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Fluid Forces Applied to Pendulum of Elliptic Cylinder

Masahiro IWANAGA and Yoichi YAMAGISHI

Abstract

As well known, the added mass of circular cylinder is calculated by the potential theory, and
the flow pattern of the potential theory is different from the real flow pattern. But the result of
added mass by the potential theory is coincide with the experimental result. We want to know
whether they agree even in the case of more complicated shapes of bodies.

As the first step to know this, we suspended an elliptic cylinder by columns, and studied the
free motion of them in water, changing the attack angle. The change of angle of columns was
measured with the non-contact type encorder. To obtain the drag coefficient and the added mass
coefficient, we simulated the motion of the pendulum by a computer for various values of them and
we chose the values which made the most fitted simulation result to the experimental result.

The experimental conditions were as follows. We used the brass elliptic cylinder of minor
axis 20 mm, major axis 30 mm, length 290 mm and we made experiments changing the attack angle
of elliptic cylinder.

As a result, the experimental value of the added mass coefficient and the theoretical value

showed similar tendencies in relation to the attack angle of elliptic cylinder.
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Fig. 1. Experimental Apparatus.
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Table1l. Formula of torque and moment of inertia.

a elliptic cylinder a column

Moment of inertia Me(A*+ B?)/ 4+ ML I, %1

g"gé%‘gd"é;g‘gma Maaae + Lk Cui+p-8+W-(L3—Ls)/3

Torague

1orqu

force

by gravitational

— M egL ggsin G —Mglgsin 0

Torque

by buoyancy onABL gL ge sin 0 Fi- Ly %2

Torque

by drag —(Coe/2)0!616 + SeLes® —Cp:801016 - (L*—Lx*)/8

A:
B:
Coe :
Co:i :
Cui:
Fe i
g:
Ii:
Le:
LEg:
Lr:
Lg:
Li:
Ly:
Me :
M;::
Maaak :

W:
d:
o:
6:

Length of major axis of the elliptic cylinder.

Length of minor axis of the elliptic cylinder.

Drag coefficient of the elliptic cylinder.

Drag coefficient of the column.

Added mass coefficient of the colums.

Buoyancy of the colums.

Acceleration of gravity.

Moment of inertia of the column.

Length of the elliptic cylinder.

Distance between the fulcrum and the center gravity of elliptic cylinder.
Distance between the fulcrum and the center buoyancy of column.
Distance between the fulcrum and the center gravity of column.
Distance between the fulcrum and the tip of column.

Distance between the fulcrum and the water surface.

Mass of the elliptic cylinder.

Mass of the column.

Added mass of the elliptic cylinder.

. Maximum projectjed area of the elliptic cylinder (A X Lg).

Width of the column.
Thickness of the column.
Density of water.
Angular velocity.

%1 As the shape of the column is complex, we calculated its moment of inertia by the
method of integration with a computer.

%2 As the torque by buoyancy changes in relation to the angle of the column, we
calculated the value of it every step with a computer.
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(d) Z-plane (Flow around moving elliptic cylinder
with attack angle)

Fig.4. Conformal mapping of the &-plane on the
Z-plane.
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Fig. 6. Relation between drag coefficient and attack angle.
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Fig.7. Relation between added mass coefficient and attack angle.
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