May 9, 2019

Gas-Liquid Two-Phase Flow Studies
using Three-Field Two-Fluid Model and Two-
Group Interfacial Area Transport Equation

Subash L. Sharma
Mamoru Ishii
Takashi Hibiki

School of Nuclear Engineering
Purdue University

quRDE,

Wi School of Nuclear Engineering, Purdue University PURDUE



Motivation and Objective

® Motivation: Computational Fluid Dynamics (CFD) simulation with a good
two-phase model can give detailed three dimensional aspects for better
design and performance of Two-phase systems (Nuclear Reactor, steam
generator, heat exchanger, bubble column chemical reactor, electronic
cooling system)

® Objective:
v'To develop a CFD framework within two-fluid model Formulation

(Three-Field Two-fluid model with two group IATE) which can be used
to predict the bubbly to churn-turbulent flow.

v Select the right set of closure relations based on physics of adiabatic
two-phase flow

— IATE models (coalescence and breakup models) — Sun et al. (2001)
selected —Needs to be tested in 3D form against Non-Uniform Conditions
in CFD code

— Existing Hydrodynamics model

— Develop appropriate model based on correct physics observed in

experiments
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Introduction
Theoretical Background

€ 3-D two-fluid model (Ishii, 1975; Ishii & Hibiki, 2010)
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ot
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€ Interfacial transfer terms due to time average

(Interfacial transfer term) = a. x (Driving flux)

€ Conventional approach

» Flow regime dependent correlations- Static approach, Causes Numerical Bifurcation
during transition

€ Advanced Approach
» Interfacial Area Transport Equation (IATE)- Dynamic approach, Multidimensional
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« Particle transport equation

of o (,dv) _
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e One Group number density transport Equation: n(z,t)= J:r“"f(v_,m_,t)dv
on
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 One Group Void transport:  «, (m;t)=jj'"f(1f’,mi)1fd1f
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Vo
« One Group IATE transport: & (z.t)= | = f(V.@ )4 (V)dV
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o TV e {A"W[f E”dv‘fvm 258 gy
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Ve OVT dt : Vi 3°

AdV

, 2 a |0« -
.y +V-(q vi)_§Z; [8—;+v-(a9vg)nph}_f:m [zj:strSph

mj

. - i a v
%+V'(aiVi)=(§)(iJ(%+V'ang_nph)+g¢j

gl
R; EI S,;dV : particle number density source/sink
\
¢; = jv S;A,dV :interfacial area concentration source/sink

1, = J'V S;VdV : void fraction source/sink
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Interfacial Area Transport Equation

€ Interfacial Area Transport Equation (Kojasoy and Ishii, 1995)
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Key Bubble Length Scale and Bubble Group Boundary

Description

Length scale

0 Two-Group Approach

® Group-1 bubbles: spherical and distorted 2o
bubbles i | Spherical bubble limit Dy, =4, |——N'"
® Group-2 bubbles: cap, slug and churn : gAp
bubbles
----------------------------------------------------------------------- o Maleum dlstorted bubble D :4 (@)
limit @ max gAp
Maximum cap bubble limit | D, =40 -2
| 9Ap
Critical bubble size at the e 13
group boundary in narrow D, =17G"| —
channel gAp
Two-Group IATE transport:
oa,, ~ 2 < )| a. |[ 0oy _
—L+V-(a,via)=|=—yD 1 “+Vea, Ve [+ ) 6
ot (a,Vi) (3 Al j[“gl}[ ot g1Vo ;¢1,1
da., _ 2( a oa,, _ [ a oa,, _
2 +V-(a,Vi2) ==| =4 =+ V-,V [+ yD,7 | 2 S 4+Vea Vo |+ )
ot (|2 2) 3(0592}( ot 92 92} AVa {aglj( ot g1Val ;¢J,2
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Random Collision Wake Entrainment
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Breakup Mechanisms

