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Numerical simulation of cavitation around Clark-Y hydrofoil based
on adaptive mesh refinement
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Naval Architecture, Ocean and Civil Engineering, Shanghai Jiao Tong University,
Shanghai 200240, China)

Abstract: The cavitation flow is highly unsteady, and the interface is blurred and constantly deformed. Based on the open
source CFD platform OpenFOAM, in present study the interPhaseChangeDyMFoam solver is used to numerically simulate the
cavitation flow of the Clark-Y hydrofoil, and the adaptive grid technique is used to localize the cavitation region, especially the
mesh near the two-phase interface. Investigation and analysis of the hydrodynamic performance and cavitation morphology of

the hydrofoil are carried out. Comparing the simulation results with the experimental results, it is found that the adaptive mesh
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refinement can effectively capture the change of cavitation morphology, especially the cavitation shedding process and cavity

bubbles breaking process. Research shows that adaptive mesh refinement for cavitation regions can effectively improve the

simulation accuracy of cavitation flow with a certain amount of computation.
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Ju
i3

1 77 AR A T 5 B RAR A R R SR
KL KRB B A 1 — R A EE
BN BN —FRE R HIKEN 1IN R,
HA T 0 = 4 s R e 5 R ZU AR W, 28
RIEM BRIy AvIAES . Baste. =8 s
P2t KRR R T 2 A 25 AL 5 47 A 34 o R e
A, E I A] S RS B UK Bh 12 RE . XL EI
GORN 2 I Y AR AR R 1 F I T 2 B RTK 3h 1
FEHI I AT R — .

X 23 A I G AT S AL R R AE T S AR
BETIVFIAERERNREIIS, Bimn. 24
s ATEZERAAE B WA SR KIHDOR, B
() BB A0, 5 v 2 B 4 R 7 s A ASE B i e S Y
R R S = T A O G ARy K ) A B P i
HalEZRE T =M. WA (BR$b.
W AR RTRR - R A% B H AR LD, 5530 R A
BERYRIIE T A 2h f1 S S A A A, SR
g 7RI AL N A, BLFELES 77V
RANSHEAY [ HOR AR SE,  #07E 2= v 57 7 T L
BT RN o B X S Z AR EOIERZ
WFFR IS T IR B R S (29 R ES)
AR AL, (50 ER RS T SRAFAE — e B, B
FH S R ) s AR TR R i S A R R DU K
PR BUEB IR FE, B B B AR R T X — 28
Ak o] R SR A A Y] . Yilmaz 2 PR ME iR 2 Y
R I E AT, B S i AR X IR e 3
R EATINGE, SRMAG R CAIAEI1700 7 A A,
{HH T2 )5 FA I AR I EL 2> B AN 8, AR TG
FIREAUL RS R 23 AL . Bertetta 2 MR AE (1) — Fhfid vk
77 1 A 18 I T e AR B S 2 A T3 R I
KIS, FEIE RS IR P28 5o B 3T AR & R A 32047
B, e FH LR D 1 T R B A 1 1) LA BT R R
I, AHRIX PP TR BRI R A e
WS, R T CHb o o o2 et o R %
S NED ERIRET R AN, TEEE NS
T I SRS e R i A X k. 3 N A BT BATE
3% AR AR VOF AR 20 20 E 24 2 I 2= A0 (1 1
T 38 S0 B B A, AN TR iR HY
Al — B SR R AP,

& M. 4% ( Adaptive Mesh Refinement, AMR )
FEARTHE R, X R e AR AR R B P X
WA DX S WO T A, S AEIE AT R TR A T4k,
T 2 B 22 X3 PR RS A SR A 2 1t A2 8 1 1) 20 26
T AE ) R AR AR AT 52 X IR A AR M, IXFREAE £R
FETH S AR 1 (R R 73 80 R B A A kR
I N WA T A R oIk, T NS T
VAW FURH R ) R, 7R 22 B R I I S T
Sto HETMAG B IE M EEEZ I NRFREAL, —Fh
TEP RS BB B O SR B A, 150 = 38 X 42k
) s 25 LTI R UK s 9 — P B T A
A S 38 DX I A Ak B AL A%, 38 XS B
(1) IR s 25 BE RN SR /NI A% RS I — 26T i
i 1o ) 0 T A FC) 5 G 58 R 5 R A ) S 8 1) i
AT N

