One-Dimensional Separated Flow Model

% Mass and momentum equations for each phase
v" Two mass and two momentum equations

% Energy equation
v One equation

= One of the phases can be assumed to be saturated
= Liquid in bulk boiling/vapor in condensation

v Two equations
= Conditions involving a subcooled liquid and superheated vapor

% Assumptions
v" A stratified or annular flow pattern




One-Dimensional Separated Flow Model

% Mass conservation equation

v T': phase change rate per unit volume
= Positive: evaporation, negative: condensation

v" For gas phase,
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% Mass conservation equation

v T': phase change rate per unit volume
= Positive: evaporation, negative: condensation

v" For liquid phase,
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One-Dimensional Separated Flow Model

% Mass conservation equation O
v T': phase change rate per unit volume
= Positive: evaporation, negative: condensation \_EA_;%
e kgl [m?]_ [kgl _ . pdz_mp ) />
" Im?es][m®] [mPes] ' A A — —— |
= a", . interfacial area concentration (IAC), interfacial surface area per unit

volume
= p,: interfacial perimeter, interfacial surface area per unit channel length

v Interfacial perimeter
= For ideal annular flow in a pipe
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One-Dimensional Separated Flow Model

% Mass conservation equation O
v T': phase change rate per unit volume

= Positive: evaporation, negative: condensation \_,_;,_://%
D,

F=ma = [k291] [mz]: [k391 _m P&z _m;p, 1 ,__..__,,0
[m®-s][m°] [m”-s] Az A

= a", . interfacial area concentration (IAC), interfacial surface area per unit
volume

= p,: interfacial perimeter, interfacial surface area per unit channel length

v Interfacial perimeter Bubble number density (#/m?)
. Number of bubbles in a unit volume
= For ideal bubbly flow
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*+ Interfacial area concentration (IAC)
v a"|: interfacial surface area per unit volume

I'=ma,
= In two-fluid model
— Mass transfer, momentum transfer, energy transfer
o |AC
— IAC varies depending on flow regime

— Large uncertainty in developing flows

% Interfacial area transport equation
v" Transport equation of IAC

/ . . ? Turbulence Impact (Tl) Random Collision (RC)] Wake Entrainment (WE) Shearing Off (SO) Surface Instability (Si)
Dynamic flow regime map?: d s 1 T
v" TRACE, CATHARE, SPACE e # 9 >o — -
. ‘ — . .' = - -' A
v’ Can replace the conventional flow @ o @_0 SR
I— Group One Mechanisms Group Two Mechanisms

regime map?
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“* Momentum conservation equation
v U, : interfacial velocity, the axial velocity at the interphase
v" For gas phase

Op U oAt
pG ;t = (IOGUéaA)z - (pGUCZSaA)u-& + (PaA) - (PaA)Z+5Z Ul
— ASZF, o + P [Aa]&z — Adzpgagsin@—F Az +F,, AX
op;Usa 10 oP : _ _
e e Aaz(pGU oA)-TU, =~ ~ poagsin 0-F —F, + Ry, F=fUs-U,)

/ (pGUGZ (ZA): +0z

[pcaAdzU]

(pcUgPaA)z ///' 20

[pLU (1 - 2)A], loL(1 -a)AdzU,)
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% Momentum conservation equation F = fU.-U)
v U, : interfacial velocity, the axial velocity at the interphase ot
v" For liquid phase
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“* Momentum conservation equation
v" Interfacial momentum transfer terms

op.U.a 1 0 oP
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“* Momentum conservation equation

v" Closure relations
= Interface velocity

1

U, for evaporation
U, =§(UL+UG) or U =U

U = .
“ner U, for condensation

donor
= |nterfacial friction force (for stratified or annular flow)
’ 1
F =74 r, =1, E:OG |Us-U, |(UG _UL) fi =0.005[1+75(1-a)]

= Interfacial drag force (for bubbly flow)

d? 1
F=FN  N=a/(x?/6) Fo=Cop =, 51U ~UL1Us -V, )

Bubble number density (#/m?3)

o
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“* Momentum conservation equation
v" Closure relations

= Interfacial drag/friction force: caused by velocity difference
= Virtual mass (added mass) force term: caused by acceleration difference

ouU oU oU oU
FVM:_CVM|: G"'UG c — L_UL L}

ot 0z ot 0oz

Com = Cla(l—a)p p=ap; +0-a)p, C ~1 Watanabe et al. (1990)

A relative

scceleration An accelerating or decelerating body must move
VIRTUAL some volume of surrounding fluid as it moves through it.
Added mass is a common issue because the object and
- surrounding fluid cannot occupy the same physical space

simultaneously.
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“ Energy conservation equation
v T, : Temperature at the interphase

v q"L , Q" : heat fluxes between liquid and gz
and the interphase
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“ Energy conservation equation
v" For gas phase,
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v" For liquid phase,
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“ Energy conservation equation

v" Closure relations
= T, : Temperature at the interphase

TI :Tsat(P)
= Energy balance at the interphase
. 1 g : 1 .
ml(hL +§Uilj —Qu = ml(hG +§Ué|j — o
| |

= Interphase sensible heat transfer

qgl = HGI (TG _TI) qll = HLI (TI _TL)

H K Interfacial heat transfer coefficient for k-phase

= Then, the phase changer rate reduces to

T,; |(superheated vapor)

T)= Tou(P) UUl o,

Interphase

U,

T,
(subcooled liquid)
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% Summary
v Unknowns: U, Ug, h, hg, P, and o
v" Six conservation equations = six equation model (two-fluid model)
= Nine equation model = two-phase three-field model

8,2(;0: +%§ (pUoah)=T Three equations for gas
/A
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