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Correlation Development of Natural Convection Heat Transfer in
Consideration of Aspect Ratio Change and Coolant Boiling
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Abstract

A new correlation on natural convection heat transfer with crust formation in the molten metal pool
has been developed in consideration of coolant boiling effect and of aspect ratio change by an
increase in crust thickness. Two test results of the convection cooling case, natural and forced
convection cooling cases, and of the boiling case were used in the present study. The experimental
results have shown that the Nusselt number of the case with boiling condition in the molten metal
pool is greater than that of the case with non-boiling condition at the same Rayleigh number. Even
though the Rayleigh number rapidly decreases due to an increase of the crust thickness, the Nusselt
number does not rapidly decrease because of the aspect ratio effect. From the experimental results,
the new correlation between the Nusslet number and Rayleigh number in the molten metal pool with
the crust formation has been developed as Nu = 0.051(Ra)¥(AR) %2*1(F )°%% ysing Globe and
Dropkin correlation.
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1.
Natural Convection Case
Low Aspect Ratio High Aspect Ratio Boiling Case
Case Case
Test Section Geometry 450 x 150 x 150 250 x 150 x 350 250 x 250 x 350
XxYx2) (mm X mm X mm) (mm X mm x mm) (mm x mm X mm)
Height of the metal layer 75 (mm) 200 (mm) 200 (mm)
Height of the coolant layer 75 (mm) 150 (mm) 150 (mm)
Metal material Wood' s metal Wood' s metal Tin
Coolant material Water Water Water
Ra range in the metal pool 10* - 10° 10° - 107 108 - 108
X2, Y/2), (X/4, Y/I2), (X/4, Y/2),
Teflon bar locations (314X, YI2) (X12, YI2), (X/2, YI2),
(3/4X, YI2) (3/4X, Y/I2)
Heater capacity 3 (kW) 4 (kW) 19.8 (kW)
2.
Working Fluid a b Ra Range Pr
Globe & Dropkin Mercury 0.051 1/3 1.51x10%Ra < 6.76x108 0.022
Rossby Mercury 0.147 | 0.247 | 2.0x10%*< Ra < 5.0x10° 0.024
Threlfall Gas Helium 0.173 | 0.280 | 4.0x10°< Ra < 2.0x10° 0.8
Heslot et al. Gas Helium 0.096 | 0.353 | 3.0x10°< Ra < 4.0x10’ 0.8
Chu & Goldstein Water 0.183 | 0.278 | 2.76x10°< Ra < 1.05x108 6




Coolant (Water)

Metallic Layer Crust

Metallic Layer with Bottom Heating
(Stainless Steel, Zircaloy)

Oxide Layer Crust

Oxide Layer with Volumetric
Heat Source
(UO,, Zr0,)

Reactor Vessel

Coolant
(Convection or Boiling Coolings)

Adiabatic

Solidified Crust Formation (Pure Cond.)

Molten Metal
(Natural Convection)

/

Solid/Liquid
Phase Change

Bottom Heating
(Isothermal Condition)

Adiabatic



PC Based
DAS

Experimental
Data

Control Signal
Air Ve%

Heat Ex.

Coolant Outlet Line

To Coolant
Storage Tank

Air Inlet Line

Heater Thermocouples

Bypass Line

Coolant
[} Storage
Tank

,OOOOO

e

Flow Measurement

Device(Digital Pump)

Pyrexglass

Molten Metal
QOutlet Line

Melting
Pot

O

Coolant

[©%00 00000

L d :FI [ —A~———0
Meit Coolant @

Coolant

Supply
Tank

Drain

Controller

S W T

PC Data
Acquisition
System

\

Tank Heater



Nu

Nu

30
—— Globe & Dropkin (Mercury) /
25 { | " Rossby (Mercury) //
— —- Threfall (Helium) 4
—-— Heslot et al. (Helium) /
— - Chu & Goldstein //
20 A e  Exp. Data (With Crust) 7
o Exp. Data (Without Crust) /
15 1
10 A
5 .
0 T T T
le+4 le+5 le+6 le+7 le+8
Ra
5.
20
® Natural Convection, With Crust
O  Natural Convection, Without Crust
v Forced Convection, With Crust v
15 A v Forced Convection, Without Crust
— Globe & Dropkin (Mercury)
v
10
5 .
0 T
le+5 le+6 le+8

Ra



20

® Natural, Low AR, With Crust
O Natural, Low AR, Without Crust
v Forced, Low AR, With Crust
15 | VvV  Forced, Low AR, Without Crust
B Natural, High AR, With Crust
O Natural, High AR, Without Crust
| Forced, High AR, With Crust .
| Forced, High AR, Without Crust é‘
g 10 4 | —— Globe & Dropkin, Rossby (Mercury)
5 4
0 T T T
le+4 le+5 le+6 le+7 le+8
Ra
7.
Globe & Dropkin
30 LI I?ter/min : i
* 2 liter/min
Park (1997)
257 (Wood's Metal) )
Nu 20 Glohe & Dropkin (1959) . \ §
| (Mercury) ‘ . - )

106 107 108
Ra



	분과별 논제 및 발표자

