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Most of the numerical and experimental studies on supercavitating flows are focused on the cavitator only, However, the partial

cavity growing into

a numerical method which is based on the boundary element method

the supercavity is affected by the shape of the body placed behind the cavitator, In this paper, we develope

to predict supercavitating flow around three—dimensional

axisymmetric bodies, We estimate the influence of the body shape on the supercavity growth, Here, we consider various
parameters of the body such as cavitator shape, shoulder length and body diameter, and compare the results with the case of
the cavitator only, In summary, it is found that the body may impede the cavity growth, the shoulder mainly affects the cavity

length, and the supercavity occurring in the cone type cavitator is strongly influenced rather than that of the disk type cavitator,

Keywords : Underwater vehicle(4>

1.ME

T5 2SH7} w2 FHeIHA MYE 30| 2SHE
ME oy =M 25/]= SH7F ol 25 (cavitation)ol| S

Mo =1, ol 2| EDWI Agsh= ok Mol Za
o AtfMoz e £T2 F3o| JHssh =ct o[t

o

ol

5to
242 HME i%%%(supercawtatlon)oIEF Zlsiof, Adnido
2 xE3a0 FEel M YuEel =5 23H H| &
d FHoz & Flo| JtssP| o sie S 2ohst
sP7| fIst 7ot ILQoflA EdkeiA| A= Qlct E9)

MHof| 2[5t F{H|E{|0[E{(cavitator) = = Ay

0x Mo
o O

0x
oz
m|o

ZZA7|122 o|2fst FHu[E|OlE{2] &ak MA|
e ig%—%—‘ll x| 2 AEA od7TF 195040 FHEEE
I g 2ton{(Tulin, 1953; Garabedian, 1956;
Wu, 1956; Waid and Lindberg, 1957), 1990HALC] ZHEE
= =Y, 2Alol, 0|7 S8 MR & FARE HAsS Z=

ATZnE FTH=T] AIRRICE IujollME 2000CHo SHHA

Z 25A), Cavitator(FHH|E|O|E]), Supercavitation(ZE&=), Boundary element method(ZAISAE)

Fessn dEE AE 2 o|2sliAM A7 (Ahn et al., 2010;
Jeong & Ahn, 2016; Kim and Ahn, 2018)7 FQL“‘ | =&t
1 qlen, O BNz 5o H|Es FAHLAHE 0|86t
TAGHAMH2 B2 AlZE Lol Clket FHH(E|OlE] Ao 2t
39 RAH SMs oiete 5+ U
Cf Kim et al.(2013)2 &4l

EO|Eof WSt xelas SMS siAMsI, of
EL %"“°* FHH|E{O[E{of|A Lhdsh= =
J2 JHH(HOIME{ Dol RlTH 2EA
CHKim et al., 2016).

T=0| 7HH|E1|0|E{ ChE S48 S4eR
7P5I019LEP = Q170 M= FHH|E|o|E =Rl EXisk=
H7t =SS0l MEek=d| o|xl= YEg 1Risin +F

SHe| 7| dA eHAolM 2SH FH7E o Iil

0=
ol
r
P
e

%EII’-

[l
=
0
Y

H

OSEEEQ

o
o
rH

z
o

E]

