
French Experimental Facilities for
Measurements of Transverse Flows and

Assessment of the Corresponding Risk of
Vibrations in Heterogeneous Cores

Authors : E. LE BORGNE - A. MATTEI (CEA/DRN/DEC)

Y. OCERAIES - P. FARDEAU (CEA/DRN/DEC)

Due to insertion of a limited number of new assemblies at each cycle, the

cores in Pressurized Water Reactors are not homogeneous. Referring only to the

impact on coolant flow, these differences can range from variable hydraulic

resistances in the assembly, which depend on the geometric changes occurring during

preceding cycles, to coexistence of assemblies with new design structures. Deviations

in resistance between neighboring fuel assemblies causes the flow rates to be

distributed differently between the assembly rods. This results in development of

transverse flows from the main axial flow, and changes in the axial velocity gradients.

These particularities of coolant flow have an effect on both vibration levels and

cooling of the fuel rods, and also on the axial forces exerted on the assemblies in the

core cavity.

Since 1985, French Atomic Energy Commission (CEA) has gradually

acquired experimental and measuring facilities that have allowed it to engage in

research and development programs in these areas, in cooperation with industry

partners in the nuclear field. Two complementary test loops have been constructed,

called ARIANE and HERMES T.

The first loop operates under ambient pressure and temperature conditions.

The test section of this facility can simultaneously accommodate two 8x8 PWR

assembly models two meters high. The rods, made of zircaloy, have an outside

diameter of 9.5 mm and are filled with lead pellets. The maximum axial flow

delivered by the pump is 260 m3/h, generating velocities of 6 m/s in the assembly.

The second loop, HERMEST, has variable operating conditions: the

coolant temperature is between 60 and 17O0C, with pressure between 0.5 and 3 MPa.

The duplex assembly test section can accommodate either two 12-foot assemblies, or

two 14-foot assemblies. A control rod assembly and the complete control line can be

installed on one of the two assemblies for step by step movements or to simulate

control rod drops. The geometry of the lower core support plate and the core cover

plate is identical to French PWRs, but can be modified upon request. The primary

pump of this facility delivers a flow rate of 1200 m3/h under a 200 m water head.



These very detailed characteristics of coolant flow can then be used as data

for core lhermohydraulics calculations, as well as for vibrations calculations used to

assess the mechanical resistance and the wear of the fuel rods. The results of these

vibration calculations can be compared to those of vibration measurements performed

on rods under the same flow conditions in these facilities.

Low-power laser vibrometers record the displacement of reflecting targets

fixed to the surface of the rods presenting the highest vibration level. This technique

can be used to measure all the rods located between the front face of the test section

and the center of the 17x17 assembly. Changes in the vibratory response of these rods

can be followed in terms of the frequency and amplitude of vibration, as a function of

the flow rates or movements of the control rod assemblies. The limit situations to be

taken imo account are thus clearly identified and contribute predominantly to

assessment of compatibility of the neighboring assemblies.

toy! 2

top! I

Vibration spectral density Differential vibrometer

In cases involving the study of the wear kinetics of the rods and their

supports, especially after irradiation has relaxed the hold-down springs in the grid

cells, vibration measurements are performed sear these grids. This is done using a

differential vibrometer that provides information instantly on the relative movement

between the grid and the rods. Then, using time-frequency type signal processing

methods, such as Morlet wavelets or the Wigner-Ville transform, it is possible to

determine whether the rod vibrates continuously on its supports, or whether contact is

intermittent and at what rate of occurrence impacts are produced on the supports.
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These test sections have been designed to allow the use of non-disturbing optical

measuring techniques for observable phenomena. A laser velocimeter with a power of

5 W simultaneously measures two instantaneous components of the coolant local

velocity. These measurements are processed to determine: the mean values of the two

velocity components in orthogonal directions, their turbulence fluctuations, and also

their spectral content. Penetration of light rays between the rods depends on their

focal power, i.e. on the type of lens used. Lenses with a long focal distance (600 mm)

can be used for observations to a depth of up to 20 mm, in rows of 17x17 assemblies

that have no guide tubes or at the interface between two assemblies. The disadvantage

of a small angle between the light beams is that the measurement volume takes on a

very long shape, reaching 25 mm on its longest side. Lenses with short focal

distances (160 mm) cannot reach beyond the fourth row of rods, but the longest side

of the measurement volume is close to a millimeter.

Measurmetit volume shape
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The test section bodies on these facilities are built from a stainless steel U

shape with inside dimensions of 102 x 204 x 2000 mm for ARIANE and

215 x 430 x 5000 mm for HERMES T. The fourth face of the test section is a ribbed

metal frame bolted onto the U, and which supports a long plexiglass window,

providing excellent visibility of the assemblies under flow. During hot testing on the

HERMES T loop, the front face is replaced by a metal cover equipped with 9 turning

cylinders, 360 mm in diameter, in which 185 mm diameter glass windows are fitted.

Visibility is close to that offered by the plexiglass windows during cold tests.
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Both the ARIANE and HERMES T facilities are also used to study rod

behavior in earthquake conditions in the presence of flow1. In this case only one

assembly is used, which is centered in the test section, with the lower core support

plate and the core cover plate modified appropriately. Bowing of the assembly is

obtained by pulling laterally at one of the middle grids levels, and sudden release of

this load generates a damped oscillating movement that is recorded using

optoelectronic sensors. Appropriate measurement processing reveals the laws of

fluctuation in structural damping as a function of the assembly flow rate. By replacing

the release mechanism with an electrodynamic exciter or a dual-action hydraulic

cylinder, the middle part of the assembly is subjected to a sine-wave motion at

controlled frequencies. This allows determination of the structural damping of each

natural mode of the assembly, damping fluctuation in each mode being then studied as

a function of flow rate. It is also possible to envisage exciting the assembly using the

same mechanism, in modes representative of earthquakes, and causing the RCC

shutdown assembly to fall in order to observe its kinetics.

Use of these experimental facilities allows to obtain complete and detailed

information on the hydraulic and vibratory phenomena specific to heterogeneous

cores. In particular it is possible to establish a direct assessment of the actual

compatibility between two different assemblies. By making a few specific changes,

these facilities can also be used as a unique tool for assembly behaviour studies under

seismic conditions with simulation of the flow effects. Also, a source of information

in thus made available for qualification of computation codes for vibratory mechanics

and multidimensional fluid mechanics under development at CEA and also used in the

field of nuclear fuel.
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