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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 Q6 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.
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Fig 12. Numerical results of gas volume fraction contour line at

different cross section Fr=12, Qv=0.64
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Fig 13. Comparison of cavitation pattern at a) Qv=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

3 il glacasdse o e 55 (5, Gan s ehed SIS U 11 S
oue (o om0 (W Frl2, Qu=0.64 (sogec amior

Jsb «Fr=22,Fr=236s9,3 sac glp il cul s 35 oo 239
ey | 38l 1y 5 ol oo Fr=7.8 04,8 sae 5l 5858 il oy SlolS”
RSBl ) 8 00,8 o oted I Stasn e 3l &le T by
Sipots Sl 5 00,500 2L ST JSS g9, adl> 595
e 5 G5; 9 p @dd e Lt | 355 o)y 5 (otes 5 I boglse
Wi Sladil> 0000 5 Gl 79,5 45 0905 Gl S5O Rl 4 g
[16] 5,5 oo plxl

Slas ) geoee ol SIS LSl wgose Jdw s Leluly
dolsl pu sliwly 8 g pan ity o olate p)8 4 SIS A5 e o
aslige 226 0T s3; 43l 550 256 5 oo
Gl SlS glS bglas qgone Julow gl ulaly M2 JSa” s
&l X/D=8,11,13,1517,19,21,23 ablis sk ,o Fr=12, Qu=0.64
a5 00,5 oo oamlice cadosls lis ablas rolaw 4y az g bl 0005
Llilsal afs S o a5 oylite o olaiel 5 5 e s (53, STl
Wy Shls LSl 5 65zl Wb wdle (55 e Slaiel o il e

8l e 3l cdes S5 (9, gy e sl po lizeen

STgls 71 S LSl 595 (w00 3 om0 il -3-4
35 55 0o Dslite lagSll @ by [15] o ol 13 USa” o
(< Qv=0.055 (il o 5 cuye gFr=7.8 5558 sue lpy sdes
ol o ool Las QU=0.18 (5 Qu=0.082 (z Qu=0.069

o3 J5 59y g 5 e ST USS (e alie "14 JSAT o
Qu=0.069 ()l 4 Fr=7.8 ;s soae mls § [15] oy mbi o
sl oay3,5 ol QU=0.18 ( Qu=0.082 (o

Lol culi 09,8 sae dsdliz S weo o lis (so0e 9 o0 @l
o5 5555 5 e Gl SIS b (gted I o pd e S8
S SIS US55, adle 595w b oS s oo la S e
B e ol Gl8l L Fr=7.8 558 sae jo il e Cuoal Pl
5 90,5 o0 odudisy Sl Lawgy g s (o] Al g pu mhaw (ol

* Toroidal vortex

90 plas 16 0551395 13T ure B\ WA e



O 9 wd y20 G340

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

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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(@ Q=018 (& Qv=0.12 (Wl 5 SIS clasll o aslin 16 S
Fr=12 5 Qu=0. 64 (sQv=0.39

Vg4



Ol 9 wd y20 (G340

oirod STols il Hlialw »d (o B 59 g,).;.b,Lﬁ.‘i.a:»L'ié) G338 w2

A 59y SBhasl glay a5 08,5 oo el (s 55 oo il (6
205 05 e 59y 2 e o p2 g b SRR g JB Jade 4 pur

ﬁs)l:w;gﬁ—(i
(M) o e s 4
b cope Ca
b oy Ce

2 waye Ce
b e G

(M) oz s D
Sisies e Dy

(N) ls 555 F
3,8 0ae  Fr

(M/s?) asl> oz g
kody ey G

W dges Go
(MPYs?) plecdl twr s34 K
(M) per Job KL
(KQ/S) yoes 3 4 oy JUiil &5
(KQ/S) plais g% & gy Jlasl &5
PR PR R KV ()
(pa) bl ol > ,Lad p
(Pa) &> o L2 P
(pa) L> Jss Lzs Pp
(pa) Slyls™ Jsls Les
(pa) o1 Jlyyles Py
(Pa) Lawoxo Lt

v
a

P
koo Ecgye  Qy
oo I g 0 Q
(M) cl>gls R
sk e Re
wiz e Sk
wized S,
(8) ole; ¢
(M/S) cep aidse U
(MIS) ST by ey Ueo
olazél dalya, K (Sasly o5 Yy
el dbslsa @ Susly pp Y,
Sliss e
)‘5‘% [ )“5 ay
B oz S g
e SlglS sae O
(kg/ms) o] by eyl B
(kg/ms) tgase oy eyl e
(KG/M’) o o> P
(kg/m®) s ooz o> P

95

by o 00 695 (03 35 o po 3 -4-4
5 FI=7.8 59,5 sacl Glp Ly oy oo 6 amslie "3 Joox " o
399 das ;0 ol sadosls (i Sglite ied 5 wolye g FI=12
W0y 59, Ly cuyd (oied 5 b Gl L Sogd oo oamlive ol
kel o 205 o el pdes S5 e (RN AL e Rl e
Olee 4 SBaol lay 5 355 G2 3l o 40 b e g0l i
o Sl toy alsS a8 FIE12 clls s ol ialS s LG
Lay s Mol oo Gialidl g lid sloy s aSul ey 00,5

Dl (g0 S5 )5

(S 35 dom =5
Sl T siiee ln) odg, Gboysld B 53y 2 )5 ied lawgs
Wad e oL g0 Julod )l Jologmls 5 s s oS sl cies
Sllslee g0 Lilazdl Jow ) 2uS 5 o5 (DES) _pleél Jow Lais (1
Sl i |y o cies STl T sl wib o (LES) Jow g (SST k - w)
REC S
Cayd 5 998 298« shod SIS A S5 0 e 5 bl sl 50 (2
Al oo ¢ pes 58
by aBl el ded Lo i By cwilisie 099 slael o (3
Sglite pralle 55 Lawg (SIS JSle 2 5l (otes 5B 55 092
SIS gle ol a5« iy (sladgiul als,S (Gl ool Lo kB
Sl als S 90 (0 il (oo e Slael o g 03 Ol g sied
Al i3l 555 b o 5 wlige Ghas I Juli o5 Ji55
$5) SIS & Gloj B0 )5 oo latie Vb Caos 4 5 4285 sl our
Sl o5 (Sloj g wdlige o like ygots SIS ghile gl ol o
098 olael o ab oo Aol SIS ghis mhaw suj o0 e el
Mo e 3 5l 99,8 2 il b s JBg sl ) als S ol
S9b (o0 dlg (Shomn sl Wyl
st shas S cays lie GBI L b 0 slael o (4
Sl IS 1 a8l sy 5 wibon Gl SIS Job slalioSe 1B
bsbon G238 ez s 2l 15 6 Ygome SIS Jsb 3155 oo b
o 5l ST (i S5 ol 5 g0l Jlade G0 9,8 a3l
ol w05 e b Shamy slalgal Al S 4 (JBg sl als S
b oo s 09,8 200 b ol lude
b 0,5 (50 JSE oz (59, 5 S5 45 By b 998 0ae Sy 5 (5
Job (uliEl b ool Ol Jsb i ied 5 o Gl 381
O sad S8 e 5 Gl L o (T3l 5 90 (e v Sy ST
Sl 5 Ghed 5 GRIBIL Lnj s (3] S ol sk
@ @l ST el 3 Ghp s b plalS bl (ST
80,5 oo 7y SIS 5| cied 55 g edel 099
Ly yo alio 3 Jgur

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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