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Numerical investigation of different gas leakage behavior in ventilated cavitating
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In ventilated cavitating flow structure, two parameters are very important, Fr number and gas
Received 26 June 2016 entrainment coefficient .The objective of this paper is to investigate the ventilated cavitating flow
Accepted 12 August 2016 structure by numerical methods and verify with experimental results. The numerical simulation is

Available Online 11 September 2016 performed by ANSYS-FLUENT and homogenous mixture model with a free slip velocity and DES

turbulence model, and the gravity effect is considered. The results show when the gas entrainment

s‘:mgig;'caviming flow coefficient Qv is constant, two typical mechanisms of the gas leakage exist at different Fr numbers,
Gas leakage behavior namely toroidal vortex mode and two hollow tube vortex mode .With the increasing of Fr, the cavity
Super cavitation would transfer from the two hollow tube vortices to the toroidal vortices. Moreover, when the Fr
number keeps constant, the enlargement of the cavity causes the gravitational effect to be more
significant for the case of larger value of Qv. The result also showed that the cavity length increase has
a defined value and it does not increase even with more gas flow injection. With the increasing of gas
entrainment coefficient, the drag coefficient decrease. DES turbulence model is a combination of two
models, SST k — w and LES model and is suitable for simulating of two hollow tube vortices mode.
phbolos! STl eagay @Vl Swolns o ax 81 oS abilie o)lee dodo -1

W (e )l glaans 3 adliel wuligSl aden Ll e il sy 5 Gleiear miige oS 0 olsen STl sy
Lol sblie g aims 2als 1) ossy cpl (Hwlys U Il & alosged 1) el (Sl s llogs oy ol 0 0s el 00,8 b))
S il ams B (Sl sl il S o logase lesin Ll aSldl )il attls dpas 4 1y Soyss 5 s e b))
A olrl el S Lame o )bzl Oyg0a S5 (oo b g 95T ol Sl b s e oL by asbe SIS 6308 s, ol

Please cite this article using: “awled o3l o3 wyle 3 Wlie ol & gla, ! (glp
M. Maerefat, S. Tahmasbi, M. R. Ansari, Numerical investigation of different gas leakage behavior in ventilated cavitating flow structure, Modares Mechanical Engineering, Vol. 16,
No. 9, pp. 87-96, 2016 (in Persian)



O 9 wd y20 G340

oirod Sels )i Hlialuw »d (o B 59 g,)a,;»gLﬁ.'i.o?l.'ié) G332

Widgeld &l i do 5 (gileand 5l w1y dwaie 4w SIS Job
ol 5l ol Ly 53 (oo SHS ol IS5 [7] ol San 5 Sy
5 oed SIS Sl JS5 o a5 g0 53ltend g3 S50
hegorna [B] ) San 5 Sy in ) @) 025 g0t |, B hed £
adllandjge (28 Sygoy aneplie O Jigi o |y (ol sloadiy
5 b Sosons ) Sl Gl US54 by lasia 5 wiols)l3
Pl o ptes 8 5 [ Sen 5 Sy insas gl sl (e
ool 2 1y SUE Ol o i £550 9 000 J8 (o) 0,90 | SIS
O B g Wogel awlie aa Lol (luand @S 5 025 Ly,
[10] o en o coo sl olis |, alfileyl mlbs 5 oy mbs
s Gt e G 5l oozl b stes 5 ek US54 1, STlS L
@l s 7 @l om Sl g 039ed (3ludnnd o> JUi] doles (ol
aisls las 1) (ol

abalyty & ptes 5 (SaiSly p5lS [11] oSer 5 Gomilz
5 oS ol ol |y s sbwl e 5 b obelS
» B Glbole es b oS wsls las g2 Ojpen [12]0))Ken
o e (59 Ay S Ol Sy ol el | SIS iy als S
33,5 oo

oSS gay et il Luld s tes SIS sl
pY anwy cpl o eoae g e Bldil g i Sldllas W ccll
B 89y O Sliie LBy 0% gy Al cpl Wl Bos il e
S By Al o (25 gl b dmling o pnd ST 5L o s
slael )3 (p2ad S 55 G pille 59 el LB QY (ptas S 2
3 sbsbiee o8 O iz szl als, (] oo 252g 4 chlies 39,5
als S 93 (0 00,5 o JSits paz Saiel o g ailice O 5 siws 5
YU Caas g o Szl 3 g il o oo 55 ol a5 ° S5 g5 (slals)
20,8 oo hileo

ol Yl -2

s olbu @l 5 Gbsle Jlw syl (28 oS> Vol o
slajls oS sk 03 (Ron bslie SN2 (b ool ol B2
5o dajls Snde e 50 aitloe (steline JLi8 g e o by
Sl piese 5 (Siwsey SVoleo [13] sl (34l ey (sl
2l (2) 5 (1) Ly 53 42 gl

