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Heat Transfer Analysis around Transport Cask
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Abstract

In case that the maximum temperature of any surface readily accessible during transport of a spent nuclear fuel
(SNF) transport cask exceeds 85°C in the absence of insolation under the ambient temperature of 38°C, personnel
barriers or transport hood shall be used to prevent people from casual contact with the transport cask surface.
Usually the air temperature within the hood and the hood surface temperature are calculated and further utilized as
boundary conditions(free stream temperature and external radiation temperature) for thermal evaluation under
normal conditions of transport. In this study, these temperatures are derived using the analytical method based on
the heat transfer mechanism around the transport cask under transport hood assuming the thermal equilibrium. By
comparing the analytical solutions with the results from the detailed calculations with CFD-computer-code FLUENT
12.1 it is verified that the analytical method is still efficient tool to estimate the temperatures and these temperatures

can be further used as boundary conditions for thermal evaluation under normal conditions of transport.
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Fig. 1. Geometry and Configuration of Transport Hood for the Spent

Nuclear Fuel Transport Cask.
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Fig. 2. Heat Transfer Modes and Characteristics around Spent
Nuclear Fuel Transport Cask under Transport Hood.
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Table 1. Constants for Isothermal Surfaces Related to Equation (8).

Geometry C m

Cask Surface 0.125 1/3

Inner Horizontal Surface of Transport Hood 0.27 1/4
Inner Vertical Surface of Transport Hood 0.1 1/3
Outer Horizontal Surface of Transport Hood 0.15 1/3
Outer Vertical Surface of Transport Hood 0.1 1/3
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Inputs Values
Table 2. Air Properties within Transport Hood. Decay Heat (kW] 16.72
Temperature Thermal Conductivity Viscosity Prandi] Numb Insolation on Horizontal Surface [W/m] 800
randtl Number
K] [W/mK] [m?/s] Insolation on Vertical Surface [W/m] 200
300 0.025956 0.0000156 0.7146 Emissivity of Transport Cask Surface 0.8
320 0.027531 0.0000177 0.7106 Emissivity of Transport Hood Surface 1.0
340 0.029106 0.0000197 0.7066 Absorptivity of Transport Hood Surface 1.0
360 0.030681 0.0000218 0.7026 Form Factor 0.5
380 0.032256 0.0000238 0.6986 Drag Coefficient 4.0
400 0.033831 0.0000258 0.6946 Ambient Temperature [C] 38
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Table 4. Heat Fluxes, Air Velocity and Temperatures Calculated with
Analytical Method.

Heat Fluxes [kW]
- Heat Transfer Rate from Transport Cask Surface
- Convective Heat Transfer Rate 9.624
- Radiation Heat Transfer Rate 7.096
- Heat Transfer Rate from Transport Hood Surface
- Convective Heat Transfer Rate (Inside) 6.674
- Convective Heat Transfer Rate (Outside) 7.636
- Radiation Heat Transfer Rate 12,901
- Heat Removal by Air Flow 16.298
Air Velocity [m/s]
- Velocity at Outlet Vent 0.37
Temperature [C]
- Transport Cask Surface 95.3
- Transport Hood Surface 67.9
- Air Outlet Vent 454
- Internal Air(Average) 448
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Table 5. Comparison of Temperatures and Velocity Calculated
with Analytical Method and CFD.

Location Analytical Method CFD
Transport Cask Surface Temperature $B3TC 918 ¢C
Transport Hood Surface Temperature 679C 66.3 T
Transport Hood Outlet Vent Temperature 454 T 41.8C
Internal Air Average Temperature 44.8 T 432C
Internal Air Average Velocity 0.37 m/s 0.47 m/s
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Fig. 3. Temperature Distribution from CFD Results.
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