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The Numerical Study on .the Cavitation
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ABSTRACT
A numerical code for cavitation is developed based on pressure-based algorithm. The k-¢
model (with wall function) is used for turbulence, and volume transport equation is used for
cavitation model. The compressibility is not considered for the flow field is low speed.
= 2
s =
Pressure-based ¥R E& 7|80 2 & cavitation @AY FAHAN F=E ALt Wal
function® A3 k- FHEYE A}L-31H o0, cavitation R D= volume transport equation

AHESATE FEAL A&ol7] g AFA Ade neshA &

Key Words: Cavitation(3 5 #4}), Pressure-based algorithm, Numerical analysis(FX]8l4)

1AM

i

8y} cavitation HE9 EAE o G H

Cavitation® E&A &&Fdt= Aty 23 freg sty i f5F0) MY o] H
FU e W, 193 22 AFAA & 59 BT £33 @49 4ol Hrl o
T3 ERIEZG QAHE FoA e & Foll £X84 2z9 Adede B ool
“tolct. Cavitation HE9] AAH 4£EE 43, gEct H&o] ol KA AU FH92 &
A%, FZE 4 F9 Azs EAE ?-39_ A&dolmg A3 cavitation FrEQ X3

unr:i

g

71 <2le] =t o) § olfE cavitation B
AE dd g4 {5 1A AT 9
g 3o A&HAY.

CFDE o] &% cavitation A s oAl &
< AFAEe] GFE HHE 53 Az

*AZdga FF
AgA =, E-maxl

#2
cjlee@konkuk.ac.kr

Ao 47 g

Cavitation @749 4L % dFAES
E3 A== diEAHA A2 Shyys(1,2,3]
2 duglsS Ao
cavitation® A AT, KunzF[456]2
density-based 3 EH A3} WYL F
3 2¥FF 497A dFHAE Ao

pressure-based

- 126 -



Shyy®+ Kunze 25  volume fraction
transport HA A2 £35to cavitation LS =
98 393, Chenl738]%5 S wake model2 A&
39tk 283 Owis[9l= multi-fluid model 2
A3 cavitationg HAEATH HAA AF
§ AFAEL cavitationd HAE 5 QYe =2
zo MEE $EF F FF Y AFR
hydrofoil, #icba]® WH FANAY cavitation
4 s Foz2 AF HWAE AU

B AP A= pressure-based ¥R EFH
volume fraction transport equationS AF&3}d]
cavitation #Ae MHT F de FAHY =2
=g Aot sy e AL FF5FA
+5387] W&o dEAHL neEA Rk

2 X|ai Syan 2E

2 FASY Z=9 AupANLE A& ¥F

2] Navier-Stokes HYA4], volume fraction

transport A4 o2 FAECH 3w FHEA
Az mAAe ogy 2o

’°

Eipde+me8-BdS=0 W

%jpm€dV+ [ 9,88 Ras = [F-Ras + [ pbav @

%I,a,dV + La,b’-ﬁds = [ (& + ntt)av @)

714,
ou, 3
T, =—(p+§(u+ﬂ,)ax—’]5,-, +(u+u.{ai+—£-]

; ox, O
o, EFZEY Yrg dF FAHL O 2
o] Fedr.
Pmw=pa,+p(l-a))

PaCuk’

i, = m e
€

2.1 Cavitation Z.2&

EYHOZ cavitationd HF-L EHETFH A

28 el A dojutes AE el o3 Ay
fc) o] B3 4L 4 (3)y Mo} K go
2 2dg 3ok ol I Y FxFe
2 QA8 dojve F¢d &S YENth o
nEo ALox Weberd 2 Froude 47} 271
oo EHAHI RYPaxe FASG 4l
gl g A& Kunzsol AL, Coeat
Coa@te 2t IEEE O E APl 93 Aol
t}. Volume transport Aol A 44 g ot
3 2k

Coua P2 MIN[O, p- p, ]

