Abstract

Wake Galloping of Tandem Circular Cylinders and Unsteady Pressure

YAGI Satoru

The experimental study on the wake galloping of tandem circular cylinders is reported in this paper.
The free vibration test was conducted, in which only the leeward cylinder is supported elastically. Both
steady and unsteady pressure measurements were also carried out.

The free vibration test reveals that the response of the leeward cylinder is influenced significantly by
the spacing of two cylinders. In the case of narrow spacing (2D), two or three stable responsive amplitude
are observed at the same wind speed, where D is the diameter of cylinder. On the other hand, in the case
of wide spacing (3D, 4D), the response is typical soft type galloping. The amplitudes increase with the
wind speed monotonously.

The steady lift force is obtained, integrating the measured pressure. When the leeward cylinder is
displaced upward, the downward lift is generated. In the case of 4D spacing, the lift increases
monotonously with the displacement. The distribution of surface pressure suggests that this lift force is
caused by the pressure gradient in the wake region of the windward cylinder. In the case of small spacing
(2D, 3D), in addition to the lift force caused by the wake, the sharp peaks are observed in the
lift-displacement curve. These peaks are considered to be generated by the flow switching from the outer
flow to the gap flow.

From the unsteady pressure, the aerodynamic damping is calculated. Concerning with some responses,
the change of the sign in aerodynamic damping agrees well with the amplitude obtained from the free
vibration test. However, it is also found that there are other stable responses which occur without the
change in the sign of the aerodynamic damping. In other words, these vibrations cannot be translated by
the traditional self excited vibration theory.

Thus, the new formulation of aerodynamic lift is attempted. Since the formulation is nonlinear, the
response is affected by the initial conditions. However, the numerical results show that the stable limit
cycle occurs under some initial condition, even if the damping is positive. Therefore, it can be said that
there is a possibility of self excited vibration without negative aerodynamic damping.
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