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ARTICLE INFORMATION ABSTRACT

Original Research Paper In the current study, two-phase flow of water and air over a stepped spillway is probed in the form of a
Received 13 January 2018 two-dimensional incompressible viscous flow. A novel numerical approach is used for the numerical
Accepted 03 March 2018 simulation which is a combination of two models: volume of fluid (VOF) which uses an interface

Available Online 08 April 2018 tracking algorithm for the simulation of the two-phase flow and two-fluid model which is based on time

and space averaged equations and cannot track the interface explicitly. The most important issue in the

Keywords: N X . -

Aerated Stepped Spillwa introduced approach is to couple the two basic methods and select a proper criterion for status change
Two phase flow between two basic methods. The latter criterion is based on an approximation from local distribution of
Hybrid method the interface at each cell. In the hybrid method. In order to investigate the aeration effect in the stepped

Two-fluid model spillway, the air suction is generated by designing some holes at the upper edge of the steps and

VOF considering atmosphere pressure for these areas. The obtained results divulge the amount of dispersion
is low at the beginning part of the step and also the hybrid model take more advantages from VOF,
while in the lower steps where the flow disperses two-fluid model has hegemony. The results are
compared in the form of pressure contours and streamlines as well as volume fraction counters. The
comparison shows that the results of the proposed method is closer to the experimental results with
respect to each of the basic model.
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Fig. 1 Schematic view of three phases in the proposed model [15]

[15] olprins Jao 5o 56 aw S8 5 (Solos 1SSl

bl e @3 TS it gl S8 Job (wliio 6 pous 6 5 @y

shaws ol Gly Slalbre anls giluacs coz oads JisS Joo
3 o) $FSE Ky L () wlewd Lolke oo b bl o5 (S5
2 5z ol o5 (s 5l anes ol sl s Jhw 99 B9, 51 @ U5
Spn oy VOF by, 5l i b 05 S5, b (2lg) sl oo

s 55 Jow b VOF Jas GBS 55 Lol s 0,1 a5 s las
@ el Joo opl 50 S p S0 0979 (S)le 4 L pttage dolee S 0529
485 13 Jlw 95 Joo aels ;5 a5 Joho o slaj 0 aen 03 S)ke
S kb lagpe (b (Jy (S S0 Jlw j8) ates Sy g0 shilo il
s s b o yuetd b 90 Joo 4 VOF Jow a5 Sleoj .5l s s
g oo dmlne ) Ojge0 &
g two-fluid _ o two-fluid _ sy @)

1 =V
iy 8l el oo s VOF Jow a0 Jlw 50 Jow a5 Jbej Ll

TR P PE

— two—fluid two—fluid (9)

VVOF = o,V +(1—a)V,
(358 slaghy, DYl ileainnS daSg; hsS 0 )55l S

Fig. 2 The coupling of VOF and two-fluid model [13]
(18] Jow o2 5 Jogo (sl g, Sikyss 2 o

Aolee plos a8 3Lol alobes oy 5l S itie prban el (sl las oo
1181 59 oo oolitul el oz oS Lal

Jn oS el Jlwgs 5 VOF (g, 50 hisS (lol use
L aalss Il 99 Jow 4 5L oo las Sl sbasl b ol sboass,
sl ok il sl Sk a6l cds Wil gl VOF () o5
S5l S plale el 5Eds (Jlawss Jue oasSTy slagl >
lessa W oolaiul UL’)"’ ‘_;)'L.J..\A 6‘)—.’ VOF 9 ‘S]l,'..uao sl Jae
by k) wies I te gl Gobiie 50,0 els a5 ) Slaol >
P 5 a oged Jlod SVL B0 b ) (GBh ) 59y s3lse
Gy 53 55 sp Kb slad S S jihe gl Jsb elds 5 xdlso
355w s sk @YU s LI, S te gl 5 oas Jld VOF
Joe o2 4 sl 2SmsS S ite mhe Jsb obie 45 edlse
oS iie gl p3ges Bl e ol siledse 5ot Jld Jlowgs
L8 cds gy 99l s onlali siiee plnil (Jlwss Joo bawgs
Seied et Stz (el 5z il @le oad S Jae 5 WS oo S92t
20,5 50 531 g0 alins S (sl

