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Fig. 1.1: Barotropic state law p = f(p) [35].
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Table 1.1: Empirical constants used in k — e turbulence model [63].

Model Cu C:1 Ce2 Ok O

Original k — e 0.09 1.44 1.92 1.0 1.3
Nonequilibrium k —e  0.09  1.15+0.25(P:/e) 1.15+0.25(P;/e) 0.8927 1.15
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Fig. 1.3: Coherent fine vortices in spatially-developing turbulent mixing layer.
(DNS results by Wang et al. [96])
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(b) Front view

Fig. 1.4: Cavitating turbulent shear layer. (Experiment by O’Hern [105])
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Fig. 3.1: Overview of flow field and computational domain.
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Table 3.1: Parameters for simulation.

grid points Nz x Ny x N, 64 x 32 x 32
grid size Ax 0.06D
grid size Ay(= Az) 0.03125D

Reynolds number | Re(= DU/vyp) 1 x 103
Mach number M 0.1
time increment At 1x1073D/U
difference of flux AQ 0.05Q)
Burgers vortex’s r 0.3
parameters v/ v 300 ~ 900
cavitaiton number o 0.1,0.2,0.3,
oo (single phase)
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Fig. 3.2: Time evolution of cavity volume in the computational domain at o = 0.1.
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Table 3.2: Pattern map of cavitation in elementary vortex: (1) inception and dis-
appearance (steady); (2) growth and decay (periodic); (3) surviving
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Fig. 3.4: Instantaneous contours of cavitation and vortex for v/v = 400, o = 0.1

indicated by fr = 0.9 (white) and w, = 4.85 (green) isosurface.
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Fig. 3.5:

Instantaneous contours of cavitation and vortex for v/v = 600, ¢ = 0.1

indicated by fr = 0.9 (white) and w, = 4.85 (green) isosurface.
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Fig. 3.6: Instantaneous contours of cavitation and vortex for v/v = 800, o = 0.1

indicated by fr = 0.9 (white) and w, = 4.85 (green) isosurface.
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Fig. 3.8: Contours of vortex and cavitation indicated by w, = 4.85 (green) and

fr = 0.9 (white) isosurface.
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Fig. 3.12: Predicted circumferential velocity and streamwise vorticity. (blue line :
simulation (7" = 19), red line : simulation (7" = 23), orange line : P,

green line : P»)
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Fig. 3.13: Distribution shift of dissipation rate. (blue line : T = 19, red line :
T = 23 and black line : T'= 27)

000000000000000000000000000000000000e000
00000000000000

0000000 LESO SGSOO0000000000000000000000000
00000000000SGSO00000000000000000000000000
00000000000000000000000000000 0000000000
0000000000000000

0 3.1300z/D=0600y—->200000000000000000000000
00000000000000 32200000000000000000000000
0000000000 3.13(_)0000 «0(b)000000000000000000
00 w, 00000007 =1900000000000007T=23000000000
00000000007 =2700000000000000000000000000
00000 3.7(b) 00 M

0 3.13(a)00000000000000000000000000 000000
000000000000000000000000000000000000 fLr;00
000000000000000000f,00000000000000M@



3.5 OO0

35 000

gooooooooooobbbbbbbooooooooooooboboooooo
goubgobbgobooobooboouoobouoboobooboboboboboon
goboboooobobbouoooobooooobobbooooooba

e IO DDUOUDDOUOUUOUDLDDOUUOUDDUOUODDbDDOUUOUODD
gogoboobobobooobobobobtboddddddoduoooooooooooa
gbooboooooobbooobobobooobbooooboboooobbooonoo
gobobooobboboooobobboooobbboooobboooobboo
gobobooobbbooobbbooooboboooobboobooobooboo
gobooboooooooboooobobooobobobooobobobobobuooobooboooo
goooooooobog

e 1J00IDDO0ODODODUOD 30D0O0ODLODOUODODOO
()Dooo0oO0oOooOOooOoooooO
(2) 000000000000 0DO0ODOO0O0O0
(3)0000000000O0oO0ooDOoUOoUOO
goboobooooboobooooboboooboboboooooboboboooboboobooo
gboobooboooobobbooooboboooobbboooobobooobobbooonoo