5_P+ a(py;) =0
ot 0x; (1)
a(pu;) . a(pu;u;) _ o
ot ax; boax;
a du; du;  20uy
Tox LEr ) (axj T ox 30w, 1) 2

Obyz JLad P asdlioe | Cuz 30 (9 G99 e Yoy Gy Ui
il e alzadl el g ol by coi) s e s U bgbie
90,8 (o o 23 (3) alady 3 4 bslvo ooz (soz o>

p=ayp, + AgPg + (l —ay = ag)pl (3)

sl 4 by |, 0,V Gbousn; ool b p o> S @

® Toroidal vortex
® Two hollow tube vortex

9 o louis 16 )93 1395 ,5T (o) SulKe (S iy

Caz 3 S3SS o gge § SoC s SIS T 005 e SIS
e [L]asbco 5 sloosis; 5, » Slaol slay 55,65 tals
S ol S oty gy S |y 535 ik estige 5
lesls bl 05 5 planl BLLI 3 ctes Ll g0
reeb &yt SIS Dl o] ey STy (i 4y b 28 ialS
I 5SesS et plid 59y 2 b o o (pl jo 1 005 e
A edsay JeSad cqz il olad o T h sl diay oS 09y walys Jlej
U o1 ol ey (a3l b (1. [2] covn s92 g0 (g, dw SylS
Sl g Sl i lae O lais o o5 Py lame jlad als (2
s LB 5 es g a5 Py SIS Ll 5l lad sl (3
Ly oadiadys ST 1 00,5 o ye SIS Slim U515 5 lsn Lo
S Dlgiedr pgw gy 9 (el S plaiedr pgs g ol laghs,
b o8 SIS Sl 3l sy 95500 sogmna osias b (e
ek S 509 s S350 ST Sl Jsb 4 Ol (o0 SE (A
SV 53 sy (o0 S 350 ST J5b & ST Gl e AL
2 s 5 ies (Lo 093y ched 5 b SIS oo wlul
syl glie J5, SIS e Ceand 3 oS 50,5 o s STolS Ll
b o SIS Ol o (es I8 (2 ((oreek SIS 4 o) 20,5
oy W "L USE" Gllae SIS Glonl o 5 8,513 adlr (g9
IS e S o bl
J5 50 s sbaby s 2 02 @l [Blohies 5 izl
5 Jsb arlre Caz 2 Ly, @l bl 5 wingel gl G
ISan 5l isges @) ojeme oyl el o SIS s s
@30 Dpgod 05 H9lid Ko (53, 2 1, S Sl saman oS >[4]
(e Gilwand lawgs a5 wols lis asdllas ol o di0ged (g jlwdnd
SIS ol &5 52 9 (65 JSS 7S sl g e 595 2 OlF s
5 SIS S G Ll [B] ol lSar 5 Sl s (s Jped B sk
9 805 (omyp g0 Dygor ) [ SIS 4 bgje wats la el
sloalin 59) » S Sla Jld 5 Jsb dalne Coz 025 sloJse 2
b SIS [B] ) 5e 5 b pe bidges il ol STylS 3b s
Ao & Lo Lalg; 90035 (giludnd Solite dsin 4 (59, 21,

(!

Fig 1. Gas leakage mechanisms a) Two hollow tube vortex b) Toroidal
vortex

G5 5 sl A oS g (W e I 53 s 5l el 1SS

iz o gl als 5 (o

! Super-cavitation
%\/entilated super-cavitation
3Cavity

“Natural super-cavitation

88



Ol 9 wd y20 (G340

oirod STols il Hlialw »d (o B 59 g,)a,agLﬁ.'i.a?l.'ié) G338 w2

w3 e Lt @ g k &g slaoansS pazie (15) o (14) aka,
He

Le=p+ O (14)
I,=p+ g—; (15)
pb 4 Ll el il e w gk (ol alazdl iy slasla, 5 0
il o (16) alad,
pk 1
B e [i L (16)
at Tajw

aal, o8 4 DES olSus 5l gplasel ace o5, Y Sossly o)

b e (17)
Y = pB kwFpes (17)
FDES B max (CdESLAtmaX ' l) (18)

