,
724 F13K [ B R/, TR T B 8 5 T AR R R
) Il 2 A, 74 1A 7K 490 38 38 R4 G v L LY
JEE . XA SR AR, 250 iR igiiE ok 0. 4D, 10
N IKAT) B IO 4 i A 79. 64 m/s ZE AT (X R TR 8
o =0.031,d/D =0.4) ;37 AJKWJHE R 98.7 m/s,
W30 U 4 RE I #2361 4E 0. 4D ~ 0. 6D 2 8] (X 1 F-1&] 8
g =0.020,d/D =0.4 %, o =0.020,d/D =0.6).

0.4t i ——0=0.040,d/D=0.4
=~ -6=0.031,d/D=0.4
ol -+ 6=0.024,d/D=0.4
—— —-—-6=0.020,d/D=0.4
N =--= 6=0.020,d/D=0.2
ot RN 6=0.020,d/D=0.6
R 6=0.020,d/D=1.0
V2T s 4 s
t/ms
8 p-tihzk
Fig.8 -t curves
5 & #
1) AR SEE TR R G R, BA —



26 - /S NS T A N - ¢

553 &

TE A5

2) AJKJE ) — I 221, 3 gy 1A 0 1] 432 7 01 D A0
FAYIBER U2 AR08/ N T3 K, BE A U v /1
e

3) ks 2 A B AR B Sk 8 e 7 %) 1) Rl 0
i S HA e, HATUG 2 AR08 N, il 24 S
S AL 45 SR 3h BB, ZR B AN i i i i a2
BTS2 AR BEAE RS ; W AR R/ N, P T T3
i) A A iz S BAT 301 A Ga s
[ 16 T PR R A A 465 L DR 3B 28 A0 i) 7
fitaz Bl e 32 A A B

4) W1th ZE AT R e (R SME LRI B E T IR ERA
KSR P IR 3 SRS, XA SGE S, 44
B 0. 4D, WA K A7) 38 2 R 4% il £ 79. 64 m/s
ZeAa s AT NIKBVERE g 98. 7 m/s , W) s v S 7 478
HI7E 0.4D ~0. 6D 2 Ji].

%% Xk

[1]LOGVINOVICH G V. Hydrodynamics of flow with free boundaries
[M]. Kiev: Naukova Dumka, 1969

[2]LEE M, LONGORIA R G, WILSON D E. Cavity dynamics in high-
speed water entry[ J]. Physics of Fluids, 1997, 9(3) . 540. DOI.
10. 1063/1. 869472

[3]ARISTOFF J M, BUSH J W M. Water entry of small hydrophobic
spheres[ J]. Journal of Fluid Mechanics, 2009, 619 45. DOI.10.
1017/50022112008004382

(4] e, ks, THF, & B sl Tidsh neds S
BEHIBETIT]. Wa/REE Tl Koo it, 2010, 42(9) ; 1351
WANG Jinghua, ZHANG Jiazhong, YU Kaiping, et al. Dynamics
modeling and control design for a high-speed supercavitating vehicle
[J]. Journal of Harbin Institute of Technology, 2010, 42 (9):
1351. DOI.10.11918/]. issn. 0367 - 6234.2010. 09. 002

[STakfh, Sk, MR, % WREEAKREI R LT].
Ere S ahid, 2011, 31(6) : 579
ZHANG Wei, GUO Zitao, XIAO Xinke, et al. Experimental
investigations on behaviors of projectile high-speed water entry[ J].
Explosion and Shock Waves, 2011, 31(6): 579. DOI.10. 11883/
1001 - 1455(2011)06 - 0579 -06

(6] EAaRK, R, BT, 5. 2SS 0B REE(H AL ]
MR Tl R 224, 2013, 45(3) : 22
WANG Baiqiu, WANG Cong, WEI Yingjie, et al. Drag coefficients
of supercavitating projectile based on dynamic mesh[ J]. Journal of
Harbin Institute of Technology, 2013, 45(3): 22. DOI.10. 11918/
j. issn. 0367 —6234.2013.03. 004

(7] EL RS, BRIEAR, £, 55 Mk B R A K 2 1 B A
L] AE s TR 72 4H, 2014, 40(2) : 204
MA Qingpeng, WEI Yingjie, WANG Cong, et al. Numerical
simulation of high-speed water-entry cavity of cone cylinder [ J].
Journal of Beijing University of Aeronautics and Astronautics, 2014,
40(2): 204. DOI; 10.13700/j. bh. 1001 —5965.2014. 02. 022