oQooQOD
E-ﬂﬂ'ﬂﬂ-

N 9 School of Nuclear Engineering, Purdue University PURDUE

IIIIIIIIII




Two-Group IATE with Three-Field Two-Fluid Model:
Two Gas Momentum Equations

€ Two-group gas continuity equation

O(a - :
M+V : (aglnggl) =—-AMp
o(a - :
%+V-(O{g2nggz) =AMy

€ Two-group gas momentum equation

anglpg\?G]l - - = = e e =
T+ Vea,pVaVa =—a,Vp, +V-a, (rgl +7y )+ Q1 Py g-A m12 Vgii + M |gl Va,, - Tgll
aag2pg \792 _ —_ = t “.)\ —
P +V~ag2ngg2ng :—aQZVpgz +V'(Zg2(2'gz +Tg )+agngg+Am12Vg2l H‘Mngz Vagz Tg2|
e I
¢ Two-group IATE - a x (Driving flux)
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P +V (a,lvl) (3 )(Dcl j(aglJ[ ot L4+V- 0!91V91]+Z¢11\ Coalescence and

Breakup mechanism
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Momentum closures
?
a )

D L w TD VM B

My,=—|F +F +F +F " +F" +F

id d d d d d d

Bd
D L W TD VM B
=M; +M;+M; +M g~ +M" + M
Interfacial Forces Phases Nature Coefficient
Drag Force Gas and Liquid | Interfacial force Ishii and Zuber (1979)

Antal et al. (1991)
Wall Lubrication Force | Gas and Liquid | Interfacial force CW ~ 001 Cw ~0.05
. y 2 - ]

=

Hibiki and Ishii (2007)

Lift force Gas and Liquid | Interfacial force C =001C . =-05
LeL ~ Y'Y e TV

Bertodano (1992)
Turbulent dispersion force | Gas and Liquid | Interfacial force C. =025
™1~ ¥

Momentum Transfer by
Bubble interaction

i Gas and Liquid | Interfacial force Sharma et al. (2017, 2019)
mechanism (Random

Collision)
Sato et al. (1981)
Turbulence CSato,Gl =0.6
Bubble-induced turbulence Liquid Indu;%?igzsrglfatlve Coopr =21
Bubbles in liquid Lee (2010);
Lopez de Bertodano et al.(2006);
e p—— R I Prabhudhapwadkaretal (2012) | . o — o o o = =
Liquid phasel . = Hsi  He : IGas phase turbulence: zero order !
| |
. 2
Turbulence | I 9 Py MU I
1 _ f. _ _ R 179 t,f . .
k- model I,US| _Cﬂpf . » Hg) _CBIIOfan‘Ug Uf‘l WWg = = Mg = ;o =1,

: I | o Pi O |
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Experimental Facility

67 air'mist drain line

€ Rectangular channel ; :
i i
® 200 mm x 10 mm x 2950 mm : : 1=
& Total test section length m (A
® 2/D,~150 P s T i
) ] | @ | ] | [ eomme
€ Local instrumentation ports SRNCE . I Rt
® 2/D,=34.8 (Port?2), 88.2 (Port4), le|l =F |b o == I
! ‘ﬁ' water filte
142 (Port 6) §|§ | : . : 5 P:n:
€ Flow regime of interest I .
i @
® Bubbly L %F -
® Cap-turbulent il
® Churn-turbulent —

€ Measured flow parameters L __
O ozg,ai,vg,DSm L
€ Experimental database 200 mm

¢ Umform_ mlet_mjec_tlc_m _ ‘ Cross Sectional View of Test Section ‘ I 10 mm
® Non-uniform inletinjection L»x

v
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Experimental Database Used for Benchmarking with Non-Uniform
Inlet Boundary Conditions

s - ST | Uncertainty and Possible Error: |
Non-Uniform inlet injection | .~ . (2000): :
10' : Void Fraction: 5% :

g [ — = Flow Regime Transition (Neural Network) InterfaC|a| Area COﬂClO%
= [ Bubbly—Cap_Transition (Mishima and Ishii, 1 I I
A et Conton 1 Le Corre et al (2003): |

