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Abstract: This study presents the multiphase flow characteristics and scale effect of compound
movement for inclined cylinder in water entry. The VOF multiphase flow model and overset mesh
technology are employed to carry out the water entry simulation of cylinder under lower Froude
number. The cavity evolution, hydrodynamic characteristics and scale effect are analyzed for the
water entry of cylinder with different diameters. Within the scope of initial parameters of current
study, the cavity almost occurs deep seal in the water entry of the cylinder with different diame-
ters. The pinch-off time linearly increases with the increase of Froude number. The lift coefficient
is similar between the stage of impact and pinch-off stage for different diameter cylinders. Where-
as, lift coefficient increases faster for the cylinder with smaller diameter after pinch off.
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Fig. 1 Computational domain and boundary condition
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Tab. 1 Parameters of the cylinder

H# D= R/ i/ (kg + m?)
Jiii/ kg .
29 mm (kg/m?*) I, I, I.
2D 1. 220 1.34X1072 5.13X1072% 1.34X10°?
1.5D 0.515 3.19X10~* 1.22X10~* 3.19X10°*
D 0.153 4.20X10"* 1.60X10°° 4.20X10*
1 282.66
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©

.96X107° 3.80X107% 9.96X10°
0.5D 0. 019 1.31X107° 5.01X1077 1.31X107°
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1.3 HEIWAERIE

TE IR AN [F] A% 25 B2 () AR A DR T8I AE AR 7% 7K
SRR S BT, B R T AR B TE O, DL Ak
YA R LES X W kg %5 B 2K . Ak, s RO

S HT ARAG B4 9 7K 23 9 ALK 3l 3 R 5 00 B 2 B0
[Fi 14 552 96 45 2R 2R A7 0F E o0 A X B 23 A 07 4
ABNESEATIUE . 18 3 X BT S92 50 A 3 A 7Y [
AR OK 2= W A, TR R A R B2 I [R] LA B 4 Sk
Vi i ol YT Ry A I 22 R v S A DL 2
XEIE I 20 B 25 0 ROBE L Wik, A i P A, IR
W& 28 R i sh 25 W — 20, |k T VOF Z 4
TR N FOR C S MO B 5 PP . 1 4 X ke T A
AR IR A A IR AT A 7 K G AR A o3 A RS R 4
R TC R WK BEE o /g FUMEEE AL /(viay)
iR N L 1 e 3 e A W B S U 5 D1 B
MIEL 4 Ha] LR 2 K(E 23 B 3R A A9 [ R A e 1
IR0 R 5 5 36 45 2R v T — B, R WA SO/
SR D5k AT LA 25 B0 B A AR v K R K B
Rtk

5 ms 25 ms 45 ms 65 ms

85 ms 97 ms 105 ms

B3 EEAEKkIESEELIEMEESRT

Fig. 3 Comparison of the experimental and numerical cavity for cylinder entering water
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Fig. 4 Comparison of cylinder acceleration and angular acceleration in water entry
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Tab. 2 Comparison of impact cavity for the cylinders with different diameters

B AR D*

i

[l 1% 42
L 2D 1.5D D 0.75D 0.5D 0.25D
0.2tp \ §i § § s &
VYV VY YY
SRR
081,
t
tl
El 6 Tt MWk WA m I (o, /D) BB RSTRE Fr 972840, Hdr, B 7 () Mzl s
AR Fr 02k, R 2 WIS UE Wik 1] 1 pE 9 T BE A G AN S W S d.. /D B

AN AR BIAE A T Ak 2 W LR & . Fr 9284k, BEPREARFR L 10 AR A X, A

i R H 4 D =0.25D MRFEE, FERks B 7 () RAEIFEH, do/D" B Fr 09X 505 m
BN EIEHT A T m N dkcgm . RE CRPER K Sk Zs 0 B A R ) G A PR S TR

o

AR WK, PR A R AW, R Chy, /D" VAR FEARE T o0 B B (hy /D7)

vot, /DR Fr SRR . RAWA A BB ey pros s i 4 pER G, 0 7 (b BRR,
e g 2, IR MEAUR 3E B2 25 9 1 T8 Ak &5+ 25 00 i Wid, B 7 (b) AT h,/h, biFr 072540, 7E

A A AT . b, /b, 7E Fr<5.62 WK Fr 1%
2.2 H&EHIERS MR R K, e Fr=5. 6 16BN,/

& 7 SR AN TR) A2 B R 44 5 K 2 30 AT 6 I TR) AR IE h,2=0. 48,



o4 FLBAEEA

2021 45 A

6 ZEAERBEME FrHEL
Fig. 6 Change of pinch-off time as a function of

froude number Fr

3.6

1.63

om’

d |ID

3.0

2.8+

2.6 I NN TR SRR FERRTET] IRRTTETY FRTRITITA (ITTIeTT
3

Ny
o
(@)
~E
oo
=)
—
o

hp/ h,

Il Il 02
1.6 2.0 2.4 2.8 32

s
(b) ZAAEGREMEHFREREZL
B7 AREEEEHEEEK=EHGEEFERT

Fig. 7 Cavity critical sizes at pinch-off moment

for the cylinders with different diameters
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