= N
2
pl(z plum)tm 4)
'&- = Cprodpvalz(l-al)
pltao

2 (499 A7F ©@$l= characteristic length
9} reference velocity® BlI(/U)E A @ &
A7dre AEH B4 Cexdt Coua®l T
Z+zk 9x10°% 3x10°% AR, £33 £719
Lz Hl= 10009 S A3t

22 UF 243y

Ui AAHE YsiA dutHo 2 de AlEH
AE EF k-t OF IS AHgsigo &
2do) AlgHE ¥FES E 1% 2o %
, HE4E A gozH 94X dF 9497
é F9E< nestd AT

u...r?‘«'iml:l

Cu C Cq Ok O¢ On [0

EF k-¢/009| 14 |192| 10| 13109|09

E 19§ 2o AMEEHE 45
3. FR[HA] 2y

31 A He] xREst

B ApeA AupatAAe £AHAe 5
4 ] 4A HL&d 5 e FVME o] &3
£ HES F4 H4E9 e A% A
= vozd AAA (collocated grid)E ol &3}

- 127 -



W, A% AEA ST AR o vE A48T
. ALY €1gEd SIMPLES ©]&3t41,
Az HolMe diF -2 upwind schemed A}
&3tq £33 A
RA EAT AuprPAE At ogF
z2o.

ﬂ;’ti) +div(pl)- div(T,grad $)= s, 5

k<]

FEAHAYL A Gl HE3,

7] T w

5 quidV+ ideU-ndS: 'Lr,,graaf;s.ndsJr LS¢dV .
¢

E Feds, [ o84, S5 44
=
-

2 ofzfe} Zol vlHW HEA NF BAH
2 Yepd 5 Ao

8= 0 i~ 01,5, = 5705,

Yo FEusol e oF F57 L K5
& 77 g 4w 2ol E¥E.

w
Fi=|[ ppU-mdS = micg, ®)

F'ed = L Fgrad¢ . rti“dS R (Fg"ad¢ : '%ese (9)

Be dFAEo] v HEANAM 9o e
FTAEL o 5F FEAL ANSA 1 3
gcot a84s HAFsAd 2 d7dMe
SIMPLE[10] & AMeste 2293 33
% H% A2Ae thed Lo e Moz ¥
d@do

Ag‘br = AZ¢E + A;"i’w + Az¢1v + A;‘ps +b¢ (10)

32 g2 B4 WAy
Moz Y ARAE ¢AF &% sl AolA
Nze w2 AF VRS AT 4+ 4
. olg #1237 st EWE BPEE H
28 FAPYAL ol goTH
2R $AYe GeT go| R Wk
A=Y AR, -V, (V,P),+b, 1)

AN Afe ALE M FAB 0% x=d
Mol st &7 908 A3 vehts Aol

g2 vepdch

Predictor~corrector J2HS 7|¥te 2 3=
TC:'_

AR AN (e ERdY SRS

3 o] ANHG.
2 P )
AR =S AR v (VP +b, a2

ZE AXANY HEHE ol2@ Ao &xs}
gEe sez At 4 ADH JU2E

TIgte g SETRAL 4EI Zo] AXE F

1.
B=8-8=--p,w,pP), (13)

_[rra o
A7 7 [0 V4] o guwe
HAs7] fs8), 94 SR A (DE A"
&22 X5t Y BAYHo g nlFo
Vd‘(PDVdP')=Vd'(PE') (14)

Cavitation @A 4] 3L B=FEL FH
st71 siste] Eoh o] AlA Yol YEse
A ol el mEe ¢Es dxr) M2

couplef] 3L, o]2 <& 4y BY P4 ©
A mEsier ¥k &%, 9, 959 ¥F ¥
< A (153 & o AU EH2 &
2 2 (16)°] €th.

um =u" u'

pr=p" P as)

pm=p" +p

ph=p +p )& +8)=p B+ p R+ p B+ p B (15)
ot m3 mee WEANY £ME vehdc
UEel uRL thee 4g olgstd s

p’=C(l—a )P an
A7l Co Y9 d4olt} o] e AHL
48 By U Ad wEo HF sy 4
Yol JFL Fx v Cie #His d@x
85 s #o ol2s AZJ dE3d g v