' . .
= ' Void Fraction:7% |
;f Run1 2,34\ ; Gas velocity:12% |
S0 Ren M | E | Interfacial Area conc.:25% !
2 Run 6 : I ' Factors affecting: :
3 ot | «finite size probe effect (missing ,
:E_ i Bubbly \ Lubu]mlt Turbulent [ bUbbleS) I
7 - ' sdata acquisition (sampling frequency, :
NP AN NP I . .
0 0 0’ o' : toFaI sampling tlme) - |
Superficial Gas Velocity, <j > [m/s] l esignal processing (filtering, threshold) |
It It It It —_T__jg___“__?__r_r _______
Uniform jq Profile ' DoubIeSidengrofile' Single Side jq Profile ' Center jq Profile ' Uniform j; Profile : Double Side j; Profile ] Single Side j; Profile ] Center j Profile
Uniform Liquid Injection Uniform Gas Injection
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CFD simulation strategy

¢ BC
® Inlet:
v’ Local measured void fraction, gas velocity , IAC at Port 2

v"Liquid velocity Profile variation in x- direction obtained from gas
velocity by subtracting slip velocity, in y- direction 1/7! power law
variation used

® Qutlet atmospheric pressure

Mesh :  Mesh Configuration: 60x10x162

LWaII B.C. No slip for liquid phase
and Free slip for Gas phase
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Bubbly Flow - Runl

<J40>=0.289 m/s
<jf>:1 25 m/s 0.5 : : : : 05 : : : : 05 : : : :

Port2 Port 4 Port 6
ot Exp: G
O Group-1 O Exp: Group-1 E‘ Exg GE:Eg;
A 0.4F O Group2 04F © Exp:Group2 i 04F —cFx: Group-1 -
A ——CFX: Group-1 —— CFX: Group-2
Jg - E —— CFX: Group-2 E L :
z 03}F T 03F L % 03F E
: g E [ O g
Js L= 5 =P 0 g g é
2 02} 2 02 g 02500 O 0
& o g O = Uonpogogoopad = Qo-ot—toton
= o o =) =
= m| C = =
= 01D 0Ooo 0 T = 0.1} . > 01F 1
) O O
- - - 0.0 e e LT T T 0.0 b= R - = 0.0 B e T W W W T
Uniform j; Profile 007050408 08 o 00 02 04 06 08 10 00 02 04 06 08 10
Transverse Position, W [-] Transverse Position, x/W [-] Transverse Position, x©W [-]
30 T T T T 3.0 T T —T 3.0 T T T T
Port2 1 F Port 4 4 Port 6
o G 1 O Exp: Group-1 O Exp: Group-1
25¢ o Grouwpz | 25r O Exp:Group2 ] 251 O Exp: Group-2
— 1 — 3 — CEX: Group-1 4 — —— CFX: Group-1
£ 20} {1 £ 20} : 3 20 :
. ooog oHo oooo « Ot - O
-~ OO0 OO - oo O oo = O0oog goood
L 15hT O O O  15fp0- - Popoe-gapot -0 15
fy z frd
2 2 2
g 1.0} k ; 1.0F E >u 1.0k E
@ Wy w
6‘ o &
0s} 1 © ost - © os} .
0.0 A~ A AA A~ AAAAA AT D0IrNAANAAAAAAAAAAAAAAT 0.0l A~AAA~AANAAAAAAAAT
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Transverse Position, x'W [-] Transverse Position, xW [-] Transverse Position, x/W [-]
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<J40>=0.289 m/s

<Jf>_1'25 m/ S 0.5 05 : 05 .
Port2 Port4 Porté
A O Group-1 O Exp: Group-1 O Exp: Group-1
; 04} O Group2 ] 0.4F O Exp: Group-2 04f O Exp: Group-2 ]
Je —— CFX: Group-1 —— CFX: Group-1
o o —— CFX: Group-2 0 ——CFX: Group-2
S 03F E s 03F s 03F
Jf g 0o O £ £
2 02f O = O ] 2 02f 0.2t O
£ S — £ ooo0Y00po £ o8t " Poog
= [l [l = =1
2 2 2
= 01 O O - = 0.1 > 01}
-
. . 0.0 0.0 ke oo 0.0 e
Double Side j Profile 00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
Transverse Position, x/W [-] Transverse Position, x/W [-] Transverse Position, W [-]
4 T T T T 4 T T T T 4 T T T T
Port2 Portd Port6
O Group-1 U Exp: Group-1 O Exp: Group-1
O Group-2 O Exp: Group-2 O Exp: Group-2
= 3t i = 3k —— CFX: Group-1 4 = 3F —— CFX: Group-1
S g g
A = a®
. 2F E .2k E -2k E
z - 0% - z z
B ? Oopggoo Oogood QE g M 7
U L o
= - >
g It i z If 1 g 1f T
] ] =}
0 0 0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Transverse Position, x/W [-] Transverse Position, x¥W [-] Transverse Position, x¥W [-]
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Bubbly Flow - Run 3

