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Outline

Two-Fluid Approach
Principle of conservation
Conservation of Mass
Conservation of Momentum
Conservation of Energy
Overview of models



Two-Fluid Model Approach
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Principle of Conservation

« What i1s conservation of a field variable

— “What goes in must come out unless it stays there or
is generated or lost somehow”

« Conservation 1s applied to mass, momentum and energy
(heat) transfer

 Definition of derivatives

— Partial time derivative (0/0t)

« Observer fixed in space, partial with respect to time, holding
X,y,z constant

— Total time derivative (d/dt)

« Observer moving independently; must take into account
observer velocity (d/dt = 6/0t + 0/0x-0x/0t)

— Substantial derivative

* Derivative following the motion; observer moving with the
“fluid” (D/Dt = 0/0t + v, 0/0X)



Conservation Equations
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Conservation Equations

oy Distributed (microscopic)
e ==V v+ +V-S  5m of conservation
equations

Storage  Flux Volume Surface
Source Source

 Conservation is a direct result of experimental
observation

* The field variables are continuous within volume V (in
time and space)

 Spatial and temporal averaging is used to smooth out
variations that are not important to consider



Mass Conservation Equation (Micro)
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Mass Conservation Equation (Macro)
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Momentum Conservation Equation (Micro)
N pudv =[G, divds+ [[[rc pufi-dv o+ [0, -dv
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Momentum Conservation Equation (Macro)

y.oPv

ot w P Vv Vv ¥ Aour * Pour “Vour “Vour :”5—k .ﬁ'ds_l_”JA'O.f'dV

y.opY
ot

:_AOUT.I_SOUT—FA]N'ﬁ[N—V.p(f.L-l-kj";v_L.A.p.Sin(e).[gJ

=—([p-I-i-ds+[[[(v-z+p-F)ar

L

ow A f-L w? g .
&ZL{(PIN _})IN)_(T_I_ICJ }—A'P'gcsm(@)




Energy Conservation Equation (Micro)
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Energy Conservation Equation (Micro)
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Energy Conservation Equation (Macro)
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Energy Conservation Equation (Macro)
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Linkage of Two Fluid Equations

~MOMENTUM
EQUATION |4, <

EQUATION
+1C. +B.C.

information

PRESSURE

EQUATION
OF STATE

(Pressure =f, (Mass, Energy))



Separate Two Fluid Model




Sombined Two Fluid Model




Questions?
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