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Abstract

Thermal conductivity of Al-36 vol% U3Si2 fuel meat in Al/Al-36 vol% U3Si2/Al plate fuel was
calculated from ambient to 450°C from the estimation of thermal diffusivity by laser flash method,
specific heat from literature and density. Thermal conductivity varied from 0.35 W/cm.K to 0.47
W/cm.K in this temperature range.

Introduction

Aluminium clad Al-36 Vol% U3Si2 dispersion type fuel is a candidate fuel for water cooled
research reactor and is being developed at BARC, India for the proposed 5-10 Mwt reactor. The fuel is
being designed to operate without any fission gas release. Thermal conductivity being one of the most
important property for prediction of fuel performance, has been derived from ambient to 450 °C from the
experimentally measured thermal diffusivity by the laser flash method, literature value of specific heat
and density. The fuel meat of Al+U3Si2 is being fabricated by hot rolling between two Aluminium plates
which is likely to introduce structural changes in the fuel meat. This may cause changes in the ultimate
thermal properties of the fuel.

Material

U3Si2 dispersoids have been prepared by vacuum induction melting taking stoichiometric
amounts of uranium and silicon. The Al-36 Vol% U3Si2 dispersed fuel meat was prepared by powder
metallurgicl route in the form of billet. The fuel meat (billet) was subsequently cladded with Al-Mg alloy
by picture frame technique. The details of the fabrication flowsheet developed at BARC, India is given
elsewherefl]. The plate assembly so obtained has satisfactory bonding between the meat and the clad
and had a bulk density of about 88% TD. Fig. 1 shows the photomicrograph of the final product.

For measurement of thermal diffusivity of the fuel meat, the sample in the shape of circular disk
of diameter 10mm and thickness 1.7mm consisting of 3 layers i.e. Al/Al-36 vol% U3Si2/Al was made by
machining the fuel plate. Subsequently one of the Aluminium cladding layer of the circular disk was
ground off to make the actual sample which has the final dimensions of 10mm in diameter and thickness
1.2mm. Another sample of Aluminium alloy of diameter 10mm and thickness 1.7mm was also prepared
by machining from an Aluminium plate.

Measurement

Thermal conductivity of the rolled fuel was estimated from the time-temperature response data
of a two layered composite consisting of Al and Al-36 vol% U3Si2 using the approach of Hubert[2].

Measurement of the thermal diffusivity was carried out by laser flash method in two steps :

i) Obtaining the time temperature response of the two layer composite by the laser flash
method at different temperature interval.
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ii) Ascertaining the most suitable values of thermal diffusivity and conductivity of the fuel
meat at each temperature by iterating solving the Hubert's model for different values of
the thermal diffusivity and conductivity of Al-36 vol% U3Si2 layer.
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Fig. 1. Photomicrograph of Al-36 vol% U3Si2 fuels:
a) Fuel meat with cladding
b) Fuel meat
c) Fuel meat at a section perpendicular to b)

Thermal diffusivity and conductivity can be expressed by the following relations :

a(cm2/s) = 0.1309 + 1.5197 x 10'5 x T - 6.9558 x 10'8 x T2 - 1.4461 x l O ' V

k(W/mk) = 0.3259 + 4.3025 x 104T + 6.2735 x l O V - 1.8642 x lO^T3

The specific heat data used for thermal conductivity calculation are given below :

Cp(J/gm°C) = 0.892 + 0.00046 x T - Wu(0.749 + 0.00038 x T)

where Wu is w% uranium.

The thermal conductivity of the Al-36 vol% U3Si2 composite was also calculated from the
specific heat and thermal conductivity data of Al-U3Si2 using Bragmen method by assuming the
disperoids as spherical in shape and are randomly distributed. Thermal conductivity so calculated was
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found to be 0.66w/cm.K which is higher than that obtained in this study. The lower thermal conductivity
of Al-36 vol% U3Si2 obtained in this study may be attributed to the presence of porosity and structural
changes entailing hot rolling. The thermal conductivity estimated by the present method more precisely
describes the actual thermal characteristics of the fuel meat and should be more reliable for predicting
inpile formation. It is seen that the design of the plate fuel is such that all the fission gases are retained
in the fuel meat. The 10-12% porosity existing in the fuel meat contained the fission gases. However the
thermal conductivity vs. temperature plot [Fig. 2] shows there is a slight positive deviation with
temperature which saturates at around 35O°C which has also been reported by Saito et al[4]. In the
absence of post irradiation data it is presumed that this increase in conductivity will not cause any
appreciable rise in temperature as it will be transmitted through highly conducting Aluminium in the
matrix alloy and aluminium cladding material.
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Fig. 2. Thermal conductivity of Al-36 vol% U3Si2 as a function of temperature in the rolled condition.
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