0.5 T T T T 0.5 T T T T 0.5 T T T T
. Port2 Port 4 Port 6
— ‘ort2 . O Exp: G 1
<jq.0>=0.289 m/s 5 Goup O ko Groupr O bapGrop2
gl 04k O Group2 04F © Exp:Group-2 i 0.4} CEX: Group-1
. — —— CEX: Group-1 e
<Jf>— 1 . 25 m/S E 0 — CFX: Group-2 : ——— CFX: Group-2
g 03} g %03 =
4 j g g
= I 1w = =
. g o2 ¢ O] % ooaf 1 g
i O O &2 i
. = O O = =
Ji = o1} O 0 . > o1} { =
' BpooooogP '
(1) Y Y Y Y Y Y e e e v avay 0.0 b OO 0.0 o i e i
0.0 02 04 0.6 08 1.0 0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
Transverse Position, /W [-] Transverse Position, x/W [-] Transverse Position, x/W [-]
| .
v 4 T . Y T 4 T T T T 4 T T T Y
- . Port2 Port 4 Port 6
O G 1 O  Exp: Group-1 i O Exp: Group-1
Center js Profile 3 Grurl 5 h o) O Bop Groap2
— 3F b — 3F CFX: Group-1 — 3} — CFX: Group-1
3z 2 2
= = S
. 2F ogOo Ooo R . 2 . 2F 1
2 | 4o Oo oD m £ U z Vooo——0  — N
‘D ‘5 ‘5 O O
% ﬁ DD DD q& é ?DDDDDDDDDDDDDDDDD%‘: é :l.l‘l_'l_" Uopgppooooooonfl %E
- O - -
z 1F E 4 1F - = 1F
Q0 o 2
0 e e e N TE 0 B e T - (1] Y Y s
0.0 0.2 0.4 0.6 0.8 1.0 0.0 02 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Transverse Position, W [-] Transverse Position, x/W [-] Transverse Position, ©/W [-]
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(jgo) =0.295 m/s
jp=1.25m]|s

0.5 T T T T 0.5 T T T T 0.5 e T T T T
Jr Port2 Port 4
1 1 Exp: 1
O Group-1 O  Exp: Group-1 g Ex]l:: mgz
0.4f O Gouwp2 04f O Ecﬁml}zl . 0.4} — CFX: Group-1 1
— : Ip- —_— .
o o —— CFX: Group-2 4 ™ 5 CEX: Group-2 =
Je s 03F oo oo A 5] s 03 .
= g g
=) =) S
3 = 5
g 02F D O 4 2 2 02 1
> = 0o o = = minm
X =) 0 ! =) k=
Double Side j, Profile > 0.1t O O 1 - = 01t -
O O
0.0k s e e e e 0.0 b= 0.0 b
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Transverse Position, x/W [-] Transverse Position, xW [-] Transverse Position, ©W [-]
3.0 T T T r 30 y T T T 3.0 T T T r
Por2 ] ] Port 4 ; Port 6
O Group-1 | O Exp: Group-1 | I O Exp: Group-1
231 O GmuiZ ) 25 0 Exp: Group-2 25 2 Exp: Group-2
— 4 —_ 3 ——CEX: Group-1 4 — —— CFX: Group-1
3 20 2 £ 20
= & O oo o O oo O = Ko~ 05 i
a% m| o o m| =" =" o ! o
siO oo oo ml R . L5} b
2 ooo O =y z
9
C 1.0 '_g' 1.0 '8 1.0
N J . 4 o] B i
= =~ E
3 g
C os} ! © s} {1 ©ost 1
0.0k~ s ] (0 N AN A AV AV AV AV AV eV AV eV AV eV AVaVaVaVa Y e 0.0 e
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 02 0.4 0.6 0.8 1.0
Transverse Position, x/W [-] Transverse Position, x/W [-] Transverse Position, x/W [-]
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(j.0) =0.289m/s