Jsb bse ailioe Jsbo Jsb 2 55,5 Amax 5 Caes = 0.61
wilie (19) a5l 5 plecel
o (29)
t B*(,()

ey da Gyt oae (1) alal 5 Gseligls ax s sue (20) e,

aas e ol | Ly

5. = Pr — Pc

s (20)
c. = F

2

o Jow -3
oS Lol Jae j goue b gl cz ol adlhe
wiiloe Sy sBire g iy St sl gl condoslina
85 Gl Stie ©)000 pyiiage dolas g 039 ez puS Sl B 0
labolae g0 LAlazél laoe 5l Jeloo cpl 0 008 00 Jdbos ol
Joe ol a8 a8 S IS DES Jae Lol s w,S eslital  Jolite
e S0 o camlin o Jde Cedy 55 als T ool olas s oalasg
Pl e Jelo cur ailies 65 1 S e Wi s,y
Joe Sy s e go0s o swniip ol cad (g ,:So g S csls 3l
ool g aslllae ol 5 sudall)l aliyles] gl oS wile (o)2S S
By SIS amio jhd "2 S8 4 ar g b [15] ailice o] oy @S
Aibge 16 MM (Jus el g L=100.7 mm . Jaw Job ¢D =10 mm
Sl aygly ol oniad 5 L s Slatse e Gleieas Iy STolS axis
A3l (o 4z 0 60 1S5S ayglis SMM [STslS 5,0 a0 45 cud Jow
(Jae b oz 09y womd eadesls ol by e "B ST
200 mm lae glas )l 5 700 MM olace LL B Joe slel ¢ 200mm
Lot amdn Ojgo 485 ygo Jlod g so0e Joe adlioe
e 5l (o sl el plaee g (oiin Jae Sl 4 4z
5 Wilioe XY amio ())E amio oSy sk 0oy S Ll o)l & g0

! Effective diffusivities
2 Hemogeneous Mixture
% Ansys-Fluent

89

JGl dolee Lwgs STol5 ol obwl oayagaiilbee of 5 35 ol b
(5) alul, 3 o oz oS sli Wolae (4) alal, 00,5 o 4l o>
O e doles Lo T, o s 515 oz oS ol doles

il e STl 8 (e 50 0dd el b g 0ad S

] ] ; v, .
(o) | Opuarvty) _ ( pvav) i )
ot 0x; p

a(Pg%) + a(Pg%“j) -v. (pray) (5)
at 0x; p

O kad Bl 2l ol ple et Sl () dolee Bl
@ bge oy 3l 09,5 aicd o badlioe o lad 5 (e Sl jlus
wig (6) alaly pd 4 Conddym b, Ablie ol glad pgs i
D s

dR 2 |pv - Pl
Rl ©)

t P

T oW Ny e axly o bols slasy adl o ol gles R
il oo (7) alaly py0 a0 a5 w56 Jlal

3ay

4nR3 ()

Ny=(1-a,—ay)

ey (8) el 5 a0 50,5 plosl a5 anl 8wl

3a
N, = 471};3 (8)
bl (9) Al 2 4 o w2l (sl p 2 JUEDl &5
d (p,,4nR3 dR
m'= N, ——2—- = 4nNyp,R* — (9)

yese (11) 5 (20) Lady, & F, M7 lapy 5 Vb c¥olas oS5 5

o 3p,(1 -, — ag)max(ag, dny)  [2max(p, —p, 0)
m" = Ce R . 5 o

(10)

- — Cc 3pvav g max(p - on) (11)
R 3 4

w4 gl polie o aiee o olpd G 5 G Gt Ll 0
Anye Joie bS5 oz JUiil Joe b 0iily oo 0.01 550 Joles
glad .l 5X10% Jolas o8 wilice o s Jsbone 5 (e & bogyye
el g0 a18,5 Slai 0 e 1x10° Jolee 55 Ol o ol

Lilyy by 00800 Jolb 5 5 b ez o5 () 5 (4) Ly, 5
50,5 s oS 5 (11) 4 (20)

