Chapter 4 Two—Phase Flow

I. Basic Delinitions

1 Youd Frachions
Sthe ume averaged volumetrie fracuon of vapor mod Lwo phase misoure.
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20 Phase Velocily

the volumetrie flow rate of the phase trough jvs eross =cetional flow area
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where @ = the volumetrie flow rate |, 67 scc. o phase |

5 NValimetrie This or =upericial veloceity
the volumetric flow rawe of the phase divided byothe total cro<= sectional flow

dred.

Now, u=ing the relattons given i Eqsid 1020 ane o4 L0 we can write
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velocity dilference between the vapor and the liguid phase
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the ratio ol the phase velocty
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I'or homogencons= ow, S—=1. by celinition.



i Qualiny
L Thermal equilibriun qualice .
cauthibrnnm condition

o= th=nhaih,
2 Flowe quiality
cautlibrnm exi=ts or nol
v=pL s ip VD e
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Gostatic qualine ©othe mass fracuon of vapor

v =p 0 itpl —p Ll

From the detmivons given m Eqst4b LI and o112«

Lhrough the [ollowing dentiny
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where the Tast two equalities come from the edentitie:
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the flow fracuon of vapor i the thermal
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M The Tuncdaomental Yoid Qualite Relation
The funcdamental voicd quality relaton m= obtamed as,
far = L K= S0 i L=< EANhY
With respect 1o the <tatie qualite, Folt LISy will be
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far = Laop /v otp—pd—p ]
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anel, (rom <pr — (l—aip,+ap.
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For homogencous flow condition. S—1

po= o = = A (1121
but for <hp flow conclition

Cpro it =4 e

10V Dril veloenvs b
the void woerahted average veloelly ol vapor phase with respect 1o the velocny ol
the center ol volume ol the mixtire.
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II. Two phase Model

o Number ol unknewns Tor three dimensional o

Single Phase Two Phise
arameter Ny Parameter N
Velocity Vector 0 ot Fraction |
[ | Velocite Y ector ol Ticwd 0
Tomperature | Nclocits Nector ol N oo o
(BRI 1 Den=ats ol Tiouid ]
Density ol Vapor 1
e |
Temperatare o coacy Phise o
Total number ol unknowns=| 6| Total number of unknow ns= 12
o Number of governing eouations
Smgele Phase Two Phase
Parameter Ny Parameter N
Corservatio ol Vs I N P Tor T |
Corsorvetio ol Momentum 5 Neees o Ton Nagon |
Corscrve o ol Foerey | Momentwn Fop Tore Tagcd
Fouation ol State | Momentwm Fon o s apor ;
Foergs Foo Tor cach Pheese v
i ol =tate Tor cacl Phose ?
Total number ol equations O Total nmumber ol equations 17

o Con<tinutive Fguations

voomterlactal transler Dump conedition)

voovartons correlations dependent on the flow regnme

N o Torms for two phiese ow maodeling

v Local Instantameans ol

v Instantancous Space

v Homogeneous NModel

or Local Time Averaced Eoguations

v Two Fluie Model cDrife Flus NMaodel




. Local Instantancous TFormula

® halance equations for cach phase
® nerlacial conditiontre, yump concition? s oawell s BOC&IC
=T o

B undamental Importances: in the Local Tnstantancons Formmnla
abcireet application to =ty =eparated Tlosw

AR caleulation, instability analvsiss bubble dynamics, ete
b Tundamental base ol all two phose models

perlorm averall caleulations using averaging technigues

void Traction calealatien, development ol drilt Ths model. ete

| General Integral Eq, |

4 Leibniz rule
— » Greens theorem

— Axiom of continuum

| General Balance Eg, |

The general muegral balanee can be written as.

L b= T T+ |
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Usmge the Renoled trans=port theorem o obuain the ditferental form of the halinee
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Balance W i by
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1Y Interfaeial balance ©Jump condition?

Cons=icder the interlfaee = a0 =ingular =urlace acro=s< swhich the Thid densin,
cnergy ated veloeity s<uller from jump discontinuity . although meess, monentom

anc enerey must he conserveel

NMepss Jump
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B for viscous fow (10 Tlow which mterlace perpendiculanr o flow direction
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For 2 dimonsional coase with surtace tension
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I1 v e transler and the phase are invis=cil,
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[1 the =nrlface tension s constnt.
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