VOF gy &Y slao —1-2
1171 6 Stoge aolas
V-V=0 @

o0 g0 aoles

—

v - 1 o
L (Vv)=-vp +SV (w(VV + 7V )

+pg + M @
Jlos! (3) b, 50 & 5 pie b il (sl 35 S5 alolee
109 50
da -
—+V - Va=0 €©))

at

Sogar aSGS bl o Jhw pler anule sl ooz S &L
.)5..46‘4 oolawl (5,4) Ja.Jj)

pij = apjpr+ (1= ai)p @

ij = apjpn + (1= aij)u, ®

Slow 90 o9y Y olro -2-2
1191 36 5o Gl p (St doles

0(a -
%‘F V- (a’kkak) =0 (6)
5B 2 gl piege dolre
3 (arpiV; N
% +V- ((kakaVk) = —akVP
1 - =T — .
+EV " ((XkuK(VVk + VVk )) + Mk + ArPr8 (7)

k=1 Sobe v rewl Jhw o gl k swsl (1) 5 6) L, o
2k gl =241 Jlw sl

=5 ¥ Jow oY¥olee -3-2
S8 sl 56 g e aaS Sl o 5l aw by, cnl po 1SS 4wz b

2 small-length-scale interface

04 o leib 18 0,53 1397 5« yw 0 Splo uwditgo

* large-length-scale interface

244


https://dorl.net/dor/20.1001.1.10275940.1397.18.4.23.6
https://mme.modares.ac.ir/article-15-16106-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 ]

[ DOR: 20.1001.1.10275940.1397.18.4.23.6 ]

)9 Jaclownl (5340 9 5 )LB3I LSy Soxo

O3l ;239D (U Ju) w0 $90 SIS VbR B33c dalllos )3 Sy d 9 Juw ez SLU e S )3

Joe ol oges oolaiwl (53Bs0 s Jow LS jo 0 colacel Joo S
Jo mls S8 p i 26 g Gl cnl o el SAlazd
ilezel sl o cilise glyl b olaamy abal, cnl 5o sl azals
ez €5 552 2 clre 5 blie 4 25 L il o 51 45 {20] s gl
Hlazel Jae oyt olyie 4 200h opdley glaog S glah S Joe
REREEY

Lils, Syso & Jow ol o oolesél sl Jsl oYole
117] =l (23,22)

(s
d(pk)  0(pku;) 9\ FkHefip + G — pe 2)
at 0x; 0x; kTP
de
a(pe)  d(pew;) O (“S“effa_n) +c.te
At axi = axi 1sk k
£2
_pCZE ? - Rg (23)

W oszse Ry o5 ok — € sl Jow plo 4 ceeid RNG Jow (555
2353 (24) Lalg, 5T 5 4 Casl € aolas

Cupn®(1 =20 g2 Sk
R, = - — ’ n=-—_—
1+p8n% k €
2 k?
Gr = uS ’ He = Pcu? (24)

Co U (> sy d92y Jds 4 K oy Gy Gg2 Ly, 5o
Cae 5 Cig Oy ool lilazsl BN €5 (26,5 5 S wslals S
il e Joe ol ol s

@ il wad Gl Lok bl o5 alis sln Joe ool
o aSul @ axg b L17] S e wl)) s lbial K — £ Jos & Cond (5 %0
aelo 8 ol (15,5 cod daaly ojhe (45,0 bz (SIS ) Al
Sl oy aazg b Joo ol ol ol Ol bl sl g)ls
Al e mbs sl Glyr (FoiS @ bgpe o & alolee ;5 09290
L1681 w5 ls o sl Jow 4 S 6 5Vb €85 guls 4o [ 5 wyled oo

S S (953
gt Aolee oad (S bamgie 03 5l Jlow Ol SVolas > jslate 4
il LSy e SVl 057 JsS sl 4 g Sl
e byy 3l Vs 5 prtiese SY¥olae (giluatnS (slp T e
@ g0 bz e S Vol (i sl 5 Tg00n po0
fmain iloil (39 5l lgm 5 o G S it Jad 330 (ess jlate
S5y b 5 pitiege dolie bLi)l oo 5 (iludinnS 35 ool
Vg0 az 0 gied Sloj (silwdinnS iy, Cal 0og Toas buly oSt
A07) 1SasS loj glopls il b lap 5 ool s ol o codss
Sl Jos oS 5 5 eolaiwl 0)50 (55B90 Jow 098 0 ol s090> U
2l oo Jlow x> 9 (Jlmwgs

