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Fluid Induced Vibration Analysis of A Mounting Rail of Fuel Assembly Duct
Considering Freeplay Nonlinearities
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Abstract
A qualitative analysis for the fluid induced vibration of a mounting rail in the fuel assembly duct for liquid metal reactors
with freeplay nonlinearities is performed by using 2D typical section analogy. Fluid mechanical loads are computed by quasi-
steady hydraulic theory under the assumption of inviscid and irrotational flow. The concerned freeplay nonlinearities exist at
the pitching degree of freedom of the 2D typical section and the contact point with the fuel rod. The freeplay nonlinearity
makes limit cycle oscillations in a large region under the linear stability bound and thus has a undesirable effect on the system
stability when the inertia and stiffness effects of the fuel rod are neglected. It is observed that the freeplay nonlinearity has a

favorable effect to enlarge the stable region when the inertia and stiffness effects of fuel rod are considered.
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Fig. 1 Geometry of fuel assembly duct Fig. 2 Geometry of typical section hydrofoil
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ratio( s, =5.0x107).
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F : Divergent Flutter

L : LCO(Limit Cycle Oscillation)

e : Convergent stable motion

Table. 2 Parametric map of typical section model with the effects of the fuel

when m, =1.0x107 K, =1.0x10°,5, =5.0x107,5,=0.0 .

Parametric map of typical section model without the effect of the fuel rod for fluid speed vs initial condition

rod for fluid speed vs initial condition ratio
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Table. 3 Parametric map of typical section model with the effects of the fuel

when m, =1.0x10%,K, =1.0x10%,5, = 0.0,s, =5.0x10°.

rod for fluid speed vs initial condition ratio
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Fig. 3 Conceptual diagram of freeplay nonlinearity. Fig. 4 V-g plot for mounting rail without the effect of fuel pin.
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Fig. 5 Time response and phase diagram of 2D nonlinear model ( «, /s, =1.0, U, =5.0 m/sec ),
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Fig. 6 Linear stability boundary with effect of fuel pin.
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Fig. 7 Time response at s, = 0.005rad, &, /s, =1.0, m, = 0.0lkg, K, =100,000N /m,and U =10 m/sec .
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Fig. 8 Time response at s, =5.0x 10°m, hy /s, =1.0, m, =0.0lkg, K, =100,000N /m,andU_ =10 m/sec .
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