One-Dimensional Two-Fluid Model
for a Two-Phase Flow
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One-Dimensional Two-Fluid Model (1)

J The one-dimensional, transient, two-phase flow:
- a two-phase steam-water mixture
- noncondensable gases (NCG) in the steam phase
- a soluble component in the water phase

- Two-Fluid Model

G.B. Wallis (1969)

M. Ishii (1975)

J.M. Delhaye (1981)
R.T. Lahey, Jr. (1977)

M. Ishii and T. Hibiki (2006)

2/12



|-~
By

One-Dimensional Two-Fluid Model (1)
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3 Void fraction (Volume fraction of vapor phase)
- Time-averaged volume fraction:
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- Local volume fraction
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a, = At [ At, where At, + At, = At
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In the two-fluid formulation, it is assumed that the liquid and vapor phase

occupy common space with a volume fraction of o, under the common
pressure gradient.
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One-Dimensional Two-Fluid Model (l1)

——

O The two-fluid equations are formulated in terms of
volume and time-averaged parameters of the flow:

- Two-phase mixture is divided into liquid (I) and vapor (v) phases

- Conservation of mass, energy, and momentum is separately
established for each phase.

- The conservation equations for two phases are interconnected
by jump conditions at the liquid-vapor interface.
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Governing Equations (1)

R e —

s» Mass Conservation ;:ji
g(a P )+g(a pN,) =T, 0 0%°8" 0258?000608"00880"%0 Bubbly flow
at \Y \ az \ V"'V vV 'd'z
0 0 —
= (a,0,) + E(a'pl\/') =T iz 77777, Stratified flow

where ¢, : Volume fraction of k-phase, (¢, + o, =1)
Py - Density of k-phase,
Vi - Velocity of k-phase,

'y *Interfacial mass transfer rate of k-phase.
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Governing Equations (ll)

< Momentum Conservation

oV oV oP
a ~+a,pN,—=-a,—+a,p,B,-FK,—-F,—-F, -T.V
vpv 8’[ vpv v 82 v 82 vpv Z VM [\ Wv vV
oV oV oP
a, P 8—,['+0‘|P|Vv G—ZI =~ 5"‘0%@ B,+Rn —F —Fu -1V

where P: Pressure,
Body force (Gravity) of k-phase,

7 "

v - Virtual mass force,

. Interfacial drag force of k-phase,

ETI ;_TI W

« - Wall frictional force of k-phase.

Conservative vs. Non-conservative form

0 0 oP
—(e,pyv,)+—(a, py))=—a,—+a,pB. ~F, —F —F,
Ejf V AL 5: 1 L I a: At ¥ Z 4 v
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Governing Equations (lll)
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*» Energy Conservation

0 0 805 0

— U )+— Uv)=- —(a. Vv, )+ + Q. + DISS

at (anV V) 62 (anV \ ) at az (aV V) qWV QlV \'
o, 0

_(05|,0|U )"‘ (05|,0|U V)= E‘ PE(“M )+QW| +Q, + DISS,

where Q;, represents the interface energy transfer due to the phase change
and the interfacial heat transfer.
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Jump Conditions

T

* Mass Transfer at the Liquid/Vapor Interface
=-1;

A7T77 /77

“* Momentum Transfer at the Liquid/Vapor Interface

Fiv - Fil

TTTTT77777 7

“* Energy Transfer at the Liquid/Vapor Interface
v =—Qy
> [H, (T _Tv)_l_rivh;] =—[H, (> _TI)_I_FiIh:]

S5 =— H, (T -T)+H, (T -T)
v h;‘_h’;
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Summary of the Governing Equations

g N
g (avpv) + i (avpvvv) = F F FII
F,=—F,
_( |,0|)+ (05|,0|V|) L Q _ Q
W,
oV oV oP
a v v, —~=—-a,—+a,pB,-FK, —F,-FK, TV
vpv vpv ', az az vpv Z VM v Wy (A"
ov oV oP
&, P a—,[l+a|,0|v| a—zlz —Q 5+0‘|P| B,+Ky —F —Fu—-TWV
o 0 oo o
— (o U+—a uv)=-P— —(a,V, )+ 0q,, +Q. + DISS
at( VpV V) ( VpV VV) at az( VV) qWV QIV Vv
oq, 0

(a,p,U )"‘ (aIIOIU Vi) = T Pa(alvl )+ Gy +Q, + DISS,
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Mathematical Closure

[ The number of unknowns should be equal to the number
of the equations

-> Equation of State
- Models and Correlations
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o =p(P,U))
TI :TI(P1UI)
TS :TS(PV)

op, Cp, Vi =T, (V-8 )2

oP V|2(Cpf —v,-f .p)
op, . Y

ou, v (Cp, —vi- 4 P)

oT, _Peviexg =Ty, B,
oP Cpf -V, - -P
oT, 1

ouU, Cpf -V, -, -P

oT* Vo =V

'

P *hi-h

Equation of State (EOS)

pV :pV(P’UV)
T, =T.(PU,)

op, CPV'VV°KV_TV'(VV' v)2

oP vz(CpV —vv-,BV-P)

Vv

apv _ Vv°ﬂv
U, V(C, -V,-f,P)

aTv _P.VV.KV_TV.VV.ﬂV

oP C. -V,-B,-P

Py v

oT, 1

'

oU C, —Vv,-5P

Vv

Under the presence of noncondensable gases,
the gas-phase EOSs become different from
the above EOSs.
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Models & Correlations

» For mathematical closure, models & correlations as
well as EQOSs are needed:

- Wall heat transfer

- Wall friction
- Interface heat & mass transfer

- Interface momentum transfer
- Etc.
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