S E¥olas (g3l WS o555 0 e 30 oo slacslis 5l S
Oipe p) Doy oSy p8 b SVl (nl ile S aBb oo (5
25 o0

2 ReNormalization Group k- &

3 Semi Implicit Method for Pressure Linked Equations
* Second order upwind

© Geo-Reconstruct

5 Staggered grid

7 Second Order Implicit

245

[15] e e olid 1y Gog,

(w5
53‘51

Pm +pmV - (Vme) =—(a1 + ay)VP

1 . = T . —

+57 (tm PV + PV ) + PG + M, (10)

M s 5 Q] 30 a5 .l VOF ig, 10 pitiege aloles (10) dlolee
e 38) 2 56 5 (mlo 6 ol b augs 518 156 Ligls sums olis
ol (S tn o S5 Job
Pm = Q1 P+ Qz Pg (11)
o = @y + a3 1y (12)

2565156 Jluw 55y slasl () Glogyd M o5 (So5d iy
55 M dsa- 0l (390 bz Camdse bl ool oo wly (Sl 4,
axly hl a2 9 156 G S te mhaw 5950 edee Jold 1) i
il a3 9156 b (S0l 95 5 (b AT (595 Jie oz
L171 0)l925 (595 it (55 <533 S98 yelis s a2y

(S e gelans S8 Jsb ol 55) oSy 5 ey alole

=

av. N
a’3p3a—t3 + 0(3p3l7 " (V3V3) = —O.’3|7P

+% V- (a3u3(|7[73 + VI_/)sT)) + aspsg + M3 (13)

S Wolae g Jow 90 pitoge SYoles oS 5 3l Lid Aol DY oles
o Sy 25 Syge &' 5
V - [(ay + a,)D,VP' 1=V - Vy (1 -14)

V - [(a1a1D; + azaz D3)VP']

=V - (Vi +a3Vy) («-14

Jobes 50 g 56 By gl iy 4 (o -14) 5 (Al -14) L,
5 on ol 35 S92y Jshe 53 pgo 51 By g )5 3525

pnew = po 4 p’ (15)
v."" = V. + a,D,VP' (16)

b5 S5 31 adg) i el 0 arslons ey U o o oS
— - T
JLad PREW 1es wsles o [1B] cil Dy = (VW + WV, )/2
3 ol Jaie b adgl ool 00 was Lid lade PO o> ond Al
il e Hlid ol o5 sases Glas P g L3 1SS

’ - 17
ay =——
1 (1 _ aZ) ( )
= (18)
ay = ——
1-ay)
00uST 31 58 Siwge aloles
d(azps3) =
T'l‘ V- (a3p3V3) =0 (19)
Aloo sy B 5L g5 S Wolae ol 5
2 36 g5 oS slas
%4"72 'Vaz =0 (20)
Alor Sy 256 45 S (20) alal,
ap=1—a,—a3 (21)

Wloe Cawns 156 45 S 55 21) alal, 5

SLELERET (g jls ko ~4-2
@ by @l g 039 020 (L 5y 59, Ol ol Aias ln
wazg kool walgs Sl el @b ol Gz Joe b ol U
b el iz 55l Coeal 5 n) e 59y Ol Sl Coale

* Void fraction

04 o )lois 18 0,93 1397 DB e Suille wiie


https://dorl.net/dor/20.1001.1.10275940.1397.18.4.23.6
https://mme.modares.ac.ir/article-15-16106-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 ]

[ DOR: 20.1001.1.10275940.1397.18.4.23.6 ]

)9 Jaclownl (5340 9 5 )LB3I LSy Soxo

o3l B39 (L ja) w590 SIBYS VLD S33c Asllins ) g 9 Jlw s Slddde s )3

S S ol 00,8 Ll (T sl cenlie Jas cundy et Jlre
@ edoe oIS Seb ol 5l S e mhe plpe 4 S ke e
Sobonl o bt ol Lags o ol g S 5| Jols OS] 45 5550
Jo @ JS) 555 Blas @ Ssk ol sledobo 5 8 21 b a(n)
Wb i b jteS Cundg e alin] SO s lade (ol 45T g0 50
ebse Sl Jae 93 5l plaS 0

