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Supercavitation is a modern technique which can be used to surround an underwater vehicle with a bubble in order to reduce the
resistance of the vehicle, When the vehicle is at low speed in the deep sea, the cavitation number is relatively big and it is difficult to
generate a cavity large enough to envelope the vehicle, In this condition, the artificial cavity, called ventilated cavity, can be used to
solve this problem by supplying gas into the cavity and can maintain supercavitating condition, In this paper, a relationship between the
ventilation gas supply rate and the cavity shape is determined, Based on the relationship a ventilation rate control is developed to
maintain the supercavitating state, The performance of the ventilation control is verified with a depth change control, In addition,
dynamics modeling for the supercavitating vehicle is performed by defining forces and moments acting on the vehicle body in contact
with water, Simulation results show that the ventilation control can maintain the supercavity of an underwater vehicle at low speed in
the deep sea,

Keywords : Supercavitating underwater vehicle(Z&2s $£52=A)), Hydrodynamical modeling(SA[E 2E2)). Ventilated cavity(2A}

& HS), Gas leakage model(7tA == 22 Depth control(AE H|0), Dynamics modeling(S<&h 2EI&), Ventilation
control(2ARRF H|0)

1. M2 Z5S TESA tist ZV |2 FH AR, 35 7

SoliM, A 3 e DERN A At 2 2EF o]

ouisiol ASglolt of2 22 2ELSHE B0 gy 1= SOI UG S 7S shzopiMs 52 Lol % &
Bas| Az 2aksic) MBI 21j0| MEOE olst nfEt Aol| ti$t Garabedian (1956), Logvinovich and Serebryakov
X3t 2 sAIKSI0| 2EI| SICk 0|2{3t s Ee A (1975), May (1975)2| 7|=HTE AIRICZE Varghese, et al.
H 25| Mol 250 =715 mSo| clas| 2ol (2005)= Ho|7-2Iof|AM MM == FEZS(partial cavity)oll T
AAS E5 BELTo| Tok2 H[ESM0|H sHYYF EXsH St AT E FHSINCE S5 TR 71 FZE(gas-leakage)
C 1970CHol| 2{AJojoflA] GATLET| AlRKSH XZE 7|22 ZEof chHgt ¢47= Campbell and Hibone (1958)2] twin
AZ=Ho| FO) TS Z2do| ARSO| ofHl KEle| ZAE E vortex QoA T IAED} ZE40| Alababof TS 947,
3 ZIIAF|= 7|80Ict $EREHE ZE(cavitation) 22 Spurk  (2002)2| toroidal vortexoil CHEF o7+ SO UL
e 2EX7} 21l MES S5 U == ofExE | Semererko (2001)£ =AY 339f =214 &4 & 223
HA=0] Mx|&ol skzdo| 25| A=A =} o|zfst 7|&Hol| chslod XiMIS| M&3IQIC) Kinzel, et al. (2009)2 &
=2 oMoz T/ oi=o| E1lo] HEHMS XS] x{|71 o|7Zle| 7IATEHEE Slslo| ZE JTRAFESEIE 18
ke 7|&2 XZS(supercavitation) 7|=0[2F 220 0] Sh 7l FEEN S350 THIE eIt z2oll=
5k AMlENE EZ =5} AEfl(supercavitating condition)2k B Zou, et al. (2010)0ll 2lsh HIFAE] 2AIE 38| 7t
Cl. 2Alof, 0l=, = & MY ZARIZIFOM = 255 7| S E MY PRIAPY [HE Soll A7SICt =LioAM=
=0l et A7} A MEE 2| ZIdE0] e 24t EAS E=3E 73 TAlKA AT (Lee, et al,
o= = & 2= S oMA[ojoM T 2ol =0k Qlct. 2013)2t =3 3 AREH E1iof| chet x[shA o727t ofF

Received : 3 November 2014 | Revised : 11 March 2015 | Accepted : 13 April 2015
1 Corresponding author : Nakwan Kim, 82-2-880-7293, nwkim@snu,ac kr



Ht aucr (Kim, et al. 2013) EEoFo1E1 JIX| 2ete| 3kl 7Y
HIEO|E{0ll 2l Ldisk= ST s FTXl6IM Z23E A

B EﬁH H|W FASks A7t SEHIHSoA A7 Eo]| 2
aff TH=ACE (Ahn, et al., 2012).

