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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

K ds: . . . . . . .

Vim’;te; cavitating 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.
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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 ol gl als 5 (o

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

“Natural super-cavitation

88


https://dorl.net/dor/20.1001.1.10275940.1395.16.9.31.0
https://mme.modares.ac.ir/article-15-5598-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1395.16.9.31.0]

Ol 9 wd j20 (G340

oiirod STols )i Hlialu »d (o B 59 g,).;.b,Lﬁ.‘i.a:»L'ié) G332

w3 e Lt @ 5 k &g slaoansS pazie (15) o (14) aka,
He

Fk:‘u_'-_o-k (14)
He

[,=p+=+

w SR (15)

el a lael coglanilb o w gk lp olezél Jily slacl g, 5 0y

23l o (16) alad,
pk 1
=
0 max [i& (16)
at Taw

aal, o8 4 DES oSus 5l golasel ace o5, Y SosSly o)

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

Jsbo ool il oo Jobo Jsb 02 35,5 Amax 9 Caes = 0.61
o (19) 3 5 pLics
_ Ve (19
t B*w

ey da Gyt oae (21) alal 5 Gseligls ax s sue (20) e,

aas e ol | Ly

5. = Pr — Pc

sl (20)
c. = F

2

e Jow -3
% Lol Jao j goue b gl cz ol adlhe
wiilce Sy sBie g by St sl gl condoslia
85 Gl Stie ©)000 pyiiage dolas g 039 o> S sl B 0
labolae g3 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 ety 55 als T ool olas s oalass
3l e Jolo cuz ailis 65 1 S e Wi s,y
Joe Sy i jse go0s o swiip ol cad (g ,:So g S csld I3l
ool g a1y sutall)l aliyles] bt oS wile (o)2S S
By SIS amio Jhd "2 5" 4 ar g b [15] wdlise o] oy @ls
Aibge 16 MM (Jus el g L=100.7 mm . Jaw Job ¢D =10 mm
Sl aygly ol oniad 5 L s Slatse e Gleisas Iy STolS axin
A3l (o 4z 0 60 1S5S ayglis SMM [STslST 5,0 a0 45 Cud Juw
Jae b oz o9y womd eadesls ol by e "3 ST o
200 mm lae glas )l 9 700 MM olace oLL B Joe slel ¢ 200mm
Loadlbie amdn Ojgo 485 Sjgo Jlod 5 go0e Joe adlioe
e 5l (o el el plaee g (oiin Jae S0l 4 4z
5 Wibse XY axmio )l axio oSy sk 0o S Bl )lie & g0

! Effective diffusivities
2 Hemogeneous Mixture
% Ansys-Fluent

89

JGl dolee Liwgs STol5 ol obl oayagaiilbee of 5 35 ol b
(5) aluly 3 o oz oS sli Wolae (4) alal, 00,5 o 4l o>
Ol e doles Lo T, lap i cond 515 oz ,uS ol doles

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

0 0 i v .
(o) | Opuarvty) _ ( pvav) i )
ot ox; p
a(pgag) + a(pgaguj) -v. (pray) (5)
at 0x; p

O kad Bl 2wl ple et Sl () dslee Bl
@ by oyl 59,5 aicd o badlioe B lad g e Sl jlus
wig (6) alaly pd 4 Condym b, Aolie ol glad pgs i
D s

dR 2 |pv - Pl
Rl ©)

t P

T oW Ny e axly o bols slasy adl o ol glas R
il oo (7) alaly o0 a0 a8 w56 Jlal

3ay

4nR3 ()

Ny=(1-a,—ay)

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

3a
N, = 471}1?;3 (8)
bl (9) alad, p 2 4 e w2l (sl p 2 JUEDl &5
d (p,,4nR3 dR
m'= N, ——2—- = 4nNyp,R* — (9)

yese (11) 5 (20) Lady, & 1F, M7 slapys 5 b c¥olas oS 5 5

2 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 & wiee o colpd o 5 G BB Ll 0
Anye Joie b5 5 oz JUiil Joe b corsly oo 0.01 550 Joles
glad .l 5X10% Jolas o8 wibice o s Jsbone S5 (e & bogyye
el g0 a18,5 Slai 0 e 1x10° Jolee 55 Ol o ol

Bilyy by 00500 Jolb 5 5 b sz 55 () 5 (4) Ly, 5
50,8 s oS 5 (11) 4 (20)

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

Ass o lis 1y plazél i (o5 dolee (12) ala,

a(pk) +6(pkui) _a

ok
o " ox -ach{”faTj}”k—Yk”k (12)

Ass e L 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 Slo Swliie


https://dorl.net/dor/20.1001.1.10275940.1395.16.9.31.0
https://mme.modares.ac.ir/article-15-5598-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1395.16.9.31.0]

oirod Sels pd Hlialuw »d (o 3B 59 g,)g.:»,l.é.i‘.o_)l.‘ié) G332

Ubed 9 w20 S 3u0
Q
Qv = VoD (23)
el oaosls yLis (24) alal) o 55 jagns, sae
Uy,D
Re = (24)
v

28 e 55yl (i 5 098 e il Gl ce L Jpa2” 5o
00,5 oo 4l e 43, IS, Ln Julos

a3 Sl -1-3
i Jobo 08 A ol Ghaee 5o ol 5l PR gy S
@) o as ) cdl> o 0 Ldglu slaws M 2 Jaux" 0 w0 5 ooliul
Sl 000,85

XID=18 oo,e ahie 5 ied 5 ez S el "5 S o
Sl y BlS ol ol sl ool lid Qu=0.18 (Fr=7.84; bg s
3l (59,0 b Con a5 08 5 e slbul J g sl dgd als S g8 g
Bl G 5 G5 Erdse IS Slnds w55 o hlote Vb ooy
ol st il e S P oy Sz 05,5 o o)
aSh g sl ST a5 08,5 e canlive g oogs gllae bl 5l Cll>
3 JEs Jo o 1 il g0 %5 3l S 3 Clb 52 Gl s
20,5 plowl el adS' 3 > gans 4t bl g 035 oSt

ooe gla s 4y by o sloosls 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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different cross section Fr=7.8, Qv=0.18
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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,

5 @ @l om o2 5 gy gn g stes SIS S alie 17 S0
Fr=12, Qu=0.64 (z Qu=0.39 (> Qu=0.18 (Gl (soue

@l o sed 5 ) s 5 e STolS S bl 18 ST

el QU=0.64(z Qu=0.39 (< Qu=0.18 (&l 4 Fr=12 j5 (o3¢ 3 oy
WPV

s 3 ez S piilSy bz plawe bglas "19 s s

3 e B as 008 = oaplive el 00l ool las Fr=7.8, Qv=0.18

WS (0 S sl e win b (lyz bsks ules

- Qv=0.64 Num °* Qv=0.64 Exp
= Qv=0.39 Num = Qv=0.39 Exp
41 ~ Qv=0.18 Num » Qv=0.18 Exp

Y/D
<

20 2 46 8§ 10 12 14
XD
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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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