e I IUIDDDUOUDDOOUODDDODOUOUOUDDOO

O00030000000000D0O000 BugersOOOODOOODOODOODOODOO
gooobooooboobboooobobuooobobbooooboobobboooooboooooo
goodoooooooobobbbbbooooooooobobbobbobooooooon
goodooooooooobbobbbbbbboooooooooooooooooon
0 [118]00000000000000000000D0000O0O00000O0O0OOOO0
goodooooooobbobbbbooooooooooobbobobbobooooon
goodooooooobbobbbbbboooooooooooooooboobbobbn
goboobooooobooooboboooboboobooon






1 4[]

Joooboboooboboboodddd
Joooobobbboobd

gooooooooooobobbbbbboooooooooooooooooboo
000000 LESO000000000000D00O0D000D00OD0O0D0O0ODoOOn
0000000000000 0O0O0O0O0OOODNSOODOOOOoOOOoOoOoooDoooo
goooooooooooobbobbbbboooooboooobobobobbbobooooon
goodooooooooooo

gbobogoboobooooboooobbuoonobobooboboobboobobooon
gobboboooobboooooboooboooobobuooobbuoobon
goooooooooooobbbbbbbbboooooooooobnoooo
gobbooooobobboooobobuoooobobuoooobobobuooobooooa
0000000000000 0D00oOO [118,119]0
gogoboboobobouobobobobuobobouobobboobon
agoo
goboobooogoooooooobooooobobobbooobobobooobooboobooo
goodooooooooobbbbbbbbboboooooooo

gobobooooboobboooobboooooobooobobbooobbbooooobooboo
gobobooooboobboooobobooobobboooobbooboooobobboooobo
goooooobbboooobbooooobbooooboo

47



48

040 0000000000000 000000000000000

 ~ ~Periodic B.C. in spanwise

4 ~N
Mixing Layer N N
Inflow > U - '
- > ! O I _l
--------------- CGonvective
————— RS — —71‘_-_:»_-{?::::_ ~=-------Qutflow
y \ i0v2 S o S o
AN '
~
P 10H
Fig. 4.1: Overview of flow field and computational domain.
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Table 4.1:

Cavitation model parameters for simulation of turbulent mixing layer.

Evapolation (p < p,)

Condensation (p > p)

Case 1
Case 2

C, =100, C; =1
C, =100, C; =1

C, = 10,

C, =100, C; =1

(=1

Table 4.2: Parameters for simulation.
grid points Nz x Ny x N, 800 x 192 x 120
Ax 1.250,,
grid size Ay 0.5214,,
Az 0.8336,,
Reynolds number | Re(= HAU/vp) 1 x 10*
Mach number M 0.1
time increment At 5x 107°H/AU
cavitaiton number o 0.3,0.4,0.5,
oo (single phase)

O0000 41000 case 1000 20000000000000000DO0O0O0O0O0O 4.2
gbobobooooobobuooobobooooobobood

42 000000

04204300000 case 10200000 oO0O0OODOODOOODO 410000000

gjooooooooooooooooooooogogooo
1
Q:§<WijWij_SijSij) (4.3)

00000000000000000000W,;06;; 00000000000000

Ou;
u. :Sij+Wij
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Fig. 4.2: Top and front view of vortices and cavitation at 7" = 15, indicated by

Q@ = 230 isosurface (green) and fr, = 0.999 isosurface (white), case 1.
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Fig. 4.3: Top and front view of vortices and cavitation at 7" = 15, indicated by

(Q = 230 isosurface (green) and fr = 0.999 isosurface (white), case 2.
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(f) T =12.0

Fig. 4.4: Time evolution of vortices indicated by @) = 230 isosurface (front view).
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Fig. 4.5:

(f) T =12.0

Time evolution of vortices indicated by @ = 230 isosurface (top view).
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YA

Fig. 4.6: Velocity vector at z = 0.87 cross-section and streamwise vortex stretched

between two roll-cell vortices indicated by @@ = 230 isosurface (green).

