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Fig.1 Schematic of vertical cavity and horizontal cavity in gravity fluid
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Fig.2 Change of cavity cross section area at fixed water depth
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Fig.4 Comparison of the calculation profile (dotted line) with experimental photograph of cavity

3 KA A R AR

N T IR L HSABIA T3 3k AT AR B TR & (0 8 A P2 Al T AL A X CHErp 2 A
XA I AR R A LI T Al 200 A el AR M A iR AS B AR TE )

2ms iy eile o (704 5\

kASO(h,x)—hlia (2 +Fr2] h:l. (20)
KPR

l_l(o_c)= daFr’ 2aFr’ (21)

(o, Fr* +2%) + /(o Fr* + 2x)° (o P v 28)]
K25 AR



PR B Bt TE A g Jr

I
o
&

1137

TSNS, KR & PRRFANAS , BRI 28 W K B AR BRI & 2 AR AR Ak, 28 il 2 e
14). 3 1 2 P00 388 o 57 2 ik B 7K - 25 M A ME IR 9 B 96 S0 E ZE A G SCRk P B 2 A TR 22
X FUN A,

4 JERHEZ R A
23 W0 % JE B RE AL AR W IR R a5 v, IR Y s Y K S TR K BT s s
T 8 R B 23 W I S 25 A AR 23 Y B A b T A5 o 3 23 9 R R A o ) 45 A
WK KB N L (L, = L,/R) 4K E 25 R B2 L(x) = L, i A

a x Lb
<2/- " 5|-2—=0.
o, <2 i o 2 e o, (23)

N L
Wo(x)=7L (d‘l'zej. (22)

WSS IAT L(%) = Ly WU o) BRI 28 R0 R SR 2 & = 0, B2 (R 28 3 1K T 4
WA I 2R

S 24
0-0 ) i’]) Frz . ( )

J(po +pgl, —p.) L,
aR )
T(25>9AtHTtH7J<%1ZISﬁ/Bzﬁ S UL SRR AR L, =1 m, R =0.1m, g=9.8 m/s>,
p. =0.05 MPa,p, = 0.1 MPa, i3I M2 A KB R V =~ 20 m/s A0SR EE AP il 25
AR ZKGH R SR WY K s AR AR B K 23 i e T A A 3 T L
Za el b, A K 3R B 25 O BOHE 4 T I A5 1

(25)

a x L
UOsZ[L_F’er+2h2:UZ (x =x,,) . (26)
b

X F MRS SR, B oy = 0 B, AT B A K2 i B AR AR & = &, W00
T BB R &2 Fr= L/ Ja , BIBEAEAR ATKE LA L V = L, /g/aR’ .}Mﬂﬂ%
W 2 Al AR /N | A K T R A A DRI G SR A S5 1) 2 A T T R K, et RE AR AN
JE T ARAT R 25 1.

X T 7K 23 90 Je M R 28 T ) 2R A

o, \Z[La_;rz] o, , (27)
X E X 00* FRIK- 23 I WU 25 I I A, Y o = oy NI IELFSE T YA K

BEL(x) =1L

ttﬁ3/\*/@l§l’ﬂl S WM o, > of > oy, BVHKES I R R as il 2 L Res
SREA, A s w7 2], HORk oK 2530, ?%%E’Jm/\ﬂi S,

RAR 23 AL B B D Tl A 3 e o 4 v 25 900 0 DA T AR 2 A 28 1E 2 MK



1138 PRI B AK B AR RE 23 1A R

(7) AT, H K 2 YRR 1 8 B G K TR BE B T AN BT R 3o gl R 2 2 4 25 3 [ )
AR ST AN W X 2 AT A A0 R A AR R TS T s AR R R ), U s
LR TT AN A R AR B o 25 0 s TN E U, PR il A e s i
PRBUE B34 AR, B 25 1 e g o B e B0 AN RS B X T K 2l &5, 38 U
S Y R MEBE UK
MG 7R3 Y0068 LU AR EE AT LA 3 A4 P, 4 3 e 2 A ), K DRAH ], 40 ok == g i
JE 5K AT, AR (6) M (21) AR BIHUK AR ) p, K2R p, BIRHR N

