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ABSTRACT

The bottom structure of an instrumented capsule is a part which is joined at the receptacle of the flow tube in the reactor

in-core. A geometrical change of the bottom structure has an effect on the pressure drop and the vibration of the capsule. The

out-pile test to evaluate the structural integrity of the material capsule called 04M-17U was performed by using a single

channel and a half core test loop. From the pressure drop test, the optimized diameter of the cone shape's bottom structure

which satisfies HANARO's flow requirement (19.6 kg/s) is 71 mm. The maximum displacement of the capsule measured at

the half core test loop is lower than 1.0 mm. From the analysis results, it is found that the test hole will not be interfered

with near the flow tubes because its displacement due to the cooling water is very small at 0072 mm. The fundamental

frequency of the capsule under water is 9.64 Hz. It is expected that the resonance between the capsule and the fluid flow due

to the cooling water in HANARO's in-core will not occur, Also, the new bottom structure of a solid cone shape with 71 mm

in diameter will be applicable to the material and special capsules in the future.
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Fig. 2 Shape of the bottom structures

Fig. 3 Sectional view of the new bottom structure installed at
CT test hole
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Table 1. Comparison of the flow rate at the pressure drop of

209 kPa
Bottom 0.D. Flow rate
Case structure (mm) (kg/s) Remark
Dl;umerlny 3-pin arm - 19.60 Standard
) $70 21.10 Unsatisfied
Material | |y el pin| 071 | 1844 | Satisficd
capsule

$72 - 15.85 Satisfied

Flow Rate (kg/s)

*  Dummy fuel
& $70mm ring, Mat'l cap.
¢ §71mm ring, Mat'l cap.
v $72mm ring, Mat'l cap.

0 50 100 150 200 250
Pressure Drop (kPa)

ig. 3 Flow rate of the capsule with the pressure drop
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Table 2. Displacement of the capsule using a half core test loop

Measuring Displacement (mm)
Capsule | point” | Dir. Min. | Max. [p\io Remark
(m) Peak | Peak R
X? |-344712484| -
97M-01K |  2.31 - Ref[1]
vy [.2.755(3.032] -
225 X |-0.18910.143 |0.026| Middie
0aM-17U] Y |-0.862]0.742}0.079|view glass
1.42 X 1-0.117]0.105 |0.023] Bottom
view glass
1) e saFolre] Ag

2) X: 28 3wk Y 28 Do) Az wkgk
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Table 4. Displacement(mm) of the capsule and the test hole

ANSYS | Max. Capsule & |Test hole & | Z=1.42m
Dir. | inputfmm | (Node Test hole | Flow tube | (Node #13)
(Node #11)| #16) [ Node |Disp.} Node |Disp.| FEM | Test
Peak=0.189(0.193 | #4 10.107| #43 |0.016] 0.161 [0.117
X
RMS=0.026{0.027 | #4 |0.015] #43 [0.002| 0.022 [0.023
Peak=0.862 | 0.879 | #4 |0.486] #106 [0.072} 0.732
Y
RMS=0.079]0.081 | #4 1{0.045| #106 {0.007)| 0.067 | -
Allowable displacement|{ - | 7.2 - 0.6 N/A

s N

L imirms ot ere comte moane ) rsgiiem 0 s s o)

(a) X direction (b) Y direction
Fig. 7 Displacement shapes of the capsule
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Table 5. Natural frequencies and modes of the capsule

Mode In air Under water
number | Freq. (Hz)| Mode |Freq. (Hz)| Mode
1 12.68 Y IB 9.64 Y 1B
2 12.94 X IB 9.81 X 1B
3 29.98 Y2B+TIB 2338 |Y2B +TIB
4 35.92 X 2B 24.35 X 2B

Note ; 1) X, Y : Direction
) T: ®23d AR (FY WRAAY 9 78)
3) B : Bending mode

4th mode
Fig. 8 Mode shapes of the capsule under water

3rd mode
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