E3& TE A0 &8sk 7Aoo e 7= S
o QIst XMakztaof st e (Xiang, et al., 2011)2t H|
ofof| 285k= 7l (Kirschner, et al., 2002), HI&AML
EfollM 23Holl 2-8sh= FUHEIE 3 Mol Jgof gt
AT (Fine, et al., 2001)7t UCt. £t 255 F=E523A7|
352 M F5|0 WMSk= planingsiAlol CHst o7=
Logvinovich (1980)oll 2lsll === ZEZ =YD Hassan
(2004)= Logvinovich ZElofl MAM=dof| 2§t gulE 125}
¥on{ Vasin and Paryshev (2001)= 2= &52e
apparent massE AlASI01 planing forceE HlRSIFCE
Nguyen and Balachandran (2011)2 AZHY 2= &Alo|
o Z<et vy =30l 2|5t planings AFsICH
Dzielski (2006)= A= Sdfl planing modele| EZMEES A
St

Z5S TEaHel 22 3 Hojol CHe AT

of *Ich 5= Dzelski and Kurdila (2003)0f] 2I8t 7|=
TE ARCZ Vanek, et al. (2007), Dzielski (2011), Fan, et
=

oH

02
i

e

a. 2011)2 =35 T523He T35 393t =223d 2 A
Ofol| 25t A S FRHBIFCE Li, et al. (2014)1 Hassouneh,
et al. (2013)2 ZE=o| AR 1= Hijst Z= pUiz|e

FRHSIICE Kim and Kim (2014)% FDE HE2E| 0| Mo|
1 Hol7-2 ol
= 3|-_T’_ A =2 £

LT oo T

= MZE2Y 7|8 HSH|0f7 oy

2 AiMeE BAE 238 $EREAe A 38
59 S £3i5i9iCt 0|2 Higtoz x2

st MElE RAIE 5= s 2AIRY HOo17|S MAEIHD
S Sall AR ®Moi7 |7} 2 H1g}o1|+
¥ 3STE 7 F eSS Felsiiict 2aA a9t
U2 GART 2SHHAIS EZ 9HE Molsigior
e =g Hlodet 2= ol m gl 7|

HIE0[E{2] S%st ZHYD E%ﬂlﬂ 7‘40|—_rl7l01l/\1 2= 7

o g Helsl 3ToIME =SS —’F%E%HIB %E‘
Z5lol| CHSto] MESICE 4ZoME 2333t AElE &7
Agh 5 As JE SSTE Yol T 0IE Mol &= Qe
A ®Moi7|1E MBI FHHIEo[HE ol&et mx|2t &

A& Hlof7] “74 UWHE LIEACE SH é—.F 2ED} A of7]
= Aol e Salf 2H

4

2. AR BE U

O

2SHet 7|Ee| #E2SH Al Aol B2
W= 252 F70IM 2ot 332| F7(
TEESH et 22 YEHHS 2T, &
THEE S Zss TE2sH el Y=
UCE 2ZoIM = 2SH 2| A X 7IA 2

A
T
32| 223 2HE MssIqlct

W b
o Of
oy
N O

gl

r
r

il
=
2

0

o TIr
&
O

I ofo
> o
F[F

J
o gt

|

>
ol 0
)
kA
o

2.1 Axisymmetric supercavity

=R ES
IO oo@zv |
ol e

_5'0}04 0*017‘|EF(F|g 1).

oH

S om

© o

0
oin
oo
[m]

&t 7HsElolEfoflA Aoy
ol watoz g Tl EA

o

- O
o] Y2 =2 SA=ol| w2t

nr

cavity section
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Table 2 Input and initial values for simulation

Input & initial Description Value and Units
value
T Thrust force 100( N/ wpR*m L)
CQ Initial ventilation 0
rate
Z, Initial depth m
g Initial forward 10 m/s
speed velocity
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