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Numerical Investigation of Ventilated Cavitating Flows
around a Vertical Underwater-launched Projectile
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Abstract: The numerical simulation of ventilated cavitating flow around an underwater-launched
projectile is performed based on a homogeneous model. The simulated results are compared with
experimental results in terms of the pressure. The influence of the timing variation of ventilation
rate on ventilated cavity development and flow characteristics is analyzed. The research results
show that the numerical results are consistent with the experimental results. Ventilation can im-
prove the pressure inside the cavity and the pressure of different locations tends to be same. With
the ventilation time earlier, the pressure inside the cavity and the high pressure of re-entrant jet in-
crease gradually. In addition, the formation and evolution of vortex are captured in the process of cavity
development. For gas flow characteristics, the gas injection moves towards three directions. The motion of
gas leads to the formation of vortex and the vortex can be catalogued into three types.
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Fig. 1 Sketch of the gas ventilated device
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Fig. 2 Outline of the computational domain

with boundary condition
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Fig. 3 Grids in the computation (Left is out-domain,

right is ventilated device)
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Fig. 4 Positions of monitoring points

XFA g, P ESSMMEA, K
1 2h B8 IBF 8] % 4k R iR, 25 W 0 R 0 45 31 B 3 48
B, WA R B E B B S . R 45k BT
Bl DUATIR 3217, B8 R 1 RN Wi BEAIS i I
JE 122 SR 5% R 3 1 52 i R Wi R AR, X T B AL
Rl - L R A A A R [ S N ]
TRE, Mk R B S B R, R E BT,
A R, R TS A R [ G
., B 6 (a) Whagth Tzt Z1 9 1 5 s iy
SHE, TUREEMLE R B LS4 T Al A L,
Hizb i — A X, Bl A 25 W4k 22 m) 5 & .
MEga s, I RETEERNES, JF
BE AN R B, XFTF C . AT RO ER 3R 6
FHEL T 2w, S A R W TR R &
BT R SR KSR R ZL, i s T A i I
FIEEMTE . AR SCEUE L PR 2 i T, g
E AL AT WA B A & R, BRI Z AN, C AR
TS B S —8. HEFEENZ, BIM&MC
D e 32 v A5 380 04 1R T U LD B 22 RO T IS TR
EZE A, X T RE 2 K 50 3 B 1 AN A0 R 36 5
T AU R SRR B, T s U R I A I [R] ZE
e N2 A5 S A — S 1 I o7 B [ 3 P



54 H I LR ST K T MUAT R 1 38 <5 e B BT R 5T 25
0.30 HAT LG R A BB
I D RS FREB . I 8% BT A AT Tk 34
0.25 Forb e ) B Al S T JE AR, X R R Bl o B
T Y 5
0.20 2) FEIFE B, b DX R T AT A 3R T =S
o WHEGAME, HEIEAREARKRZLH TN T I
0151 2 3 9 DX
3) HEJJUE(E Br . b XS N F A R . X
0.10 . SN .
S BT A W A5 T A R e
005 4 JES R BB, B X IO R F AT R TS
20100 01 02 03 04 05 06 07 08 09 10 L. XWX, HE SEARF N T
ir XTHCBUE B AR e 45 R kB, WA S
(a) A HRE ST T B B TR ) W £ B o T (P 75 TR
08 T (B 0 IRASE B A A — o i 25 B 3 D 0 T /DS
07 e AR TR S 5 H B B X S . X T AR S
rh R I R 22 I B
0.6
15
0.5 4 1.4
o8 1.3
0.4 1.2+
1.1
oo] |
0.8
0.2 O™ 0.7
0.6
0.1 LU LA L L L S S R S SO L B B 0.54
-0.1 0.0 0.1 02 03 04 (}; 0.6 07 08 09 1.0 1.1 04
1
0.3
(b) BMEENST 0.2
0.1 —=— AR
- —'—"J-‘«\\Lé;dzir
v —— HI o | | i
9] —— RAR 0.0 0.2 04 0.6 0.8 1.0
0.8 /L
0.7 6 FKMZMITEREEDREAT L
0.6 Fig. 6 The pressure surrounding the vehicle surface
Q)&0.5_ when touching on the water surface
0.4
05l TR R 0K TR P 2
02 - R VLRGN R 1A B35 m . A SCHEE T 4 A
0.1 A2 20y tp e tp FFWRBR, BT T

-0.1 0‘.0 ' Ojl '0.I2 0% 0.'4 ‘O.IS ‘0‘.6 '0.|7 ' OI.S ' 0'.9 I 1'.0‘1.1
7
(¢) CHMREASD
B 5 BITEHRRENSEA L
Fig. 5 Comparisons of the pressure surrounding the vehicle

surface in experimental and numerical results
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Fig. 7 The pressure surrounding the vehicle surface of
different timing variation of ventilation rate
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Fig. 8 Time-evolution process of cavity shapes
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Fig. 9 Time-evolution process of cavity length
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Fig. 11 Streamline patterns near the ventilated hole
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