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In a recent article, Sha & Soo (1978) present a set of equations for the general mixture
conservation equations. The purpose of this note is to show that their model is not even valid in
one-dimensional situations.

The general mixture conservation equation is presented by Sha & Soo as

3 ontn+V - (Unbntin) ==V - o + o [

Components of phases k relate to the mixture according to

Pm= ; Pk
mem = ; pkUk [2]
Pribn = 2 Pi¥h

They thought that the basic conserved quantities, p,.,, are transferred with the velocity of the
center-of-mass, U,, across the surface of a control volume. Of course the mixture mass flux is
transferred with U,, across the surface of a control volume. But the mixture momentum and
energy flux should be transferred with the velocity of the center-of-momentum, U, and of the
center-of-energy, U, across the surface of a control volume, respectively. This concept is well
illustrated by Lahey & Moody (1977). Here the velocity of the center-of-mass, U,, in the two
phase system is equivalent to the velocity of propagation of the plane through which no net
mass flux passes. By equating the mass flux terms

pea(Us — Up) = p.(1- aXUn — Uyp)
which produces

=—G-
p(1 - a)+ pea P

U = U1~ @)+ pgUca

(3]

where

G=p U (l1-a)+pcUse
p=p(1-a)+pga.

MF Vol. 8, No. 3—H 297



298 BRIEF COMMUNICATION

Similarly, by equating the momentum flux terms to define the plane through which zero net
momentum flux passes,

pcaUc(Us - U,) = p (1 - )U(U, - Up)
which produces

U <beaUd +p(1-a)U’ _G (4]
P peaUsg+p(1-a)U, p”

where

1_d-x x
' p(l—a) poa’

Finally, by defining the plane through which no net energy flux passes

peaec(Us — U,) = p(1 - a)e (U, - Up)

which yields
U, = pgaegU + pr(1-a)e Uy _ _C_ig, (5]
poaes + pr(l —a)er ép
where
e=e +Xxe g
and

€ = [poaes + pr(1 - a)e )Ip.

Therefore U,, should be replaced by U, for the momentum equations and by U, for the energy
equations. It is easy to prove this relationship

%Pm("m + V- (Uipmthm) = % (1 = dyp + peadicl + V - [p(1 — a) Uy + peaUg¥cl,  [6]

where U; = U,, for the continuity equations; U; = U, for the momentum equations; U; = U, for
the energy equations.

Now let us consider the conditions in which Sha & Soo’s model is valid. Sha & Soo’s model
considers that U,, =U, = U,. In order to satisfy the above conditions / is equal to p' from [3]
and [4].

(1—x)2+x2]=[ (1=x)S+x ][UL(l—x)QUaxZ]. [7]

P _i=q1- X
pr 1 [(1 a)PL+aPG] I:pL(l_a) pca ULS(l_x)+ UGX (1—(1) o

If « = x and slip ratio, S = 1, [7] is satisfied. By a — x relation,

a=— 8]

x+ S(%)(l - x)

pc should be equal to p; in order to satisfy the above conditions, @ = x and S =1. The above
result comes out of their postulate that the conservation equations for the mixture of a
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multiphase system assume the same form as those for a homogeneous medium. It is clear that a
multiphase system is different from a homogeneous medium such as an air system.

REFERENCES
CHao, B. T. et al. 1978 On inertial coupling in dynamic equations of components in a mixture.
Int. J. Multiphase Flow 4, 219-223.
LaHEey, R. T. & Mooby, F. J. 1977 The thermal-hydraulics of a boiling water nuclear reactor.
ANS.
SHa, WiLLiaM T. & Soo, S. L. 1978 Multidomain multiphase fluid mechanics. Int. J. Heat mass
Transfer 21, 1581-1585.



