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Measurement of Void Fraction Distribution in a Sphere-Packed Bed Using X-Ray Imaging
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In the safety study on a sodium-cooled fast reactor, it is assumed that the high-

temperature fuel debris are formed because of a core disruptive accident. During the cooling of the
fuel debris, gas-liquid two-phase flow can be generated in the debris due to the coolant boiling. To
improve the prediction accuracy of the flow characteristics, detailed measurement of the gas-liquid
two-phase flow in the debris bed is required. In this study, gas-liquid two-phase flow in a quasi-
two-dimensional sphere-packed bed, which simulates the debris bed, is visualized by using X-ray
imaging. The experimental results show that the local void fraction increases near the splitting
section in the packed bed and decreases near the coalescence section.
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Fig. 1 Schematic of test section.
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Fig. 2 Experimental set up.
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Fig. 5 Flow channels and flow unit structure.
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Fig. 6 Porosity distribution in flow unit structure.
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Fig. 7 Transmission image obtained by X-ray
imaging (d = 10mm).
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Fig. 8 Local void fraction distribution in the
channel unit structure (d =5 mm).
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Fig. 9 Local void fraction distribution in the
channel unit structure (¢ = 10 mm).
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Fig. 11 Time averaged gas thickness profile
(d =10 mm).
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Nomenclature

d : particle diameter [mm]
G : gray level [-]

I : X-ray intensity [-]

j : superficial velocity [m/s]
t : thickness [mm]
X : distance in X-ray direction [em]
Greek letters

a : void fraction [-]

£ : porosity [-]

u : linear attenuation coefficient [em™]
Subscripts

0 : incident

2 : two-phase flow

ave  :volume average

d : dark current

G : gas phase

i : pixel position in horizontal direction

J : pixel position in vertical direction

L : liquid phase

max :maximum

P : flow path
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