VOF L Jlws 39 Jao @ oz S e "00505 g, 4 5l o
wload » Jlw o b his o plasbe 335 o0 ure Jobo 2 sl
Wiwd VOF asls jo Slegil o

et Sz slin Jlone S DLl (s 50 SilysS ll alis
lp odliiul 8590 Jus Gl nl & 4z bl (B9, 95 G Cendy
Sl slre (nl g8 e S (Sl 55 2 Jold Jobo) (o5 5 sl sk
S a8l Jobo 58 50 S e e (rdge (ST Sl (G ol
Pyl iy s Sygar | Jsbe o (ST &b
Yij = min(G; ; (7)) @6)

08,5 o0 15 (27) Wolea LG s )] jo a5
1

1
Gy = ) Y @irejat = Charejui (D)’ @n
I==1k=-1
oyt Bk 31 353 sl o |, eVl Curdge Y SuSlyy &b
o (SuSly ali e ( SaSTy e <l s oSl ol e S s
Y >0 o,5anl e 0y =0 2ol
@ el 93 5 VOF (g, 99 0903 S cz (3sd Som a azsi b
1485y ol 5L Yo <ol el S
i,j J}l‘d S ;S).......A CJa...: cole LS‘)'.’ VOF o9y ¥Yij <%0 )f‘ (]
28,5 oolatl
W Jobe 0 ol @sludae sly Jlwss (29, ¥ij > Vo ST @
20,5 solatl
el Joe Sundg ol Soz oleBs 63955 yull SoYo el
3l oylaen a5 Cuslize pay ¥ Jlaim! Jlade mos S Lyg ools 1,8 oy
oaipd Hlis ool Yo bkl g 00,8 eolaiwl Jo il o VOF Js
gl e gan Olz Giledae Glp Jhwss Jas 5l a5 o]
J15] 59 oolitl J> atels puol o 3 S o

fluid 2

Ay

Lk Ax

Fig. 4 Determination of switch criterion [13]
02 5 Jlwgd Joo 99 G Candy st sl Jlre eSS 092 4 KB
[13] Jiw

4 Update

04 o louts 18 0551397 ;5w Sl wise

At
+1 _
o= ant E(HXI'—%,]' - th+§,j)
A CH @5)
Ax Yl,]—; Lj+1/

99 aoleo jo

a

o5 5Lle saies i ol 4 Hyg a2 5Hxi+l,]- K]

2
)‘| o.\j)Af @»J.mf)bu ) (I,j) J}Lu CM..;‘) Coms 49 )‘ c&);\f g
dnle ol oo sols las 3 JSs jo oS conl (1)) Jokw oYL 4z
sk 55185 s slar 10,15 (K sVl Joho 4 sl 550 (53, 51
2 50 5 Jlows oz 385 dlolre i ,65) 51wl > VOF Jae b cewaVL
D g0 oslaiil [l auloes sl (Jlwgs Joo 5l O)pans

3heeads hisS Jaw sl eolaiwl b gazmo puS mie8 uend jshiie 4
Oy el ool oolainl Jlew 90 Jow J> o cssld 138le 5 sla S
Dyl ge atd)S i o Jlew g0 Jow cadgls Jlile 5 o a4l S a5 i
4 gloools cusgld li8le 5 jo ‘Ls.nﬁsu]ls)jj ColilB 5l oolanul b aslsl jo
L Jo o Slej ojb pled 0 g ead 0,38 Jhwgs Jowo 3 odel Cowd
VOF Jow b > bl 5l om0 .5 0 plxil 05 50 VOF o 51 oolazal
g oads aldes el} LS"?")B L uT o> S sl p ol s 4 C—lL"’
o3 C_UDSI(Ct4) e ,0 JC ol 4 (omgitaly 08) )8
Dy s

=S 5 Jowe olml jshaie 4 UDF o oals aiiig oS 5l oisy o
L J> e 0 g 00l @‘PIJB Shwss Jowe Gl o 0,53 o lgs
Ot lere Sl (oom S &S oo 0 g0 ek jlre 05 S
oolazwl (C_UDSI(C,t,4) laie o) VOF > 5l ol jieS (Vo) oo
od (et jlone > 5l a0 1ot jlre & b Jore )3 9 3980
aalol gloj o3b o 0 Wig, ol 0gd oo eolaiw] (Jlwgs Jow gl il
2 5 URFS aiss 5 oy 5l soae Jao (ol San jslaie 4 .l o0
el o0 oolawl oS

