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The purpose of this paper is to show the benefit of such evaluations.

It also presents a sensitivity study versus the major parameters influencing heat
transfers, such as pressure, temperature and emissivity.

The heat released by the spent fuel to be transported, or dry stored, tends to
increase for two major reasons: the need to empty overcrowded storage pools and
the higher burn-up. Higher burn-up also tends to generate higher pressure in the rod
plenum, and therefore tends to limit the maximum acceptable temperature of the
fuel.

For wet transport, the pressure required to prevent boiling rises sharply with the
maximum rod temperature.

The maximum temperature of the fuel in the cask is thus becoming a concern that
may influence their capacity. An improved evaluation of the internal heat transfers
may thus have a positive impact on the cost of transport and dry storage.

Modern CFD (Computational Fluid Dynamics) softwares are excellent instruments to
obtain such evaluations.

Fluent, which is used for the calculations reported here, is one of them. It enables
simulating steady or transient flows, either laminar or turbulent, under forced or free
convection conditions. It can also take into account radiative heat transfer.

This very versatile tool nevertheless requires intensively trained users and careful
validation.

Prior to applying Fluent to actual engineering problems, the conduction, convection
and radiation models have been benchmarked versus simple, representative cases,
for which the solution was known, e.g. the calculation of heat transfer around a
horizontal cylinder or between two horizontal concentric cylinders (including all three
heat transfer modes : radiative, conductive and convective).

After successfully passing these tests, the software could be used to solve heat
transfer problems in the central cross section of a cask in transport conditions, kept
horizontally. This was done using a refined 2D model.
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A first approach on a single assembly showed how difficult it is to assess relevant
boundary conditions at the periphery of the assembly. It was then decided to model
the whole cask, to avoid having to introduce arbitrary assumptions.

In this instance, symmetry actually allowed reducing the modelling of the basket to
just one half, without sacrificing accuracy.

Fig. 1 presents an example of the geometry of an assembly and the typical
temperature distribution in it.

For dry casks, radiation is usually considered as responsible for most of the heat
transfer inside the cavity.

Free convection of the gas is usually neglected in the thermal analysis, simply
because it is difficult to evaluate. The conservatism of this approach is shown to be
significant, especially if pressurized helium is used as filling gas.

For wet casks, water totally prevents radiative transfers.
Water as such is a poor heat conductor but, as soon as convection occurs, it
becomes a tremendous heat transfer material, due to its high specific heat and its
density.

Neglecting free convection in this instance is shown to be exceedingly penalizing, for
instance if pressurization must prevent the boiling of water.

Fig.l Cross-section of a PWR (15x15) assembly
A typical temperature distribution for given boundary conditions.
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