The flow-induced in-line vibration of circular
cylindrical structures
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Abstract The flow-induced in-line oscillation of some cantilevered circular cylinders
and cantilevered tapered cylinders were experimentally studied through free-oscillation tests in
a water tunnel. The response displacement amplitude of the cylinder tip was measured at
reduced velocity from 1.0 to 4.0. Each cantilevered cylinder was supported by a plate spring
mounted on the water tunnel wall. The cylinder aspect ratio was varied from 5 to 21 to
investigate the effect of aspect ratio on the response displacement. It is found that cylinders
with aspect ratios of 5 and 10 have one excitation region, while cylinders with aspect ratios of
14 and 21 have two excitation regions. The aspect ratio, therefore, affects the amplitude of
the excitation regions. The influence of end-effect was also investigated using cylinders with
an end plate attached to the free end. Since the cylinders with an end plate show two
excitation regions, even at an aspect ratio of 5, the flow around the free end of a cantilevered
cylinder causes the end-effect. The cylinder taper ratio was varied from 0% to 10% to
investigate the effect of taper ratio on the response displacement. It is found that cylinders
with taper ratios of 2.5% to 10% have two excitation regions, while cylinders with taper ratios
of 0 and 1% have one excitation region. The taper ratio, therefore, affects the amplitude of
the second excitation region. The maximum amplitude of each excitation region decreases in
proportion to Cn.  There is no vibration at Cn > 2.5 with cylinders and tapered cylinders, the
suppressing criterion for in-line oscillation is ¥# <3.3 and Cn>2.5. There is no vibration at
Vr < 1.0 with cylinders and tapered cylinders, if the reference‘diameter of tapered cylinder D,
iS dpit (Amax - dmin) / 3, the avoiding criterion for in-line oscillation is V7 < 1.0 . These
criteria of JSME standard “Guideline for Evaluation of Flow-Induced Vibration of a
Cylindrical Structure in a Pipe,” JSME S012-1998 are, therefore, valid for the cantilevered

cylinders and cantilevered tapered cylinders.
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