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Experimental study on cavitation evolution of high-speed projectile water
entry in parallel
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Abstract; To study the multi-cavity evolution characteristics of parallel multi-projectile water entry, the launcher
that can be used for high-speed water entry in parallel was designed, and the feasibility of the system was verified
by experiments. Then, based on the system, the test on parallel double-projectile water entry was carried out with
different cavitator diameters and radial spacing. The high-speed photographic technology was used to collect the
movement process of double-projectile water entry in parallel. Finally, the collected motion sequence images were
analyzed to obtain the data of double-projectile water entry in parallel. The evolution law of double cavitation in the
process of parallel water entry was obtained, which reveals the coupling evolution mechanism between the cavitation
of the projectiles entering water in parallel. Results show that there were three typical phenomena of crossing,
attraction, and truncation in the process of cavitation evolution of high-speed projectiles. The cavitator diameter and
the radial distance of projectile were important factors affecting the coupling characteristics of double-cavity. When
the radial distance of the projectiles was constant, as the diameter of the projectile cavitator decreased, the degree
of coupling between the double cavitation was weakened, and the complete crossing phenomenon became a partial
crossing phenomenon. Under the same cavitator diameter, with the radial distance increased, the attraction
phenomenon between the shedding cavities of the projectiles was gradually weakened, while the offset amplitude of
the shedding cavities increased first and then decreased with the increase of the radial distance. When there was a
front-to-back distance between the double-projectile, the first projectile was prone to the truncation phenomenon.
As the radial distance increased, the truncation diminished. According to the principle of independent expansion,
the truncation phenomenon will also be weakened when the distance between the front and back of the projectile was
reduced under the same conditions.
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kS HEA: 2019 —03 - 04 L T L4 T AN 1k 42/ i B ST 2 ] ST 4
AT E . I A F A (11672098) Eﬂ%aﬂaﬁ/ykfeéfaﬂﬁ | ?E% | Eﬂ%/n‘j_lﬂ$ﬁ
TEE RS i e (1976—) 3 B 2% TR 24 [ B 5 7 A 26t st ] ) o PR 290 68 1 phy K T g A K

FOB(1966—) 5, 5T, 1 1/ S F R B 3 A KIS FE R, S AR X T R AR

BE{EE: £ 8, alanwang@ hit. edu. cn



16 - /S NS T A N - ¢

$52 %

K LRI ZETRE I, R A2 AL ES i, 25 1))
KT S A A T e L b TR A
2 P SRS MR BEL ) 2R A, PRI R 2 Y i
BENE NS )2 e

] P A X 2 0 S S T 5 T B R B A T
W OB AR IR 5. R e IR K 2 T
Logvinovich 2 {2 a5 17 7. 2 B S X 25 9 %
JE L FREATH AR, Lee 251 ) T Al £ <7 15 J5U B X 5
B 25 A K 2 VA R TR R A A R A T
55 Alev'™ ST UK AR B BF5E T 40K 4 14 72 %
VR 4 M SR N (9 28 YLARRAE . SCRik[6 -7 ) 7E i3
B T SHE LA Z MR, 4 1 T RS Fm
N R i DO e e R R S E RN R U i< R e
G [ TR BRGSOy TR ST A LR LA A A
A BR 22400 N-S J5 T L HEoR At , 3145 T - 3k 5
S P A K028 WA IR R R T B R
AL AR T PRNG 20 Xof ShF 6 25 3 AL K IR ) 3 T
P 23 I A S5 HEAT T BB 52 75156 )7 T
Mostafa 25158 i 7K 5P % 5 A K IR 86 % AN (] f 2
P BT 825 5 3% B4 25 YT 25 R [R]. Hrubes'
3 Ao 7 AR B R AT 23 Y 5 A K I8 B
TR THMEZH SR HEMMAS. X
R 12 - 14 ] RGETF IR 8 2 Y B St 6 DT 5, %)
S TR IR 28 Y S AT I AT, B
SEIE FH I B 0 2 W B S B i 2 s A 5 A
Al s (L s AR R [R] 14 2 o SR TR T 5 0
WFSE. A AR M AR M S oo S s 8 T e T
A2 MK T SR I s, Bk sh 4T E N
FKARBER K T w2 532 2 B IR UG BT 9.

[ N ANERIBIF 92 K 22 35 T B0 AS B 3, B 5 < A A
T U R, 2 R K DA S A K G T
£ [T EE . R % R D R SM AN T SC ik b 2 31 22 5
A K BB SE. N AR CRF S . E B AR
AEUTFNP I S X K 6 A HE AT T RO A LB
GE. AR SR I v G 7 1 0 T B0 ) I
S B HEAT OUR A b R 7 T B AKIR B BF5E T
KU 3T 16 A 7K 1 B A2 Y U8 R A R G
HLE.

1 KRR RGEXTE

I RGN 1 PR, 5 R g EE dish
WARGE SR R GE eI R AR Kl &
B R GEALI. Hrp A G R F A v RO 5
FeRE BURAE R B R L A AR R g
T PR -5 o i L, 42 7 i RE RS 4 3t L £ fk
K i A PR FEL R R, DA T PRAIE 2 fioh 2 R 3%

16 foh 2 25 8 R 2, R RS 00 A U FAR BT 3K R 32 3
IR AN R G = B ARR R G IR R 58 I
S 138 TR 5 2R 4 5 P KA R R 1.2 mox
1.2 m x10.0 m, TORFF 11, i 00 ey SR FH 48 1 56 B )
BAL B3 | JECTR AN LA I B BB A O, S SR i 5
P4 K DI 22 Gt A0 35 22 )22 0 2 ) R [l g ot 55, 4
B ISR G A B AR A S, 4 55 33 30 KRS A ity
A, 29 o AR 22 R 0H 2k A [ it

K o BVIMBAL
i:|

pd e 000000 |

B &

iy - |f=‘1" | AN EREni

5] i [TTTTTTT{ |

oo <§7 v

' |—0 '
""""" HEEWRR G o

R R G
1 KBRRGZREFR

Fig.1 Overall scheme of the test system
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Fig.2  Schematic diagram of truncated cone projectile model
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Tab.1 Projectile model size mm
A D, Dy L L
A 8 20 60 240
B 14 20 30 210
C 20 20 - 120
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Tab.2 Partial conditions of parallel water entry test

Fre B S 3]/ mm Wz o
1 C 0.5D, 0.045 0;0.065 0
2 B 0.5D, 0.085 2
3 B 1.5D, 0.050 0
4 B 2.0D, 0.050 0
5 B 3.0D, 0.050 0
6 B 4.0D, 0.047 4
7 A 0.5D, 0.044 1
8 A 1.0D, 0.049 2
9 A 1.5D, 0.051 9
10 A 2.0D, 0.048 5
11 A 2.5D, 0.048 5
12 A 3.5D, 0.048 5
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Fig.3 Completecrossing phenomenon in the evolution of double
cavitation
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Fig.4 Partial crossing phenomenon in the evolution of double

cavitation
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Fig.5 Attraction phenomenon of double cavitation of type B

projectile at different spacing
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Fig.6  Atiraction phenomenon of double cavitation of type A

projectile at different spacing
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Fig. 7 Variation of attraction phenomenon of double cavitation
with projectile spacing
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Fig. 8  Truncation phenomenon in the evolution of double

cavitation
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Fig.9 Weak truncation in the evolution of double cavitation
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Schematic diagram of flow field structure during the

Fig. 10

development of double-cavity coupling
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