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ABSTRACT

The onset of natural convection has been examined for a fluid-saturated porous material con-
tained within a thin box under the influence of lateral heat losses. Thermal boundary condi-
tions consist of an isothermal upper surface and either prescribed temperature or prescribed
heat flux at the lower boundary. Both permeable and impermeable upper boundaries are
considered.

Critical Rayleigh numbers and the preferred convective cellular modes at the onset of convec-
tion have been determined analytically as functions of the box geometry, ambient temperature
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and heat transfer coefficient. The results show that the critical Rayleigh number for a box
with lateral heat loss is higher than that predicted in the limit of no heat loss except for

extremely small aspect ratios. And the case with no Neumann boundary condition has been

found the most stable.
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Nomenclature

constant in the sine series solution
wave number, mz/(L/H)

unit vector in vertical direction
gravitational acceleration

height of the box

heat transfer coefficient
permeability of porous medium

N R B - S

incremental integer in sine series solut-

ion

sha2 e m21A K 2% 1983 43

equivalent thermal conductivity includ-
ing porous medium, ¢kr + (1 — @)k
thermal conductivity of fluid

thermal conductivity of porous medium
width of the box

convective cellular mode

dimensionless heat transfer coefficient,
N2 = hH?*/(k.0)

dimensionless pressure

q heat flux

Ra Rayleigh number, gKpBrHAT/(v10keq/
(0Cp))

Ra. critical Rayleigh number

Ra’. modified critical Rayleigh number, Ra
/a

T temperature

T, temperature of upper boundary

AT  temperature difference between upper
and lower surface

v velocity vector

W(z) vertical component of w’

w’ perturbed vertical velocity

x dimensionless horizontal coordinate

z dimensionless vertical coordinate

Br  volumetric thermal expansion ccefficient
of fluid

0 half-thickness of the box

i} dimensionless temperature

74 perturbed temperature

o dimensionless reference temperature

O.n, dimensionless ambient temperature

0; dimensionless temperature at rest state

46, difference of 6; between upper and lower
surface

©(z) vertical component of perturbed tempe-
rature

ur viscosity of fluid

Ve kinematic viscosity of fluid

(¢Cs)ee equivalent heat capacity including po-

rous medium, @¢(oCp)¢r + (1 — &) (0Cs)s
(pCp)s heat capacity of fluid
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(oC»);s heat capacity of porous medium 2. E.R. Lapwood, Proc. Camb. Phil. Soc.,
T dimensionless time 44(1948), 508.
(;6 porosity of porous medium 3. Y. Katto and T. Masuoka, Int. J. Heat
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