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- Flow Induced Vibration of a Deformed Fuel Pin Bundle (2)

Effect of Porosity/Ring on Pin Vibration

Akira OHTSUBO* Sadayoshi ABE*
and Tatsuro IGUCHI***

Abstract

The flow induced vibration of a fuel pin bundle is considered to be

one of the major‘factors causing wear marks observed on "JOYO" MK-I fuel
claddings; This enperiment nas performed by using a fuel pin bundle
having porosity/ring of twice as large as that of 'JOYO" MK?i fuel
assembly, in order to study the effect of porosity/ring on the flow in-
duced vibration of pins. ‘

The following was clerified from the comparison between the results
of this experiment and the previous one *** using the test bundle of
porosity/ring equal to that of "Joyo" MK—I.fuel assembly.

'Any significant fuel pin yibration was‘not observed in the‘deformed

bundle test in which the deformed pins were lined up on the outermost row

simulating thermal bowing of the fuel assembly irradiated in reactor,
because the restrain effect of the deformed peripheral pins was larger
than that of porosity/ring. The similar result had been obtained in

the previous experiment.

In the test of normal bundle without any deformed pin, the fuel pin :

vibration was much larger in this experiment than the previous one.
This experimental result showed that the effect of porosity/ring on the

vibration was significant in the normal bundle.

* Reactor Engineering Section, FBR Safety Engineering Division,
O-arai Engineering Center, PNC’ :
*% Reactor Technology Section, Experimental Fast Reactor Division
‘*%%  Present, Toshiba Nuclear Technology Laboratory
*%%% PNC Report PNC‘SN941 83-47
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Table 2-1 Specifications of "JOYO" MK-I

‘and Test Fuel Assembly

Tube

vAssembly |
Item ‘ - "JoYo" MK-I Present Test

‘Length‘of Fuel Assemﬁly‘ - 2,970mm do.
Length of Fuel Pin 1,910mm do.
Number of Fuel Pins 91 do.
Fuel Pin Arrangement Pitch 7.6mm do.
Diameter of Fuel Pin - 6. 3mm do.
Diameter of Spacer Wire ‘1.2mm 131mm
Spiral Wire Pitch 266mm do.
P/D Ratio 1,206 ‘do.
H/D Ratio 42,2 do.
Inner Flat to Flat

" Distance of Wrapper 74, 7mm do.

Flow Area of Bundle

1.888x10 3m?

1.905%10~3m?

Hydraulic Diameter of
Bundle

3.146x10~3pm

3.213x10-3m

| 1.048mm

Bundle Clearance 2,11mm
Porosity/Ring »0.175mm 0.35mm
Mean Flow Velocity in 4.7m/sec 4.4 ~ 7.3m/sec

Bundle
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4.4m/sec ' 48°C  Pin No. 5161

(bundle (water temperature)
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flow

velocity) @®— Start

I 0.071mm : 4— End
X ~®. Pin No. 5161
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! by S 5 ;
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\\ H | .
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)
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=S
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Fig. 4-1 Vector Plots at Top of Fuel Pin in Normal Bundle
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o Pin No.5100
@ Pin No.5110
® Pin No.5170

«— Movement per 0.005 sec

®—Start
4—End
5.8m/sec
(bundle
average flow |
velocity) ,
45°C  Pin No.5170 | Pin No.5110

(water temperature)

- SE ‘ szﬁaT<——J' 1 5
S \TLI I ‘ K
| ‘ | ] | | 0.081
mm
0.081 ‘ ‘
mm : ' ‘
‘Several movements in the above |
"O" were omitted in order to
avoid complication of this figure. ‘
Pin No.5100
—
. o A
7.3m/sec 45°C Pin No.5110
\
&5*r>,//ﬂ I ‘ - \ T Q
[ > [ [P » O
) W oS

-
—-’

0.081
mm

0.083

Fig. 4f2 Vector Pibts at Top of Fuel Pin in Half Deformed Bundle
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® Pin No.5134
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<— Movement per 0.005 sec

4. bm/sec ‘
(bundle average flow velocity)

: o— Start
45°C  Pin No.5134 <« End
(water temperature)

-
0.071mm
.

5.8m/sec  45°C Pin No.5114

, —
., RSB - < g
. o e o
S i I O
0.083 | | - 0.083
mm : : mm
7.3m/sec  45°C Pin No.5114
; - T ‘
I 1, = ) 8
) 12 ‘ :
ﬁ[—— 3 o o

Fig. 4-3 Vector Plots at Top of Fuel Pin in Deformed Bundle
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Detecting
' ‘Pin

X - Direction (parallel with A-faée).
Temperature of Fluid : 45°C

- Position of Detector : Transverse Section
: - £ in Fig. 2&4 ‘

14x10"°2
4.4m/sec 7
(bundle ™ -
average _ & i
flow velocity) 80 _
3 4
o 1 ) 1] L]
5 £ [Hz] | 25
45x1073% _
l":l‘ ‘ .
5.8m/sec S; ’
C i
| LM
O ) ) K ) ) )
5 £ [Hz] 25
|200x107° |
7.3m/sec %; ] _ . :
80 . : ‘ ‘ :
] N ..I A E.?Q’v,.\..,,.wl. WM
0 - ‘ T L T
"5 f [Hz] ‘ ' ‘ 25

