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Fluid Forces Applied to Cylindrical Pendulum

Masahiro IWANAGA and Yoichi YAMAGISHI

Abstract

Fluid forces applied to the solid body under non-steady motion are interesting, which are
related to the curving motion of an automobile and a baseball.

Then we suspended circular cylinders by threads, and studied the free motion of them in water
by means of picture processing to obtain the drag and the added mass applied to them. The
experimental conditions were as follows. We used iron circlular cylinders of diameter 20 mm, the
aspect ratios of which were 2.5, 5, 10. And the length of thread was changed from 2.5 to 10 times

as long as the diameter of cylinder.

As a result, the drag coefficient became larger and the added mass coefficient became smaller
than the conventional values of those coefficients in the case of linear motion, as the length of

thread decreased.
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Fig. 1. Experimental apparatus.
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Fig. 2. Pendulum of circular cylinder.
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Table 1. Formula of torque and moment of inertia.

a circular cylinder a thread
Moment of inertia (L2 act/2)M. (I*/3+al/4)M.,
Moment of interia for added mass Maa+ 1,? or:d*/3
Torque for gravitational acceleration —Mc-g-sin -1, —M:-g-sinf-1/2

Torque for buoyancy

prergesin 0+

ot gesin -1/2

Torque for drag
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Radius of circuler cylinder.

Radius of thread.

Drag coefficient of circuler cylinder.
Drag coefficient of thread
Gravitational acceleration.

Length of thread.

Distance between the fulcrum and the center gravity of circuler cylinder.

Added mass of circular cylinder.
Mass of circular cylinder.

Mass of thread.

Projected area of circular cylinder.
Projected area of thread.

Density of water.

Volume of circular cylinder.
Volume of thread.
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Table 2. Conventional values of drag coefficient
and added mass coefficient of circular

cylinder.
CDc Mad/pz'c
0.95~1.2 1.0
600< Re<2x10°

(M (134 a2 2)+2M(1*/3+ai/4)
+ Maa+ I3+207.0%/ 3} 0
=—{(Mc—pre) h+(M:—pre)- 1} g+ sin @
—{(CDCSCPI]S/2)+(CDtStp13/4)}'g | 6|
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Fig.3. The method to decide the coefficients of
drag and added mass.
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Fig. 4. Changes of swining angle of pendulum and
Reynolds number with time
(Aspect ratio=10, /,/ D=4.25)
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Fig.5. Relation between the drag coefficient and
the length of thread.
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Fig. 6. Relation between the coefficient of added
mass and the length of thread.
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