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BIFURCATION PHENOMENA AND INSTABILITIES OF

CONVECTION IN CAVITIES

Earl BILGEN (Shizuoka University)

1.Introduction

Thermosolutal convection is present in many
industrial processes, especially those involving phase
change phenomena such as melting-solidification,
solid -gas reactions. For example, hydrogen diffuses in
solidifying liquid metals and creates porosity defects
that substantially reduces the metal's ductility and
leads to premature fractures. The alloying elements
can also diffuse and macrosegration can occur in
solidifying alloys due to the double diffusion of heat
and mass. The bibliography reveals a great number of
studies on this subject, due to the industrial and
technological importance of applications such as
industrials  processing, oceanography, solid-gas
thermochemical systems, adsorption systems, building
insulation, underground disposal of contaminants and
fog formation. These systems involve double diffusive
flows with or without reactions. For example, the
main problem of chemical reactors is to maintain the
nonconvectivity of the reactive zone and its stability
to guaranty good performance. This shows the great
importance of the thermosolutal convection in porous
beds. Since the diffusivities of these two components
are quite different, instabilities of the double diffusive
type may occur and lead to multiple steady convective
solutions.

Many studies have been done with the vertical
porous enclosure and the existence of multiple steady
states for has been

opposing flows already

demonstrated. The thermosolutal convection in
enclosures may be classified according to the order of
magnitude of the Lewis number. The range of large
value Lewis number (order of magnitude 102) refers
to thermosolutal convection in liquids and small
numbers to double diffusion in binary gases. The
latter is encountered in various applications, such as,

in contaminant transport in groundwater, solar ponds
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and solid -gas chemical reactors. Its special feature is
to understand the dynamic behaviour of the solid-gas
fixed bed reactor whom the performance limitations
are due to heat and mass transfer. The first aim is to
determine the critical conditions of the onset of
convection, which is not desirable in such chemically
reacting systems. It is important to know the presence
of instabilities as well as oscillating instabilities.

The thermosolutal natural convection due to
vertical temperature and concentration gradients in
has
investigated in [1]. The Lewis number is in the range
of 1<Le<10. The critical conditions for the onset of

convection have been determined.

horizontal layers without reaction been

2.Mathematical Formulation

We consider a saturated porous layer with a given
void raction, bounded by two dimensional planar
channel of height H and width L. The lower plane of
the system is maintained at higher constant
temperature T and higher concentration C'i, the
upper plane at lower constant temperature T and
The

impermeable and perfectly insulated, so that the

lower concentration Cb%. lateral walls are
system can be considered adiabatic. The solute will
enter the system by diffusion through the lower plane
while it will leave the system through the upper plane.
It should be noted that the basic problem concerns
two diffusing components, heat and mass (solute, gas
or liquid).

The fluid is considered Newtonian and incompressible,
and all thermophysical properties are constant except
for the density variations in the buoyancy term as
modeled by the Boussinesq approximation. Assuming
the Dufour and Soret effects negligible and the
validity of two-dimensional Darcy's laminar flow in

an homogeneous and isotropic medium, the governing

Jour. HTSJ, Vol. 40, No. 165
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equations consist of (a) the state equation, (b) the
(c) the
conservation equation and (d) the momentum equation
[1,2]). The
governing parameters are Rayleigh numbers, Rr and
H/L,

mass conservation equation, energy

(see, for example, dimensionless
Rc, Lewis number Le, aspect ratio, A =

porosity-heat capacity ratio, £ = €/0.

3.Solution Methods
They are analytical (linear and non-linear stability
analyses) and numerical (the finite difference and
finite element methods) (se, for example, [1-4]).

4. Results and Discussion

Typical numerical experiments were carried out
covering the range 0<Rr<150 for a unity aspect ratio
and Q =¢/6 and RcLe= 20 and 40 corresponding to
Le =0.5,1, 2,5 and 10. Thus the space (Rc, Le, Rr)
was studied and the thermal Rayleigh number, Ry,
was chosen as the bifurcation parameter. For all
experiments, the curves were obtained by increasing
or decreasing respectively the thermal Rayleigh
number, Rt value from 0 to 150 or from 150 to 0. The
initial conditions for the first run were the rest state
and those of the decreasing branch were initiated from
steady clockwise (or counterclockwise) solutions of
higher (Rt=250) values. All subsequent runs were
performed with initial conditions being at the previous
state.

Typical results obtained with bifurcation and
sub-critical steady flows are shown in Figs 1 and 2 for
the cases indicated. The streamlines, isotherms and
isoconcentrations of the steady state for RcLe = 20,
Rr = 140 for various values of Lewis numbers are
shown in Fig. 3.

Fig.1 Extremum stream function as a function of
the thermal Rayleigh number for RcLe = 20
and various Le wis numbers.

oo 20010110
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Fig. 2 Extremum stream function as a function of
the thermal Rayleigh number for RcLe = 40

and various Le wis numbers.

Fig. 3 Streamlines (top), isotherms (middle) and
isoconcentration (bottom) for RcLe = 20

and Rt = 140 and various Le wis numbers.

5.Conclusion
® A bifurcation phenomenon is found in the double
diffusive flows within the enclosure with both
temperature and concentration gradients. A
steady state convection can be developed below
This fact shows the

possibility of development of subcritical steady

the critical value RCT.

flows.

® The main point of this study is that when Le is2
very high, convection can arise for RT>RCT =4n,
which is the critical value for the onset of Benard
convection in purely thermal systems.
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