0}_} =0.943 m,ls 0.5 r T T r 0.5 T T T T 0.5 PP T T T
Port2 Poct 4 O Exp: Group-1
4 O Group-1 O Exp: Group-1 () Exp: Group-2
j 04F O Group2 4 0.4} © Exp:Group-2 . 0.4} ——CFx: Group-1 1
K ul O —— CFX: Group-1 ——CFX: Group-2
o O O T — CFX: Group-2 J 0
j s 03" . ¥ 03F G ¥ 03f 0
Jr -l o O - oo oo A = 50
g g O ] g 0O UO0ogoqo0goPC0- O
S O O S oo - oo = oo
2 o2f 1 2o nHEHHOE0D ; 2 o02f ]
= m| 090 | m =
= =] =1
3 OpotP™ "PogH 5 3
= 0.1}F 1 = 0.1} . = 0.1f 1
Center j; Profile
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0 0.0 02 0.4 0.6 0.8 1.0
Transverse Position, W [-] Transverse Position, xW [-] Transverse Position, x¥W [-]
3.0 T — T 3.0 ——T— T 3.0 T T T T
Port2 Port 4 Port 6
| O Group-1 | O Exp: Group-1 | | O Exp: Group-1
25 O (}m:p_g 25 O Exp: Group-2 25 O Exp: Group-2
= = —— CFX: Group-1 — —— CFX: Group-1
s ey =
£ 20t - £ 20t 1 E 20¢ 1
T 0 O s =
. 1.5} gO Og A . L . L5F -
z Hh o z oo 0 2 T ooge—m—————— oo
£ £ O oY) : o0og ooo
2 10]@ DDD DDD %E 2 .0 OO0OBgogogood®. o4 2 105‘? Hoooonoooob QE
1; MF O B ﬂ>-? UE B 6>) R
3 3 £
© osf ; © o5t 1 © o5t 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
Transverse Position, x/W [-] Transverse Position, x/W [-] Transverse Position, xW [-]
uRDY,
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(iz.0) = 0.086 m/s
(i =0.515 m/s

r'y

Je
Jr
Center jr Profile
uRDY,

3120

“eg NG
N
o

s
“,

Void Fraction, a [-]

[mfs]

Gas Velocity, v

05 0-5 0-5 Pml-tﬁ T T T T T T T
Port2 | Port4 - : Group-1
O Group-1 O Exp: Group-1 CD) g: c.m}:z
041 ) Group-2 04F © Exp:Group2 J 04F CFX: Group-1 4
—— CFX: Group-1 —— CFX: Group-2
- | —— CFX: Group-2 o 3
03} 8 03F g 03F E
g g
02f e g 02f g 02} 1
o s 2 =
d d = = og go
2 % Og g0 @ : PlEOlgsraeoagege00 0
oaf U o = 01f ] > oaf ]
g oHo oM
ooo ooo
0.0 b~ 0.0 FaVaVlaValaValal Fa¥aVal Fa¥al 0.0 b, = AN
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Transverse Position, /W [-] Transverse Position, x/W [-] Transverse Position, x/W [-]
3.0 T T T T 3MW——————— 3.0 T T
Port? 4 Port4 Port 6
B O Group-1 | | O Exp: Group-1 | | O Exp: Group-1
25 O Group-2 25 ) Exp: Group-2 25 O Exp: Group-2
4 — —— CFX: Group-1 — —— CFX: Group-1
] ]
2.0 : £ 20} £ 20
e 2™ =%
1.5F . . 15k . 1.5F
1.0 DI:I O O = 1.0 o 1.0} E
> | o >  peoanleassoeslosony
- 0og DDDDD ] & obpto 5 ]
0.5 : O osf O ost ;
0.0 0.0 0.0
0.0 0.2 04 0.6 08 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Transverse Position, x/W [-] Transverse Position, /W [-] Transverse Position, x/W [-]

