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Vibration of ATR Fuel Rods

Motoaki OKAZAKI and Yasaburc YAMAZAKI

Div. of Reactor Safety, Tokai, JAERI

(Received September 1972)

Fuel rod vibration induced by coolant flow has been
measured for the ATR Second Model Fuel Assembly eduipped with
the ring-type spacers in water and air-water two-phase flows.
Instrumented dummy fuel rods were set at three representative
positions in the array of the fuel assembly. Vibration charact-
eristics were measured by the semi-conductor strain gauges probe
set at midpoints of the spans of 412 mm between the 4th th

and 5
th and 7th spacers taking off

spacer and of 824 mm between the 5
the Gth spacers from the bottom respectively. In the power
spectra of the rod vibration in water flows, main frequency comp-
onents are 28~35Hz and 97.5Hz which are correspond to the natural
frequency of the whole assembly and the span between the spacers
respectively. Power spectra of the frequency become flat with the
increase of void fraction in case of the vibration in two-phase
flow. Amplitﬁde of vibration in two-phase flow was very large
compared with water flow and was almost independent of water flow
rate. The amplitude depends on void fraction, and the maximum is
0.5 mm at 0.5. The amplitude increases approximately proportion-
ally to the square of the ratioc of the span in water flow. While

in two-phase flow, the amplitude increases nearly lineally with . T

£

the ratio of the span. A continuous displacement of the rod neutr- -
al axis induced by fluid flow was very small compared with the
result of the ATR First Model Fuel Assembly equipped with the twist
type spacer. The difference of the results is due to the dissimilar

rod support of the spacers used.

The work performed under contracts between the Power Reactor and
Nuclear Fuel Development Corporation and the JAERIL.

+ 0ffice of Safety and Control, Tokyo, JAERI
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Table 1 Principal Component of Fregueicy
Run water void Component of frequeney
Flow Ratis
No . (Hz)
(trh) (%3

5(a) 28 47 $5

5(b) 60 - 475 1490

5(c) 34 FLD

6(a) 34 975

6{b} 30 | — 475 975

4(c) 275 275

7(=2) : 35 975

7(b) 30 1G5 475 9 7.5

7(c) - Z75 975

8(a) 35

8(o) 30 32 275 - 115
8§(c) 2?5 e——325
11(a) 2{w—a 32

t1{b) 30 51 g Flat =—————= 125
t1(c) 315

14(a) 275 _
14({bv) 40 25 0 Flat - =120
14{¢c) 34

17(2) 18 29
17(0) 40 50 0< w—— Flat ———120
17(c) 30
18(b) ‘ , 325 57.5 135

—_ n
18(c) eoasT 325 1025
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\\D 0.B3x10 14 @
T

¢ :deflection of rod at mid-point
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: ] - 3 T = e————
' _ 24a £
I" :nondimensiocnal vibration parameter :_wWVBL4 SEI
[ :density of water
s velocity of flow(average) in rod bundle

rLength of rod

(rod MAS—%—IC I EAEFHNBEOCETHSS )

B :Youngﬂs modulus of elasticity

I :rectangular moment of ineértia

O 1 nondimensional vibration parameter = pWV“’/pw

1 iscocity of water

w ! (circuliar) frequency o¢f vibration { YMWMiTEEAE
()Paidoussis DEA (7, 8 )
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Water flow rate{t/h)

Fig .20 Predicted displacemsnt of rcd in the experimental
condition by empirical expressions of Burgreen, Paidoussis
and Reavis for water flow rate,
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Fig.2 1 Predicted displacement of rcd by Paidoussis' empirical

expression for two-phasgse and experimental data shown

in ig.1 9.
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vibration amplitude at midspan(corresponds to the maximum
values of nalf tihe peak—-to—peak amplitude)
ﬁﬁm%mﬂygﬁwc&ﬁ%%éﬂf&h@?tﬁ@@%ﬁ&%f,ﬁyﬂ
I AR (s) Appendix [ DEA L § L oo

Diameter of the cylinder

first-mode beam eigenvalue of the cylinder

[ 1,2

j (m-+M)L* 7

@l = {mETI N e
) EI i

L A
circular frequency of oscillation of the c¢ylinder at 26ro
flow ( WERIHPS L b))
mage of the eylinder per unit length
virtual mass of ths flﬁid per unit length_=~%—nD2p
flexural rigidity of the c¢cylinder

dimensionless flow velocity = (MA7EI )L/ZUL

Mass flow rate
pX{ TIow Area)

mean axial velocity U =
equal t¢ LD

Reynolds number=UDy/ v
hydraulic diameter

egqual to M,/ (M~+m)

fluid density p;zapG+-(1-ux)pw

a=void fraction

: for streamlined, quiet flow conditons, K=1, while for

realistic disturbance levels, K=5

() Reavis @%,ﬁiﬁm)

LTt

WVI:

o

=

dLN05

B ypu”
wf],S CUS

WVI=0gd9p7,

raximum displacement 2t midspan (in,)

correlation coefficient shown Fig.3.Ref.td

Dimensionless scale factors for rod diameter
” ” ” " hydraulic diameter
” ” " ” rod length.

rod diameter(in.)

rod iength(in,)

natural freguency of rod ( Hz )

number of rods
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W 1 weight of rods (£b)
¢ : damping factor (og =|/1—(* wpy)
U :' flow velocity (in.~sec)
p : fluid density (£b.secd/in',)
v ¢ kinetic viscosity of fluid (in®./sec)
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