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1. INTRODUCTIOM

The behaviour of 2 PWR reacior core under the effect of a horizonial earthquake is evaluated by
Fuel Assembly (F/A) row models /1/. The results obtained, mainly the maximum compression force
undergone by the spacer grids, are greatly dependent on the damping input inio the F/A model,

The standard damping values are deduced from full-scale F/A tesis, out of core, in air or in still
waier, The mosi significant values are obviously the in-water values, higher than in air, bui no
allowsnce is made for reactor ¢oolant axial flow, which is also likely (0 increase damping. This
phcnomenon i primarily recognized for isolaied tubes /2/, where the damping values are much
lower than for F/A’s (about 1 % of critical value as against 10 %). The aim of ihe study presented
hereunder is o evaluate the relaiive importance of axial flow-induced damping on a F/A mock-up
placed in a special-purpose flow channel ; the tests are performed in air, then in water ai flowrates
increasing up o a value comparable with that of the primary coolant at full reactor power.

Z, MEASUREMENT PRINCIPLE

The mechanical properiies of the tesied assembly (natural frequency - damping) are deduced from
its behaviour during a "snap-back” test : after a horizontal tension at a middle grid location, the F/A
is released and damping is determined from the free lateral oscillations. Such a method yields a
reduced value which is relative to the first mode, predominant in this vesponse as well a5 in that io
seismic loads.

These tests are conducted in several confinements, in air, in siill waier, in Jowing water and for
several initial displacement amplitudes.

SMIRT 11 Transactions Vol. C (August 1991) Tokyo, Japan, € 1291
— 139 —



3. DESCRIPTION OF TEST FACILITY

3.1, Loop

The loop features :

- an underwater pump maximum capacity 270 m*/h for operation under 2 pressure head of
47 meters,

- a control valve and a by pass valve,

- an eleciromagnetic flowmeter,

- a water supply pit of about 20 m®,

The pit temperatuie is regulated by confinuous waier drainage and refilling.

3.2, Tesi seciion

The test section is made of stainless sieel. The 30 mm thick plexiglass front face, mounted inside
g frame, is removable.

The confinemenis, varying with the required test configurations, take the form of P.V.C. plaies
which can be screwed into the tesi seciion, Note that this confinement variation is limited io that
in F/A movement direction (section 4).

3.3. Assembly

The mock-up consists of a § X § assembly 1.9 m in heighi, equipped with 5 Zircaloy grids. The
assembly contains 60 rods and 4 guide thimbles ; despite its reduced size, the mock-up retains the
overall structure of a PWR Fuel Assembly, particularly regarding the pitch, diameter and mechanical
propeities of the rods (Zircaloy cladding filled with pelleis of a density equivalent 1o that of UQ,).

3.4, Asgsembly iension - release mechanism

The clamp iransmiiiing the tensile force to the assernbly is mounted around the 3rd spacer grid, at
an clevation of 881 mm. It is welded arpund the grid such that there is no gap between it and the
grid.

The trigger is connected to a iension sysiem consisting of a screw providing a trigger forward and
backward movement of about 13 mm.

A lever integral with the irigger tilts the latier, allowing hook-up and release of the assembly.

3.5, Measurement devices

Assembly displacement is measured through the plexiglass front face by means of a monitering
camera. For these tests, the measurement range is 24 mm with an accuracy of 2.4 pm,



4. TEST PARAMETERS : CONFINEMENT, AMPLITUDES AND WATER
FLOWRATE

The various assembly tesi confinemenis are as follows :

b o 4. ¢ =4 mm (all tests)
ql/fj/ : Confinemeni 1: a=13mm b=5mm
— 7 ¢ Confinement 2 : a2 =13 mm b= 13 mm
| 7 7
assembly /] o / o Confinement 3: a =35 mm b= mm
A Lt V7 ;‘;Gtensi@n
( 1 &

plexiglass face

For each of these confinements, tesic were performed at variable amplitude (indtial displacement)
up to 12 mimn :

- in air,
- in water at zero flow,
- in water for several fixed flowrates, corresponding io axial velocities up io 4.53 m/s.

5. DAMPING CALCULATION METHOD

The reduced damping value § is calculated by the logarithmic decrement method, ie. from the
equation :

@ = L Ln By
JI-p2 2=®k By

where A; and Ay, are the values either of two maximum values or two minimum values in the
displacement free oscillations, with a time inierval of k pseudo-periods.

Since relatively large damping values are obiained in this siudy, the uswal explicit formula

where [32 is neglected may lead to errors which are not completely negligible ; for the same reason,

the two first periods only can be used for damping determination.

Two different determinations have been performed, both on 2 single period :

- By between the initial displacement considered as positive, and the first maximum value (first
period),

- B, berween the first and second minimum vatues (first "free” period),

ag displayed on the following figure.
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As damping is amplimde dependent, B, represents the daraping value corresponding the closest 1o
ihe initial displacement, which is taken as the reference amplitude (x- value in damping vs.
amplitnde diagrams), but it is dependent on uncertainties related o the drop conditions. f,, which
is ofien used in core seismic analysis, is free from such unceriainiies, yet this damping value is not
associated with the reference initial amplitude, more pariicularly when damping becomes large.
Therefore results provided by both deierminations are presenied.

. TEST RESULTS

6.1 Firsi natural frequency

Figure 1 displays typical feaiures of FfA frequencies, alse observed in full-scale tests : 2 frequency
decrease when amplitude increases, because of rad slippage in grid cells (non-linear behavieur), and
a decrease for in-water tesis with respect 1o in-air iests, due to the added mass effect. Influence of
axial flow and of confinement is negligible.

0.2. Damping variaiion with test conditions {determinaiion of &)

Al [, values are presented on figure 2. As with frequency decrease, the damping increase with
increasing amplitude resulis from rod slippage in grid cells and it reaches a maximum value for
large amplimdes. The variation is quite similar to that obtained for full-scale T/A tesis,

Dzmping is found to be larger in still water than in air, yet this increase is munch smaller than the
dramatic one cbserved under axial flow : for a2 10 mm amplitude, B, in air is about 18 % of critical
damping value, 25 % in still waier, ie. + 30 % mwlative increase, and 45 % of critical damping
value at maximum velocity, i.e. + 80 % relative increase with respect to still waier conditions. The
effect of axial flow is therefore largely predominant.

The influcnce of confinement in the movement divection is found to be small.
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6.3 Comparison beiween B, and 3, determinations

Figure 3 displays similar variations of 3, and [, with amplitude and axial flow, which confirms the
resnlis presented in section 6.2. Vet B, is always smaller than [, because of the smaller amplimdes
during the period used for deiermination. Then the difference between B, and 3, logically increases
with damping, and the strong influence of axial flow would be actually minimized by considering
B, only.

7. CONCLUSLIONS

The existence of a large damping increase under axial flow is clearly demonstrated by test resulis,
Therefore this phenomenon concems not only isolated tubes, but also rod bundles with multiple
support such as fuel assemblies, and it may represent a large conservatism margin when not allowed
for in their modelling.

Test resulis elso demonsirate thai ihe moclc-up behavicur is represeniative of that of a full-scale
assembly, and that acial confinement conditions are not of much concem since their influence
remains small. However, applying iest results under axial flow to a core medel can be envisaged
cnly with caution, since no clear physical interpretation of this phenomenon has been found (at least
for such large damping values). Further siudies will comprise a complementary experimental
program, in order (0 specify the physical namre and the application range of this effect, and o
provide hints for a theoretical interpretation.
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