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Abstract—The critical conditions to mark the onset of natural convection in the horizontally superposed fluid and
porous layers, cooled from below, with variable porosity were mvestlgated By using the linear stability theory the effects
of d,/d,(ratio of porous layer thickness to particle diameter) and d(rauo of porous layer thickness to fluid layer thickness)
on the critical conditions are obtained numerically. The results show that the crmcal conditions are influenced by the vari-
ation of porosity when the value of d,/d, is smaller than 10°. For large values of d the onset of convection is dominant in
the porous layer and the critical Darcy-Rayleigh number decreases with decreasing the value of d,/d,. It means that as the
particle diameter becomes larger, the porosity becomes larger near the surface and the fluid in the porous layer becomes
more mobile, i.e., more unstable.
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Fig. 1. Schematic diagram of horizontally superposed fluid and po-
rous layers.
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Fig. 2. Variation of K/K _ in porous layer with d,/d,.
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: dimensionless horizontal wave number [-]
: constant in Eq. (17) [-]

: specific heat [J/(m’ - K)]

: differential operator, d/dz [-]

: fluid layer thickness [m]

: porous layer thickness [m]

: particle diameter [m]

: ratio of porous layer thickness to fluid layer thickness, d,/d [-]
: gravitational acceleration [m/s’]

: imaginary number [-]

: permeability [m’)

: thermal conductivity [J/(s - K - m)]

: pressure [N/m’]

: Rayleigh number, g Bd* AT/(vx) [-]

: Darcy-Rayleigh number, gBK..d2xAT/(vx2d) [-]
: temperature [K]

: velocity vector [m/s]

: vertical velocity [m/s]

: dimensionless vertical velocity [-]

X,Y,Z : Cartesian coordinates [m]

XY,z :dimensionless Cartesian coordinates [-]

sgc:l»-]??wwmwm R T - el -

azjoja 2t
o : thermal expansion coefficient [K™']
Y : slip coefficient for Beavers-Joseph condition [-]

AT - :temperature difference in fluid layer, T;— T, [K]
AT, :temperature difference in porous layer, T,~ T, [K]
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