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Numerical simulation of cavitation and motion characteristics
of revolution bodies entering water in parallel
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Abstract; To study the influence of initial parameters on the cavitation and motion characteristics of revolution
bodies entering water in parallel, the realizable k-& turbulence model, the volume of fluid ( VOF) multiphase flow
model, and the Schnerr and Sauer cavitation model were employed based on the finite volume method. The
overlapping grid technique was used to simulate the process of water entry in parallel with different initial speeds,
initial clearance distances, and cross-flow speeds. First, a numerical calculation model of high-speed water entry in
parallel of revolution bodies was established, and the validity of the calculation method was verified. Then, based
on this model, numerical calculations of parallel water entry with different initial parameters were performed to
obtain the flow field and motion characteristics under different parameters. Finally, combined with the calculation
results, the variations of the cavitation morphology and characteristic size, as well as the lateral and yaw movements
of the moving bodies under different parameters were analyzed. Results show that with the increase of the initial
velocity of water entry, the inner side cavitation phenomenon was more severe. With the outer polar radius and the
limit length of the cavitation at the same dimensionless moment increased, the dimensionless lateral displacement
and yaw angle of the revolution body were larger. As the initial clearance distance decreased, the limit length of the
cavitation at the same dimensionless moment was smaller, and the dimensionless lateral displacement and yaw angle
of the revolution body first increased and then decreased. Under the action of small cross-flow, the radial
dimensions of the outer cavitation on the outer side of the revolution body in forward and leeward directions were
basically the same with that of the single revolution body, while the length was slightly larger. With the increase of
the cross-flow speed, the cavity size differences of parallel moving bodies were greater than that of single body. The
radial size differences of the inner cavitation were large, where the polar radius of the inner cavitation of face-flow
revolution body was greater, and with the increase of the cross-flow speed, the maximum value of the polar radius

maintained around d + D/2. When the cross-flow speed was small, the two revolution bodies tended to be close to
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the head and far away from the tail; when the cross-flow speed was large, the two revolution bodies tended to be

close to the tail and far away from the head.

Keywords: revolution body; water entry in parallel; cavity shape; motion characteristics; numerical simulation
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Fig. 1 Comparison of cavity shapes

A FIAR SC IR AL X R (SR R HEA T 3
B PRI (A 22 ) () A X 55 7 5% X RS

2R

00y

(=]

35”1 %

B2 EEMERBSEREB/LATE
Fig.2  Overlapping grid area and background domain geometry
ARTSCRERMLT 3 FhIA% 3 FhIAR IS EOLEL 1,
R1 AREEMHER M

Tab.1 Grids of different densities and quantities

S5SNI S 124 VNS I/ = T (- L

o Y o
wE mm mm Kok () K R RIAE
1 8 0.10 85 312 337 840 508 464
2 8 0.01 318 176 337 840 974 192
3 10 0.01 436 720 894 824 1768 264

BCEAH R AT 2B 1 x 10 70 s #EATTHA 20l
TR AR 3 RIS OB ) R BT R AR 27 A
R T RHS 155 RAE 2 FIRAS 3 702 1) 3 J3E 0 £y 3
JEMITHE EROR I 22 . AR SO TR A, 235
PR g BRI 2 HEAT IR 2635

2 BEWEERE N

2.1 NIKIEEXFHERNIKZ 8K IE R0

AR SO Y27 AT A R BRF T AR AR X AR T
FRFIESRICR] LIARAS 25 1AM AL r,  NONARAE 7,
UL RE L BRI EE L, (L AT & B b 2525 i
fiE, 40 3 s . Hob d S If Bl D o [l ek B
Foo BIFXSARYE, AR BB, AR SCACE LA o]
et T it

—— = -

|,,

e

Vo,

B3 SEHETARSSERE
Fig. 3 Schematic diagram of cavitation morphology parameters
in reference section



.26 - MR

S N N S

553 4%

SRFFE ATKAT) 3 BT [ A I 156 A K Gt R 1) 5
Wi, S SCHRW) 3G BE M 0. 4D, A K ) 3 BE 43 5]
69.67.79. 64 F1 89. 48 m/s ( B %) 1k 2 tL K05 9
0.040.0.031.0. 024) Y 3 Fiis ol ik AT B(E T 5, I
Fb A A KA 3 B X 4 Az SR s

M LR AT T LR, Bk Ak
wﬁﬁfﬁ@%%%%m@w&1T@kmaﬁm

G L OV E BT R K, ) — Bt 48
AT —
BEHKTTHIK

Pl 4.5 705 0 A R A KR BE T SMIU 2 T HE 25 A
—— 2,=69.67 m/s  --e- 9,=79.64 m/s & v:,=89.48 m/s
40r 40+ 40F 40t 40 6
—a—1,=69.67 m/s
30F 301 30F 30 30 5f N - e v,=79.64 m/s
STl - -4 - ,=89.48 m/s
Q T
2 2 S 2 Saf
N 20} N 20 20 N 20 N 20 S
N Q Q Q
3t
10 % 10 10 10 10
0 O 0 0 0 i w
v /D
0 4 8 246 048 0 5 10048 S MU IR IR R
2ru/D 2rs/D 2rs/D 2ro/D 2ru/D Fig.5 Influence of initial velocity of water entry on
@v/D=5  (O)uD=10 (©)ug/D=15  (d)v/D=20 (€)vat/D=25 Jimit length
4 NIKANIE E XM = i L AR 5 0m
Fig.4 Influence of initial velocity of water entry on outer cavitation
K1 6.7 73l zath TARFIAKERBE N R IRk R [ A 399 A AR WY AN ] G S 2 I P oy
FRIE 7 B ) R 225041 o AT LA BIACKEEE XS [ 29 N TR AR K A8 003 A1 28 S 550K, G I A 7 B S 19

RSk TR TR 3 23 AT R R SR, Bt A 8 R 1 A, s g 0
EHEIC ., XS EEP 7 ) i 22 R B, /I B A K 8

;,=69.67 m/s

= = 1,=79.64 m/s

[ S AE . AR A K — B a] J5 0 1) He 2 %) g i
A TKHRE B3 KM G K,

;,=89.48 m/s

40
200
150
=
|, 100
50+
0 0 1 -1 0 1
2x/D 2x/D
(a) v,4/D=0 (b) v.4/D=5
24 ¢ 15¢
16 1 o / -——_—— - - 10k
‘s A%
& s (=
So8r ) S5l
0r oL
1 0 1 1 0 1
2x/D 2x/D
(¢) v.4/D=15 (d) v/ D=25
B6 ANKEEILIBEASHHME

Fig. 6

Influence of initial velocity of water entry on head pressure distribution
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Fig. 16  Influence of cross-flow speed on motion characteristics

of revolution body
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