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ABSTRACT

Bubbles are generated by the boiling of the cooling water when an accident occurs in the reactor and then in
order to measure the void fraction, the Optical Fiber Probe(OFP) and optical camera are used in thermal hydraulic
safety research. However, such an optical method is not suitable for measuring the void fraction in a 17 x 17
array of fuel rods due to the geometrical limitations. This study was conducted as a preliminary study using x-ray
system and various phantoms before applying to rod bundles. Through radiographic and tomographic experiments,
the tube voltage of the x-ray generator was 130 kVp and the tube current was 1 mA. In addition, it is possible
to measure the hole of Imm in size visually through the bubble resolution phantom, and it is confirmed that the
contrast is relatively decreased in the inside of the freon in the case of the contrast evaluation using the road
phantom. However, we could obtain good image without distortion when reconstructing the image. Bubble
generation phantom experiments were used to confirm the flow direction of the bubbles and to acquire
tomography images. The image J tool was used to measure the void fraction of 18 % for a single tomography
image. This study has carried out previous researches for the measurement of the bubble rate around the nuclear
fuel and could be used as a basic research for continuous research.
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Table 1. Specifications of CMOS Detector, CR Film and
experiment conditions.

Device Specification

Activel Area : 116 x 146 mm’
Pixel Size : 49.5 pum
(4x4 Binning Mode : 198 pm)
Scintillator : CsI:TI
14-bit Digital Output
X-ray Energy Range : 40 — 90 kVp

CMOS Detector

Active Area : 180 x 240 mm?

CR Film Pixel Size : 6.7 pixels/mm
8-bit Digital Output
Source to Detector
Distance (SDD) 100 em
Source to Object
Distance (SOD) 50 em
Magnification (M) 2
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Table 2. Size and specification of phantoms in
experiments.

Phantom Size and Specification

Case | 220.15 mm x 116.15 mm X 70 mm

Casell 64.05 mm x 64.05 mm x 70 mm
Bubble Resolution Size 56 mm x 56 mm x 70 mm

Phantom

Hole Diameter 1, 2, 3, 4, 6, 10 mm

Circular 10 mm x 100 mm
Rod Phantom
Rectangular 10 mm x 10 mm x 100 mm
Size 70 mm x 70 mm % 150 mm
Bubble Generation Rod 940 mm x 150 mm
Phantom No. of Hole 31

Size of Hole 1.5 mm
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(a) Case | with rod
phantom

(b) Casell with bubble
resolution phantom

(d) Bubble generation
phantom

(c) Casell with rod
phantom

Fig. 1. Case and Phantom.
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. Results and Discussion
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Fig. 2. Radiography image with rod phantom using
CMOS detector set by 3Hz.

Fig. 3. Radiography image with rod phantom using
CR film.
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Fig. 5. Intensity according to X-tube voltage.
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Table 3. CNR value in radiography image at 130kVp.

4 row 3 row 2 row 1 row Freon

Mean 192.2 186.8 183.4 174.5 172.3

Std - - - - 3.19

CNR 6.25 4.55 3.46 0.7 -

(a) OCTOPUS - FBP (b) MATLAB - SART

Fig. 6. Reconstruction image with void resolution
phantom.
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(b) MATLAB

Fig. 7. Reconstruction image with SART in freon.
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Table 4. CNR with void resolution phantom

Freon Zone OCTOPUS MATLAB
FBP 2.445 0.661
SART - 8.47
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Table 5. CNR with rod phantom

Air Zone OCTOPUS MATLAB
FBP 4.74 3.96
SART 5.12 13.68

Freon Zone OCTOPUS MATLAB
FBP 1.73 2.95
SART 1.37 13.89
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(a) Radiography image of 1frame

(b) Radiography image of 20frame
Fig. 8. Radiography image of Iframe and 20frame.
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Fig. 9. Line profile at yellow line of Fig. 8.

(a) Sectional view of the bubble phantom
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(b) Tomography at the yellow line of image (a)

(c) Sectional view of the bubble phantom

(d) Tomography at the yellow line of image (c)

Fig. 10. Tomography of generating bubble phantom.

Iv. CONCLUSION
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