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Abstract—When an initially quiescent, horizontal porous layer saturated with fluid experiences uniform
heating from below, the time of the onset of natural convection in time-dependent, nonlinear temperature
fields is predicted theoretically. The stability analysis is conducted on the basis of the propagation theory
in which the thermal penetration depth is used as a length scaling factor under linear theory with the principle
of exchange of stabilities. The solution for disturbance equations of similar transform considering time-de-
pendent variations of disturbances is obtained numerically. The resulting correlations of the critical time
to mark the onset of regular cells are derived as a function of the Rayleigh number, Prandt]l number, and
Darcy number. It is seen that natural convection sets in later as the Prandtl number and the Darcy number
become smaller.
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Fig. 1. Schematic diagram of porous layer.
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Fig. 2. Base temperature profile.
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Fig. 3. Neutral stability curves.
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NOMENCLATURE
a : dimensionless horizontal wave number, (aZ+
32) 1/2
s d
a”  :modified wave number, at!/?
D  :differential operator with respect to §

Da :Darcy number, K/L?

Da’ :modified Darcy number, Da/t

: gravitational acceleration [ms 2]

: imaginary number, (—1)"?

: permeability [m?*]

: thermal conductivity [Jm™'s 'K™']

: depth of porous layer [m]

: pressure [N m™2]

: Prandtl number, v/a

:wall heat flux [Jm% ']

: Rayleigh number, (gBL'q)/(avk)

: modified Rayleigh number, Rat?

: Darcy-Rayleigh number, Da-Ra

: modified Darcy-Rayleigh number, Rapt
: temperature [K]

: time [s]

: velocity vector [ms™!]

: z-component of dimensionless velocity

;U"O | -~ NI =]

oA e
& BB

.
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g & " 9@

: dimensionless horizontal coordinates
: dimensionless vertical coordinate

N
-

Greek Letters

: thermal diffusivity [m?s™1]

- volumetric thermal expansion coefficient [K™']
: dimensionless thermal penetration depth, « t'*
: modified vertical distance, z/t'*

: dimensionless temperature

: dynamic viscosity [Kgm™'s™"]

: kinematic viscosity [m?s™!]

< = OVvy 0™ K
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p  :density [Kgm3]
T : dimensionless time
Subscripts

c : critical state

i : initial state

0 : observable state

0 : base state

1 : perturbed state
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