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In this paper, a numerical analysis is carried out to study the characteristics of supercavitating flows and the drag of relatively simple
two—dimensional and axisymmetric bodies which can be used for supercavity generation device, cavitator, of a high—speed underwater
vehicle, In order to investigate the suitability of numerical models, cavity flows around the hemispherical head form and two—dimensional
wedge are calculated with combinations of three turbulence models(standard k—e, realizable k—e, Reynolds stress) and two
cavitation models(Schnerr—Sauer, Zwart—Gerber-Belamri). From the results, it is confirmed that the calculated cavity flow is more
affected by the turbulence model than the cavitation model, For the calculation of steady state cavity flows, the convergence in case of
the realizable k—e model is better than the other turbulence models, The numerical result of the Schnerr—Sauer cavitation model is
changed less by turbulence model and more robust than the Zwart—Gerber-Belamri model. Thus the realizable k— € turbulence model
and the Schnerr—Sauer cavitation model are applied to calculate supercavitating flows around disks, two dimensional 10° and 30°
wedges, In case of the disk, the cavitation number dependences of the cavity size and the drag coefficient predicted are similar to
either experimental data or Reichardt’ s semi—empirical equations, but the drag coefficient is overestimated about 3% higher than the
Reichardt’” s equation, In case of the wedges, the cavitation number dependences of the cavity size are similar to experimental data
and Newman' s linear theory, and the agreement of the cavity length predicted and Newman' s linear theory becomes better as
decreasing cavitation number, However, the drag coefficients of wedges agree more with experimental data than those of Newman' s
analytic solution, The cavitation number dependences of the drag coefficients of both the disk and the wedge appear linear and simple
formula for estimating the drag of supercavitating disks and wedges are suggested, Consequently, the CFD scheme of this study can be
applied for numerical analysis of supercavitating flows of the cavitator and the cavitator design,

Keywords : Supercavitating flows(2&2s S5). Supercavity(ZEZE), Cavitator(ZHH|E|0|E]). Drag(&2l), CFD(TASA|XSH
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Fig. 1 Shape of cavitator
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Fig. 11 Cavity width of 10° wedge
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Fig. 12 Cavity drag coefficient of 10° wedge
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Fig. 14 Definition of disk and supercavity
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Fig. 15 Structured grids for disk
4.1.2 x5 =A

eimio] XHe 0.25, 05, 1.0 QX2 AT

r
aAme ﬁ%mﬂ, Mglo| 438 R4 HWol= o 13 ~ 15

m/3—9| %J 14 m/s 2 758 MoiFCh A 2AS A}
5101 Meolst Reynolds = 8.89x10* ~ 3.56x10°0|04, 7HH|

Eﬂ0| M4 0.03 ~ 0.4 TZlolM 7THE MEsI0d FRIGHAGHE
ALSIIETable 4). FHH|E| Zol2t FHl= A HFo=, o

A S 2 HAe| 5og TRt SISt

Table 4 Calculation conditions for disk

dy (in) o U, (m/s) Re,

0.25 8.89%x10*

0.50 0.03, 0.05, 0.075, 14

5
0.1, 02,03, 04 1.78X10

1.00 3.56%x10°

4.1.3 Fx[a4 Znt

CHESID! AMZTIZA K 1 in O 2ol Chal FuElolM
4 0201 Ao Q2f 2mol 54 U FHHIE| BAIS Fig. 160]
LIEfAICE ime] 28 4Tl MHeoR, Si% e
L Q2 A4t g2l B IElolA( ¢, = -0.2)2 & LiEffT
glonf, gim ote X|ck galo| FiuIEle] HARE maRie

£ 7 qlct FHHIETE Eele F2o| HaR re-entry jet HAS
HoiF1 2lend, ofof| iakslof FHH(E7E Bl M| F2olM
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0.06

> 004

0.02

mm Cavity Shape(Volume Fraction=0.5)
—>  StreamLine

0.02 CP: -02-0.1 0 03 05 0.7 0.9

Fig. 16 Pressure coefficient, stream line and cavity
shape of 1 in disk (0=0.2)
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LISICKFig. 17, 18). Zd0| MZ CfE 37| fTS CHatleZ 74
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42 & dx[sich FHH[EolMTI 2 AR, FRBHMs=
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Fig. 17 Cavity length of disk
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4.2 O|XI X2l =35 7S
SR o, JieE T e =5F E|Ql Baracudas

galo 7HH|HIOIEie AHEHSIL QUCE SER|TE 2EofA t'“\”ol—
ek o Znet xBHMSHE H| WSl HE

Sh=d| /\Iﬂ‘aoF T %‘E A Hlo|EE 39| ofE7| uhof, 2

A(Knapp, et al., 1970)7} Ho| ==l v} U1 &l Zof EHQEI

= 2K gakol ZXH AXIE ez 3T FaliAlE

ol 5= 4 3l sl SMof| ifs AHE QLT

= o=1 1o

4.2.1 ZHA A HXA|

ZEA 2 AR M FREIME SEsH 321”9 FE
A (Fig. 7) & XA (Fig. 8)2t ssiH, [AX 2+ 30° |XIe|
F5S 7ol isll FEeR £REIME FsINICt 30° 9
X| Aldloll AsH AXg== 2k 81,0007H olct,