1
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Fig. 4.7: Distributions of non-dimensionalized velocity along y-direction to confirm

self-similarity law.
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L,

(f) T =12.0

Fig. 4.8: Time evolution of vortices indicated by @ = 230 isosurface (green) and
isosurface of fr = 0.999 (white), at case 1, o = 0.3 (front view).
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Fig. 4.9:

Time evolution of vortices indicated by @ = 230 isosurface (green) and

isosurface of fr, = 0.999 (white), at case 1, 0 = 0.3 (top view).
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(f) T = 3.8

Fig. 4.10: Merging of cavity by vor-
tices pairing indicated by @ = 230 iso-
surface (green) and isosurface of fr, =
0.999 (white), case 1.
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Fig. 4.11: Time evolution of cavity
area passing through three different
y — z cross sections (0 =0.3,5 < T <

55), case 1.
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(f) T =12.0

Fig. 4.12: Time evolution of vortices indicated by @ = 230 isosurface (green) and
isosurface of fr = 0.999 (white), at case 2, o = 0.3 (front view).
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Fig. 4.13:

(f) T =12.0

Time evolution of vortices indicated by @ = 230 isosurface (green) and
isosurface of fr, = 0.999 (white), at case 2, 0 = 0.3 (top view).
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Fig. 4.14: Modification of Reynolds
stress Rao profiles by cavitation (black:
Non-cavitating, red: o = 0.5, blue:

o = 0.4, green: o = 0.3)
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blue: o = 0.4, green: o = 0.3)



66

040 000000000000 0O000000000000000

0.04 0.04
5
E
[| 0.2 002 | TT— TS
— /w pa—
g
J
,//”J
0 5 10 0= 5 10
(a) R11 (b) R22
0.04 — 0.04 —
2
E
2 P
[| o0.02 S -
&S /
////
ok

5:5/H
(C) R33 (d) R12

Fig. 4.16: Streamwise distributions of maximum values of Reynolds stress compo-
nents observed in y — z cross-section. (black: Non-cavitating, red: o = 0.5,
blue: o = 0.4, green: o = 0.3)
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Fig. 4.17: Streamwise distribution of time-averaged cavity area passing through
y — z cross sections. (red: o = 0.5, blue: o = 0.4, green: o = 0.3)
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Fig. 4.18: Streamwise distribution of time-averaged w,. (black: Non-cavitating, red: o =
0.5, blue: o0 = 0.4, green: o = 0.3)
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(b) 0 =0.3

Fig. 4.19: Front view of instantaneous streamlines composed of spanwise-averaged u

and v.
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Fig. 4.20: Spanwise vortices shedding frequency at z/H = 6. (black: single phase,
green: o = 0.3)

R, 00D ODODOO0OOOODOODOOOOODODODODOOODOOOOOOOYOOOOO
godooooooooobooooobbobodoooooooooooooooooa
0000000000000 000000«”" 000000000000000000O0
0000000y 0000000000000R, D000 0D0ODOODODOOOOOO
gobooboooooooooboon

O00000D0O0D0000 RysO0OO0OOOODOODUOODODOOODOOOO
O000Rs 000000000 0O0ODOOODDOODOOODODODOODOODODOOD
goooooooooooobbbbbooooooooboobobbobbboooooogo
O00000D0O0D00O0 Rys00ODOO0ODOODOOUOODOOReODODODOODOO
goooooooooooobbbbbbboooooooobbobobboboooooo
goodooooooooobbbbbbbooooogoo

44 000

goboboooobobooooobboooobboooobooboboboooobobuooon
gobooboooooobboooobobuooobobboooooobobbooooboboooobooo
goooboboooobbo bbb oooo b o