-Hydraodynamics model predicting the trend in measured void fraction
-Good prediction of development of velocity profile by models
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€ Cap-bubbly, cap-turbulent, churn- —

Turbulent flows

Two-group case

[S—Y
o._

Superficial Liquid Velocity, <j> [m/s
=
1

= = Flow Regime Transition (Neural Network)

i B Test Conditions

Bubbly-Cap Transition (Mishima and Ishii, 1984)

Cap I ‘
Il"urbulcnt Churn

Bubbly
| Turbulent

_.
<
s
<
2
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<Jg0>=0.77 m/s
<J>=1.92 m/s
A jf

Jg

v

Uniform jq Profile
Air2.Volume Fraction

VoidFraction2

l 0.24

08

© D06 |

0.00

I

a [-]

Void Fraction,

[n/5]

&

Gas Velocity, v

Two-Group cases: Run 1

0.5 T T T T
Port2
O Group-1
04F O Group-2
03}
O O
02F5 e
0.1 ffnPERP00g05050E80 00
E el 00 F‘
0.0 L . — : d
0.0 0.2 0.4 0.6 0.8 1.0
Transverse Position, x/W [-]
5 T T o
O Group-1
O Group-2
4t J
[T
Y N t_: - ‘_;, L Ul - o)
= -~ ) =
3Fr od TG0 Ho gO
,[] =0 O = E],
'O u\,;
2k ]
1E ]
0 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

Transverse Position, x/W [-]

a [-]

Void Fraction,

[m/5]

g

Gas Velocity, v

0.5

04r

03p

Port 4
O Exp: Group-1
(O Exp: Group-2
—— CFX: Group-1
— CFX: Group-2

UU ' 1 1 1 - 1 2
0. 0.2 0.4 0.6 0.8 1.0
Transverse Position, x/W [-]
5 T T T T
41
O
3k ®)
O
Port 4
[0 Exp: Group-1 %
2 O Exp: Group-2
—— CFX: Group-1
—— CFX: Group-2
1k

0
0.0

0.2 0.4 0.6 0.8

Transverse Position, x/W [-]

1.0

Void Fraction, a [-]

[m/s]

£

Gas Velocity, v

0.5

0.4}

03f

02}

0.1

Port 6
O Exp: Group-1
() Exp: Group-2
—— CFX: Group-1
—— CFX: Group-2

0.8

0.2 0.4 0.6

Transverse Position, xW [-]
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0 Good prediction for overall trend and magnitude of each bubble group in transverse direction
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Two-Group cases: Run 2
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*Good prediction for overall trend of phase distribution in transverse direction.
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Two-Group cases: Run 3
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*Very Good prediction for overall trend of phase distribution in transverse direction.
sUnderprediction of volume transfer from G-2 to G-1 bubbles
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Two-Group cases: Run 4
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*Very Good prediction for overall trend of phase distribution in transverse direction.
sUnderprediction of volume transfer from G-2 to G-1 bubbles
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Two-Group cases: Run 5
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*Very Good prediction for overall trend of phase distribution in transverse direction.
sUnderprediction of volume transfer from G-1to G-2 bubbles by coalescence

-Underprediction_of the increase in G-2 bubble sauter mean diameter.
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Two-Group cases: Run 5
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Summary :
-Hydrodynamics model gives satisfactory prediction in the trend of
phase distribution
-Discrepancies were found in IATE model prediction in some cases,
specially in intergroup transfer model
- Needto establish a good set of flow transition experimental
database for IATE benchmarking
- Needto improve coalescence model
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Conclusion

€ CFD Framework with three-field two-fluid model and two-group IATE was
prepared

€ Benchmarking simulations was carried out against uniform and non-uniform
Inlet test conditions.

€ In general, Hydrodynamic models along with IATE showing satisfactory
prediction of phase distribution

€ Bubble coalescence model will be further investigated

quRDE,
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Thank you!!
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