Analysis of Two-Layered Natural Convection in a Pool with Heat Generation
by Unstructured FVM

Abstract

The natural convection and heat transfer in a stratified pool with internal heat source are
studied. Two dimensional semicircular or axi-symmetric hemispherical geometry is modeled to
investigate convective heat transfer. The flow and heat transfer characteristics are compared
between single-layered and double-layered pools. And local Nusselt number distributions on
the outer walls are obtained to consider thermal loads on the vessel wall. The unstructured
mesh is chosen for this study because of the non-orthogonality originated from the
boundaries of double-layered pool. The interface between the layers is modeled to be fixed.
With this assumption mass flux across the interface is neglected, but shear force and heat
flux by conduction are considered by the boundary conditions. The colocated cell-centered
finite volume method is used with the modified Rhie- Chow interpolation to include body force
effect. The wall pressure is extrapolated by the way to include body force. The numerical
solutions calculated by current method shows that averaged downward heat flux of the
double-layered pool increases compared to single-layered pool.
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Fig. 2 Control volumes adjacent to a boundary face, (a) for boundary and (b) for interface.
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Fig.3 (a) Schematic of the 2-dimensional semicircle for a stratified pool, (b) Unstructured
mesh ( LiL. = 8:18 ), upper layer:2250 cells, lower layer:2696 cells.
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Fig.4 Temperature contours in a pool with heat source, (a)single layer, (b)double layer,
Ra=1.3x 10°, Ras=2x 10’
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Fig 5 Instantaneous local Nusselt number distribution at the downward wall,
Ra=13x 10°, Ras=2x 10’
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Table.l
POO| type NUUp NUUn QUp/QUn

Single-layer 30 18 1.06
Double- layer 18 23 08

T able.l Comparison of heat transfer chacteristics between single-layer and double-layer pool
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Fig.6 (a) Velocity vectors, (b)T emperature contours in a semicircular stratified pool,
Ra=1.3x 10, Ras=2x 10
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Fig.7 Instantaneous local Nusselt number distribution at the downward wall,
Ra=1.3x 10", Ras=2x 10
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Fig.8 (a) Hybrid mesh used for a axisymmetric stratified pool ( LiL. = 8:18 ),
(b) Instantaneous local Nusselt number distribution at the downward wall,
(Ra=1.3x 10, Ras=2x 10°)



Rhie- Chow ,

Nusselt ,
Nusselt
Rayleigh 1.3x 10° Quo/ Qan ~ 20%

[1] Sehgal, B.R., "Melt Stratification Observation from the RASPLAV and TULPAN Tests,"
presented at the 1st Meeting of the Concerted ction Project on Melt Stratification, Sep.1

[2] Prakash, A. and Koster, JN. "Steady Natural Convection in a Two-Layer System of
Immiscible Liquids,” Int. J. Heat Mass Transfer, Vol.40, No.12, pp.2799- 2812, 1997

[3] Schramm, R. and Reineke, H.H., "Natural Convection in a Horizontal Layer of Two
Different Fluids with Internal Heat Sources,” European Applied Research Reports, Nuclear
Science T echnology Section, Vol.1, No0.6, pp.298- 305

[4] Gubaidullin Jr., AAA. and Sehgal, B.R., "Natural Convection in a Double-Layer Pool with
Internal Heat Generation,” ICONE-8591

(5] , , ;-

, pp.42-47, 1998

[6] Rhie, CM. and Chow, W.L., "Numerical Study of the Turbulent Flow Past an Airfoil with
Trailing Edge Separation, " AIAA J. Vol.21, No.11, pp.1525- 1532, 1983

[7] Choi, SK., "Note on the Use of momentum Interpolation Method for Unsteady Flows,"
Numerical Heat Transfer, Part A, Vol. 36, pp545-550, 1999

[8] Majumdar, S., "Role of Underrelaxation in Momentum Interpolation for Calculation of Flow
with Nonstaggered Grids, "Numerical Heat Transfer, Vol.13, pp.125- 132, 1988



	분과별 논제 및 발표자

