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Two-phase flow and heat transfer Engineering
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Two—phase flow models

* Void fraction

Models Assumptions Application
Homogeneous < Equal vapor & liquid velocities » Dispersed flow
model « Thermodynamic equil. between phases  High-speed flow

« Annular flow
» Horizontal separated

Separated flow < Different velocities for both phases

model « Thermodynamic non-equil. between phases flow
: « Mixture momentum equation  Bubbly, slug & churn
Drift flux : . : : fl
del * Relative velocity + concentration & velocity ow
mo profiles » Counter-current flow
Two-fluid « Two sets of balance equations
WO dull « Thermodynamic equilibrium within phases  General
mode  Detailed model for interface interactions
Three-fluid - Different treatment of droplet fluid from the « General (in particular

model liquid film annular dispersed flow)




One-Dimensional Homogeneous—Equilibrium Model

< Heuristic derivation
< Simplest of all two-phase flow models

% Assumptions
v The two phases are assumed to be
= Well mixed

= Same velocities UG =U,
= At thermal equilibrium
— For steam-water flow: saturated mixture TG =-|-L :Tsat

v Mixture is treated as a single fluid.

v" Useful for high-pressure and high flow rate conditions
= Very small diameter of dispersed phase
= Evenly distributed along the radius




One-Dimensional Homogeneous—Equilibrium Model
“ All variables are averaged!

G :<G> J=<]> Ug =<Ug >¢ Pe =< Ps ~c

% Mixture density

j:jG+jL G=G; +G, GG:pGjG GL:pLjL

= p~.O + l-«
aU; +a U, a; +o, Fe P )

-1

V:[(l—X)VL+XVG]=1/,5 — 15:[VL+X(VG_VL)]



One-Dimensional Homogeneous—Equilibrium Model

< Quality vs. void fraction

G =X-G=pg s =Ps:Us

> e
: 1-Xx l-o
G, =(-X)-G = p_j, = p (1)U, pll-a)

G G
X=—= 1-x=—+
G G
1 . . .
o = Void-quality relation for homogeneous flow
1-X) ps
1+
X )Py




One-Dimensional Homogeneous—Equilibrium Model

+» Mass conservation

i?m - min o Iﬂhout = (GA)Z _(GA)Z+5Z ﬁ =G/ J =Pn = G= P J ©njA): + iz
oAA&p,) (. NG 2N
— = A) — A S

po (Ph] )z (phJ )z + oz \“ iz

(pniA);

For a fixed geometry AN
5(A5Z,0h)_5A5Ph oA ., Op, Control volume
o COA A T A for mass conservation

%_Fia(phjp‘):o
ot A 0z




One-Dimensional Homogeneous—Equilibrium Model

2 Momentum conservation

0GAz

= (GAi),-(GA)

+(PA), —(PA),,, — Aok, + F,— Adzp,gsin

Z+0L Z+0L

G=p,] F,=7,p;0L] Ad Frictional force per unit volume

F=PPa=-T2s AP 5=(Pa),.,-(PA), - AL & Net force exerted by
0z 0z 0z 4 the channel wall on the fluid

Control volume for

aphaJtA& _ (,OhjzA)z _(phjzA)z+5z _ AZ_‘:& — A&F, — Adzp, gsin 6 momentum conservation

. HY
OPn | +15(Ph_JA):_@—FW—phgsin6’
ot A oz 0z

pAdzg
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One-Dimensional Homogeneous—Equilibrium Model

2 Momentum conservation

. .2
op,i  LOp A P b g

o0 A oz 0z

(phﬂ+jaa%J+(PhJAﬂ+ia(phJA)

ot A 0z A oz
g .o [flop, 10(piAN\] oP | op, . 1 0(p,iA) _
=l p. = +p, = |+| jl|[E-+= ————F,—p.gsing — +t————=0
{p“at p“’az} {J o A oz oz v P o A o
J .0 oP : Eq. (5.40)
2ipjr=——"—-F,—pgsino g. .
P TPl T T T e A Non-conservative form of

momentum conservation




One-Dimensional Homogeneous—Equilibrium Model
“* Energy conservation

o(p,e—P)A&
ot

- (’Oh jeA)Z o ('Oh jeA)z+6z + phez'sltq\lllvéZ + qVA52

Control volume for
1., . P 1., . ;
e= h+§j + gzsmH:u+—+§J +gzsin@ Total convected energy energy conservation

[Aph ]e}z +dz

A@(phe—P)_l_ 0 (

6t 82 ph JeA) = pheatq\l/lv + qvA

op,e 0 : 0
AL — eA)— A
ot aZ(/OhJ )

P .
E = Preatlw + qvA

[Aph je)z




One-Dimensional Homogeneous—Equilibrium Model

“* Energy conservation

A@phe 0

: oP . 1
+—(p, jeA)- A= = +d, A —ht= i? i

A_a(phe):Aph@jLAe%:Aph a_h+£(1j2] +A(h+£j2+gzsin:9 9Py
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1. . ., . N, 1. .
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One-Dimensional Homogeneous—Equilibrium Model

“* Energy conservation

op,e O : .
A 2 +_(phJeA)_A_: pheatqw+qvA

e:h+%j2+gzsin6?

ot ot
adlone) _ _ap |y Qiljzj A h+li?+gzsing |22 9y 1
ot ot ot 2 2 ot a A

o, . 1. . .
a(phJeA)=(h+§ j? + gzsin Hja—(ph A+

ot ot ot\2

..\ O 1. .
(p, jA)a(h +> j2+gzsin «9)

ope 0 oh o1 of. 1. |
AL -, (pue A)—Ap{— —(—J H+(phJA)§(h+§Jz+gzsm9j




One-Dimensional Homogeneous—Equilibrium Model

“* Energy conservation

oh o0(1. .\ O 1. i OoP .
Ap | —+—| — + A—|h+=j?>+0gzsing |-—A= +q A
p{@t ot (2 J j} (phJ )52( 5 J g j ot Pheatdw + Gy

oh . oh o(1.,) .0(1., . Presl, . OP
—+ ] — — —| = Sin @ = —eatw =
ph[@t Jaz} LBt(ZJ j“az(zj ﬂw“g AT




One-Dimensional Homogeneous—Equilibrium Model

“ Energy conservation

Remove the mechanical energy terms = multiply Eq. (5.40) by j

0 .0 OP F - Frictional or viscous
P E"‘PhJE—_E_ w ~ PngSN dissipation
Tw pf .
. 0] ., 0] 0P . F i s O A . Irreversible transformation
phJaerhJ 5__51_ wl = Pn19sin of mechanical energy

into heat

o + JEJ—2 __an_TWpfj_ jgsin ¢
P B R L e e N

(oh . oh] o(1.,) .o0(1., . Presl, . OP
= —| = —| = sin @ = heatdw bl
ph_@t +J@Z_+p{ﬁt(2] j"’] 2(21 j:|+phjg A +q, + ot

_ah+jah__ phwtq'v'”rc,I +@+j8P+TWPf
Pl st e A T a i e T A

j Thermal energy equation