70

040 000000000000 0O000000000000000

gooobooobbboooobboooobbooooobobbooooboboooobo
O00000D0O00D0OO00D0O00D LESOO000O00Oo0oooooooooooog
gobobooooboobooooobobooooobboooobbooobobobooobon
goooooobbboooobbooobbboooboboooobbooooboo

l. 0000obOobooobooboboobobooboobobobooobOooboOon
gooon

2.0000000000OD0O0ODO0OOO0ODODO0DDLDODUO0ODUO DD OODODOO
gobobooogooboboooobbooooboboobuoooobobooon

. 0d0b0bo0obobooobo0oboob0obDOoobOobDoobOoboboobDOon
gobbooobbotbodooobbooobbbooobbboooooboboo
goboooooboboboooobboo

4, 000000O00O0O0ODOOOO0OODODOUOO0ODObOOODODbDObObOODObDO
goooooobbboooobboooobboooboo



71

050

DNSOOOOOOOOoOno SGS O
Jooobbood

O000DNSOOOOOO0O0OO000O000O000000o00oooooooooo
000000000000 00D00O0000000000O0OLESODODOO0ODODOOODOO
gobobodooooobuoooboboouooobobboooobobooobobboooobooboboo
00000000000 0000000D000D000DO SGSOO0DODO0OoOoooooon
googgo

5.1 PDFODOO

0000000 131 000000PDFOOODOODODODOODOOODOOODOO
0[39)0000000000000000000000000O00O0O0D0O00O0On
OO0000OLESOO00D0O0OO000O0O0O0OD0OO0OO0O0ODOOoDOoOoooooogoon
0000SGSUO000OO0 SGSO0DO00UO0UOO (119 0oDo0oooUuoooooo
LESOO0O00O0OO00O0DOOO0OO0OoD pOoO

psas = Cpksas (5.1)

00000 SGSO0O00DOO00O0O0O0OoOooOoooOg pDbFOoOOOCODCOOO
LESO000000O0O0ORANSOOODODOODOOOOOOOOOOOOOOOOOoOoO

0000000 Singhal 0 [39]0 RANSOOUOO PDFOO0OOUDOODOOOOOLES
0000 SGSOD0D00ODO PDFOOOOOOOOOOOOOOOOOOOOOOODO
000000 CoO0o0oO0o00o0ooOooD (11900000000 (b.1) 0000000



72

050 DNSOODODODOOOOODOSGSOOOD0OOO0000

PDF

;p

Cpksas

A
A 4

Fig. 5.1: Basic concept of pressure distribution in a LES cell.

O000000 PDFOOODOODOODODOOODOOPDFOOODODOOOkong o &
Bellan [122|0 PDFO0O000 LESOO00OO00OO0O0OO00OO00OOOOOOOOOOOO
OO00000CO0DNSOOOOOOODODODOOOoU0oOU0ooOooDooooooooood
000000000 SGSO000000U0Doo00ooooono PDFOODOOOODOO
gobooooobboooobbobuoooobooon

e SGSOODOD SGSOUOOUDDOODDOODOD (b.1)DDDODDOODDOODO
e LESOODDOODO SGSOODODOODOOOOODDOOO

OO0bO0o00O0obO00o0o0oooOobo0ooobooboo4000b00obooooboooo
OO00DNSOOOOOOOOOOOOOOOoOoOoooooooooooooooood
000 ksqgse OOOO0O0OO (b.1)000000O0DOO0OODDOOOOUOODDOOOO
0000000000 51000000000000D00 PDF

1 (»-p)?
U(p) = exp | ————5— 0.2
) = =0 |- (5.2
OLESO000000000D0OD0O0D0O00DO00D0DOoDO0DOoDnDooooooon
oo podoogobooouobod sgoogd

00000 (5.1)000000 pses 00000




.2 O0OD0O0O0O0OO0

73

10° . .

10 '

Energy spectra

10 5
10 10 10 10

Fig. 5.2: Spanwise energy spectra at x/H = 9 (solid: El., dotted: E,,, dashed: Ey).

