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Dynamic shape factors for branched, chain-like aggregates of LMFBR mixed-oxide fuels have 
been measured with a LAPS spiral-duct centrifuge. The aerosol was generated by repeatedly 
pulsing a focused laser beam onto the surface of a typical LMFBR fuel pellet. The measured 
values of the dynamic shape factor, corrected for slip, vary between K = 3.60 at Dae = 0.5 ~m, 
and K = 2.23 at Dae = 1.5 ~m. 

Reactor-fuel materials could be vaporized 
by the heat produced in a criticality acci
dent. The vapors would condense into small, 
spherical particles which would then coagu
late to form branched, chain-like aggregates. 
An understanding of the aerodynamic behavior 
of these aggregates is important in evalua
ting the hazards due to certain defined 
reactor accidents. 

The aerodynamic diameter, Dae , of aggre
gates can be calculated using the following 
semi-empirical equation: 

where 

P = density of the material 
(p ~ 10.96 g/cm 3 for U0 2 ), 

Po unit density (=1), 

De volume equivalent diameter, 

C(D) Cunningham-Knudsen-Weber slip 
correction factor, 

n = number of pr"imary particles per 
aggregate, 

geometric mean diameter of the 
primary particles, and 

Gg = geometric standard deviation of 
the primary particle size distri
bution. 

The empirical term, which is called the 
dynamic shape factor K, relates the drag on 
a nonspherical particle to the drag on a 
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spherical particle of the same volume. 
Dynamic shape factors for aggregates genera
ted by high-temperature vaporization of LMFBR 
fuel have been measured for five aerodynamic 
sizes. 

Aggregates were generated by pulsing a 
focused CO 2 laser beam on the surface of a 
rotating LMFBR fuel pellet. Each laser 
pulse produced an incandescent vapor plasma, 
which rapidly condensed and coagulated to 
form aggregates. The aerosol passed con
tinuously through a 25-£ stainless steel 
chamber, from which Lovelace Aerosol Particle 
Separator (LAPS) spiral-duct centrifuge 
samples were taken. 

To determine the dynamic shape factor K, 
carbon-coated copper grids were taped to the 
centrifuge foil at distances corresponding 
to Dae = 0.5, 0.6, 0.8, 1.0, and 1.5 ~m, 
respectively, so that the average mass per 
aggregate (m) could be determined. The total 
mass per cm 2 (M) at a certain aerodynamic 
size was determined by counting the Pu-alpha 
activity deposited on a spiral centrifuge 
foil. The number of aggregates per cm2 (N) 
was determined by counting the number of 
aggregates in an area on electron photomicro
graphs. The average mass per aggregate, (m), 
then, is M divided by N. The average number 
of primary particles per aggregate (n) can 
be calculated from the equation: 

m = i pn Dg: exp [4.5 £n 2Gg] . (2) 

The values of Dg and 0g were determined by 
Zeiss analyses of transmission electron 
photomicrographs to be 0.025 ~m and 1.46, 
respectively. 

Figure 33 shows typical LMFBR aggregates 
of four different aerodynamic sizes and 
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'FIGURE 33. Typical LMFBR M ixed-Oxide Fuel Aggregates Generated 
by Laser Vapor ization 

TABLE 34 . Measured Values for the Determination of the Dynamic Shape Factor 
fo r (Pu O.14UO.8&)02.22 Aggregates 

n 
N No. of Primary 

M (No. Of i'i'!' Particles/ De 
(g/cm2) Aggregates/ cm2) (g/aggregate) Aggregate ().JIm) K 

2.95 X 10:-6 3.09 X 105 9.55 X 10-14 560 0.255 3.60 

8.19 X 10,""" 4.95 X 105 1.65 X 10-13 966 0.306 3.48 

2.57 X 10,-7 7.77 X 105 3.31 X 10-13 1938 0.386 3.04 

3.01 X 10~7 5.16 X 105 5.83 X 10-13 3413 0.466 2.78 

9.17 X 10:-7 6.25 X 105 1.47 X 100-12 8606 0.635 2.23 
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spherical polystyrene latex particles of the 
same respective aerodynamic sizes. Values 
of Dae, M, N, m, n, and De are listed in 
Table 34. Equation (1) was used to calculate 
values for K at each aerodynamic diameter. 
Measured dynamic shape factors ranged between 
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K = 3.60 at Dae = 0.5 ~m, and K = 2.23 at 
Dae = 1.5 ~m. These values are in good 
agreement with values measured at Battelle, 
Columbus Laboratories using a modified 
Millikan oil-drop apparatus. 




