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Fluid-induced Rotordynamic Forces Acting on Conical Shroud in Whirling Motion
Based on the Simplest Bulk-Flow Model”

Yoshiki YOSHIDA™

Abstract

Fluid-induced rotordynamic forces produced by the fluid in the leakage passage surrounding
the shroud of a pump are known to contribute substantially to the potential excitation forces acting
on the rotor. In this article, rotordynamic forces acting on a conical shroud are calculated based on
the simplest bulk-flow model. Semi-analytical solutions are presented under a few simplifying
assumptions as follows, (1) unsteady wall shear stress is neglected, (2) no leakage flow, and (3)
steady tangential velocity is forced vortex distribution. The results can simulate, however, fairly
well with the previous experimental results qualitatively. It has worth to elucidate the fundamental
mechanism of rotordynamic forces acting on a conical shroud.
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Fig.1 Conical geometry
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Fig.2 Whirling conical model
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Fig. 3 Schematic of fluid-induced forces acting on whirling rotor
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Table 1 Comparison of calculation conditions

Cal. condition Case 1 Case 2 Case 3 Case 4
Swirl ratio (w*/w) 0.0 0.5 0.0 0.5
Drag coefficient (K ,/r ,) 0.0 0.0 0.13 0.13

note) A,=0.0 in all conditions
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Fig.4 Rotor Force Test Facility at Caltech from [10]
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Fig. 5 Comparison of calculation results at various conditions
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Rotordynamic force coefficients as function of the leakage flow coefficient

¢p=U,/r,0 for experimental tests with the conical (O) and contoured
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