XTSI AR SN, B R R A S T E B A
ShA 7 Oz B T 5 2R B ST RS
KA, BIUNBIRMERE, W, ALK BRI
PR 1) A1) AR X [RDRE A A 4 0 B L Tk A
J AR B AT, L R AR R B
HHMAFESr . LinZEMIEF OpenFOAM Y- & B H
TR A% AR ST B A T [B] A A4 3R T 1 s YR
B, MIEARE] T AR AR S REERE, gt
T B I LR B S RE S A A A X e A 3 B
Z/NRERREE, 2z S RS W
TR, BT B A BRI 3 45 20 J AT DAFE AN K
BN RAS 1 [N S5 3 B A B A R A
Eskilsson %! Mg 138 R i H A B F FNACA0015
KRB AR, FEEH T AR I AL,
TR o « IEQFIEIRPAEE, 45K
QENIFEAT 3 SN 25 0 R A TR 50 # o T
%%, Thomas Lloyd#!" M F B 38 57 R4 ks BEEBUIE e 22
Wims A, S5 REIEE &M, Wik b
LR T REAS B A 1) 23, T ELASE FH o
T IR B e A I S R A AL

ASCIREL T Clark-Y/K#, 8 H SchnerrSauer
HURAMISST k-omegalifi i, JET-VOFF B
BT, R FFIRCED- 5 OpenFO AM ) 51 P A% 3K
fift % interPhaseChangeDyMFoam, Rl T 48 —4E/K
BRSSO E T AN B 3 B RS 52 )
IER BRI L, FRR R4S R 55
AL, SR 1 &S R A G K B A
BEAURE B2 3R



R, S FET BN EORR] Clark-Y KB BE RN 3

I E BRI WA RES

1.1 #FHEE

WRAE AR, B AL R A AR
B AR A, JF I NSRRI
TR R A e JESENE TR MBS BT RE M RN

P . (pU) =
24V (pU)=0 (1)

0
a(pU)+V-(pUU) =

Vp+i—p+v-yVU+pg+F 2)
¢

p=ap +(1-a)p, 3)
u=ou +(1-a)u, (4)

A R Ay 2 AUCERBARATSH, o 9B
ARG HL

1.2 z=imiEal

AR SR ) 22 WA Dy B - s T R AR Y Y
SchnerrSauerf& R4, ZHIALIL K AS MR AW E
oS KEEIEZATGERTREY), AR %
5 A ARG . R Bt R
B IR TE LN

n'/lc =
2|P,-P| (5)

P

sgn(P, - P)

c

C 3pvp/6v(1_av)
R

m:

v

— ,2P -P 6
_CV 3pvplav(1 av)sgn(Pv_P) v | ( )
PR 3p,

A AA%AR R 2

nOiTcR3

a=—p ™
nognR3 +1

1.3 imiRiEay

ASCR W R TN SST k-omegatii !, %
570 HMenter B Y, PSRBT R 7. IR
TUTE T BE TH R Hk-omegat®i 8, 117637 f# FHk-epsilon
AL, AT AT DA 50 K6 k-omega bt Y 56 T A\ [
b /NS TR — ), BRI R

opk Opu;k * 0 ok
——+ = =p—p pko+—|(u+ —

ot axi P ﬁ L Xi|:(/u O-kluz)axi:|

(®)

0 Opu,;
LELLPUE — apsp, - Ppo’ +

ot Ox;

0 ow 1 ok dw
— +oui,)— |+2(1— o—— 9
Xi |:(Iu 7 lur) Xi :| ( £ )pO’ 2606)(,- Gxi ( )

X FRIRETTE, y WU R RN B R,
RN ZEH, F T 1, i R Ak-omegatbi A,
e X3, F RBUERL0, i Y S I
Ak-epsilontHi 7 ,

Rebound 25!V U A i i 86 1 R B0 A in— A
N TIGURT DA S By 1b Foun =2 4, S S0 ot 7 R i3,
T U R O R B R B T W MBI

u=fpc, = (10)
w

f(p)=p+ Lo Py an
(L =p,)

1.4 REIBERTSE

KAEFVOF (Volume of Fluid) J7iZ:4bFE/S,
F S KA Zh A AL . A R VOFJ7 i1 SEIL R ]
FEAT RSO RS, A TR, AR s
KIERZVOF 5 HIGN M4 & . fEVOFTT
P B — AN PR B E R — AR B A A
B o, FORTARLERIRS 5 P52 ) 1 L], A
T SEIL R P ERER: X2 AR, o M X
WF: a=0ArMEA TSN, a=141M
FAL T A, 2490 < o < 1A AR ST 28 3 1% RS
AbAEAF R THTAL (0 I B o LA — R EL LN