L

0.
b/
dm
0z

o
HO o

':—l Oo||

oY

0

ol

i
re
Iy
rn
I-E e ;9

[a=

0k
_?L
+

x4 47 (Varghese et al
HATEME 2XH = 1%X+I°I A

a
r

Received : 29 March 2018 | Revised : 7 August 2018 | Accepted : 31 August 2018

i Corresponding author : Byoung—Kwon Ahn, bkahn@cnu,ac kr



ZUST TRGIAE S Jhet vt A20q(Park et al., 2018), 2.2 ME HIA|
2 =20lME= ol 2fakl 3xR =5 2SAollM 2dlsk=
TH3S Yo ¢ g SEME gUkstaAt sict OlE 2lsi © AAsoZ SajMel S= ooloM 2iZajA gMAlS =
A Blol B O T U Lol ME BE HY SME g ac goMe Green SIS DEESl ZAE) ol
=M510, X Ado| 35 il o|x|= Heknt g2 EM %(dipole) PAA(SOUFCG)% 2ysiH cle Al (7)2 Ma|gt
2 slo|slo] z+ 2| sAF ml2lo|efof| e D =o| M} - =
B Seil o B o ekl HE ZHSSA S¥ 2 gkd, o clolze 2 Al Sxsa 445 B
SEE HABIIRL S S Fooler BEAR 25 s HaEes ABP Ho 4
AstaiA] HIH = CIE M7I, g= 22 M7|, G= Green &0lHd, r2 H|
2. TR[&HA HHH OfEollA| SolE7IxIe] Hzlo|ck
_ aG
2.1 Xlj WAl o AHZ=A o =0 ot [ ) 2Cas+ [ ) cas 0
S7USU S, on S
Fig. 12 shsoll ME=l Std 2SH2t oloi] thet ZHEA Saisix) Zrxziel A (5)E B EHoIM Fusr &5
£ LIEKHCE 0f7|M ST FHH|El0lE, SP= B4, J2l1 S° HIE|()) 37|17 LMSichs x742=2 EHo| Jkssid, ol
= 2= moig oofsic) Sof MH ST ETHES A (8)2 ek & Aok oPIA
Xere= FHHIH|OE BT IX[HE{o|Ct
S
®(z)=d(z,,, )+ Vt/ ds ®)
0
Sll
- - 2.3 HEUFYAlo| o|AE]
X

T AHEEAIR Chg Al (1)9 2iE2kx 2H-Aoln,
HMEE HA=AHE cks A (2)~(6)nt ZC N1 N1
0=0 =U_+z,+ D puDy+ D qS; ©
i=0 =0
V=0 (1)
047|A NT= Fhe(Elfole] EHoll 2xE oid 7h5= NPe= &
Cl— — |
HEE =7k e v = 22 p M EE 2xe lfHL* g, NCE ZE B 2xE md
on W, NP2 siddstoz 2xE mjd Ji40[chFig. 2).
golat =1 Vo> U , atx—> 3) NT NC NB
el oo 1
esa grmzt 2Lt (% NRC e — —
Dt
Fig. 2 Panel distribution
S A=A p=p, (5)
ojmf Ma = 7iE N'=N"+NB+NCo|Z, Clo|Z M7|E
AAHE 7|Zo2 Y =1} 98 90| £ ZHAM X0
2= ot (e )= 0 ) HE 7| 5 & F_IT ) A xo|
TE ol22 & EHo| B2 Clo|Z M7IE Fote &l (8)2 A

(10)22 o|ptster 4= Uk
M Sxjcioz

Hof
gohs U, o= Ui 7T S ZHE, V= A &

K iy ) —dore Tt V, o g;=0 (10)
S 4%, U. £ Re S0, x= 9iA Helolch 5
flcy, e BHE BES| BA 3%, pE BE LR, pe |
FH B71Y, (75 BE THOID, ket BEOI ORIHEZ ) - 3 Ay, (1)
cho| gix|HEfo|ct SN

JSNAK, Vol. 55, No. 6, December 2018 483



EUHE T A9 At HalE Dot TS S FRlohM

g /= 7BIEol8 ELt oM i ST EH ffdrix|

of Zo|2 LiEjT, olf si= k wuf mY Zo|S ojofsict
ZE oRtEAT A (11)2 CA| Halste ofzlel Al (12)9f
Zct oo NM=NT+NBo|ct,
NA-1

Y oayuls; =0 (12)
j= NJ/

HA £ ZHES F5k= 4 (9) (
(13)2h &o| ofthetE XMz HEACZ HolE

300 ekt ciumA 0z

1ij, D2ij, D3ijE [:-l'olg;oi
l=e &5 ZHA, S 20| o5 7= &5 ZHA

— |
£ BEORUEY, x= CIOIZT 20| AP| X BE E0IA

lo
ol
——

3tel S8 SRR sHysoR BaE clolEn &
a0l M77k B Sesictn Jhgstol, 4 (13)9] HE Wy
A2 Fig. 334 262 sefel o EA