52 JOOOOOO

goboobodooooboobodbobobobooboobobobobooooboon
LESO0O00000000O0ODOD0OD0O00O0OoooDoooooooooooooooo
O0000000b00o0ob0oboo0obobDs20000000D0O0DbLOODOODODDODO
0000000000000 b0obD00b0D00b00o0b0o0ob00o0Db0OnD k=4000
0000000000000000000 A=2r/k0000000000000000O
k00 600000000000 L, OOOD 100D0D0OOD0OOUDO /100000000
000000000000000 [123]0000000DNSOU0O0O0OOOOOOOOO
00000000000000000k=2000000000 A=2n/sk0 DNSO 40
gobooboooobooboboooboboooobbooobobobooobobbouoooboboa
O000000000000000 40000064000 LESO 1000000000
0000000000000000000000000000000000 fO00 fOO
DNSOOODO 64000000000 0O0ODDOOO0OO GSOODOODOOOoOOoDooOoo



74

050 DNSOODODODOOOOODOSGSOOOD0OOO0000

=

0 2.0 4.0 6.0 8.0 10.0

S

8

Fig. 5.3: Contour of time averaged psas.

4.0 6.0

xz Fig. 5.4: Contour of time averaged pksgs-

0000 (5.1)0 ksgs O

1 1
ksgs = Wit — 5 Uil;. (5.3)

00000000000000000 Cpkses 000000000000000 psas
000000000064 000000000000000 DNSOOOOODOOOO

53 OUOOOOOO

531 0O0OO0OO0OO0O0O0OoOooobooog

05.305.40000000000000000000 pses 00000000 pksgs O
00000000000000000000000000MO000000000000 p
01000000. psgsOpkses 0000000000000000 0.25<y/H <0.75
000000000000 00000000 550400000 20000000000
000UOpses O phses 000000 y0000O00000000MOO0O00000O
00 yo(x) — 0.50,(z) <y < yo(z) +0.50,(x) 000000000000 DO6,(2)00



0.3 0OD0O0O0O0OO0

1 U 2

1' T T T
x/H =3.475 || #/H = 5.475 } x/H =747 z/H = 9.475]]

0.5

y/H

pPsas

Fig. 5.5: Distributions of mean velocity U (black), psas (red) and pksas (blue) at
4 different streamwise positions.

(4.2)000000000y(z)0 dU(y)/dy 00000000 y00000 55000
000000000000000000000000000000Opses 0 pksgs OO
0000000000000 Opkses 000000000000000O00O0

0 5.60 psas O pkses 0000000

_ < ksgs(t)psas(t +71) >
V< kias(t) >V/< pigs(t) >
000do000o0odo0rdobo0bdd< ->0000000000 5.60 Rkp(T)D
000000000000 o0oo0oooo0 rO0000000000O0O0O 5700 5.5
0400000 000000000 Rkp(T)D yUoooooooooooooooo
N000000000000000000000psesD pksgs 00000000000
0000ooooss 0000000000 0O0O0OOs6000b. 70000000000
0000000000 rO00DO00DO00DO0O0DO0O0ODOODOODOOOOOOOOOOOOOO
OO0 psegs 0000000000000 ooooobooooooooooo
0000000 5370000000000 0O00O0O0OOOOOOOOOOOOOO
(5.)) 0000 DOpses O pkses 0000000000000 00000D0
0000000000000 0psgs D pkses D0000000 C 00000000
000000000000 000 5800000 COO0ODOODO0OO0ODODODOOOOOO




76 050 DNSOODODODOOOOODOSGSOOOD0OOO0000

L |
0.335 0.993
0.0 2.0 4.0 6.0 8.0 10.0
T

Fig. 5.6: Contour of cross-correlation between psas and pksas.

T

x/H< 9.475];

0.5

y/H

0O | 1 |
Rkp (0)

Fig. 5.7: Distributions of mean velocity U (black) and cross correlation Ry, (0) (red)
between psas and pksgs at 4 different streamwise positions.

