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Abstract—When an initially quiescent, fluid-saturated horizontal porous layer is heated by ramp-heating the bot-
tom side of the layer at a constant temporal rate, the critical condition of the onset of natural convection is analyzed by
employing the propagation theory. For deep-pool systems the base temperature profile is approximated by using the
integral method and a new stability equation is generated through the propagation theory which considers the varia-
tions of disturbance with time. For infinite Prandtl-number fluids saturated in a porous layer to satisfy Darcy’s law, the
critical condition is deduced to have the following relation:

7.=6.557*°Ra™*"

a.,=0.41y **Ra'?

In comparison of the above prediction with the experimental data of Kaviany, it is seen that the initiated convection is
amplified to observable magnitude at the time 4 7.
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Fig. 1. Schematic diagram of system.
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NOMENCLATURE

: demensionless wave number

: modified wave number, a&

. specific heat capacity [JKg'K™']

: differential operator with respect to {

: diameter of sphere{porous medium) [m]

: gravitational constant [ms?}

: imaginary number, y-1

: permeability [m?]

: thermal conductivity [Wm™'K™)

: depth of the porous layer [m]

: pressure [Nm™%

: Prandtl number, v/ a,

a . Rayleigh number,(oC),(oC) ;' e ggBL° v ac?

ap : Darcy-Rayleigh number, (oC), (oC’z' ¢gBL?
Kuleg?

Ra*  : modified Rayleigh number, Rag 'z

T . temperature [K]

t : time [s]

U : velocity vector

U,V,W : components of velocity [ms™]

u,v,w : components of dimensionless velocity
X,Y,Z : space coordinates [m]

xy,z : dimensionless space coordinates

[ ]
*

FIDITCOFART®ADO

Greek Letters

. thermal diffusivity [m?s™']

: coefficient of thermal expansion (K]

: porous medium shape parameter, (eLZ/
K"

: thermal penetration depth

: porosity

. similarity variable, z/&

: perturbation component of temperature

<R W R

> e v >
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N B X T

+5=%

: dynamic viscosity (Kgm™'s™]

: kinematic viscosity (m%™

: density [Kgm™)

: dimensionless time

: temporal rate of heating [Ks™']

Subscripts

—_ow O ™m0

: critical value

. effective property, A, = €A;+(1- €)A,
: fluid phase

: observable magnitude

: solid phase

: base state

: perturbed state

Superscript

*

S o ®

: magnitude of time- and z-dependent pertur-
bations
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