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Abstract - Focusing effect of a metallic layer in a severe accident depending on the aspect ratios and cooling
conditions of top plate and side wall was investigated. Experiments were carried out for Rayleigh numbers
and aspect ratio in the range of 8.49x10”~5.43x10°, 0.135~0.541 respectively. In order to achieve high
Rayleigh numbers, the heat transfer experiments were replaced by mass transfer experiments based on the
heat and mass transfer analogy. A sulfuric acid-copper sulfate (H,SO4-CuSOy) electroplating system was
adopted as the mass transfer system. The experimental results agreed well with the Rayleigh-Benard natural
convection correlations of Dropkin and Somerscales and Globe and Dropkin. When compared with the
standard Rayleigh-Benard problem, the cooling by the side wall is even higher than the top. For a shorter
height, the interaction between the heated and cooled plumes increases due to decrease of the height. Thus,
the heat transfer increases.
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Fig. 2. Cellular flow pattern of Rayleigh-Benard na-
tural convection [6].

Table 1. Rayleigh-Benard natural convection heat transfer correlations.
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Pr RmM H(m HR Ray Cooling condition
0.01 0.135 8.49x10
0.015 0.203 2.87x10° Top cooling only,
2,014 0.074 Side cooling only,
0.02 0.270 6.79x10° Top+side cooling
0.04 0.541 5.43x10°
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Co : Molar concentration of bulk [mole/m?]
Dm  : Mass diffusivity [m/s]

F : Faraday constant [96,485 Coulomb/mole]
Gry  : Grashof number [g8A TH/1/*]

g . Gravitational acceleration [9.8 mVs?]

H : Height [m]

H/R : Aspect ratio

hn : Heat transfer coefficient [W/m? - K]
hm : Mass transfer coefficient [NnVs]

liim : Limiting current density [A/nY]

k : Thermal conductivity [W/m - K]

Nuy  : Nusselt number [hyH/K]

OlX|Ssr M24™ H1= 2015

n : Number of electrons in charge transfer
reation

Pr : Prandtl number [v/«]

R : Radius of test section [m]

Ray : Rayleigh number [¢3A TH?/av]

T : Temperature [K]

tn : Transference number

Greek symbols

a : Thermal diffusivity [m?/s]
16} : Volumetric expansion coefficient [1/K]
v . Kinematic viscosity [m/s]
p : Density [kg/nT]
Subscripts
b : Bulk
H : Height
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