.0 2.0 4.0 6.0 8.0 10.0

8

Fig. 5.8: Contour of ratio between psgs and pksas by least square method.
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Fig. 5.15: Time evolution of actual PDF (red) and estimated PDF by Gaussian
(green) at x/H = 5.45, from T = 54.05 to T" = 54.50. The black dashed
line indicates the vapor pressure set for the simulation of Fig. 4.2(b).
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Fig. 5.16: Time evolution of actual PDF (red) and estimated PDF by Gaussian
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line indicates the vapor pressure set for the simulation of Fig. 4.2(b).
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Table 7.1: Parameters for simulation.

grid points Nz x Ny x N, 200 x 48 x 30
Ax 50,
grid size Ay 2.086,,
Az 3.330,,
Reynolds number | Re(= HAU/vyp) 1 x 10*
Mach number M 0.1
time increment At 5x 107°H/U
cavitaiton number o 0.3, 00 (single phase)
PDF model constant C 5,7,10
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Fig. 7.1: Time evolution of vortices indicated by () = 100 isosurface (front view).
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(f) T =12.0

Fig. 7.2: Time evolution of vortices indicated by ¢ = 100 isosurface (top view).
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(f) T =12.0

Fig. 7.3: Time evolution of vortices indicated by @ = 100 isosurface (green) and
isosurface of fr, = 0.999 (white), without PDF model (front view).
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Fig. 7.4: Time evolution of vortices indicated by @ = 100 isosurface (green) and
isosurface of fr = 0.999 (white), without PDF model (top view).
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(e) T =11.9

Fig. 7.5: Cavity in low-pressure region of reflective wave at inflow. Vortices are
indicated by @ = 100 isosurface (green) and cavity by isosurface of fr =
0.999 (white), without PDF model (front view).
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Fig. 7.6: Streamwise distribution of time-averaged cavity area passing through y—z
cross sections. (black: without PDF model, red: n = 20, magenta: n = 40,
blue: n = 50, green: n = 60)
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(f) T =12.0

Fig. 7.7: Time evolution of vortices indicated by @ = 100 isosurface (green) and
isosurface of fr, = 0.999 (white), with PDF model (front view).
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(f) T =12.0

Fig. 7.8: Time evolution of vortices indicated by @ = 100 isosurface (green) and
isosurface of fr, = 0.999 (white), with PDF model (top view).
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(b) ¢ = 0.3 (LES, without PDF model)
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Fig. 7.9: Comparison of instantaneous contours of frkscs among LES with
and without PDF model, at T'= 32, z/H = 0.483.
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Fig. 7.10: Comparison of instantaneous contours of vsgs among LES with
and without PDF model, at T'= 32, z/H = 0.483.
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Fig. 7.11: Streamwise distribution of time-averaged cavity area passing through y—z
cross sections. (black: without PDF model, red: C' = 5, blue: C =7,

green: C' = 10)
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Fig. 7.12: Time evolution of fraction of cells at which p —3s < p, < p + 3s. (red:
C =5, blue: C' =7, green: C' = 10)
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Fig. A.1: Barotropic state law p = f(p) [35].

A2 O0O0O0OO0O0OO

000000000000000000000 p=f(p)DO0D0ODODOODelannoy
& Kueny [34]0 Coutier-Delgosha 0 [35] 000000000 p0000O000O0O0ODO
Al100000DDODODODOOOOOOOOOOOO0O0O00000

gobobooooboobooooobboooobbobobooooboboooobobobooon
O0000 Tat OO DOOODO

PL_ . Tim (for pure liquid),
Pref Dref + Po

b
— = const.
pv

(A.13)

goooooooo

(for pure vapor) (A.14)

goodooooo p,nepo?TefDDDDDDDDDDDDDDDDDDpOD Tait OO OO
O0000On O Coutier-Delgosha 0 [35] 0000 7000000000000 0OOODO



114 O0A O0D0O00D00OO0O000DOO0000000

goooooooooooobobbon

pL (p — pv > Ap)
PR . (p — pv > —Ap) (A.15)
pv +Ap {1+Sin <ApTQ”_>} (Ip —pu| < Ap)

