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Homework

Homework set#1

Problems 1,2,3,4; Chapter 1, Collier
and Thome.

Due to next Tuesday (Mehr, 14th)
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Volume Averaging
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wo Phase Flow

Onedimensional flow
Steady state

Constant physical properties
Existence of Thermodynamic equilibrium //’\ m;ﬂ““ﬂ-
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Nhast Unbeartty ol Technakg

Conservation of Mass
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a | Void fraction of phase k For steady=stateflow
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G M ass Gener ation rate per - =0 1 _
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MFR Conservation of Momentum
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Pressure forces on the element
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Gravity Wall shear Interfacial shear
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WR Conservation of Momentum

‘ > Force= creation of momentum + inflow of momentum within the control volume_‘
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| Steady gas- liquid two phase flow
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| M omentum conser vation at interface I:>
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Conservation of Momentum

L o oot e ———— summation of equatibn I, U& I
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Friction force for each phase
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(dF, +S)=-t,P,dz-t P,dz :—Ag(j—Sg F)dz

of " dof

* % d
(dF, - S)=-t,, P, dz +t ; P, dz =- A, (d—sf F)dz
(dF, +dF ) =-t ,P,dz -1, R, dz :—A(S—ZF)dz
|

_ Part of total pressure graEient which isneed for
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Conservation of Momentum
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Total pressure lost
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Energy Conservation
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rate of increase of total
energy inthe C.V
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rate of entrance of energy
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Heat flow from Internal heat
nternal hea
channel wall interfaces ‘ generation within C.V
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Energy Conservation

Thework done by Work done by
pressure forces expansion of phase k
, /’_\
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+G\< r +uk a L kn I:)kndz Thework done by
\k‘*tl/ body force
Work done by pressure and shear forces at

theinterface with the other phases
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Energy Conservation
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Energy Conservation

| Energy conservation at interface
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MFR Energy Conservation

| Total pressure gradient | Frictional dissipation
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| Static head term

Acceleration head term |

Internal energy per unit mass I:> ‘E :XGg +(l- x)ef ‘
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sl Unbsmastty ol Tachnak
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Use of the momentum or energy equation
to evaluate the pressure gradient

Using momentum equation

Using void fraction to calcul ate accel eration term from

dP 1d
(g @ = A gy Watlg #Wyu,) =G

d &N, (1- x)’n, U
e + U
dz g a 1-a) §

or static head term from

dP . eA u L .
-(Ez):gsmq ngrg +%rf gzgsmq aar +(1-a)er

Then calculating friction pressure term from correlation equation in terms of
independent variables.

Multiphase Flow Research Group " g
The Basic Modd
School of Mechanical Engineering



Use of the momentum or energy equation
to evaluate the pressure gradient

Using energy eguation

« Calculation of pressure lost arising from variation of potential
energy

« Calculation of pressure lost arising from variation of kinetic
energy

o Calculatethe friction pressure term from independent variables

Note: in two methods we need to the void fraction but the degree
of importance in each method is not the same.
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