= -
o7IM Z#Zfe| 7|2= Dy, D2, Ds, S,
u}

o

Fig. 3 Algebraic form of the discretized integral equation

— | | N——

N1 N1 NA—1

kEO D[m,k Z (D(),A"—1,k+ Z D(Lj,k)
— ]:]\'”

k=0

N1 ’ N1 ' N1
kz]lj D/\"L L0k cee E (DN"L 1“\777 1k + E\,”DV/L 1=.i=k)
= =7

N-1
E D 0,N" &
k=0

N1 N1

E Dy T ICEODN‘"—LN‘”—UC

N —1,NT,
L k=0

N1 N'-1
( g; * Do,j,k) (16)
k‘:O ]: V.]I
N1 N'-1
( Z gj *© Dv’1—1,,j,k)
k=0 j:N”
N-1 N-1
E SOOk E S()‘N‘Ll‘k
k=0 k=0 '
: : (17)
N-1 N-1
Z *Stv-tl,o,k Z SNAfl,AV(;Lk
L k=0 k=0
[ N—1 V-1
Z S0k Z SNk (18)
L k=0 =0
Ho (19)
”N.‘”—l
0}
ey
14
U -3, (20)
Eoo £AVA 1

3.1 &x gd i A a4 ds 9ot

= FABHMoIME 3AH EHE S o Hajol whE

TS S4S HfstaAt si%iend, Fig. 4ol LERA 3XI
ZHE 5 2SHE 7IECe2 24 =4 g4 nl2lo| Hajol
ofgh #xlaiA Z2tE H|WSICE v Atks 2l 7HH[EO]
Bl 2= % =A 77, && o7 Zol, X 2ol Hals =
Reon], Table 12 2+ @& 71200 thet AHo|ck

= TRofM 2 FALLY SHd F0oiTl S5 ZolE 2HESt
= 3 g HelEoldE HsAltte Soll Z=ch i

I‘l(

- »
S
d »
De o : )
v < < Dy
o Ls

484



—

s

X|-ZX|5] - oS

o7 Zlo| S/Dc=10.0, MME= S5 Zo[7} Ls/Dc=1521 24|
Of}Al 2HE B0l salmt Ot U &% EEE Fig. 5ol LIELNY
Ct. 7Hd[E|O|E{ollM 50| S7tetol| w2t LS| whistn,
FB[E0]E] BEloiARE Z2S0| 0 HolRle g=iol 2
S U = Z7lploz FSEIE © 4 Sick 0% 350l 0
B F20| Laizlol wat 2io] 2ABSlE Bk wat
7ts5l0 o] 22 EM Table 20f HWA|=! Zdz} 20| 9tH OJuf
dH=ALS S5 0.1% O3t 2x8(e)2 $EEl Zujo|c

I =
H
rr
Rallb

0

2lo]

Ji—1
e; = ——x100% 1)
o

i

Table 1 Representation of the geometric symbol

Symbol Representation

a cavitator wedge—angle
Dc cavitator diameter
Dg body diameter
Lg body length
S. shoulder length
Ds super—cavity maximum diameter
Ls super—cavity length
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Fig. 5 Typical results of the present method

Table 2 Approximate relative error and convergence

iteration approximate cavitation number

number relative error (%) (0)
1 100.000 0.02167
2 52.353 0.04548
3 6.823 0.04881
4 3.424 0.04719
5 2.871 0.04588
6 1.349 0.04527
7 0.511 0.04503
8 0.158 0.04496
9 0.038 0.04495
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Fig. 6 Comparison of pressure distribution between two
methods (Varghese and present methods)

Table 3 Non—dimensional cavity length versus cavitation
number (Varghese and present methods)

Ls/Dc Varghese present
10.0 0.126 0.118
20.0 0.075 0.070
30.0 0.055 0.051
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Table 5 Predicted cavity shapes w/ and w/o body
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Table 6 Calculation case (2)

Ds/Dc | Su/Dc calculation model
1.0 0
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