O000p0py DOO0DDOD0DODOODOO0DOOD0Ap = (pr — pv)/20p =
mA2. Ap/20000p=f(p)DDDODODODO 1/A2, 00000000 Apin = \/Op/dp

min min

goooooooooooobbobbboooooouoooooooobobbbobon

000Qin [37]0Wosnik 0 [38] 0 0000000000000 ODOD0O0OOODOOOO
gboooboogobobogooboboooooobboooooobuoooobooo

p—po=ao(p—po)  (P>Dpec) (A.16)

UeoUUOOOOOpUpo bbb ooooooboooobooon

5
p=>Y A" (p-<p<pe) (A.17)
=0

O000000000000000 A;0000000000000D00C00000O0O00O0
goboboooobblb ey 000000 booaon

p=(1—-av)pr +avpv (A.18)
2 2
0, = ALy (A.19)
<1 —ay + avp—V) (1—ay)a} + <(1 — av)p—L + av) aya
PL PV

0000000000 Y =aypy/p00000000000000 p=f(p,Y)DOO
00000000000000 [36)|000000000000000000O0 Tamman
gobooboooobobbooobobouoooboboooobobooobobboobooooono
000000000 R.ODODO Ty DOOODODODO ppy00O0O

pv = pv Ry (A.20)

O000000Tamman 000000000000 p.00000 K,OOOODO Ty OO
Oo0000 T, 00000000 p,O00O0ODODODOODOOODO

pr + pe = pr K1 (Tr + Tp) (A.21)



A3 000000000000 115

00000000 p00000 ay 00000
p=(1—-av)pr +avpv (A.22)

D0000000000000000YO 000
ay = (p/pv)Y and 1—ay = (p/pr)(1-Y) (A.23)

obdUODayUOpy il pp oo obooouobooooobn
goon
_ p(p + pc)
Ki(1=Y)p(T +To) + RY (p+ pc)T
goboboooobbooooobboooobobobboodoboboooobbooon
pY 0000000000000 0O0O00O0O0 [130)0000000000O [131,132]
goddoooooooooooobobobbbn
goboboogoboboooobboboooobbooobobbuooobDbboooonoo
gogoboooooobbooooobbooouobbboooodouobooooobon
0 O Gopalan & Katz [109) 0000000 OO0 O Barotropic vorticityVp x V(1/p)
0000000000000 00 [133]0

) (A.24)

A3 O000D0OOO0OO0ODOOOOO
A3l O00O0O0OODOOOOO0ODODOOO

goooooooooooobobbbbbbbbboooooooooooooooon
goboobooooboobuooobbouooobbooooobobooooboboooobooo
0000000000 p 00000000 YDODOOODODO

% + V- (agu) =mT +m~ (A.25)
35—:/ + V- (pYu)=m" +m” (A.26)

000000000000000D00D0O0O0m™0wm- 00000000000000
0000000000000 000000000 39-44|0000000000D0000O
0, 000000000000000000D A10D0D0 [133]0000 teodUs
gbooobooooboobobooooobobuoooooo



116

O0A O0D0O00D00OO0O000DOO0000000

Table A.1: Source terms in transport-equation based cavitation model [133].
Production (m¥) Destruction (m™) References
Cprod max(p — Dw, O)(]- - aL) CestPL min(p — Do, O)aL [39]
(0-5PLU002)too (0-5PLU002)thoo
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C 1 C 1
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Fig. A.2: Treatment of the cavitation boundary [55].
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Table A.2: Overview of cavitation model based on the solution of N-S equation.

Type Cavitation model Reference
. Full R-P eq. [29] [30] [129]
Bubble dynamics
Reduced R-P eq. [45] [46] [47] [48] [49] [50]
. Transport eq. Empirical [39] [40] [41] [42] [43] [44]
One-fluid model —
Source Empirical [51] [52]
Barotropic p = 34] [35
Equation of state arotropic p = /(p) 34] [35]
p=1rfmY) [36] [130] [131] [132]
) . Eulerian-Lagrangian [31] [32]
Two-fluid model | Bubble dynamics - -
Eulerian-Eulerian [33] [127] [128]
Marker & cell | Interface tracking various B. C. [655] [56] [57]
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