Slwgd 9 Jlow px> o 99 G Caridg et jlro -1-3

two-fluid

(a)

two-fluid

(1)

two fluid
Xi-1/2,]

i

(b)
Fig. 3 flux calculation in hybrid methods: (a) calculated flux using
VOF, (b) calculated flux using two-fluid model [13].

o @) Jlws oz 5 Il 9 slo g, SidysS 50 )Ls dslone 3 S
[13] Jlow 55 (g, b oot aruloes JLa (0) . Jlow x> (o, b oo dline

* Journal
2 User Define Function (UDF)
3Under Relaxtion Factor

246


https://dorl.net/dor/20.1001.1.10275940.1397.18.4.23.6
https://mme.modares.ac.ir/article-15-16106-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 ]

[ DOR: 20.1001.1.10275940.1397.18.4.23.6 ]

)9 Jaclownl (5340 9 5 )LB3I LSy Soxo

O3l ;239D (U Ju) w0 $90 SIS VbR B33c dalllos )3 Sy d 9 Juw ez SLU e S )3

iy bl p -4-3
Gy asdlas 5,50 dwain lp Lol SIS 50 colaiul 550 (gipe daylnd
el 00 00,51 6 JSi 40 Iga 18 b Il

3 e & 69905 Olyz s eaalin B S o oS 4T les
sloaly 5l jgee 5l dmr g oud )y S)ly ol a8F L )3 e )b
Sl 5055 2y koS o gyl o glad 5l el eond 50 55
T 9 38 e S99 S Ll Gldla s 5o (63950
Ceowd 5o Igp Jlad cnl ool 48,5 a5 o jaasl Lz L ply lee Lid
o cwl el w88 s o et JLad bl 50 o 4l oYL
Sope by baly goges oles j0 ol A bvoyax o ( polga b
SLaed olT glgn ooy ol Jlasl 4 asgi b g ol 0ol Jlos! (g ,Lid
(2olgn yga e o Lol sl oo (5,8 jaued] Jlid ol o jas o
Ja)w )‘ 9 Cowl 00l L) aLmAlJ (SOges c)l}g'o B [XW) Adoxs 6LQO)A>
4 oxd &l s als ol 00l solazul 6"5” ol @lp oles (55,0
o3 35 L Sl s by o ool ol Jo & gnye s slosiy
ol ooy LG S>> bMasl g 098 pod s oo

S g9 5l Olgz P! -5-3

b G sy ol bz S s 5l Sl il (o y5hiie 4

oads olmy! 4 g9 dw sl 30 li/s.m Lo sl VOF Jow 5l eoliiwl

Joe jheananl bz soae giluand jshite 4 285 15 ) 950

(o> S sl ol Cews Q CJL.I o eolawl k — & RNG ksi"““j

L16] ol oais 00,51 7 St o Giltisee Slowlons sloaSid sl o
Al Al ol pets b aS ol so cdmlin 7 S o cBs b

Cawd @ ol o] o glat)] 0 pwgesme s G, AL 4 gl

Pressure outlet Pressure inlet

Pressure outlet

Fig. 6 The boundary conditions used in stepped spillway geometry
witht air intake [16]

[16] 1gn (250 b (SISL 51y dwsiids 3 oolitiol S0 (55,0 dayl 55 6 JS

——
0.5 £
\\/ N
04t
Fos} IL
o2l
04 -
0 0 ¥ ' 5. o5 1

04
X [m]
Fig. 7 The free surface obtained for coarse grid, intermediate grid and
fine grid on stepped spillway [16]
2 30y 9 dawgie «iii o slaaSis (gl ol Caws 4 O3] o e T Sl

[16] L 52,0 53,

247

5 b lne Slascine -2-3
@oue Siludoe a4 barye Slowlors ploxil gl Sl 3550 dllas Slasine
& [16] g deelonl 5 )lal (o) p wilod (rimcons Sgpm ax
29,5 g0 Sl 5 18

sl T laaly glis )| @

ol 115 laaly Lpye @

ol 284 ol 55 il Bee @

z )3 B2 plp Loyl oyt @

L8 slaygilS (g b coji (650518 cu alols (n e S
Syl (o) eizmed 9 (2ol e Sl 50) Al sla (o0 50
S8 oble J16] s Jols Uas 5 oge5l 5 (0lsa b cdl> 50) ey
Gos 5 Ol Sled @S Ojse Rl ldlas s el
Goe &Sl 51L21 el oad 215 52l SzsS oo b slog e
Sl )yl aslllas ;o lple ol Sz o8 55 aslllae 9550 3

