HWAHAK KONGHAK Vol. 23, No. 5, October 1985, pp. 321 — 328 321
{Journal of the Korean Institute of Chemical Engineers)

Clsd AW Ao oiFE Mol 2st

o
(19851 4 ¥ 4 A4, 19859 69 3 2d)

Experimental and Theoretical Studies of Convective
Heat Transfer in a Porous Medium

An Shik Shin - Jae Wook Lee* znd Moon Ho Suh

Department of Chemical Engineering, Ajou University, Suwon 170, Korea

*Department of Chemical Engineering, Sogang University, Seoul 121, Korea
(Received 4 April 1985 ; accepted 3 June 1985)

2 o

Aol Adehfol B A% B4E Rayleightol W3tel wpe} Tgdoz AF

du il
3b7] glsked A S FAsha, o] ARE o]EH o A et FAEAE Pt AY
2.

ZAae dEE o|&F FE7H 38 (flow visualization) A& $ste] ok& FejAzlE Al#stz, §
gl red FRFE A 35S TAGAe, Ay LxaE WA Add{FE FEdt
Aok FAZAN M FE7HISHE 3 FedAE Adaa e dxdoxe] dEAE 2eid)
Hstod 7 (fin) ol E& =9, FASeky, oAbl AANFol G FF A TxF Lol FF olEw
HAEE 2T oF FaATHoz #HF sk

A7l e A grtis dE2e g AAEat ohe} g FEA HIHE 75T
Atz B3 4 dden, Ay 9 ol&4 sHef AdEe 4T A4 W AFH elast vbe
kol et

Abstract — The phenomena of natural convection in a fluid-saturated porous medjum were studied ex-
perimentally for a wide range of Rayleigh number. The experiments were carried out in a rectangular glass
tank of very small width to facilitate flow visualization. Mixtures of glass beads and distilled water were
used as a porous bed. The bed was heated from below and cooled from above, and the flow was visualized by
photographing dye streaks.

A theoretical analysis was also included to simulated the experimental results. In the analysis the thin
rectangular box was thought of a fin losing heat to the surroundings in order to examine the effect of lateral
heat losses.

The experimental results contain both quantitative information on the temperature fields and flow
visualizations on the various convective flow patterns. The convective flow behavior of the numerical simula-
tion was qualitatively identical to that of the experiment.
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Fig. 1. Schematic diagram of the rectangular

box of fluid-saturated porous medium.
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Table 1. Physical properties of the materials used in the experiment.

Materials Density kg /m*  Thermal Specific Heat Viscosity  Thermal Expan-
Conductivity W/mC J/kgC Pa- s sion Coefficient C™'
Distilled Water 1.0 x10® 0.63 4180. (T,og—i—Tbo, ) (Tw,,-FT,,o;)
# 2 2
Glass Bead 2.23x10°* 1.03 900. - -
Glass Wall 2.50x10° 0. 796 752. 4 - -
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Fig. 3. Steady-state isotherms and streamlines
for the case of two-cell convection at
Ra=72.
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Fig.6. Dye streaks for the case of steady three
-cell convection at Ra=110.(tracer=
KMnO,)
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NOMENCLATURE
C, specific heat, J/kg °c
D, particle diameter, m
g gravitational acceleration, m/s?
H height of the porous medium, m
h heat transfer coefficient, W/m? °C
K permeability of the porous medium, m?
k thermal conductivity, W/m°C
L length of the porous medium, m
N dimensionless heat transfer coefficient
Nu Nusselt number
p : dimensionless pressure
Ra Rayleigh number
T : temperature, °c
v : dimensionless Darcy velocity vector
X : dimensionless horizontal coordinate
Z . dimensionless vertical coordinate
Greek Letters
B8 . volumetric thermal expansion coefficient,
OC-l
8, half thickness of the porous medium, m
5, half thickness of the box, m
6 dimensionless temperature
8, dimensionless temperature at rest state
(pure conduction state)
K viscosity, Pa-s
4 kinematic viscosity, m?/s
p density, kg/m?
4 dimensionless time
¢ porosity, volume fraction
Subscripts
amb: refers to the ambient boundary
bot : refers to the bottom boundary

slerES 237 M55 198547 10

eq refers to the equivalent quantity

f refers to the fluid

gl refers to the glass wall

s refers to the solid bead

top : refers to the top boundary

o refers to the reference state
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