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3D Numerical Simulation for Natural convection of Water

with Density Inversion in a Rectangular Enclosure

Koji KUNITSUGU(Facility of Mech. Eng.)

Abstract:

Tatsuo NISHIMURA (Facility of Mech. Eng.)

3D numerical simulation for penetrative convection of water with density inversion in a

rectangular enclosure was performed by the numerical scheme with the combination of finite
volume method and SIMPLE method and the results were compared with experimental ones. The
inspection of numerical techniques revealed that it is important to obtain rational result that to
solve the liner system for pressure correction factor in SIMPLE method accurately. The
comparison between numerical results and experimental ones under the same conditions shows
that the discrepancy between them becomes remarkable with increasing of hot wall temperature;
it implies that the appearance of the problem not only numerical scheme but also in experimental
apparatus. Moreover, the occurrence of hysteresis that depends on initial state was also found in

numerical result.

Key Words: density inversion, natural convection, 3D numerical simulation, finite volume method,

SIMPLE method, line-SOR method
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Figure 1 Results of temperature visualization of the natural convection of water with density inversion

in a rectangular enclosure for different hot wall temperatures
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Figure 2 Schematic diagram of the enclosure
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Table 1 Physical properties of the system
for numerical simulation

1310103 Pa s

4195 Jkg - K)

0.587 W/(m - K)
9.8 m/s’

u : Viscosity of water
Gy : Heat capacity of water
A :Thermal conductivity of water

g : Gravitational acceleration
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Figure 3 Illustration for volume element
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Figure 5 Schematic flow chart of numerical
solver used in the present study
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Table 3 The variation of the order of X|Res| for pressure
correction factor in 2D problem by the increasing
of number of iteration in line-SOR method
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Figure 9 Contours of temperature in a 2D area obtained
by line-SOR solver with different iteration for
evaluation of 6P; (a) by 1000 iteration,

(b) by 10000 iteration
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Table 4 The variation of the order of X|Res| for 7" and
OP in 3D problem which depend on the
difference in linear system solver
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Figure 10 Contours of temperature on the mid-plane in x-
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and y-direction obtained in 3D domain at
T:=10°C by line-SOR method; (a) with 400
iteration, (b) with 1000 iteration for evaluation
of 6P
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Figure 11 Contours of temperature on the mid-plane in x-
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and y-direction obtained in 3D domain at 7
=8°C by Flient 4.0 commercial code
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Figure 12 Contours of temperature on the mid-plane in
depth at T =8°C; (a) result of 3D- numerical
simulation, (b) visualized temperature field
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Figure 13 Compare of temperature fields between
numerical result and  experimental
visualization on the mid-plane in depth; (a)

at T=40°C, (b)20°C, (¢)23°C
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Figure 14 Temperature fields at 7/=29°C; (a) numerical

contour on the mid plane in depth, (b)
experimental visualization, (c) numerical
contour on the mid plane in width, (d)
iso-surface of 4°C

(53) 15

Figure 15 Temperature fields at 7/=36"C; (a) numerical

contour on the mid plane in depth, (b)
experimental visualization at 7:=30°C (for
reference), (¢) numerical contour on the mid
plane in width, (d) iso-surface of 4°C
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Figure 16 Temperature fields at 7:=23°C obtained
from the solution at 29 °C as initial

condition; (a) numerical contour on the mid
plane in depth, (b)
visualization at T =23°C(for reference), (c)

experimental

numerical contour on the mid plane in width,
(d) iso-surface of 4°C
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