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Simulation of Natural Convection Inside and Qutside
a Non-Adiabatic Cubic Shell
-Characteristics of Heat Transfer during the Cooling Process-

Manabu OKURA" and Kiyoaki ONO*

Abstract

In order to keep environment in the air-conditioned room comfortable, it is important to predict air velocity and
temperature field as precisely as possible. When walls or windows of a room cannot be assumed to be adiabatic,
estimation of the heat transfer through them is one of the essential factors to perform satisfactory air-conditioning
design of the room. Numerical simulation of the cooling process of a cubic shell is conducted. The Navier-Stokes
equations governing flow field inside and outside the room and the heat conduction equation applying to walls are
solved simultaneously, instead of assuming the heat transfer coefficient between the fluid and the solid surface. The
computational result is compared with the experimental one. Their results show good agreement with each other; thus
the validity of the calculation is confirmed. Characteristics of the heat flux and the heat transfer coefficient are
discussed. It is found that the heat flux through sidewalls is larger than the ones through a top or a bottom wall. This is
due to the thinner boundary layer at the lower part of sidewalls. The heat transfer coefficient shows the same tendency.
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Fig. 1 Cubic shell.
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Fig. 5 Temperature variation (Comp.).
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Fig. 6 Temperature contour (Cross Point: 7=280.95 K,
t=1157s).

Fig. 7 Velocity vector (y =0.05 m, # =115 s).
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Fig. 10 Temperature contour & velocity vector (One mesh outside the top wall).
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Fig. 11 Temperature contour & velocity vector (One mesh outside the side wall).
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Fig. 12 Temperature contour & velocity vector (One mesh outside the bottom wall, # =2 s).
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Fig. 13 Heat flux contour (top wall).
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Fig. 15 Heat flux contour (side wall).
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Fig. 16 Time variation of heat flux distribution (E-F in
Fig 15).
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Fig. 19 Time variation of mean heat flux. Fig. 20 Time variation of mean heat transfer coefficient.
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