Slezel ol dsles g0 sldas s STl 5 b STlS o
(hed SllS o Gisdie Gl (oyn Saz [14] 055 (o0 S lise
245 DES lazdl Joe L 5 oS o)y sl dobeogs slidae als
il e sSly> il oo SST K - @ Jue

s o lis 1y plasél i (65 dolee (12) alal,

a(pk) +6(pkui) _a

ok
o " ox -ach{”faTj}”k—Yk”k (12)

s e lis 1 alasel B & 55 (13) ala,

d(pw) . d(pwuy) _ KA

ow
Lot 4G, =Y, +D, +S
at ax; axj{ } 0Tl e T (13)

w
ox;

9 o plesis 16 0,95 1395 )3T ()30 Sl Swiie



oirod Sels )i Hlialuw »d (o B 59 g,)g.:»,l.é.i‘.o_)l.‘ié) G332

UbLed 9 w20 S0
Q
Qv = VoD (23)
ool oaosls Lis (24) alal) o 55 jalgts, sae
Uy,D
Re = (24)
v

28 e 55yl iee 5 998 e il Gl e L Jpur” 5o
00,5 oo 4l e 43, IS, Ln Julos

ased 3 Il -1-3
i Jobo 08 4w gl Ghaee 5o ol 5l PR gy S
@) goi as 5l cdl> o 0 Ldolu olaws M 2 Jaux" 0 w0 5 ooliul
Sl 000,85

XID=18 oo,e ahie o ied 5 ez S el "5 S o
Sl y BlS ol sl ool L Qu=0.18 (Fr=7.84; bg s
A3l (59,0 b Con a5 08 5 o slbml J g sl dgd als S g8 pu
Bl G 5 G5 Erdse IS Slnds 05,5 o hlete Vb ooy
ol st il e S P oy Sz 05,5 o o)
aSh g sl iSTas a5 08,5 e canlive g oogs sllae sl Cll>
3 JEes Jo o 1 il g0 %5 3l S 3 clb 52 b s
20,5 plowl Lellows adS' 3 > gans aSlds bl g 05 aSLs

e gla s 4y bgypo slaosls 1 Jguo
Table 1 Input data

U, (m/s) Fr Re Qv
2.44 7.8 21405 0.055
2.44 7.8 21405 0.069
2.44 7.8 21405 0.082
2.44 7.8 21405 0.18
2.44 7.8 21405 0.22
2.44 7.8 21405 0.4
3.75 12 32897 0.18
3.75 12 32897 0.31
3.75 12 32897 0.39
3.75 12 32897 0.54
3.75 12 32897 0.64
6.89 22 60443 0.18
7.39 23.6 64829 0.39
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models at Fr=7.8, Qv=0.22 , X/D=23, t=0.15 s (vertical view)
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Fig 9. Ventilated cavity shape and gas volume fraction at different
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Fig 12. Numerical results of gas volume fraction contour line at

different cross section Fr=12, Qv=0.64

Fre12, Gilise ablie b 50 oied 5 oz S 5tlS bohs 12 S
Qu=0.64

Fig 13. Comparison of cavitation pattern at a) Quv=0.055, b) Qv=0.069,
¢) Qv=0.082, d) Qv=0.18, Fr=7.8
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Fig 14. Comparison of ventilated cavity shape and gas leakage between

experimental and numerical results a) Qv=0.069 , b) Qv=0.082 ,

c)v=0.18, Fr=7.8
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Fig 11. Ventilated cavity shape and gas volume fraction at different
locations along the vertical planes Fr=12 , Qv=0.64 a)Experimental
b)Numerical
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Fig 17. Comparison of ventilated cavity shape and gas leakage between
experimental and numerical results a) Qv=0.18 , b) Qv=0.39 , c)
Qu=0.64, Fr=12,
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Fig 18. Comparison of ventilated cavity shape and gas leakage between

experimental and numerical resultsa) Qv=0.18 , b) Qv=0.39 , c)

Qu=0.64, Fr=12,
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Fig 19.Velocity streamline and gas volume fraction contour Fr=7.8 ,
Qv=0.18
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Fig 15 Comparison of ventilated cavity shape and gas leakage between
experimental and numerical results a) Qv=0.069 , b) Qv=0.082 , c)
Qu=0.18 , Fr=7.8
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Fig 16. Comparison of cavitation pattern at a) Qv=0.12, b) Qv=0.18, c)
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Table 3 Comparison of drag coefficient

Fr Qv Cd
7.8 0.069 0.18
7.8 0.082 0.13
7.8 0.18 0.12
12 0.18 0.52
12 0.39 0.34
12 0.64 0.28
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