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1 INTRODUCTION

The wake excitation of tandem or staggered cylisidsuch as cables of cable-stayed
bridge, chimney and so on, is a serious problemnyM&searchers have investigated this
phenomenon to clarify the mechanism of this odaiifa[1-5]. It has been pointed out that the
characteristics of the wake excitation of a tandmmstaggered cylinders depend on the
arrangement of the circular cylinders and Reynaldsber.

To clarify the mechanism of the wake excitations ihecessary to separate the influence of
the arrangement of the circular cylinders, and di&eynolds number from the experimental
results. However, it is difficult to separate thastuences while the circular cylinder was
used as the windward cylinder. Therefore, to redheeeffects of Reynolds number on the
wake excitation, the windward circular cylinder waplaced by a square prism.

In this study, the wake excitation of a circuladimger in the wake of a prism was
investigated by following wind tunnel tests; 1)dreibration tests for 1DOF and 2DOF, 2)
unsteady pressure measurements in forced vibra&)ovisualization tests using a high speed
camera.

2 EXPERIMENTAL CONDITION

All tests were carried out in a wind tunnel teshose test section was 1.0m wide, 1.5m
high and 4m long. Fig.1 shows the arrangementwihdward square cylinder and a leeward
circular cylinder. In the free vibration test, teacular cylinder, whose diamete, and
length, L, were 40 mm and 900 mm respectively, was suppdoed coil springs as
longitudinal 1 DOF, lateral 1 DOF and 2DOF. The thiof the windward square prisid,
was changed from 1I8to 3/4D to investigate the effects of the width of the wak the
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aerodynamic response of the circular cylinder. THagling edge of the upstream prism was
set at the point of 3 or 9/ upstream from the center of the circular cylindére distance
between the centers of the windward prism and ef dincular cylinder normal to flow
direction, e, was changed from O to @5to examine the response of the circular cylinder
under the staggered arrangement.

In the unsteady pressure measurement tests, twartéeircular cylinder, whose diameter,
D, and lengthL, were 70 mm and 900 mm respectively, was vibrétededly by 2DOF
forced oscillator composed of two linear actuatdrsis oscillator can reproduce the time
record of the response measured in the free vilradists. 72 pressure holes, whose diameter
was 1 mm, were installed on the surface of theerespan of the circular cylinder. The
unsteady pressure on the leeward circular cylindas measured in 2DOF, 1DOF for
transverse or longitudinal direction. The measyssgssure was ensemble averaged during
one period. The flows around the model for the sam&ons were also observed by a high-
speed camera.

In this paper, the results for changiatp with the constant/D=1/2 and the constant
c/D=9/4, are shown by the convenience of place.
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Figure 1: Arrangement properties of test model
3 RESULTS AND DISCUSSION

3.1 Effects ofe/D on the response

Fig. 2 shows the effects efD on the response of the leeward circular cylinde2DOF
and transverse 1DOF. The relation between the ¥gland the response amplitude was
changed bye/D. The on-set velocity increased in proportioretd, and prevailing response
direction changed from transverse to longitudinalizrease o&/D. Whene/D was less than
3/5, an unstable limit cycle appeared near theedbrvaocity like a hard flutter. The response
pattern changed from a hard flutter type to a Bofter type with increase aD. In the case
of 1DOF for transverse direction, the response autd increased, and the on-set velocity
decreased in comparison with that in 2DOF.
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Figure 2: Response of leeward circular cylinde2YOF, transverse 1DOE/D=1/2,c/D=9/4)
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3.2 Unsteady pressure distributions

Fig.3 and 4 indicate (a) time-record of displacemén) the ensemble averaged instant
pressure distributiorC,, (c) the fluctuating pressure distributic®y’, (d) the distribution of
transverse work of,’, Wev*, and (e) the transverse work 6f’, W.*, in the cases o&/D=0
and 3/5. In these figure¥pky* and W * are defined as follows.

W= [w @)t = [ W, (B0 dB =[ [-C, (B0 BinFY(OT /Y Bt (1)

where, S is the angle from the upstream stagnation pdinsg the transverse amplitudg,is
the oscillation period. Fig. 3 (b) shows that tlsipve high pressure area moved betwgen
+10 degrees anf= -10 degrees. This means that the leeward ciraylander is outside of
the wake of the windward prism during appearing plositive pressure on the upstream
surface of the circular cylinder. In this case, tireular cylinder goes outside the wake of the
windward prism twice a period. Fig. 3 (c) indicatkat the negative fluctuating pressure area
moved synchronizing with the movement of the cicudylinder. In Fig. 3 (d), the positive
work area aroung= +60~+90 degrees ank-30~-90 degrees existed arourid0~0.3 and
t*=0.5~0.8. Fig. 3(e) indicates that the total pwsitwork was generated by the time lag of
change from the positive work to the negative wamdundt*=0.25~0.3 ort*=0.75~0.8 in Fig.
3(d).

Fig. 4 shows the results in the casee®=3/5. In Fig. 4 (b), the positive high instant
pressure area appeared once a period ar6an®0 ~ +20 degrees. Therefore, the leeward
circular cylinder goes outside the wake of the wiadd prism once a period. Fig. 4 (d)
indicates that the work of_’ was controlled by the work o€, around /~+30 ~ +120
degrees where faces the wake side of the windwasthpln particular, the positive work of
C.’ was generated by keeping the fluctuating presauwend this area positive aftér0.25
in Fig. 4 (c). Therefore, it is clarified that teeurce of the positive work &’ is the time lag
of changing pressure sign when the circular cylirgtes inside the wake of the prism.

3.3 Flow around cylinders

Photo 1 shows the flows #t=0.245 ~ 0.330 in the case efD=0 visualized by smoke
wires and a high speed camera. Photo 1 (a) indidatg the vortexes from the windward
prism streams below the leeward circular cylinder=0.245. After this, the circular cylinder
goes across the wake of the prism. Photo 1 (dyatels that the wake crossing of the circular
cylinder finished at*=0.330. Therefore, the excitation force is genedaby the time lag of
wake crossing of the circular cylinder, and it dasaid that it is important to clarify the
cause of this time lag in order to understand teehlanism of the wake excitation.

4 CONCLUSION

Through the free vibration tests, pressure measmertests, visualization tests, it is
clarified that the time lag of the wake crossingha circular cylinder plays an important role
of the mechanism of the wake excitation.
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Figure 3 Ensemble averaged unsteady pressuresawdik (2DOFd/D=1/2,c/D=9/4,e/D=0, U/fD=145)
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Figure 4 Ensemble averaged unsteady pressuresawdik (2DOFd/D=1/2,¢c/D=9/4,e/D=3/5,U/fD=145)
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Photo 1 Flow between the prism and the circulandgr (2DOFd/D=1/2,¢c/D=9/4,e/D=0, U/fD=145)