p. =p. +pgl. (28)
AP T A5 K 2 YRR W, 5K A AR W, e Rl
W, =W, + k L4 (29)
2411' Fr

AR AR ELA PR )2 WA H KA R TR T S AR B R TR

R ZS IR 1 B0 R s 2 — DA IR Hh K s Yl U AN 5 A LR =, DA
38 SRR S Al BE T 50 2 Y AR B A 384 R, T AN 2 i s £ 25, % oKk P =
I, 2SR RRUAR B AN 2 e AR, DR e A SOHRE S A T B e T, o 2Rl AR S
A, A R AR AR T AOKZS AR ISR I — RS 2R A, T DR PRI,

5 AIRZMATEE MR AL

K 15) F(17) £ BEH AKEE & 8800, AKSHREBMKEEEIMERTAS S .
Az I AR A K ZS T R B AR A AR R Y
W F B  E) ET EERR nAR A i
FESLCAR R TR SR, LR TStk )
K25 W R A X A/ IR R, 2 M N I S
K DA 25 1 R A S HE R B ARG 7 AR R
ARG R, 25 3 P B SR R B R s
@V\]Eﬁlﬁ%?ﬁ“ MRS T REEME T R
TRIREE T, 25 10 J2 AR SO AR I IR
P IF45 1 W AR B 3 AK R BE AR Sk, Lk
TR SO A IO RS AR 20k, T8 R PR Y
W ST - DA - S - AT R Pl O A S i R

B 5 MASAIKMZ (IR IR A1
Fig.5 Cavity photograph after water-entry

from atmosphere 5—6 '%/J\W{@ [_JB—J‘ Ehﬂ: {@rﬁfnﬁi/ﬁilﬂ M
TS 33025 9 T i 3 B 4. 3k 2 A0 A 25 0 36

T % SR G A A bl & B DL s,
MR F il m] & B, 23 v R /NN B B B0 R BN /ING 4 A RRAE 7F‘JFH/\7J(
WK JEFARFR AT (15) F1(17) AMEf R Mt 4 | M Lk a] 45 1 A kN S RS 8] g 5 45
2 T8I 0305 5 8 B o SR S AF T o7 L B T e e, S SR IFHE.
6 4 ®

ARSCHENT. T i3 YA K 3 B 25 9 DG SRR IE B4 7] A Bl A Y SR e e B A AR T S e )



&

MR #Hi T %% il I o g 1139

7

— PR HT T A K S WL 25 R S SIS A LB iR T oL B i A K A
ML B BLR ANV AL BRALH 25 T 200 8 T 25 PF B TR B S R S AT A AT R A K =S
YL P 22 I OSSP 5 - S5 ) o e 1) 80 g e R B A ) 22 T AR rp e Bl

£ % 3k ( References) :

[1]  Michel J M. Introduction to cavitation and supercavitation[ R]. RTO AVT Lecture. Brussels,
2001.

[2] Semenenko V N. Artificial supercavitation. physices and calculation[ R]. RTO AVT Lecture.
Brussels, 2001.

[3] Savchenko Y N, Semenenko V N, Putilin S L. Unsteady supercavitated motion of bodies[ J].
International Journal of Fluid Mechanics Research, 2000, 37(1) ; 109-137.

(4] Savchenko Y N, Semenenko V N. The gas absorption into supercavity from liquid-gas bubble
mixture[ C|//Proc Third Internal Symposium on Cavitation. Vol 2. Grenoble, France, 1998
49-53.

[5] Logvinovical G V. Hydrodynamics of Flows With Free Boundaries| M]. Halsted Press, 1973.

[6] Vasin A D. The principle of independence of the cavity sections expansion ( Logvinovich’s
principle) as the basis for investigation on cavitation flows[ R]. RTO AVT Lecture. Brussels,
2001.