- 128 —



. 2 Col gol UR ZE wBANY &
7] HRON ANe EAPEA BEC CF &
3 A9A 450l B z=dqds C= 0(1)
o) kg 7t

4, BA=A

AT E £ AR, FIu, dF AL F
o] FolAt} a: EFAME U4F, &,
mHlof] zero gradient 7o) Folch ¥
Me ¢, By, 4§ A8 e EUHE
Abg-3te] 783, £ & no-slip AL A3t
At

4z

5. At R 9 @

A iarel ¥A4L H Rouse, J. S
McNown®] AgolA Ab2-#® hemisphere 3%
I cone B4 EAZE BeACHL & |79
14 Z7E hemisphereo] e TUFH &
RS0 2 A3 Shyysl A1 vIwdY
3, cone FAY A3 Kunz(5le) ZAze} vin
Aok F 7R 84 2F SN dide A5R,
a1 o] HEYE MRERZRE S/D7 5
7} e ARAA 2= F2 AFHAST.

6. st Zat

61 2= A

Agg 2=e] HZEL 0=10, Re=1.36x10°%
Aele] FE40A hemisphere ¥ EA 9
cone¥ el EAol W3 ZZ AT 7|EY
Axel vty FYIFAT 21 49 HE
FollA B 4 3R], MEIZ=9 hemisphere
Aol A 4 A= 238 Shyye A
BTt Adzel 92 2P A4S vdERi 3l
o aglx 29 5904 B 4 AKo] cone FA
o Wiz A4 ABRE Kunze Z#e} Bla
g & e e S FASA

olN

Mg

62 Cavitation 4] 27}

18 68 cone ¥4, 0=059 4 Aot}
Cavitaton €99 AEZ ¢ol EAHY o]
BluRet AAAHA Co ¥ dAFe RS
E 4 Udd ¢ge] Ed£5H L uwind scheme
9 FAZ AF Aoz wY, o] EAHL &
d&HE TAY £ = FYHe) Held TVD
Ald9 schemel AFREd HAY £ UL A
o2 Aydd.

23 79X+ hemisphere A EAd i3]
0=049] ZZNA sidg ZAxolth Cavityd
7)o ekt 9A7F AT AXHA Age A
Fgol} b2 a7 A9 YA AL E
4 Atk Cavity 3719 23ke HA] ARG
scheme “g¢] FAZ s YAE Aoz 4L
"ot :

olg@ g A ARZ dojd G, FHE BN
cavitation 92 AVIE o Zs= Ao 7l5s
t}. ol hydrofoilolth 48 So AT RoA
9 YHREXE & HM3IY 1 AF L dF53=
Aol 7hEdtthe AL ouEa, © ezt 9]
A o] Mol AL 75sitE gulE HA
1 Ach

78 8

Pressure-based W3 volume fraction
equationd AHg3td HIYEA, dF F5EAA
cavitation B4 & ZAIE 4 U= MY Z=E
AL ETh SIMPLE ¢18lE& AHEstg o,
cavitation Aol HEF F U=EE dE HA
HAMe F£AINGY. Y AY F o=10,
Re=136x10°9] #5740l ds) 2= AZS 4
Ag A, Z=9 AFL uEIud ZAAs
el o]F 0=049 0=05% /5L M4
3l J|&e] Anel v} o2 A cavitation®
A& 3h4 g 4 = pressure-based T E
S AHEE ZEY NEE SESA

gFole gUdd 5 2449 e 5
3} pressure-based &8l # density-based

- 129 -



Cp

28 1 gAY Aol AH

notation

%8 2. Hemisphere 84
Exo] A4t AR (130%70)

I 3. Cone A B4 9
A4 ARH(120%50)

Cp(o=1.0)

=8« Sn{Shyy)
—&— Cp{Developed)

®  Cp{Expenvmant)

. » N
|
-1 L L L L
0 1 2 3 4 5
S/D
29 4. g =9 ZH%F(Hemisphere)