005 o Shppdn Goe linl) 3o b >

GARASh g Jo dwaid i -3-3
P 3l g 98 lawain Tl (G 525 (g33s (giluodnd plaie @
St g 55 Syt jslite & 008 slm) VoS e s SIS
Sl 2le a4 el 0y dwaie YL coaS b oadl el Slaslxe
Wyl jo py Slasin b gleoyhss Ko Bl 5l ol i (558565
DB 8 oy 518 o lph 25 e 4 Lol

el 0.5 ol leoyas glas,| o

e il 0.75 aly YU Cond 5l oo yi> 35 0 alols @

oo gilwand jekaie 4 (oS I38la 5y awaie oyl o
O 5o ilor Glslos aSs s 4 5l (S oy 535 2 0Lz
Pl sy p psbrie @ (o a3 onppnd plsl L Lol
b s ool olal b lojle b Sloslxe aSiils £43 du Sl g9 5l Olgx
A260 g oa Ll o Slaule aSl olaad 45 0b adgl 3, 5 bawgie
Slay jo ead adg awans I (Soled el o0g 47924 10300
AW 00)51 5 I8 50 o ody bawgie Slowlre a0 ol o &) oo
]

slaly o)l S0y 40 wad oo oualin 5 JSE jo 4 aiKles
Olgn b cenl oals ooliiwl (6,:8265 slal b lowloes a5l 55y
5,5 Al YL B L) 2les ) 50 ool slon) cae oo sl yLol

0 L L L

0 02 06 08 1

04
X [m]
Fig. 5 The coarse grid, The intermediate grid, The fine grid [16]
5 Sl a0 gt Slosle a3 «2uyd Slsloro a3 5 JS&

[16]

* Gambit

04 o )lois 18 0,93 1397 DB e Suille wiie


https://dorl.net/dor/20.1001.1.10275940.1397.18.4.23.6
https://mme.modares.ac.ir/article-15-16106-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 ]

[ DOR: 20.1001.1.10275940.1397.18.4.23.6 ]

)9 Jaclownl (5340 9 5 )LB3I LSy Soxo

oub Glg (U J) ) 59 GBS YL B33c dslllas ) g 9 Jlw pzs Sl uS )5

0.06

Hybrid model ( y, = 0)
----------- Two Fluid Model

Y (m)

0 1 1 I I 1 1 L 1 L
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1
o

Fig. 9 Comparison of water volume fraction at the downstream of the
spillway for two-fluid model and hybrid model (y, = 0)

Fwgd Joae sl 3oy Cansd Gl 0 O ez a8 595 dnmlia 9 S5
Yo=0L oSy Jow o [16]

Yodinte Slade (et JI (nl 5l Gaw w285 )15 (cw)n 990 (20lse
o=l o g] o> S 58 &ly 0wl Cawd 4 slo,loges RV Py
o0l 00)51 10 IS o alize sbo,las gl g5 )] s 0 oy e Cewd
o 4 by a5 Y = 0 )0 a5 09 o0 oowlin 10 IS o cdo b .ol
S Vo >0 ol lp Ll oyl dgzg ls g O bz cp DS
ﬁ‘ﬂ 909 VOF J.> C.AL.: » dﬁ!a.uo MelS ‘U“"b LgL&b&Lna)‘ BN uT T
s (Yo > 0) clls ol o aSul @ azg b K0 G b jlail o S L
Glp odel Cans 4 bl Wl 1y geS Sarisy la L ol S e
L Sl DS oo Gt Sosen 5) » bayi dlize slayg
IR R\ ¢}

&l ol s @y slo,gulS oS anslie jslaie 4y g diged Glaie @
Ll o0 oo)5—| 11 JS...‘L)Q)/O =1 9Y0 = 0.3 d‘)‘.’ Lso:;o)“se)y

