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Study on Cavitation Flow Characteristics of Cavitator around
Projectile Configuration
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( Northwest Institute of Mechanical and Electrical Engineering, Xianyang 712099, China )

Abstract In order to optimize the projectile head shape, numerical simulations of the cavitation flow field of
different cavitator configurations, including inverted cone-shaped, hemispherical, and cylindrical are conducted. The
results indicate that under the same cavitation number, the inverted trapezium cavitator produces the largest
cavitation profile and is more prone to cavitation generation. Cylindrical cavitator comes in second place, while
hemispherical cavitator is less prone to cavitation. The turbulent kinetic energy is closely related to the generation of
cavities, and the turbulent kinetic energy is highest near the inverted trapezium cavitator, so its cavity size is also the
largest. The diameter ratio between the smaller and larger bottom surfaces of the inverted trapezium cavitator has a
significant impact on the high-speed cavitation flow around the projectile. As this ratio increases, the thickness of the
cavity increases, but it also leads to a significant increase in the navigation resistance coefficient. Overall, the
inverted cone-shaped cavitator is easier to generate cavitation and can provide support for the optimal design scheme
of supercavitating projectiles.
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different grid quantities
s P A% 2 71 D./D, L/D,
1 i 1 P 3.694 28.526
2 o A5 A 3.824 29.605
3 240 0 A 3.853 29.746

iy 1 MIE 3 ATLAE . M HDHURE RORS 11
SIS B Y 23 Y 5 RS LR/ TV 2 A RS
AT AR, iR FH v 45 A MRS 48 R0 A 1193155
i 2 e W AT Ao 1R TR A 2 5E
PE, ARSCR PR HEMAS (110 7)) BN R Z0 TR T
DL RAE o
3.1.2 RIRRE I E

0 Ao 2 A 5 A ) S5 6 A A 6 AR S S BRI
BITER RN & 4 45 Hh 258 o = 0.038 I 5L
B s Y0 55 07 FLAS LR B A 0 FE A 2R, JF 4RI T 253
8 A A R AR I B T e (R A I S LR 2.
LA 4 Fik 2 TLUE I, 05 BOTR TR i 2 ikt
JE L A 5 S 14 s Y B I — B, 7 LS SR AT X 52
BB R IR ZEXITE 10% AN, SR WA SO R H A4 8
(ELVT 5807 1 BB A ] 42 52 110 5% 2 Y ] A AE 4L S 1
DL B S AR

(a) J:IZ LR

(b) Befe i 17 3
B4 HEGEZBSLRERMIE

Fig. 4 Comparison of cavities between numerical
simulation and experimental results

R2 TEARBLENSHIL
Table 2 Comparison of dimensionless parameters for
cavity profile

311 D./D, L./D,

F AR 4.15 29.826

5 45 R 3.75 27.833
ARXT R 22/ % 9.6 9.7




- 58 - HFBFEHRTAG %8 A

3.2 FUEBIMEXT GGG = L iR 3h O 20

MR IGEYLEESC g0 5 T3y siay, a] ok
A AR RS s (B 0=0.39 T
(SRR T O ) KoM 2 (L an S5 X Se i 5
2R 5 A KBRS () SE 2 A R
58U = e i g T UL, B 6 Sk FARFR L
“EGEERERE, "TUASE]: FESHRE LR
SRy S S Bl e G At SRS % ) Sy SO

SR FEE 15 ELIE AR A Py FLAFHIHL
(a) BB Y

“:T: TFy\/

15 ELIE AR Py FLAFHIHL
(b) [FlEk A

/-) - //’\\/

P ELIE [ FL ] Py FLEFHIHL
(c) lFEY

5 MEMREEEILER
Fig. 5 Comparison between experimental gray scale
images and numerical results

0.1 02 03 04 05 06 0.7 08 09

y/m

T
i

o

—0.006 = : . i+
-0.006 -0.004 -0.002 0 -0.002 -0.004 -0.006
x/m
(a) BB A 7R
0.1 02 03 04 05 06 07 08 09

y/m

—0.006 Le=—=—=ut L
-0.006 -0.004 -0.002 0
x/m

(b) PUEKEY

-0.002 -0.004 -0.006

0.1 02 03 04 05 06 0.7 0.8 09

y/m

=

- ar—

] e T
-0.006 -0.004 -0.002 0 -0.002 -0.004 -0.006
x/m

(c) AL

6 KPR EEXREE
Fig. 6 Contour of vapor volume fraction and velocity
vector diagram

WFFEH HCZS RFE R Linax/Deay 1 Hinax/Deay
CEEXAR B, Deay 23BN EIRE G T [FIBREY
I8 7 A TR s A AR ) AR 9 PEHIR AR o BOHA [R]
TOLSEE R 3 Bl g as R f o W A Y 2 SR
FrXf He o

K7 s WRHIE R RN R RS, £ 383
Fofr s AL A J0 B0 25 L ROBE X IR, 5 i Ji o 1 459
REERY 225, B 6 BDE U 25 10 REE R,

E7 =ZAHESHRIETEE
Fig. 7 Schematic diagram of cavity
characteristic parameters

®3 ZTREENSHILL
Table 3 Dimensionless parameters
comparison of cavities

2L Lunax/Decav Hpnax/Deav
EEZAsgi 3.452 0.786
(3] 3ok 74 0.738 0.220
(53] A 754 2.185 0.538

Kl 8 3 Bl e & A din S REXT LE , T BhBE =
23 AR LR B OG5 2L 23 AL A5 B AT #) i 51
REfR R, 2 U WK BRI 25 e fr idm B e
/0N, J G2 B4 25 TR I AR S L AT e F
. ZiaRE, BB ES T m R,
LR D DLk B0 J7 %



%14 W&, F RABESBME DA DF R 59 -

12 1.4 1.6 1.8 2.0
]

—0.006

—-0.006 -0.004 -0.002 0 -0.002 —-0.004 -0.006
x/m
(a) EIREE Y

—0.006

-0.006 -0.004 -0.002 0 -0.002 -0.004 -0.006
x/m
(b) £k
0507 0809 1112141618 20

—0.004

—0.006
—0.006 —0.004 -0.002 0 —0.002 —0.004 -0.006

x/m
(c) LA

B8 imimaheExS LA
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