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1. Introduction

To investigate macrovoid formation in po-
rous membranes [?], the mechanical and
thermodynamical stability of inhomoge-
neous, multi-component fluid systems in a
flow field is considered.

2. Displacement Flows

First the stability of an isothermal, miscible,
binary displacement flow in a Hele-Shaw
geometry (b� L) is considered [?].
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Stability depends on the pressure difference

p4− p3 = (ρ2− ρ1)gδ− (η̃2− η̃1)vinjδ

where η̃ = 12η/b2. The perturbation is un-
stable if p3 > p4.

The governing equations are given by

∇· Ev= −ζ∇·(D∇c), ζ = (ρ1− ρ2)/ρ2

dc/dt + c∇· Ev = ∇·(D∇c)

ρdEv/dt = −∇p− η̃(Ev+ Evinj )+ ρEg
ρ = ρ1c+ ρ2(1− c)

η = η(c)
D = D(c)

A typical time evolution of the density field
in case ρ1 > ρ2 (Rayleigh-Taylor instability),
for constant viscosity and diffusion is shown
on the left.

3. Thermodynamics

To include surface tension and phase sepa-
ration a Ginzburg-Landau type free energy
functional [?] is used

F[c] =
∫
{ f (c) + 1

2
κ(∇c)2}dV

To obtain the governing equation, the Fick-
ian diffusion terms must be replaced by
Cahn-Hilliard terms [?]

M

(
∂2 f
∂c2 − κ∇2

)
∇2c

and a force, induced by composition gra-
dients, must be added to the momentum
equation

−κ∇·(∇c⊗∇c)

4. Conclusions

• The miscible model does not predict all the
qualitative aspects of macrovoid formation
in porous membranes.

• The Ginzburg-Landau model describes in-
terfaces with a finite thickness, which justi-
fies the use of a continuum surface tension
method [?].

5. References

1. S. Berghmans. Spinning of hollow fibres. PhD thesis,
Leuven, Belgium, 1995.

2. J U. Brackbill, D B. Kothe, and C Zemach. A continuum
model for modeling surface tension. J. of Comp. Phys.,
100:335–354, 1991.

3. John W. Cahn. Phase separation by spinodal decompo-
sition in isotropic systems. J. Chem. Phys., 42(1):93–99,
1964.

4. J D. Gunton, M S. Miguel, and P S. Sahni. The dynamics
of first-order phase transitions, volume 8 of Phase transi-
tions and critical phenomena. Academic Press, London,
1983.

5. O. Manickam and G M. Homsy. Fingering instabilities
in vertical miscible displacement flows. J. Fluid. Mech.,
288:75–102, 1995.