OB pas o, e a5 5gd o oddlive zasg 4y A1 Ko o 2l b
&l odel Casd @ gl (b Caws b, Ol e S 20595 0
lpn 5 ol 36 o DUS1 &5 oy 5l aiise 20 = 1570 = 03
L ol daolio 5 b loges anlllas .ail o Sglaie K085 b SalS 5 )ls 5524
Vo =1 nlp Joo 39 om @ow sleae dm30e olis [16] iy s
a2 oo &l polsa ey > gy (555 HBlg ol

B ey 0,50 20lsa b s sl odal Cass 4 gl asll o
150603.020100 0¥ slyl a5 s cpl o cwl as 3
53 d16] 54 ous ool (yLas D3 oS 4Slen 23,5 3 o) 3,50 gl
1513 VOF Jaw dea b Ol (b, oYL bMs| adawly 4 polgn b el

0.05

,=0.0

0.04

0.03 |2

¥[m]

0.02

0.01

o]

0 01 02 03 04 05 06 07 08 09
oL

1.1

Fig. 10 Comparison of water volume fraction at the downstream of the
spillway for different y, without aeration
Tgm sbxe 61y )y Cewd b 50 O oz S @555 Al 10 JS
2lea ey > o i

04 o louts 18 0551397 ;5w Sl wise

ol gl (o i@l 5508 (ouyp pobite 4 Jl cnl bl
5 lnlons 45 slad i b 85 23,5 a8 lyige il 53

Sl olil o pimie )8 (cwgaime i o, 4 dawgie Slowle aSii
Cews & s Plasul 5 olgi oo ol pls 0ed cod oamlive S 5, 50
b 5,8 Jols Gliebl aSis olasl 4y s Jawsgie (Slowle 4 I ol
o Gilwand jekaie 4 dlie pl aslol jo (398 Doy 4 axgl
o o3litul bawgte (Glawlre 4o 5 SIS 55w (59, 5 Sl 0L

ol

W-4

5 85wl 8 pwyn 3,50 g9 Jue (riwiens il i cal )
Ly 2l g slacdl> 1o 4 Vo w4 by @l o1 51 =
PPN LY PRGN [ S S KO 1S Y I IR W P I R VY
50,5 oo duglio [16] Jlwgs aly Jow 5l Jool> gl b 5 095 o 1)
@l g a5 valys el calide lags y0 G598 slapll conl S8 LLs
25 (Sl JLid slaygils 5 ez S (slaygnls Julds alol>
g st by bslas g e

Goue Jow mawiono -1-4
A 50 o boply 5B g Jue i jlre & (Sipe )0 (oS S o
5 Sl 390 b9y b Jolee odal caws @ s & jganl o wgh aid )
Oganl o 0gh Sl (S5 sae e Joe gmges e &5 (S50
e 4 og walsd Jlw o> Ghe) b Jolee (55 e Jo S
et 5 ol sl g3 Je iy lone 1) 5 4 ol
4 by e ol 0l diulxe Jo 4l plod o e lil 4 dids 2 30
sanlive JS& oyl j0 45 45555len Cawl 0l 00,51 8 JSs 0 G sl
5 oelple ole J133.5 eogaze jo gl ol Jlade o e Sed o
wd)S Sl 50 35 51 5555 soue 5o jles Joe gge Jlae oS ()9
woly> Joo VOF o> 4 (o5 5 Jo & bape @l ©jganl 53 w9l
2,5

Ol oz oS @355 (oS5 Je mrno 98kes (puyp polaie 4
03,919 Ut ;o [16] Jlwss Jos 570 = 0 (sl 32y Sows by 5o
30 o S g5 A4S 0gd e oablin 9 JSE o cds Lol oud
@S dge &5 aten Galais 0 (55, 2 Joe 90 0l 6l U 4ol (ol
bl o B Caad 42 0 a3l

&t Yo i —2-4
Loy ol gen b ln Al Gbayp @ bgye @mls adl s

G Parameter 02040608 1 12141618 2 22242628 3 323436

Fig. 8 The parameter G obtained from mass flow rate of 30 lit/min per
meter

o sl aids 230 oo gl edel caws 4 G el b 8 Sl

248


https://dorl.net/dor/20.1001.1.10275940.1397.18.4.23.6
https://mme.modares.ac.ir/article-15-16106-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-17 ]

[ DOR: 20.1001.1.10275940.1397.18.4.23.6 ]