4.2.2 Fx[aA =2

30° AIXle| ARoE 10° X2 ARt nEPIX|Z & 2

0] 10 m 7|EYHS ARBSIL, FHH[H|OlM= 0.15 ~ 1.00 T
0IM S 7 TRHMS TASICE HHIHIOW—’FON NE
o FUSEE 51.27 ~ 19.86 m/s 2 520, AX| Zo|=2
Zolst ReynoldsgE 1.75%107 ~ 4.51X1 O7 olc}. Table 5ol
Qx| Z+ 10°2} 30°2! X0l CHEF Fx[oHA0l ARREl HlAF =
= Halsiict.
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Table 5 Calculation conditions for 10° and 30° wedge

B o Py (Pa) Uy (m/s) Re,
0.07 75.05 6.60x10’
0.10 62.79 5.52x107
0.15 51.27 4.51x107
0.20 44.40 3.90x107

10° 199331.8
0.30 36.25 3.19%x107
0.40 31.40 2.76x107
0.50 28.08 2.47x107
0.60 25.64 2.25%10’
0.15 51.27 4.51x107
0.20 4440 3.90x10’
0.25 39.72 3.49%x107
0.30 36.25 3.19%x10’
0.35 33.57 2.95x107

30° | 0.40 | 199331.8 31.40 2.76x107
0.45 29.60 2.60x107
0.50 28.08 2.47x107
0.60 25.64 2.25%107
0.80 22.20 1.95%107
1.00 19.86 1.75%x107

4.2.3 Tx[oA Ant

10° & 30° Yxle] =3= F=of ofst PxlsiAs] ZuE Al
& ofjole] ¥ MH0|Zsl(Newman, 1977)2] Znfe} v|wsIFC
ZEZE FHHIEI2] Zolt FH T2|1 Hx[e| & Aol of
H

s B DBIO(Fig. 20 ~ Fig. 22), 30° Yxle| £BE =0
tHH SxlaiAiah FHu(El01E47} 0.48Ct 2 ZASol= FulE]
7} whsix| it

ulE] Z0I(Fig. 20/E 2F FHHIEIOLIS7} ZOXIE KI5
o= Xl PG HOIXIEL TABHAHl FHI7} A2 o]
Bf 9! MEO|Zs|BCt chHZ A7 Liefilct. FHs[ElolSTt 2
42, = 7iulE] Zol7} e wls Malsiatshel ulmA 2 xol
OIXIk, FHeIEI0IAT FlokHiAl FHBIE| ZoI7t ZofEis:
solzsloll 2FICt Table 62 SUsk HulEl0KI40lA
olZsHe] 7HulE| Zolof ThE 3 SxIsHAlsHel FHE|E| Lol
28T HOIECH Hu(EOKIST} B2 1, 30° URI7H10° 9
x|et Mol 2slot O AR 20| U LaRlH 2Y 4 9
oLl Al x| FH2 Ui FHHlE| Zolt o 248 MEIE

sfoll 2&sks Zol=22 sfefxel Aujls & 4= QUch

I'_>.|_ i np o
ol
Lo o g

T

Table 6 Cavity length differences between present
and analytic solution

o 007 | 0.10 | 015 | 0.20 | 0.30
Present | 506 | 25.1 | 11.8 | 69 | 25
10 Ayt
avic | o7 | 301 | 143 | 86 | 44
Solution
D'ﬁf;jnce 848 | 833 | 825 | 80.4 | 55.3
o 0.15 | 0.20 | 0.25 | 0.30 | 0.35 | 0.40
Present | 369 | 19.1 | 11.8 | 7.8 | 53 | 3.4
30° -
Anabtic | ag0 | 223 | 145 | 102 | 7.7 | 6.0
Solution
Difference
o 940 | 856 | 81.4 | 765 | 695 | 56.2
60 T T
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10°, Knapp & Hammit(1970) | |
30°, Knapp & Hammit(1970)
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Fig. 20 Cavity length of 2D wedges
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CD*'wedge - A + BO' (14)

Table 7 Values of A and B of formular (14) to
estimate drag coefficient
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Fig. 22 Cavity drag coefficient of 2D wedges
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