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Abstract—In this research, a theoretical analysis was performed on the heat transfer in a cube heated from below
Being noted that radiation and conduction effects were not negligible in the room temperature range, model equations
were derived and solved on the radiation between walls, turbulent convection inside the cube and conduction through
walls based on the newly proposed “isothermal core postulate”. The radiation equation was a classical 2-D integral
equation and the conduction equation was a 3-D Laplace equation. The convection term was included in the overall

energy balance and boundary conditions imposed on the Laplace equation.
Parametric studies were performed by varying system parameters from a reference set which could be suilable to

“ondol” system. Two major conclusions from this study were that the isolhermal core postulate was appropriate and
half of the heat flux from the bottom was due to radiation.
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(a) perspective view, (b) top view, (c) side view.
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Table 1. Reference data set for the system param-
eters

Reference temperature 305 K
Ceiling temperature 300.43 K (27.28°C)
Emissivity of the wall 0.9
Edge length of the cube 240 cm
Thickness of the wall: layer1 5cm
layer2 5cm
layer 3 5cm
Thermal conductivity of
the wall: layer1 0.0036 cal/cm sec K
layer 2 0.00008 "
layer 3 0.0036 "
Outside temperature ~-15deg. C
Outside heat transfer

coefficient 0.0001 cal/cm2sec K
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Table 2. Results when the reference input data

set is used
Inside temperature 1 26.909 deg. C
Stark number ;18742
Inside Biot number : 0.0463
Rayleigh number, Ra
at the bottom 1 8.643E+9
sidewall 1 2922E+9
ceiling : 8.757E+8
Heat flux at the bottom
Convection : 6.801E-4 cal/cm?sec
Radiation . 8.129E-4
Percent convection : 45.55%

Scaled radiation heat flux (and devnatxon)

scale: T4,
at the bottom : 0.069373 (0.00020)
at a sidewall, lower 1/3 : ~-0.025443 (0.00164)
median 1/3 :-0.017332 (0.00135)
upper 1/3 : =0.015607 (0.00100)
at the ceiling 1 0.008470 (0.00137)
Temperature at a side wall
Mean : 25.325deg. C
Deviation : 0.123 deg. C
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NOMENCLATURE

: area of the cube surface
: gap distance or edge length of the cube
: view factor
heat transfer coefficient
: thermal conductivity of the wall
: thermal conductivity of air
: thickness of the wall or number of subdivisions
number of subdivisions
normal direction
: number of subdivisions
. Nusselt number
. heat flux
heat flux, non-dimensionalized
Rayleigh number
temperature
: overall heat transfer coefficient
. X coordinate
position vector
: y coordinate
.z coordinate
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Greek Letters

thickness of the boundary layer
: emmisivity
: defined in eqn. (3)
: position vector
: Stefan-Boltzmann constant
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Superscript

(/) : tthlayer

Subscripts

0 : lower surface

1 : upper surface

al : isothermal core
a2 : ambient

B : bottom

U : upper surface
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