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< abstract >

Flow field around tandem circular cylinders

equipped with helical wires

Michio Okamoto
1. Background

The parallel cable of stayed-bridge suffers from a wind induced complex vibration called
wake-galloping. The effective counter measures to suppress this vibration are not developed yet.
The hanger ropes of Akashi Kaikyo Bridge are equipped with the helical for the suppression of the
vibration. However, the helical wire is not used in the case of the cable of stay-bridges. In this
research, the applicability of helical wire, as the new counter measure for the wake-galloping is
studied.

The author reported that the helical wire with the pitch of 9D (D is the diameter of the cylinder)
can suppress self-starting vibration and the vibration with large amplitude after external excitation
when the spacing of two cylinders is 3D and 0° in the phase. Based on the assumption that the
longitudinal flow doesn’t concern the effect of control of vibration, the vibratory response was
examined using the model equipped with the intermissive parallel wire. The result of the test shows
the adverse response to that of the model with helical wire. Tanaka measured lift force on the
leeward cylinder with the helical wire, and reported that a peak of lift appeared at the
dimensionless displacement of 0.75. It is supposed to be caused by the gap flow attack of the
separation flow from the windward cylinder. Furthermore, in a helical wire, he suggests a
hypothesis of causes of the gap flow that the skewed separated flow due to the effect of the
longitudinal flow rushes into the part where a helical wire of the leeward cylinder doesn’t exist.
Therefore, he presumed that a relative position of the wire and the windward and leeward cylinders
interval influence the effect of vibration control.

2. Aim

It aims to measure the flow around tandem circular cylinders and to examine the variation in the
flow field around tandem circular due to phase, and to obtain the new findings that finally will
contribute to the clarification of the control mechanism of the helical wire.

3. Experimental result

To investigate the flow field around tandem circular cylinders, visualization by taft was carried out.
Before visualizing the flow field around tandem circular cylinders, the longitudinal flow and the
flow around the helical wire, were visualized, which was confirmed in the past research. The result
shows the existence of the flow normal to wires, but i1t doesn’t exist on all over the helical wires. The
flow normal to wires exists in part of the helical wires and the flow parallel to wires occur in other
part of wires.

The visualization of the flow direction in horizontal plane reveals that the reverse flow was
observed just after the windward wires if the wires are located near the separation point of

windward cylinder.



Otherwise, the flow has the same direction as the approaching flow. In addition, the skewed flow
was not observed. The longitudinal flow caused by helical wire is small. Therefore, the flow
visualization in the normal plane to cylinder axis has superiority to understand the flow field
around the cylinders with helical wires. Then the visualization of the flow in the normal plane
measurement wind direction and wind speed using by hot film anemometer are conducted.

The result of the flow visualizing and measurement of wind direction and wind speed reveal that
the flow rolling between cylinders by helical wire exists at the dimensionless displacement of 0.
This maybe the cause of the reverse flow observed in horizontal plane. The rolling flow maybe
caused the wire set near separation point on windward cylinder. The rolling down flow due to the

separation from the wire on windward cylinder and the rolling up flow due to the wire on leeward
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Figure.1 Result of experiment of wind
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direction and wind speed

Photo.1 Result of visualization Phase0°

Dimensionless displacement 0 Figure.2 Image of wind flow

From the result of the wind flow visualizing and measurement of wind direction and wind speed
at the dimensionless displacement of 0.75, it is confirmed the existence of the gap flow, which was
reported in measurement of lift force. Therefore, it is transpired that occurrence of the gap flow in a
certain amount of relative displacement cylinders with helical wire as well as with no wire. It is
understood that this line of the gap flow is not skew flow presumed in the past research. Because ,

observed flow is similar to the gap flow of the pipe with no wire.

4. Conclusion

O The longitudinal flow generate in part of wire on the windward cylinder, it is small influence
the flow field around tandem circular cylinders.

O The flow field around tandem circular cylinders is large influenced on the normal flow to
cylinder axis.

O The rolling down flow due to the separation from the wire on windward cylinder and the rolling
up flow due to the wire on leeward cylinder influence to control of the wake galloping.

O The flow field is different by position of wire when cylinder with helical wire.

O The gap flow generate in a certain amount of relative displacement cylinders with helical wire

as well as with no wire.



