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AERODYNAMIC OSCILLATION OF BLUFF BODY

By Masaru MaTsuMoTo, Naruhito SHIRAISHI, Hiromichi SHIRATO,
Yoshiaki MAsHIMO, Masayuki YUKAWA, Shigeto HIRAL

Synopsis

In this study, the effects of turbulence on galloping were investigted from the frequency
effect of turbulence point of view. Two 2-D rectangular cylinders with slenderness ratios 1 (B/
D=1, B: chord length, D: height of section) and 2 (B/D=2) were used and the steady lift force
and an aerodynamic response were measured in grid-turbulent flow and a pulsating sinusoidal
flow. As a result, it is sujested that the higher frequency fluctuating components of turbulence
intensifies the entrainment effect of separated shear layer around the body, and the comparatively
low frequency fluctuating components of turbulence which is correspponeding to “shear layer in-
stability enhancement frequency region” which would generate a vortices on a body side surface
which sometimes interact with Karman vortices, have few significant effect on steady lift force

and galloping response.
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Fig.1. Unsteady pressure characteristics on the side surface of
bodies in pulsating flow.
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Table. 1. Characteristics of tur-
bulent flow (4 m/sec)

TURBLENT FLO¥ 1u(X) Lu/D
[—1 7.0 2. 04
1—-2 7.8 1. 94
-3 8.5 1. 40
1—4 12.0 1.21
O-—1 4.8 1.38
on-—-2 5.8 1.30
n-3 1.5 1. 20
o0—4 7.9 1. 00
n-5 9.8 0. 88
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Table. 2. Test conditions for 2-D model

Section fo(llz) M(kg - sec?/m?) 8 (20ar) § (15am) 8 (10mz) 8 (Smm) | Sc(10mm)

B/0=1
Rectangular 2.0m892 0.31838 0.02860 0.02579 0.02308 0.01962 7.39

Cylinder

B/D=2
Rectangular 2.32500 0.08519 0.03549 0.02924 0.02403 0.0192t 6.55

Cylinder
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Fig. 4. Mean lift coeffcient v. s. incidence for B/D=1. 0 rectangular cylinder.
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Fig. 5. Mean lift coeffcient v. s. incidence for B/D=2. 0 rectangular cylinder.
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Fig. 8. Gradient of lift coefficient v.s. pul- Fig. 9. Gradient of lift coefficient v. s. pul-

sating frequency for B/D=1.0 rec- sating frequency for B/D=2.0 rec-

tangular cylinder. tangular cylinder.
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Photo.1. B/D= 1.0, &= (°, in smooth Photo.4. B/D=1.0, @« =10, in turbulent
flow. flow (I-1).

Photo. 2. B/D= 1.0, @=1°, in smooth Photo.5. B/D=1.0, @=1° in turbulent
flow. flow (I-1).

- . %mmw - -
Photo.3. B/D= 1.0, a= 2°, in smooth Photo.6. B/D=1.0, @« =2° in turbulent
flow. flow (I-1).
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Photo. 7. B/D= 2.0, a= 0°, in smooth
flow.

Photo. 10. B/D=2.0, @ =0°, in turbulent
flow (I-1).

= . o
Photo.8. B/D= 2.0, @ =1, in smooth

flow.

Photo. 11. B/D=2.0, @ =1°, in turbulent
flow (I-1).

Photo. 12. B/D=2.0, @« =2°, in turbulent
flow (I-1).

Photo.9. B/D= 2.0, @ = 2°, in smooth
flow.
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Fig.14. Response amplitude v.s. wind v M M . wen
velocity for B/D=1.0 rectangular Fig. 15. Response amplitude v.s. wind
cylinder. velocity for B/D=2. 0 rectangular
cylinder.
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Fig.16. Response amplitude v. s. pulsating Fig. 17. Response amplitude v. s. pulsating
frequency for B/D=1. 0 rectangu- frequency for B/D=2. 0 rectangu-
lar cylinder. lar cylinder.
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Fig. 18, Unsteady airforce coeffcient for
B/D=1.0 rectangular cylinder in
smooth flow.

Fig. 19. Unsteady airforce coeffcient for
B/D=1.0 rectangular cylinder in
pulsating flow ({fpD/U=0. 55).
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