FH IR A AR A3 B e SCTHR, 6 TP AR S I 2
RIS X3, W S e = AR ) X3
WA IE 24 b 2 A% DACRAIE X ) EH THTE BRI RS
e 8 DX 33 PR R A AR U] 2 R S 0 38R g AT 26 ) AN 2
TS ERN “RE7. XWVOF kL, Bl Mg
MG MRS R A RAE T, AR LRSS
e DI AT AT R B B BN, T B E
FEAR T G5V 1) DX I U > e X A A, XA
e R AL HOURTS FEE P [ B SCORIE BEAR A B 220 K

1.5 Bi&ER Mg

K VY SR 45 R £E SR AT WA (0 2 ik B A ol 1
PA% 0 SR B X AT B G RNE o EHE N A
VU SR X B2 R AN B LR o AR R — IRaEAR,
HRAE VOFJ7 i 5 SCHIAR R 70 B E 1R 5E A2 15 4
ZXIEATINE, B a =0 BUR, AT



K B B LS B R

A B 2020 55 13

ME: Mo A T051Z N BATINE, XA
FHHE X IR HAT I . A SRR, WA
AT AL WA B S it b A R — SR T R s AT
PR 0 A F B AR ELAE /N, 1 L R ) T SR ]
I%TE%EIW*%IEE‘JEE@D&?@%%LO

[ o ) 0
doom dpoo dooo
EEED
[ Jlevel 1
ool 2
[ level 3

BT s 5 DY SR
Fig.1 Adaptive mesh and quadtree structure

2 BUETHE A Rt

2.1 FHEER

A IEENClark-Y - 4E/K BN S5, SR
B HR(WANG, 2001) ) HIR S, W ER2FTR,
AN O TR 2K AL, R T R G 7455%

KAt
"
—

I 4c

3 5 ] ©
B2 TSI R A
Fig.2 Computational domain and boundary conditions
KEIANES %K c=Tom , NOARERIEE
U=10m/s , XI5 i 2 Re=7x10", =L
o =08, FWHHE LN AR

=7 r (12)
~ pU?
2/0

A PONIRIRIRE R MR 295, L2970 Pa .

I R T, 1 S PRI 2 dn I3 PR
RS TR N8 T A A s A FH A AN 0 25 2 20 1S S
HATHIERINE, “FRHMEREWRIFTR, R
I — ANl B & NN ) MR xR, BRI L
K INon-AMRI, 5 5% &40 15 it

B3 sl oy
Fig.3 CFD mesh

F 1 MEZFRMEHMEE

Table 1 Refinement level and mean number of cells

s S LS R R

Level 1 257

Level 2 60 /3

Non-AMR 40 7
22 ABRHEH

X FClark-Y/KE S WAL A NS, ZHECH
0.8 Lot Rt ATl BUEBRMIIZE RS WANG
At O L (RS20 485 B EAT T R LG .

PlALE T AN T 8 3T 0 255 25 2% 1) T+ BEL 7 2R 8
HiZk, Eab)EREHAESRNESS, FHEE
NIRRT RE Ay i 2t i B A
SOINEELE . THEH 7 R B 2R A R S S kT S i R
I i 75 AT RS AE . 245 T TR 1 R BT
Yt as B G a5 Wpgxt b, vl LB BIFE A A )
IS, A RBHH AR EEAEHE KT
T 1 RZBR M INEEGCN g, TR
FI SR Z /N

2.0 A c
7CL
154

0.5

0+ T T T 1
0.035 0.040 0.045 0.050 0.055
t/s
(a) Level 1
12 q

1.0

0.8
W& 0.6 1
=

04 -

0.2

0 T T T |
0.0550 0.0575 0.0600 0.0625 0.0650
t/s
(b) Level 2

B 4 7K 3R T T PH ) 2 K £
Fig.4 Distributions of lift coefficient and drag coefficient
around hydrofoil surface




