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Thermal-Hydraulic Aspects of Changing the Nuclear Fuel-Cladding 
Materials from Zircaloy to Silicon Carbides

The accident in Fukushima has drastically shown the drawbacks of Zir-
caloy claddings despite their beneficial properties in normal use. The ef-
fect of the lack of cooling and the production of hydrogen would not have 
been so strong if the fuel cladding had not consisted of a zirconium (or 
metal) alloy. International activities have been started to search for an al-
ternative to Zircaloy, however, still on a limited basis. A project sponsored 
by Swissnuclear has been conducted at Paul Scherrer Institute (PSI) with 
the aim to close the gap in knowledge on application of silicon carbides 
(SiC) as potential replacement for Zircaloys as material for nuclear fuel 

cladding. The work was interdisciplinary, result of collaboration between different laboratories at PSI, 
and has focused on SiC cladding material properties, implication of its usage on neutronics and on ther-
mal-hydraulics. This paper summarizes thermal-hydraulic aspects of changing Zircaloy for SiC as the 
cladding material. The change of cladding material inevitably changes the surface properties thus making 
a significant impact on boiling curve, and critical heat flux (CHF). Low chemical reactivity of SiC means 
fewer particles in the flow (less crud), which leads to fewer failures, but also decreases the CHF. Due to 
differences in physical properties between SiC and Zircaloys, higher brittleness of SiC in particular, might 
have impact on fuel-rod assembly design, which has direct influence on flow patterns and heat transfer in 
the fuel assembly. Higher melting (i.e. decomposition) point for SiC means that severe accident manage-
ment guidelines (SAMG) should have to be re-assessed. Not only would the core degrade later than in the 
case of conventional fuels, but the production of hydrogen would be quite different as well. All these is-
sues are explored in this work in two steps; first the SiC properties which may have influence on thermal-
hydraulics are outlined, then each thermal-hydraulic issues is explained from fundamental point of view, 
to prove why SiC as the material influences it. Finally, proposed research direction for further studies on 
thermal-hydraulic considerations of SiC material for cladding are outlined.
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