AL Aolg Hu
o g o] vk,
Cp(6=1.0)
1 ¥ T
" CpiExpetiment)
==8~«Cpl¥unz}
==& Cp(Develaped)
o
3 N
1
_z —L L —1 —
] 1 2 3 4 5
S/iD
3¢ 5 et =9 AZ(Cone)
Cp(o=0.5)
&  Cp{Srperimants)
=9 == CpiXunz}
e C 0 Developad)
4
-3
[

- 130 -

S/D

23 6. Cavitation 314 27 (Cone,

0=0.5)



Cp(c=0.4)

. Cp(Expevimer’m
~3— Cp(Shyy, cavitation #=0.4)

[ ==¢--Cp(Kunz, cantation #=( 4}

—ar— Cp(Devaicped, cavitahon #=0.4}

Cp

S/

219 7. Cavitation 314 23 (Hemisphere, 6=0.4)

Fin

Ho
rat

1. Y. Suzuki, T. Satoh, M. Kawano, N.
Akikawa and Y. Matsuda, "Combustion Test
Results of an Uncooled Combustor With
Ceramic Matrix Composite Liner,” Journal of
Engineering for Gas Turbines and Power,
Vol. 125, Jan. 2003, pp. 28-33

1. Inanc Senocak and Wei Shyy, "A
Method  for  Turbulent
Cavitating Flow Computations”, Journal of
Computational Physics 176, pp. 363-383, 2002.
2. Guoyu Wang, Inanc Senocak, Wei Shyy,
Toshiaki  Ikohagi  and
"Dynamics of attached turbulent cavitating

Pressure-Based

Shuliang  Cao,

flows”, Progress in Aerospace Sciences 37,
pp. 551-581, 2001.

3. Rajkumar Vaidyanathan, Inanc Senocak,
Jiongyang Wu and Wei Shyy, "Sensitivity
Evaluation of a Transport-based Turbulent
Cavitation Model”, AIAA-2002-3184, 2002.

4. Robert F. Kunz, David A. Boger, David R.

Stinebring, Thomas S. Chyczewski and

Howard J. Gibeling, "“A Preconditioned
Navier-Stokes Method for Two-Phase Flows
with Application to Cavitation Prediction”,
ATAA-99-3329, 1999.

5. Robert F. Kunz, David A. Boger, David R.
Stinebring and Howard J. Gibeling,
"Multi~-phase CFD Anlysis of Natural and
Ventilated  Cavitation about  Submerged
Bodies”, FEDSM99-7364, 3rd ASME/JSME
Joint Fluids Engineering Conference, July,
1999.

6. Robert F. Kunz, Jules W. Lindau, Howard
J. Gibeling, Jason M. Mulherin, Dennis J.
Bieryla and Erica A. Reese, "Unsteady,
Three-Dimensional Multiphase CFD Analysis
of Maneuvering High Speed Supercavitating
Vehicles”, AIAA 2003-841, 41st Aerospace
Sciences Meeting and Exhibit, January, 2003.

7. Yongliang Chen and Stephen D. Heister,
Treatment for  Attached
Cavitation” Journal of Fluids Engineering, vol
116, pp. 613-618, 1994.

8. Yongliang Chen and Stephen D. Heister,
"Two-phase Modeling of Cavitated Flows”,
Computers & Fluids, vol 24, No. 7, pp.
799-809, 1995.

9. Farouk M. Owis and Ali H. Nayfeh, "A
compressible Multi-phase Flow Solver for the

"A  Numerical

Computation of the Super-Cavitation over
High-speed Torpedo”, AIAA-2002-0875, 40th
AIAA Aerospace Sciences Meetings &
Exhibit, January, 2002.

10. J. H.
"Computational Methods for Fluid Dynamics”,
2nd ed. Springer Verlag, Berlin, 1999.

11. H. Rouse and J. S. McNown, "“Cavitation
and Pressure Distribution, Head Forms at

Ferziger and M. Peric,

Zero Angle of Yaw”, Studies in Engineering,
Bulletin 32, State University of Iowa, 1948.

- 131 -