R, S FET BN EORR] Clark-Y KB BE RN 3

®2 AENRHEER
Table 2 Results of lift / drag coefficient

¢, REE/% G REME/%
Non-AMR  0.754 7.9 0.133 10.8
Level 1 0.765 6.6 0.141 13.5

Level 2 0.764 5.3 0.131 9.2
Experiment  0.760 - 0.120 -

23 = piEgE

(e RF 3 AL Al 2 S S50F 2 90 MK 3R R T i 9%
HLAZ — G — P LD £2 BISHR R
TR B T B EAN [ T BB FEAR K, AR ST AR T
oy IR, BRI G RS A AR R
PR 0 3% 25 DS e P 2 A i Vi 1 ) ) S R4 5 03X
it LT B 3L A% PR A T AT RAE AN (2 3 9 v
&SRR AU SRS AR 0 IR A

BISZ5 Y 1 20 908 S I A A A AN S i
JSL R ) S S AE A — I ZI RS . =5k -
MR 73 AR ANEAT H G RN E . I 25 R 1A
INEEF PG R AT A M E D A

) R R B o ANHEAT B 38 NI 25 1 B E =7
Jit 7 DX 3 ) S PR LA, R A () 2 A S
DAAR L7 H Jsz Pl 2 36 ot v W% ) RO RE 3 4015 s T kAT 1
PN G B MR T R L A R, A
SR B LR P 250 e 2 9 b 38 1 S BIR e s o, B
P I 4 DX AR 5 SR 2 L T 24, sk
BTN o T8 I 2 N 2 15 3 E B AR AU AE =5k
B Ry, MO s R, BT R s E
TENT 2SI AT A1, A b A T R 0 00 22 3] [m] S
P=AE, IR 3A P E 4y 2R A0 B s o

Bl62Z5 H 1 S5 BB Z1 ) Jm 350 1 3 I o % )
MBI . P 6(b)FE El6(a) a5 kg i Jemt |, XF
FASE AR R RS SGEAT 7 —om s, D kRef 21
ISR A . P 6 () RTE6(b) T AT, TE
2 Y RIK I 7 1 R X3, B A 2 Y A T K e
ANEIIX K, AU AR B 4 H AL RIR K,
StoF A RS R 25 LA R, sl = 3 i 25 ok

ARSI EE, IN#EL T — YOI
TS A R R EFE T, (AR A RELRS L A 32
TR LB 1 o

-_— R

(a) Non-AMR

-_— S

(b) Level 1

(c) Level 2
K5 At 2 = K
Fig.5 Shedding of sheet cavitation

(a) Level 1

(b) Level 2

B 6 AR S =) # A% X Ll

Fig.6 Local grid of two refinement level



6 K B RS it R

A B 2020 55 13

745 1 B 55T 2 I 20 1 7K 3R T )32k P R
B, wURBIE TKE ERIREE R, 3
BUE KBRS R — U B e iR Im S o 1%
2 K 57 3 K B T A 1 T A 0 5 R g 17 A
S, FEUX— B KA B BE (52 R K
R IF AR R AT, BB R A 2R Rk
Wr, JF5 oK EAE VR TR, ey
PIERI TR = R 25, ISRk 4 A 7K
AT S, HER AN ERR . FIER LA
DNy JRE 8 [ S it A 3 ol A A1) o A e v 1 T R
Rl K3 b A TR BERBRE TR, TR BE R B 70 A B
LR, i BERINE, R LA R i
BT ) s 45 A0 ] S

24 RERFEEER

A% ¢ F) F I9X M — JBAAE 30 B T (X 3 80 0 X
i, WL B E R AT RO OB, ST
NOKBR M G, — B e e —B R

H 7 KRBT R R

Fig.7 Velocity vector distribution around hydrofoil surface

FMTEAR IR o S S0 45 B 4 = S WL 5 K
FITEATIEFE, T BB IR 23 Xk 24K 21 7K 35 oy
KA — B R, X 2 SR SRR 1) S 2 1
T BT E N RS B B 2 2 i T AR R,
AT BT K Ja i 3 B A R I X, & N A%
H B 75 A% XS AR 2 B0 05 12 [a] 1 )
¥ (Rl =2 RO D) e, Xk R R
T Ja3 08 X 355 0 6% 0 25 wf R 37l 41 1) b A 37 0 ) o
AR RS, $EmBR R R, TR ARt —
FE 2 EL i IR B4 TG

