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ABSTRACT

The floating offshore wind turbines are usually exposed to the wave and wind excitations which
are irregular and undirected. In this paper, the sloshing characteristics of annular cylindrical tank
were experimentally investigated to reduce the structural dynamic motion of floating offshore wind
turbine which is robust to the irregular change of excitation direction of wind and wave. The for-
mula for the natural sloshing frequencies of this annular cylindrical tank was derived theoretically. In
order to validate this formula, the shaking equipment was established and frequency response func-
tions were measured. Two types of tank were considered. The first and second natural sloshing fre-
quencies were investigated according to the depth of the water. It has been observed that between

theoretical and experimental results shows a good agreement.
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Table 1 The sizes of tank taken for the theoretical

study

Model A B
R, 100 mm 80 mm
R, 170 mm 170 mm

Table 2 The values of ¢, obtained by the numerical
method
n 1 2 3 4
Tank A 1.272 7.826 15.357 22.954
Tank B 1.385 6.251 12.026 17.907
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Fig. 2 The plots of H,(q,) versus ¢ by the numer-
ical method
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Fig. 3 The annular cylindrical tank used in the ex-
periment
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Fig. 4 The composition of experiment equipments
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Table 3 The specification of equipment used in the
experiment

Accelerometer(Kistler 8310B10)

Acc. | Sensitivity | Resolution iff%?;;y Noise typ.
range 5% (threshold) g% (0~100 Hz)
10g | 197mV/g 2830 ug 0~180 Hz {2000 ug rms

Force-plate(OR6-7 2000)

Capacity | Sensitivity | Excitation | Hysteresis |Nat. Freq.
4450N | 0.34mV/N | max.10V 0.2% 370 Hz
Vibration shaker(i220/SA1M)

Type |Rated force Frequency Max.v Max.

range acceleration | payload
dEle“rO.' 56kN |DC~2500Hz| 203m/s> | 200 kg
ynamic

Annular cylindrical tank

Vibration shaker
Force-plate

s

ol

A0
bo /. & ] FFT analyzer

Horizontal vibration plate & jig

Fig. 5 The installation of equipment
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Fig. 6 The transfer functions for the first natural fre-
quency by experiment
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Fig. 7 The transfer functions for the second natural
frequency by experiment
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Table 4 First natural frequencies depending on the height of water obtained by the experiment

Height(h) 90 mm 100 mm 110 mm 120 mm 130 mm 140 mm 150 mm 160 mm
Tank A[Hz] 1.03 1.08 1.11 1.14 1.17 1.20 1.22 1.25
Tank B[Hz] 1.13 1.16 1.20 1.23 1.25 1.28 1.30 1.31

Table 5 Second natural frequencies dependin

g on the height of water obtained by the experiment

Height(h) 90 mm 100 mm 110 mm 120 mm 130 mm 140 mm 150 mm 160 mm
Tank A[Hz] 3.36 3.36 3.39 3.38 3.38 3.38 3.38 3.38
Tank B[Hz] 3.02 3.02 3.03 3.02 3.02 3.02 3.02 3.02

Table 6 The comparison between experiment and theory for the first natural frequency

Tank A(g ,=1.272)

Height(h) 90 mm 100 mm 110 mm 120 mm 130 mm 140 mm 150 mm 160 mm
Experiment[Hz] 1.03 1.08 1.11 1.14 1.17 1.20 1.22 1.25
Theory[Hz] 1.045 1.086 1.122 1.153 1.181 1.205 1.226 1.244
Error[%)] 1.44 0.55 1.07 1.13 0.93 0.41 0.49 0.48
Tank B(g, ;=1.385)
Height(h) 90 mm 100 mm 110 mm 120 mm 130 mm 140 mm 150 mm 160 mm
Experiment[Hz] 1.13 1.16 1.20 1.23 1.25 1.28 1.30 1.31
Theory[Hz] 1.124 1.166 1.202 1.233 1.260 1.284 1.304 1.321
Error[%] 0.53 0.51 0.17 0.24 0.79 0.31 0.31 0.83

Table 7 The comparison between experiment and theory for the second natural frequency

Tank A(q, ,~7.826)

Height(h) 90 mm 100 mm 110 mm 120 mm 130 mm 140 mm 150 mm 160 mm
Experiment[Hz] 3.36 3.36 3.39 3.38 3.38 3.38 3.38 3.38
Theory[Hz] 3.381 3.381 3.382 3.382 3.382 3.382 3.382 3.382
Error[%] 0.62 0.62 0.24 0.06 0.06 0.06 0.06 0.06
Tank B(g ,=6.251)
Height(h) 90 mm 100 mm 110 mm 120 mm 130 mm 140 mm 150 mm 160 mm
Experiment[Hz] 3.02 3.02 3.03 3.02 3.02 3.02 3.02 3.02
Theory[Hz] 3.018 3.020 3.021 3.022 3.022 3.022 3.022 3.022
Error[%] 0.07 0.00 0.30 0.07 0.07 0.07 0.07 0.07
T A TRAESE | RHOR A F2AY ok A Ay A% 2} ve 2 8a
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