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Abstract

Visualization and measurement of multiphase flow phenomena require both high spatial and high temporal resolutions.
An innovative neutron imaging technique using a multi-slit collimator was developed to achieve both high spatial and
high temporal resolutions. The multi-slit collimator was tested using TNRF in JRR-3. The obtained images were analyzed,
and an improvement of spatial resolution with minimum loss of neutrons was observed. Some partial defects on the images
can be found, which are attributed to the geometrical relationship among the multi-slit collimator, specimens, and the
detector. A correction method for the defects in the images should be considered. A nitrogen-liquid metal two-phase flow
of lead-bismuth eutectic in a U-shaped pipe was observed by the developed high-speed dynamic neutron imaging.
Experimental results showed that the effect of liquid flow on void fraction distribution, comparing with that of two-phase

flow in a pool experiment.
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(a) Overview of Multi-
slit collimator
Figure 1 Schematic of Multi-slit collimator
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Sample

L= 400 - 600 mm

il

Neutron facility: TNRF JRR3 in JAEA
Neutron flux: 1.0-10° n/cm?s
Beam size: 255 (H) - 305 (V)

L/D: ~185 (H), ~154 (V)

Camera: iKon-L936 (Andor) 2048 - 2048 pixels,
Lens: 105mm (F2.8)+PK12
Scintillator: ZnS/SLiF(SCINTACOR, 200m)

Dark box

Distance between sample and screen: 150mm
Distance between multi-slit and screen: 400~600mm

Figure 2 Setup of Multi-slit collimator
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Table 1 Specifications of TNRF in JRR-31
Neutron flux 1.5X 108 n/cm’®s

Beam size 255 (W)X 305 (H)
185 (Horizontal)

154 (Vertical)
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Figure 3 Neutron images with/without Multi-slit
collimator. (a) Non-collimated, (b) With Multi-slit
collimator, (c) and (¢) Magnified image of (a), (d) and
(f) Magnified image of (b)
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Figure 4 Schematic of experimental apparatus for the
present liquid metal bubbling experiment
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Figure 5 Transmission images of pipes with/without
liquid metal
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Figure 6 Void fraction image at jo = 28.5 cm/s and
volumetric mean void fraction with superficial gas
velocity
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