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(Experimental Study on the Flow-Induced Vibration
of Inclined Circular Cylinders in Uniform Flow)

(Tae-Young Chung, Sup Hong, Seok-Jun Moon, I1-Bae Ham, Hun-Gon Lee)
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Fig. 1 Normal Drag and Tangential Drag Forces in a
Inclined Cylinder
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Fig. 3 FExperimental Arrangement of the Inclined Cylinder
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Fig. 4 Schematic Diagram of the Measuring and Signal
Processing System
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Table 1 Calculated and Measured Fundamental
Natural Frequencies of the Tested Inclined Cylinders

(unit : Hz)
i i In Air In Water
lnc!lned Inclined Direction : : : :
Cylinder| Angle Experi. | Analysis | Experi. | Analysis
o [Transverse| 15.00 | 1551 Po- | 1362
1 10° }
intine |16.25 | 1627 | - | 1429
, po TTENSVErSS| 1575 | 1559 113.25 | 13.63
Indine 1613 | 16.19 | 13.75} 14.22
Transverse| 15.50 | 1562 | - 13.72
3 30° ; + t
Inine | 16.75 | 1615 | - | 14.19
-
Table 2 Calculated Strain of the Tested Inclined

Cylinders due to Unit Normal Force along the
Cylinder Length

.
Inclined Cylinder| Inclined Angle Strain( ue)
1 10° 3.587
2 20° 3.750
3 30° 3.882
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Table 4 Dynamic Characteristics of Measured Strains
and Estimated Displacements at the End of 10° Inclined
Cylinder

In-line Direction Transverse Direction

Flow
Velocity ; Mﬂ: AMS Ams | M:’: RMS RMS
L
(mis) ’THI)"” Strain |1£) | Displ.mm) THZ)’”” Straing |1£} | Displ.(mm)

3.00 7.935 3.442 0.107 1.221 0.199 0.017

3.50 7.568 3.536 0.110 13.062 0.267 0.023

4,00 3.298 1.378 0.043 13.062 0.281 0.024

450 | 13.308 0.474 0.015 13.062 0.686 0.058

500 | 12817 1.022 0.032 12.817 3.268 0.274

550 | 12.940 15.122 0.470 12.940 | 23.875 2.009

6.00 | 12.940 6.844 0213 || 12940 | 48.712 4.099

G

¢ C=0.0025 | C=0.005 | C=0.0075 | C=0.01
10° 0244 | 0.481 | 0.418 | 0.060
20° 1706 | 1693 | 1.680 | 1.667
30° 1.959 1.955 1.951 1.946
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6.50 i 13.062 6.010 0.187 | 13.082 | 51.115 | 4.301

Table 5 Dynamic Characteristics of Measured Strains
and Estimated Displacements at the End of 20° Inclined
Cylinder

in-line Direction Transverse Direction

Flow
Velocity . Main AMS Aws | Ma:‘n RMS AMS
requen " uf .
{m/s) B?H!) i Strain{ HE) | Displ.(mm) 'E?Hz) i Strain( I€) | Displ.(mm)

1.01 70.679 0.453 0.013 3.052 0.173 0.011

1.28 14.648 2.480 0.072 4.273 0.321 0.020

1.50 14.282 61.496 1.783 14.282 1.422 0.088

1.74 14528 | 64.943 1.883 14.526 2.088 0.130

2,00 15.381 1.140 0.033 14.038 0.824 0.051

225 14771 17.756 0.515 14.771 3.715 0.230

250 15.015 | 38.598 1.061 15.015 8.019 0.498

275 15.259 44.597 1.283 15.015 B.669 0.539

300 15.503 48.035 1.393 15.503 5.373 0.334

3.25 18.602 2.050 0.059 13.916 3613 0.225

3.50 16.968 2162 0.063 12.207 5.369 0.334

3.75 12.940 1.817 0.053 12.940 14.127 0.877

4.00 24.858 7.005 0.203 12.329 | 94.062 5.840

425 24538 18.185 0.527 12.207 | 124820 | 7.756

450 18.433 36.759 1.066 12.329 | 164.361 | 10.203

475 25.269 | 27.636 0.801 12,695 | 201576 | 12514

5.00 25.757 29.487 0.854 12.817

233412 | 14.491
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Table 6 Dynamic Characteristics of Measured Strains
and Estimated Displacements at the End of 30°
Inclined Cylinder

In-line Direction Transverse Direction

Flow
Velocity ‘FmM:': AMS AmMs | M:’; RMS RMS
mis) | gy | Swain( e [oispktm) "L | siain ) | Disptgmm)

1.01 13.794 | 40.678 1.493 13794 4.700 0.232

1.09 | 13.794 | 84517 2368 | 13.794 6.888 0.341

132 § 14.160 | 158,114 | 5804 | 14.160 2.268 0.112

1.51 13.550 2.544 0.093 |l 13,550 3.220 0.158

1.67 | 14282 | 59.315 2177 14282 | 11291 0.557

200 § 15.381 4.928 0.181 13.062 4.508 0.222

213 || 165.259 2149 0.079 11.597 6.552 0.324

232 0.732 15.978 0.586 12451 30.648 1.512

250 0.732 1.934 0.071 12573 { 21.284 1.049

3.00 | 23.071 | 21417 0.786 11.597 | 182.201 8.987

3.50 | 24.048 | 87.559 3.214 || 11.963 | 294.229 | 14,512

400 | 25147 | 84.404 2.384 | 12573 | 404.910 | 19.971

450 | 26.367 | 58.434 2.145 13.062 | 381.493 | 18.818

5.00 | 29.053 | 50.671 1.860 14528 | 287.972 | 14.204
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(b) Spectrum of the Strain Measured in Flow Direction
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(c) Time Series of the Strain Measured in Trans. Direction
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(d) Spectrum of the Strain Measured in Trans. Direction
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Fig. 8 Measured Strain of 30° Inclined Cylinder at V=40nvs
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