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Summary 

The Dispersion Analysis Research Tool, DART ( 1), contains models for fission-gas 
induced fuel swelling, interaction of fuel with the matrix aluminum, for the resultant 
reaction-product swelling, and for the calculation of the stress gradient within the fuel 
particle. The effects of an aluminide shell on fuel particle swelling are evaluated. 
Validation of the model is demonstrated by a comparison of DART calculations of fuel 
swelling of U3SiAl-AI and U3Siz-AI for various dispersion fuel element designs with the 
data. 

Figure 1 shows DART results compared with data for fuel swelling of U3SiAl-Al in plate, 
tube, and rod configurations [2] as a function of fission density. The plate and tube calculations 
were performed at a constant fuel temperature of 373 K, and 5 18 K, respectively. An irradiation 
temperature of 5 18 K results in a calculated aluminide layer thickness for the Russian tube that is 
in the center of the measured range (1 6 pm) [3]. The rod calculations were performed with a 
temperature gradient across the rod characterized by surface and central temperatures of 373 K 
and 423 K, respectively. The effective yield stress of irradiated AI matrix material and the 
aluminide was determined by comparing the results of DART calculations with postirradiation 
immersion volume measurement of U3SiAI plates (shown by the closed circles in Fig. 1). These 
values for the effective yield stress were then used in all subsequent simulations. 

The lower calculated fuel swelling in the rod-type element is due to an assumed biaxial 
stress state as compared with an assumed uniaxial stress state for the plate and thin-walled tube 
geometry. Fuel swelling in plates results in plate thickness increase only, while plate width and 
length remain virtually unchanged. Likewise, in tubes, only the wall thickness increases and the 
overall diameter remains unchanged. Irradiation experiments have shown that plate-type 
dispersion fuel elements can develop blisters or pillows at high 235U burnup when fuel 
compounds exhibiting breakaway swelling, such as U3SiA1 and &Si, are used at moderate-to- 
high fuel volume fractions. The U3SiAl plate data shown in Fig. 1 exhibits this behavior at 
fission densities above about -5 x m-3. 
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Fig. 1 DART results for swelling of U3SiAl-Al in plate, tube, and rod configurations as a 
function of fission density compared with data 

The formation of the aluminide reaction-product layer results in decreased fuel-particle 
swelling rates due to increased stresses provided by the “stronger” aluminide shell. The 
calculated swelling of the Russian tube “looks” like the calculated rod swelling due to additional 
restraint provided by an increased reaction-layer thickness resulting from the irradiation at a 
substantially higher temperature than the plate irradiations. Again, the fuel rods exhibit lower 
values of swelling than the plates because of the greater restraint imposed by the rod 
configuration. 

Results of DART calculations for low-enriched (LEU) U3SiZ-Al fuel plates as a function 
of fission density are compared with irradiation data in Fig. 2. 
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Fig. 2 DART-calculated results for fuel particle swelling of low-enriched U3Si2-M fuel plates 
and rods as a function of fission density 

The calculated values shown in Fig. 2 indicate that irradiation-induced recrystallization 
occurred at -3.5 x m-3. After recrystallization occurs, the gas-atom diffusion to the grain 
boundaries, bubble nucleation, and accelerated growth (relative to that of bubbles in the bulk 
material) result in an increased swelling rate, as shown in Fig. 2. Again, the fuel rods exhibit lower 
values of swelling than the plates because of the greater restraint imposed by the rod configuration. 

The DART-calculated interaction layer thickness and fuel swelling for the U3Si-AI 
plates, rods, and tubes, and for the U3Si2-AI plates and rods follow the trends of the observations 
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