FI9JE IR T BISHE I T 71~ [X 33 1) 2 96 M 25 7K
HEMBBAE R KBNS, E5NE
SR RIZSIANEE GRAD, A AT S R n
B, PR R LR BT 5 T A 2 VR 2 1T B A A
S, AR TORL 2 [0), [ 3 o P el 3
Gy DXIREAT T N, AT DA AT g e S VR AR VK S
(RIS T R . M EI9(a) B E9(c) iR, AU B TT
KERMFHNEEX, ESMESMER N RER

K8 s K
Fig.8 Contours of cavity bubbles

- [ T #TH
|

TITT S

CICICICICE
r i
{

T

NE
EE

+‘ T 1 I L
Eﬁl‘ erer ]
o] NENENN

©

@

B9 2 Jlid v ik A2 5 A B
Fig.9 Interface tracking of cavity shedding



R, S FET BN EORR] Clark-Y KB BE RN 7

A, AWAPURE N EI(d) AR 1A i K b
(] FR) JE3 BT RS MAEI9() 21 B 9(d) n iR R 2
S ETEX T, ZNKIREY, BiE
S AR 3K B DX S AR A HEAT 1IN

2.5 FRRSEREEE

K105 th 1 AN R B 3E B2 S5 20 1 S e S
=B, EEL T A A ) DO A SRS I 21 5 S
Et, 43 540.1T, 0.5T, 0.7TF10.9T . ££0.1 T %1,
PR AN 0% 5 2 T 9 e KRR e i s K FE A S s
36 LbA s 7E0.STR ZIA10.7TR %I, PAAN I 45
P = T A R, #Re R B A
BRI Z AT, E0.9THIIEZI, E10(c)%F MK
225 I8 NI T i 45 R SR B ek, i 1A
10(b) B TIL &5 2R 5 SEEe 22 i LR, X H T =7
WHTESHE R SEE AR E, TERREZM
W& BRI IR By e . RIAH T
i YA N B I8 N AR LE [H) — B Z0 78 B S E &
=B, WTLLE ZIAHEEER SIS S, HOE R A% T
HAFBIM SR T RS, [R5 0 R
SRR, BRI B — AR RN A, R
BB S BRI I

(a1) Experiment by Wang'"” (bi) Experiment by Wang"”

—

(a,) Level 1 (b) Level 1

e R 8

(a;) Level 2
(a) 10%T

(bs) Level 2
(b) 50%T

3 4

A3 FEF CFDF 4 OpenFOAM H ) WX 4% 25 4k,
3K fif 2% interPhaseChangeDyMFoam* Clark-Y 7K 3 7%
AT T EUERA . B VOFJTE Y B I B A% A
G, MBI T R OURE R I AN I S5 4R 1Y) B 3 R P A
L) 5 Sge a8 SR o, gt 1 THREL ) R B
THREER, JFE AR T REA.

(1) 38 H 3N A% AR T DL E e m i
JRIES X IR BE S A, AT SEIRAE v B A MK
) Jit 7% 1) A A S R e O A W AR B PR AH ST R
L, JCHR R A HBEE], o d T B
FAE F 5 EOHE S B AR T 2R R E, R B RN
RNV Y WARTE

(2) =AY & X GRS E 2
UK, R A A RO X A 77 Al e = 2 i
(R IO, T N O A T 3 0 2 3 U ) SR TR R AT
DB R, W LAFEAN 35 5 0 W s 2 (0 kAl E e
A B = BT BRI

(3) Sk TR S RAHEL, B R A&T

10]

10]

(c1) Experiment by Wang (d,) Experiment by Wang

i S
B |

(d>) Level 1

_—

(c) Level 1

(cs) Level 2
(c) 70%T

(ds) Level 2
(d) 90%T

K10 2 AR as R 5 e 45 Rt teE

© ®)
P15 DO T 3 I A A Y TR 2 0] B T

Fig.11 Comparison of cavity contours in AMR and static mesh

Fig.10 Comparison of the experimental and simulation results of cavity contours




8 K RS i E A B 2020 55 13

FAREN A SR 2 BB S O, iR
BHREZ . PR B IERNINE GERE B — AR
i, DRIt e S S ) S 2 R

& ¥ x #:

(11 ZFR, BUE, 3%, & SRR e Wkt

Wik e Je e BB [T]. J13E e, 2019, 49: 201900.
JI Bin, CHENG Huai-yu, HUANG Biao, et al. Research
progresses and prospects of unsteady hydrodynamical
characteristics for cavitation [J]. Advance in Mechanics,
2019, 49: 201900.