)9 Jaclownl (5340 9 5 )LB3I LSy Soxo

O3l ;239D (U Ju) w0 $90 SIS VbR B33c dalllos )3 Sy d 9 Juw ez SLU e S )3

6&&1.&.3)‘ Yo = 0.3 N g,j o> S pes Sl Sade Ll Al o
Lol Zably Sl 590 Sle

S as Glp enel Cass 4 la,gnls (S awslie jelaie 4
el oals a3l 13 IS 0 calise slayp sl y ol >

Sy sleak YL o a5 15 (b 655 e e Yo sl L
50 B baiyls S ovgazme po Ol ez S bads 4 o i bl
Slren 025 @l Ly adl Gl 5w ces Gal o ol (Sus
Gylate Hlade 5l G ol (Sad Lidu lme Vo = 0.3 50 Lol o)l (g5
5l eolatuwl aS” 05 o cumlive YU ;o oud &l)l bl o cds b il
om0 @l paS B Sote L 02 il SBss Jas gase Sl
a g aslol jo plply o)l oew i b awln Sleen ) s
) ol G @ b walize gl oo )0 5y b,z vy p ek
Jow g jlxe loolatul b e gyl 4y aids 5 2 45 415 gla oo

ool 00 03551 155 50 T il 45wl s 4, 0.2 540

2lep b sl (oS 5 Joo s -3-4
sk e 5 2ledbz sl VOF Juo s o)Lal S o5 jslailen
oo 4 S S @l abl 55,5 4l olayl 5l il S e gl
dmlio o Lol Gy pw (2Vb OIS ) ply2) s oo plis SzsS Jgb
Sbal 5l sl S o mhaws Jsb ol &5 2ledlyr lp Jhwss Joo
Sleioe Ll 65330 @l (ouiSTy lagh,z) asl iSess 4t
Slosliinl (gl Joo (! )3 culple Gy Sl 0L 5o 0by2)

Wildsn 1) 58 Joe ans bli wilg oo ;5000 LS 0 Jaw 59 0yl

5 e @is 5 LS g ol ez S @y e ol 5
& ool 00k Wl et 0 glp Of bz bslas m58 eizen
55 Ja0) Vo = 0L oS5 Jow 5l oolittl b outel Cams 4y oz puS
el A gl aids p 215 s (Yo = 0.2 5 (Jw
50 a5 ogb e sdalie 14 JSi o cEs b .l cads o3,s0 14 S
i 5 BW g s Ol YL paiiege alauly 4 SVL gla oo
ol baie 2l G S Ol 0 o Ol o0d iy i
O Ol Jlmgs Joo @ S (oS5 e Dl g 0 s (>
IS (o by S |y e S ol 0 o (S

Joe 5l eoliinl b ol s @y LA my595 3380 (wyp pskite @
aids p 15 0 612 Y0 = 0.2 5 (w55 Ja) Vo = 0L (o5 5

L
07 08

Fig. 12 Comparison of water volume fraction at the downstream of the
spillway for different y, with aeration

1y 3y Cawd 0l 58 Bl o O (o S @555 Al 12 SIS
2olgr b s (gl alizes slayy

249

VOF: 005 0.1 015 02 025 0.3 0.35 04 045 0.5 0.55 06 065 0.7 0.75 0.6 0.65 0.9 095

Yo = 0.3

I ]
VOF: 005 0.1 045 02 025 03 0.35 0.4 045 0.5 0.55 0.6 065 0.7 0.75 0.8 0.85 0.9 0.95

Yo=1
Fig. 11 Water volume fraction distributions with hybrid model for
Yo = 0.3 and y, = 0.3 without aeration
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Fig. 14 Water volume fraction distributions obtained with hybrid model
with y, = 0 (two-fluid model) and y, = 0.2, with aeration for mass
flow rate of 15 liter/min
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Fig. 15 Static pressure (Pa) distributions obtained with hybrid model
with y, = 0 (two-fluid model) and y, = 0.2, with aeration for mass
flow rate of 15 liter/min
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Fig. 16 Water velocity (m/s) distributions for mass flow rate of 15
liter/min, for y, = 0, or two-fluid model and y, = 0.2
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Fig. 17 The streamlines obtained with hybrid model with y, = 0 (two-
fluid model) and y, = 0.2, with aeration for mass flow rate of 30
liter/min
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