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Abstract

Considering a fluid flow in narrow cooling channels, the significant loads caused by the fluid flow can be

divided into static and dynamic loads. The only significant static load is the pressure difference between

adjacent channels due to different boundary conditions of the channels. In the fuel element of the new

research reactor Munich II (FRM-II) the pressure difference is evoked by the variation of the channel width,

as a result of manufacturing tolerances. For the determination of the pressure differences a computer code

has been developed, which calculates the pressure in parallel channels, whereby the interaction between the

plate deflection and the fluid flow can be considered (fluid structure interaction). The results of the

computation show lower pressure values in narrow channels than in wider ones. In case of the consideration

of fluid structure interaction the pressure differences are lower than in the case of a rigid structure.

The significant dynamic loads are caused by vortex shedding. The vortex shedding can appear at a deflected

leading edge of a plate due to the flow separation, where the deflection bases on the pressure difference

between the adjacent channels. Futhermore vortex shedding occur at the end of a plate (Kármán vortex

street). If the frequency at which the vortices come off is close to the plates natural vibration frequency,

resonance effects are possible. This resonance effects may endanger the fatigue strength of the plates, the

surrounding structure and the connection between both. In opposite to the vortex shedding, the loads due to

the turbulence of the flow inside the channels can be neglected.

A finite element analysis has been performed in order to determine the deformations of the leading edge of

the FRM-II fuel element plates caused by a static load. Due to the annular spacers the plates are stabilized,

so the pressure differences evoke merely small deformations of the leading edges. Futhermore the edges of

the plates are chamfered, so that the flow separation can be excluded.

For the investigation of the vortex shedding at the ends of the FRM-II fuel element plates the vortex shedding

frequency has been calculated using the Strouhal-Number, which depends on the flow velocity, and the

natural frequencies of the fuel plates by means of a finite element analysis. Conformity of the frequencies

exists at flow velocities, that occur between the normal operation of the reactor and the operation of the

decay heat removal system. This result has been validated by vibration measurements during transient

pump operation, which have been performed for the qualification of the FRM-II fuel element at the Ruhr-

University Bochum. At the calculated velocities the measurements show a higher vibration level, which is still

less than the vibration level at normal operation and therefore does not endanger the integrity of the FRM-II

fuel element.
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