21 W%, RR, EEE. B SR IR 5

JE[T]. HRENUB T REZA4K), 2018, 36(1): 1-14.
HUANG Biao, WU Qin, WANG Guo-yu. Progress and
prospects of investigation into unsteady cavitating
flow[J]. Journal of Drainage and Irrigation Machinery
Engineering, 2018, 36(1): 1-14.

[3] YILMAZ N, ATLAR M, KHORASANCHI M. An im-
proved mesh adaption and refinement approach to
cavitation simulation (MARCS) of propellers[J]. Ocean
Engineering, 2019, 171: 139-150.

[4] BERTETTA D, BRIZZOLARA S, GAGGERO 8§, et al.
CPP propeller cavitation and noise optimizationat
different pitches with panel code and validation by
cavitation tunnel measurements[J]. Ocean Engineering,
2012, 53: 177-195.

[5] BERGER M J,OLIGER J. Adaptive mesh refinement
for hyperbolic partial differential equations[J]. Journal
of Computational Physics, 2009, 53(3): 484-512.

[6] KAMKAR S J, WISSINK A M, SANKARAN V, et al.
Feature-driven cartesian adaptive mesh refinement for
vortex-dominated flows[J]. Journal of Computational
Physics, 2011, 230(16): 6271-6298.

[77 THEODORAKAKOS A, BERGELES G. Simulation of
sharp gas-liquid interface using VOF method and
adaptive grid local refinement around the interface[J].
International Journal for Numerical Methods in Fluids,
2004, 45(4): 421-439.

[8] GEEAVES D. A quadtree adaptive method for simula-
ting fluid flows with moving interfaces[J]. Journal of
Computational Physics, 2004, 194(1): 35-56.

[9] TAN H. An adaptive mesh refinement based flow simu-
lation for free-surfaces in thermal inkjet technology[J].
International Journal of Multiphase Flow, 2016, 82:
1-16.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[19]

[20]

BERGER M J,COLELLA P. Local adaptive mesh re-
finement for shock hydrodynamics[J]. Journal of
Computational Physics, 1989, 82(1): 64-84.
LILM,HUD Q, LIU Y C, et al. Large eddy simulation
of cavitating flows with dynamic adaptive mesh
refinement using OpenFOAM[J]. Journal of Hydro-
dynamics, 2018.

ESKILSSON C. BENSOW R E. A mesh adaptive com-
pressible Euler model for the simulation of cavitating
flow[C]. IV International Conference on Computational
Methods in Marine Engineering, Lisbon, Portugal,
2011.

LLOYD T, VAZ G, RIJPKENMA D, et al . Computa-
tional fluid dynamics prediction of marine propeller
cavitation including solution verification[C]. 5th
International Symposium on Marine Propulsors,
Helsinki, Finland, 2017.

SCHNERRGH, SAUER J. Physical and numerical mo-
deling of unsteady cavitation dynamics[C]. Proceedings
of 4th international Conference on Multi-Phase Flow,
New Orleans, USA, 2011.

MENTER F R. Two-equation eddy-viscosity turbulence
models for engineering applications[J]. AIAA Jour-
nal,1994, 32(8): 1598-1605.

REBOUD J L, STUTZ B, COUTIER-DELGOSHA.O.
Two phase flow structure of cavitation experiment and
modeling of unsteady effects|C].Proc.3rd Int. Sym.
Cavitation, Grenoble, France, 1998.

GAO D, MORLEY N B, DHIR V. Numerical simu-
lation of wavy falling film flow using VOF method[J].
Journal of Computational Physics, 2003, 192(2):
624-642.

ROOHI E, ZAHIRI A P, PASSANDIDEH-FARD M.
Numerical simulation of cavitation around a
two-dimensional hydrofoil using VOF method and LES
turbulence model[J]. Applied Mathematical Modelling,
2013, 37(9): 6469-6488.

HIRT C W, NICOHOLS B D. Volume of fluid (VOF)
method for the dynamics of free boundaries[J]. Journal
of Computational Physics, 1981, 39(1): 201-225.
WANG G, SENOCAK I, SHYY W, et al. Dynamics of
attached turbulent cavitating flows[J]. Progress in
Aerospace Sciences, 2001, 37(6): 551-581.



	LS
	LS-

