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Fig. 1 Prototype of elastically suspended model in wind tunnel
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Tab.1 Parameters of elastic supported VIV tests of

rectangular section

D/ B/ L/ M,/ ¥ ¢/ u/
L/B . Sc .
mm mm mm (kg'm™") Hz % (m+s™)
3.0~
60 300 1540 5.13 6.23 7.04 0.44 74.22 55
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(b) Arrangement of wind pressure measuring points distributed
around the cross section
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Fig.2 Measuring point layout of model
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Tab.2 Measured vertical bending and torsion vibrational amplitude for each wind speed

5 U/mes™) U, A/D/107 a/() i U/(m-s™") U, A/D/107 a/(*)
Ul 3.25 7.69 0.14 0.0004 U9 4.56 10.80 4.08 0.0028
U2 3.50 8.29 0.32 0.0007 U10 4.66 11.03 4.28 0.0030
U3 3.62 8.57 0.60 0.0010 U1l 4.82 11.41 4.43 0.0031
U4 3.84 9.09 1.67 0.0013 Ul2 4.96 11.74 4.05 0.0028
U5 3.95 9.35 2.16 0.0016 U13 5.12 12.12 1.29 0.0011
U6 4.09 9.68 2.69 0.0019 Ul4 5.28 12.50 0.20 0.0009
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Fig.3 Variation of measured amplitude of VIVs with wind

speed
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speed
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(a) Time history curves of measured aerodynamic lift
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Fig.5 Time history curves and PSD of measured aerody-

namic lift for the wind speed cases of U5 and U11
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Fig. 6 Spanwise correlation of measured and fitted aerody-

namic lift
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Tab.3 Fitted coefficients of spanwise correlation function

for the aerodynamic lift

GE U A/Ii/ }[—jj,%éj( A R H
10 b i 22 a, a, a,

Ul 7.69 0.14 0.152 1.000  31.39  0.000
vz 829 0.32 0.161 0.123 1.57  0.876
Us 857 0.60 0.170 0.098 1.15  0.902
u4 9.09 1.67 0.182 0.073 1.16  0.927
Us 935 2.16 0.182 0.074 1.16  0.926
U6 9.68 2.69 0.176 0.073 1.10  0.927
U7 10.01 3.14 0.169 0.078 1.06  0.922
U8 10.37  3.61 0.155 0.086 1.20  0.914
U9 10.80 4.08 0.134 0.114 1.36  0.885
Ul0 11.03 4.28 0.121 0.138 1.42  0.861
Ull 1141 443 0.097 0.202 1.77  0.796
Ulz 11.74 4.05 0.084 0.284 232 0.714
Uls 12.12  1.29 0.134 1.000  32.62  0.000
Ul4 1250 0.20 0.149 1.000  42.74  0.000
Ul5 1347 0.15 0.151 1.000  35.79  0.000
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Fig. 7 Spanwise correlation of vortex-induced force and mea-

sured aerodynamic force
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Spanwise correlation of aerodynamic forces in the lock-in region of

VIV for 5:1 rectangular cylinder

WEN Qing'?, LONG Hang', HUA Xu-gang®, CHI Jun-hao', SUN Hong-xin'
(1.Hunan Provincial Key Laboratory of Structures for Wind Engineering and Vibrational Control,
College of Civil Engineering, Hunan University of Science and Technology, Xiangtan 411201, China;
2.Key Laboratory for Wind and Bridge Engineering of Hunan Province, Hunan University, Changsha 410082, China)

Abstract: The spanwise correlation of vortex-induced forces (VIFs) is necessary to accurately predict vortex-induced vibration
(VIV) amplitude of three-dimensional flexible structures. In this paper, the properties of aerodynamic spanwise correlation in the
lock-in region are studied via theoretic modelling of aerodynamic spanwise correlation function and wind tunnel tests of VIV for the
5:1 rectangular sectional model. The results show that in the vortex interval, the measured aerodynamic force consists of fully cor-
related self-excited force and incompletely correlated random aerodynamic force. The spanwise correlation can be described by ex-
ponential function and a constant, the exponential coefficient denotes the energy ratio of random aerodynamic force to measured
aerodynamic force, and the sum of the exponential coefficient and the constant is equal to 1. The root mean square of measured
aerodynamic lift is tend to be the stronger in the onset stage of VIV, but decreases with the increase of wind speed. The root mean
square of random aerodynamic force seem to be identical. Therefore, the spanwise correlation of measured aerodynamic force in the

onset stage 1s tend to the stronger than that in the following stage.

Key words: vortex-induced vibration; aerodynamic force ; spanwise correlation ;rectangular section
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