(8 1wzt , BRICAN, JURIK, 4. =SB SR = A TR B
W oM L] LR AS AL R R 274l , 2012, 38(4) : 509
HE Qiankun, WEI Yingjie, YOU Tianqing, et al. Analysis of tail-
slaps of supercavitating vehicle influenced by distortion of cavity

shape [ J ]. Journal of Beijing University of Aeronautics and

Astronautics, 2012, 38 (4): 509. DOI: 10. 13700/j. bh. 1001 -
5965.2012.04.025
(OB, frezhh, TS, 5. W2 s R n s st e (1]
RARFRLER A , 2013, 35(1): 7
WEI Yingjie, HE Qiankun, WANG Cong, et al. Review of study on
the tail-slap problems of supercavitating projectile[ J]. Ship Science
and Technology, 2013, 35(1): 7. DOI: 10. 3404/j. issn. 1672 —
7649.2013.1.002
(101 farschh, skodh, BROEAR, 45, /KT WMAT IR RS
Kb R FET] . W RIE Tk RAE2 4, 2012, 44(3) . 1
HE Qiankun, ZHANG Jiazhong, WEI Yingjie, et al. Mode and
impulse response of ventilated cavitating underwater vehicles[ J].
Journal of Harbin Institute of Technology, 2012, 44(3). 1. DOI.
10. 11918/j. issn. 0367 —6234.2012. 03. 001
(11]frsz i, skozdh, THE, 45 WSS WOK T 2SR IT5
[C1/7% N m &3 Iy 2 S Pl 22 AR 2 B SR Bl
J3Feggy, 2008
HE Qiankun, ZHANG Jiazhong, WANG Cong, et al. Mode analyze
of submarine-launched missile [ C ]//Proceedings of the 8th
National Conference on Dynamics and Control. Hangzhou: Chinese
Society of Theoretical and Applied Mechanics, 2008
(12 ] fAr sz, 825 I 3 R 4018 Bh 2 M L 5 K 3l J1 27 R PRI 5
[D]. BR/REE: IR/RIET LR, 2012
HE Qiankun. Research on multiphase flow and structural dynamics
of supercavitating projectile during tail-slapping [ D ]. Harbin;
Harbin Institute of Technology, 2012
(13]BREAN, s, FEH, 4% S 3 00 25 W A6 30 2 41 30 1) 2w
MAHELT]. #Rsh 5 b, 2012, 31(18) : 67
WEI Yingjie, HE Qiankun, WANG Cong, et al. Impact dynamic
responses of a supercavitating projectile in subsonic compressible
fluid flow[ J ]. Journal of Vibration and Shock, 2012, 31 (18):
67. DOI:10.3969/]. issn. 1000 —3835.2012. 18.016
(141 frschi, BU3EAS, THE, A%, 28 o 56 SRR 411 45 1) 3l 03 27 1o
SrprLI]. TR, 2012, 29(11) : 370
HE Qiankun, WEI Yingjie, WANG Cong, et al. Dynamic
responses of supercavitating projectile impacted by tail forces[ J].
Engineering Mechanics, 2012, 29 (11 ). 370. DOI. 10. 6052/
j. issn. 1000 —4750.2011. 03.0157
(15T, B, T, 45 AL PR IR 56 A KT 2 4 1 T A
PESERESEL ], 12244, 2019, 51(2) : 450
LU Jiaxing, WEI Yingjie, WANG Cong, et al. Experimental study
on cavity evolution characteristics in the water-entry process of
parallel cylinders[ J]. Chinese Journal of Theoretical and Applied
Mechanics, 2019, 51 (2): 450. DOI: 10. 6052/0459 - 1879 -
18 -288
(16 I REE, BIEAR, BRI, 55 5T RO bl Ao A
KR AL S T2 5 [T]. B Bloe 4, 2018, 67 (22):
224702
SONG Wucao, WEI Yingjie, LU Lirui, et al.
characteristics of parallel water-entry cavity based on potential flow
theory[ J]. Acta Physica Sinica, 2018, 67 (22) . 224702. DOI.
10. 7498/ aps. 67. 20181375
[17]SHIH T H, LIOU W W, SHABBIR A, et al. A new k-g eddy
viscosity model for high Reynolds number turbulent flows [ J].
Computers Fluids, 1995, 24(3) : 227. DOI: 10. 1016/0045 — 7930
(94)00032 -T
[18 ]SCHNERR G H, SAUER J. Physical and numerical modeling of

unsteady cavitation dynamics [ C ]//Proceedings of the 4th

Dynamic

International Conference on Multiphase Flow. New Orleans: ICMF,
2001

(%% %k )



