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HIGH Ra NUMBER NATURAL CONVECTION
IN A TRIANGULAR POOL WITH A HEAT GENERATION

Jongtae Kim," Rae-Joon Park? Hwan-Yeol Kim? Seong-Wan Hong? Jin Ho Song? and Sang-Baik Kim’

A fluid in an enclosure can be heated by electric heating, chemical reaction, or fission heat. In order to
remove the volumetric heat of the fluid, the walls surrounding the enclosure must be cooled. In this case, a natural
convection occurs in the pool of the fluid, and it has a dominant role in heat transfer to the surrounding walls. It
can augment the heat transfer rates tens to hundreds times larger than conductive heat transfer. The heat transfer
by a natural convection in a regular shape such as a square cavity or semi-circular pool has been studied
experimentally and numerically for many years. A pool of an inverted triangular shape with 10 degree inclined
bottom walls has a good cooling performance because of enhanced boiling critical heat flux (CHF) compared to
horizontal downward surface. The coolability of the pool is determined by comparing the thermal load from the
pool and the maximum heat flux removable by cooling mechanism such as radiative or boiling heat transfer on the
pool boundaries. In order to evaluate the pool coolability, it is important to correctly expect the thermal load by a
natural convection heat transfer of the pool. In this study, turbulence models with modifications for buoyancy effect
were validated for unsteady natural convections by volumetric heating. And natural convection in the triangular pool
was evaluated by using the models.

Key Words : #}<4 th(Natural Convection), #1% <&RH(Volumetric Heat Generation), 4123 Z(Triangular Pool),
H] A4 (Unsteady), 37143 5(Coolability), Ra5=(Rayleigh Number), Nu<=(Nusselt Number)
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Fig. 1 Computational mesh for King's experiment and stream lines
obtained by using Launder-Sharma model with AFM
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Fig. 2 Distributions of the y velocity component at mid
of the square cavity along x coordinate
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Fig. 4 Temperature distribution in the square cavity
at Ra=10", left: temporal, right; time-averaged
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Fig. 9 Temporal view of temperature field at Ra=10°
by no-model

Fig. 10 Temporal view of temperature field pool at Ra=10"
by no-model
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Fig. 11 Temporal view of temperature field at Ra=10"
by adaptive Ince-Launder turbulence model
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Fig. 12 Temporal view of temperature field at Ra=10"
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(a) Ra=1010 by no-mode

 cam -

(b) Ra=1011 by no-mode

e

(c) Ra=1012 by adaptive Ince-Launder turbulence mode

e

(d) Ra=1013 by adaptive Ince-Launder turbulence mode

R e

(e) Ra=1014 by adaptive Ince-Launder turbulence mode

Fig. 18 Temporal view of temperature field in a triangular pool

Fig. 19 Velocity field in the triangular pool at Ra=10",
upper: temporal, lower: time-averaged
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