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Abstract— This paper investigated the vertical throughflow effects on natural convection due to
heating from below in horizontal porous layer. The motion of the fluid in the porous layer is govern-
ed by Brinkman-Darcy equation. And compared Critical Rayleigh number in case of throughflow
with no throughflow. Investigated Nusslet number, isothermalline and flow with the variation of the
strength of throughflow in a constant Rayleigh number. In the numerical analysis, flow is assumed
10 be two-dimensional and unsteady. The numerical scheme used is a finite-difference method. In
the experimental study, Temperature distribution was measured by use of Liquid Crystal film. As a
results, indicated that throughflow influences largely on the temperature field and as the strength of
throughflow increased, unstability of natural convection decreased. Also it could predict the strength
of natural convection with the measured Nusselt number.
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Fig. 1. Physical model and coordinate system.
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Fig. 2. Schematic diagram of test section.
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Fig. 3. Schematic diagram of experimental apparatus.
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Table 1. Characteristic of liquid crystal

Temperature (°C) Color
~19 Black
20~21 Orange
22~23 Yellow
24~ Green
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Table 2. The comparison of Nusselt Number (3 mm
glass diameter).

4 BER7E AT AR Pl

Researchs Ran 100 200 300 350 380
Boris (1975) 26 38 45 - -
Caltagirone (1975) 2.65 381 452 - -
Straus (1979) 265 3808 451 - -
Straus (1982) § - - 479 494
Prasad (1989) 26 384 454 - -
Chen (1989) 262 384 459 49 504

PRESENT study 258 381 459 49 -
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Da :Darcy number [m’]

=

:convective heat transfer coefficient {w/m*C]

est

:test section height [m]
K :permeability {m’]

Nu :Rayleigh %* number
Pe :Peclet number

Pr,, :Prandtl number in porous layer

™
—_
h

Ra,, :Rayleigh number in porous layer

. . (p)
S :specific heat ratio [ *(p*.),L]
w, throughflow velocity [m/s]
o, ceffective fluid thermal diffusity in porous layer [m%s]
B :cocfficient of thermal expansion [1/°C]
pr  :fluid density [kg/m’]
W cviscosity [kg/ms]
W ceffective viscosity in porous layer [kg/ms]
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