[7] Savchenko Y N, Semenenko V N. Wave formation on the boundaries of cavities forming at wa-
ter entry of a disk and cones|[ C]//Problems of High-Speed Fluid Mechanics. Cheboksary :
Chyvashi University Press, 1993, 231-239.

[8] Semenenko V N. Dynamic processes of supercavitation and computer simulation[ R]. RTO
AVT Lecture. Brussels, 2001.

[9] Bergmann R, Van der Meer D, Gekle S, Van der Bos A, Lohse D. Controlled impact of a disk
on a water surface: cavity dynamics| J]. J Fluid Mech, 2009, 633 381-409.

[10]  BABHL, 2=, AKFAUTTIR LK 25 it D Bt RO RR R AR [ C /56 T — B 2 E K Bl S5 R
SPCBE s 4 FEK ) 1 E R S O R R IR BRI R 110 AR R4 3. dbnd. i
H gt , 2012 54-67. (LU Chuan-jing, LI Jie. Research on the cavity collapse of the exit-water
body[ C |//Proceeding of the 11th National Congress on Hydrodynamics & 24th National
Conference on Hydrodynamics and Commemoration of the 110th Anniversary of ZHOU Pei-
yuan’ s Birth. Beijing: Ocean Press, 2012 54-67.(in Chinese) )

(1] E—f, ®\RE, MRl J5fr, RTINI WA TIREE B UK EA 5 251000 KL [T ). J12es
R, 2012, 44(1); 39-48.( WANG Yi-wei, Huang Chen-guang, DU Te-zhuan, FANG Xin, LI-
ANG Nai-gang. Mechanism analysis about cavitation collapse load of underwater vehicles in a
vertical launching process[ J|. Chinese Journal of Theoretical and Applied Mechanics, 2012,
44(1) : 39-48.(in Chinese) )

[12] BREL, £55, U, 580, S bkEdee o E= it J]. %240, 2013, 45
(1): 76-82.( CHEN Wei-qi, WANG Bao-shou, YAN Kai, YI Shu-qun. Study on the unsteady
vertical cavity of the exit-water cavitor[ J|. Chinese Journal of Theoretical and Applied Me-
chanics, 2013, 45(1) : 76-82.(in Chinese) )



=

1140 PRI B AK B AR RE 23 1A R

Model of the Unsteady Vertical Water-Entry
and Water-Exit Cavities

CHEN Wei-qi1 ,  WANG Bao-shou' , YAN Kai' , LU Hai—yam2
(1. China Ship Scientific Research Center, Wuxi, Jiangsu 214082, P.R.China;
2. School of Science, Jiangnan University, Wuxi, Jiangsu 214122, P.R.China)

Abstract: The unsteady vertical water-entry and water-exit cavities produced by a high-speed
body were investigated theoretically, the mathematical models of the water-entry and water-exit
cavities were proposed, and the solutions of the cavity shape varying with water depth were de-
rived. Based on the solutions, the cavity length, cavity volume, closure depth of water-entry
cavity and the condition for the formation of supercavity were obtained. The results show that
the volume of the water-exit cavity increases with the reduction in water depth. Therefore, in
order to maintain (or increase) the pressure of the water-exit cavity, more volume of gas injec-
tion is required in contrast to horizontal cavity, which also means that it is harder for the water-
exit cavity to form supercavity, but simultaneously the advantage is that the water-exit cavity is
hard to leak gas due to the increase in its volume. On the contrary, with the increase in water
depth, the water-entry cavity has the tendency to shrink its volume, and squeeze gas within the
cavity to jet out from the rear end of the cavity, with the gas reduction within cavity due to the
gas jet, the pressure of the cavity will decrease, if the pressure falls below the environmental
pressure, the rear end of the cavity will be closed by the environmental high-pressure, and thus
the gas jet will terminate. As a result, a periodic impulsive process that consists of successive
jetting-closure phases will be formed at the rear end of the cavity, resulting in the formation of
a series of small bubbles in the wake of the cavity and wavelike fluctuations on the surface of

the cavity due to the fluctuations of the pressure within the cavity.
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