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Design Modification of the Test Section and Pipe Supports in the
FIV Test Loop
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Abstract

The performance test of the spacer grids developed will be carried out with the
5x5 partial fuel assembly for the Flow-Induced Vibration(FIV) and pressure-drop test.
As a preliminary step for the tests, the vibration characteristics of the FIV test loop
is investigated by the Finite Element(FE) analysis and the modal test. About 30
eigenmodes of the test loop is identified in the interesting frequency range of 20 Hz
to 60 Hz. By modifying support conditions for the test section and pipe, eigenmodes
of the loop can be changed into desired value. A clamp tool and fixtures for the
support rods of the test section are installed in the middle of the their span. A
welded connection and a "U” restrainer are added at the down-stream of a restoring
pipe and a upper part of the bypass line, respectively.
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(a) Test Section Assembly, Test Section and its Support Rods



(d) Tank and its Support Structure



(d) Pump and Piping Lines
Fig 2. Shortcut of the Test Loop
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Table 1 FE Analysis Results of the Test Loop
Mode Na(t.ngq. Mode Na(tﬁgeq. Mode Nafﬁgeq‘ Mode Na(tﬁgeq.

1 20.0 11 274 21 56.3 31 66.7

2 20.3 12 31.9 22 56.3 32 66.8

3 20.3 13 34.4 23 56.3 33 68.9

4 20.4 14 36.5 24 56.5 34 70.9

5 20.4 15 37.4 25 56.5 35 1.7

6 20.4 16 40.4 26 56.6 36 73.1

7 20.4 17 40.7 27 56.6 37 785

8 20.4 18 41.8 28 57.1 38 82.6

9 22.5 19 51.5 29 59.0 39 34.6

10 26.0 20 55.0 30 64.2 40 87.0




Table 2 Results of the Partial Test Model

Natural frequency(Hz) Natural frequency(Hz)
Mode Mode
w/o Water w/ Water w/o Water w/ Water
1 19.38/19.4°/19.6" 18.64 6 49.37/49.37/40.4" 4852
2 21.54/25.67/25.1" 20.92 7 52.42/59.3%/45.7" 50.85
3 28.39/27.17/27.4 25.84 8 57.80/ - /59.8" 55.52
4 35.54/34.57/30.6" 33.99 9 59.78/ + / - 57.08
5 47.44/479"/35.5" 46.88 10

(* : Restoring Pipe Test Model,

+ : 3" Bypass Pipe Test Model)

Xt

(b) 5th and 7th Mode




(e) 15th and 17th Mode

Fig 3. FE Analysis Mode Shapes
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(a) Ist and 2nd Mode of the Main Pipe

(b) 3rd and 4th Modes of the Main Pipe

(c) 1st and 2ndMode Shape of the 6 ” Pipe Downstream Model
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(d) 3rd and 4th Mode Shape of the 6 ” Pipe Downstream Model

(e) 1st and 2nd Mode Shape of the 3 ” Pipe Upper Part Model
Fig 4. Test Mode Shapes
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Fig. 5 FE Model for the Clamped and Free Rod
Table 3 Mode Comparisons between Rod Free and Clamped Model
Free Rod Clamped Rod
Mode Nat. frequency Remark Mode Nat. frequency Remark
(Hz) (Hz)
1~8 ) 200 ~ 204 Kod 1~3 | 224,264,275 | 6" pipe
o1l 1224, 260, 2741 6 " pipe 4~6 | 318 342, 344 | Test section
12~13 319, 344 Test Section T ,o.
14 65 6" bi 7 36.5 6 " pipe
' PIPe 8, 10 40.4, 41.8 Coupled
15 374 Backup Support .o
9, 12 40.7. 56.3 5" pipe
16, 18 404, 41.8 Coupled )
o 11 46.5 Test section
17 40.7 57 pipe 13 56.7 4" pipe
19,201 515, 550 Rod 14, 16 | 584~652 Coupled
21, 22 6.3 Rod 17 66.5 Rod
24~27 56.5, 56.6 Rod ’ yo
"o 18 66.8 5" pipe
23 56.3 57 pipe 19 677 Rod
28 57.1 Coupled '
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Fig. 6 Rod Clamper and Fixtures Assembly

Frequency response function
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(a) FRF and Phase Angle Change of the Free Rod
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Frequency response function
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(b) FRF and Phase Angle Change of the Partially Clamped Rod

Frequency response function
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(c) FRF and Phase Angle Change of the Fully Clamped Rod

Fig. 7 The Effects of Clamp Condition for the Support Rod
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(a) U Restrainer (b) Welded Connection

Fig. 8 Mode Shape of the Constrained Restoring Pipe Model
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Table 4 Natural Frequency of the Test Loop

Clamped rods U restre'liner.in a Welded cor%necti.on U restrainel.r in a
restoring line in a restoring line bypass line

Mode Natu;EIIZ)Freq. Mode Natug:lllz)Freq. Mode NatuZEIIZ)Freq. Mode Natu:EIlZ)Freq.
1 22.4 1 23.1 1 25.4 1 31.6
2 26.0 2 275 2 31.8 2 34.2
3 275 3 31.8 3 34.2 3 34.6
4 31.8 4 34.2 4 34.6 4 36.5
5 34.2 5 34.6 5 36.3 5 39.7
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Fig. 9 Mode Shape of the Constrained Bypass Pipe Model
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