- Fig. 4-4 Auﬁoxspectra of Fuel Pin Acceleratibn in Normal Bundle
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X-Direction’(ﬁafallel with A-face),

Temperature of Fluid

45°C

Position of Detector : Transverse Section £

Detecting pin

Deformed pin

in Fig. 2-4
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7%x10
Om/séc _
(bundle |N‘
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flow o0
velocity) 3
0
23
7x10
4.4m/sec N
Iz
~3
X
3
0 - T
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o
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‘ > | |
5 £ [Hz] - 25
3
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| | R
° W»WWMW\&NMM
0 T :
£ [Hz] 25
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':Fig, 445 “Auto Spectra of Fuel Pin Acceleration in Deformed Bundle
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X-Direction (paraliel with A—fac‘ev)
Temperature of Fluid : 45°C

o023
4.5x10
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(bundle : ]
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flow AN
valocity) D
)
0
6x10
g
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‘ 3
B
0
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6 - MUWM
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-3
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7.3m/sec 2 1
d -
0 T — Y T
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| . "Fig." :4—6 " Auto TS‘péctréi of Wrapper Tube Acéeleration (Deformed Bundle)




PNC-TN941 84-69

Y-Direction (vertical to A-face),
Temperature of Fluid : 50°C

Position of Detector : Top of Pin

Detecting
Pin

Deformed Pin

5x10™°
Om/sec .
(bundle ey
average 4
flow =
velocity) > i
0 , . ’
5 f [Hz] 25
6x10 3 -
=
> i
4.4m/sec b0
5 i
O L] ] i
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7x107°
5.8m/sec e ]
C] J
0 3 " F [Hz] 23
205103
7.3m/sec N
E J
d -
0 T T T
5 f [Hz] 25

Fig. 4-7 Auto Spectra of Fuel Pin Acceleration in Half Deformed Bundle
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Y-Direction (Vertiéal to A-face),
Temperatufe of Fluid : 50°C

, _3
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(bundle
average
flow
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zj
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o

4,4m/sec

o
(8}
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-~
=
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—
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(9]
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o

-3
14x10

z]

7.3m/sec
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TV L S W ST
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o

Fig. 4-8  Auto Spectra of‘Wrapper Tube Acceleration (Half Deformed Bundle)
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X-Direction (parallel with A~face),
Temperature of Fluid : 45°C

Position of Detector : Transverse Section f in Fig. 2-4

Displacement

o Fuel pin
um . ‘
X  Wrapper tube
100

0r

ox -

f . X x |
1 ‘1 L I 1 1 1 1 L 1

0 5 , 10m/sec Velocity

‘Fig. 4-9 Summation of RMS‘Displacemeht (5~25Hz) versus Bundle
‘ Average Flow Velocity (Normal Bundle) ‘
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X~Direction (parallel with A-face)
Temperature of Fluid : 45°C

Position of Detector : Transverse Section f in Fig. 2-4

Displacement

Hm
= 0 Fuel pin

- x Wrapper tube

30T

? ‘5 & X |
0 ‘l | 1 | 1 | 1 Il ,' .l

0 . : 5 ‘ 10m/sec Velocity

Fig. 4-10 ‘Summation of RMS Displacement (5~25Hz) versus
‘ Bundle Average Flow Velocity (Deformed Bundle)
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Y-Direct:ion (vertical to A-face),
Temperature o‘f‘ Fluid : 50°C
Position of Detector : Top of Pin .

Displacement
Hm
0 Fuel pin
100 + :
X Wrapper tube
o
50 |-
X o ‘
‘ T; ‘ , <>§ X X ‘ .
0 L | 1 i 1 | 1 1 ] L | :
0 : 5 ‘ 10m/sec - Velocity

Fig. 4~11 Summation of RMS Displacement (5~25Hz) versus Bundle
Average Flow Velocj.ty (Half Deformed Bundle)
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Fig.‘ﬁ—lz Auto Spectra of Préssure Fluctuation dn‘Fuei Pin (Normal Bundle) .
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Fig. A-1
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Bundle Average

Flow Velocity

Representative Movement Pattern-

1 ' II B 8

7.5
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(m/sec) -

a |
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A | 4|

Fig. A-2 Vector Plots ét the Fuel Pin Top of Normal Bundle

Location of bbserved Pin

~ ® -—- gtart Point
~ A =~~~ End Point
g -== 0.12 mm

4t -=-= 0.05 sec
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. Bundle Average
"] Flow Velocity

- Representative Movement Pattern

1 11 7 m

>

A
7.5 ¥
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o
Y
6 - |
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4.5 ‘ .
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Fig. A-3  Vector Plots at the Fuel Pin Top of Deformed Bundle

Location of Observed Pin -

'@ --—- Start Point

A --- End Point

p—Aa --- 0.09 mm

4t ——- 0.05 sec
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M
[Temp. of Fluid

ea. Directioﬁ S X

s 50°C

» Transverse Section : f]

V = 4.5 m/sec

~10.000

(7

13.3Hz

V = 6.0 m/sec .

0.0

15.6Hz

Fig. A~4

Auto Spectra of Center Region Fuel Pin
- 'Acceleration in Normal Bundle.
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