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THREE-DIMENSIONAL FLOW FIELD SIMULATION AND
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XIANG Min', WU Xiong?, "”ZHANG Wei-hua' , WANG Zhong-wei*

(1. Institute of Aerospace and Material Engineering, National University of Defense Technology, Changsha, Hunan 410073, Ching;
2. Aviation Department, Institute of Naval Arming Research, Shanghai 200436, China)

Abstract: The configuration as well as the performance evaluating method was proposed for a supercavitating
vehicle with a water pipe system. Based on three-dimensional Reynolds averaged N-S equations, a mixture
multiphase model, and a full cavitation model, the numerical simulation method for the internal and external flow
field of the supercavitating vehicle were developed. Then the simulations were carried out under various working
conditions for the supercavitating vehicle with different attack angles. The function laws that the sailing speed, the
sailing attack angle and the cavitator attack angle act on the cavity shape, the vehicle hydrodynamics and water
pipe performance were obtained. The results show that the sailing attack angle can obvioudy change axial
symmetry of the cavity, which will stimulate vehicle instability. The cavitator attack angle is effective for vehicle
control due to its ignorable influence on the cavity symmetry and water pipe performance. The conclusions have
some instructional significance in the development of supercavitating vehicles.
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Fig.1 Schematics of a supercavitating vehicle
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Fig.2 Computationa gridsin the whole flow field
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Fig.7 Isosurfaces of vapor volume fraction at different
cavitation number (a,=0.5)
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of the water pipe
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Fig.10 Drag coefficient vs. sailing velocity
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Fig.13 Massflux coefficient of water pipe and non-symmetric
factor vs. sailing attack angle

ovz'f—_\-\.\i 06
0.18

Fomr—— ~Ae. _ 108
o6 T a._

e T . 0e

FRE-
©

RUPH D &% Cy
I hEH C

o
)

|
(3

R
& - - - - —

Mﬁﬁﬁaﬂﬁe
K14 AT & T B AR ZRE AT B AR AR
Fig.14 Drag & lift coefficients vs. sailing attack angle
33 TUFWHAEMSHT

S YR AT A 0B b A e 0 AR AR
BETVI7, WRUAT ARSI, I EAT T
FoE o K 15 NS sty BUA I e A 2 1 b A
I3

Kl 16 A s Bifia, ok 8 i Es . S
A5 O A3 1 T A AN TR, AHARRE T AT 2
i, MR

1
=)

K 15
Fig.15 Computational grid in the cavitator region

= L W—

ZEAAR AT RS

K16 b dely B I 28 AR AR 2 B e AE

(ac=8°, a,~0.5)
Fig.16 Isosurfaces of vapor volume fraction at attack angle of
cavitator (a.=8°, a,=0.5)

® g TR AR IR TSI AAT K
NN ZH . BOARHER LR 2R S 1A P A
WK L BRI, L Z#im . ¥
FUAT I A N T30 OB BB AT AR B A,
B BB, BEKAE R R EIEA
TREFANAR, - DRI 2 A 25 O 2 ) /K i 1 S i) v
LA o e Al s By 2R B A 1 s, T
ARSI 0. By R BRI S AR
FULHAT AR S5 R . X FER BT I
R AR BUAE I, BEKAE B B AR AT
G ARG I, 3 A g 2T I ) 4 H TR DR
Ny TG B R BN o R T BE KA R
FUHAUTES, S A e AR T LA i i ] T
AT #e A o

*1 TRASHBHRATSH

Tablel Parametersat various attack angle of the cavitator

W)  LJDn WERN  SUBHORE SsTH R
0 7.12 0.895 0.0783 0
3 6.17 0.887 0.0745 0.00457
5 4.83 0.870 0.0727 0.00762
8 4.16 0.860 0.0668 0.0121
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