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Fig.2 Fan jacket (a) and its calculation model (b) of offshore wind farm in Liuao, Zhangpu
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Tab.1 Parameters of fish cage

4
gL B FhELL
structural X .
] parameters material and size
unit
EFS #EL material G > T RS L
net UHMWPE
I 2% B 4% /mm 3
mesh bar diameter
J5 T2 H K /Nmm 60
mesh size
FPEAE R /Pa 2.016E+11
elastic modulus
¥ /(kg/m®)  density 964
RN ?@ B material PA
MOONG IOPE 42 /mm  rope diameter 37
HNER L /Pa 2.83E+09
elastic modulus
W /(kg/m®)  density 1025
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Tab.2 Changes of net parameters before and

after mesh grouping

W55 M H AL T W HRHL S
before mesh after mesh
net parameters : :
grouping grouping
MM ES Np 333 10
PmEE Ny 333 10
HiMERLE/Pa  elastic modulus 2.016E+11 1.089E+11
P28 B 4% /mm  diameter 3 17
W H K/NMmm  mesh size 60 2000
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Fig.3 Setting of wave and current incidence angle and mooring force measuring points
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Tab.3 Twine diameter and solidity ratio corresponding to

net with different percentage of biofouling

LEIMETRE % P2E B 4%/mm AT
percentage of bio-fouling twine diameter solidity ratio
0 17 0.034
25 134 0.250
50 293 0.500
75 508 0.750
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Fig. 4 Time series of mooring rope tension
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Fig. 5 Variation of maximum tension of
mooring rope with deployment depths when

the wave-current incident angle was 0°
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Fig. 6 Variation of maximum tension of
mooring rope with deployment depths when
the wave-current incident angle was 45°
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Fig. 7 Variation of maximum tension of
mooring rope on the upstream surface with

depth under different incident angles
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Fig. 8 Variation of the maximum tension at
the mooring rope on the downstream surface with

depth under different incident angles
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Fig. 9 Variation of maximum tension of

]

mooring rope under different attachment degrees when
the wave-current incident angle was 0° and

the fish cage was set on water surface
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Fig. 10 Variation of maximum tension of
mooring rope under different attachment degrees when
the wave-current incident angle was 45° and

the fish cage was set on water surface
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Fig. 11
the relationship between the deployment depth and the

Effects of different percentage of biofouling on

maximum tension of the mooring rope at N11

when the wave-current incident angle was 45°
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Fig. 12 Effects of different deployment depths on

the relationship between percentage of biofouling

and maximum tension of mooring rope at N11

point when the wave-current incident angle was 45°
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(a) 50% biofouling, (b) 100% biofouling.
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Fig. 14 UC values of jacket under different percentages of biofouling
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(a) water surface, (b) 10 m underwater, (c) 20 m underwater.
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Fig. 15 UC values of jacket corresponding to different diving depths of fish cage with biofouling at 100%
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Mooring rope tension and jacket infrastructure safety in integrated system of
offshore wind turbine and fish cage

LINMin', WU Qianli’, TIAN Huiyuan', HUANG Liuyi”, HUANG Guifang°,
LIUBo®, WANG Xinxin>, WANG Gang’

(1. Shanghai Surveying, Design and Research Institute Co., Ltd., Shanghai 200000, China;
2. College of Fisheries, Ocean University of China, Qingdao 266000, China;
3. Fisheries Research Institute of Fujian, Xiamen 361013, China)

Abstract: The combination of offshore wind power and aquaculture industry has developed rapidly, which can
comprehensively utilize marine space, maximize the benefits of aquaculture and offshore wind power industry, and
realize the simultaneous and efficient output of clean energy and high-quality aquatic products. As one of integ-
rated development modes of offshore wind power and cage culture, the integrated system of fish cage and wind
turbine using the pile foundation of wind turbines to form the fish cage is exposed to the extreme sea states with
severe waves and currents. The hydrodynamic of the fish cage and wind turbine integrated system, as well as the
evaluation of the structural safety of the pile foundation, are the basis for the construction of the integrated system.
It is of great necessity to conduct a more systematic study on the hydrodynamic characteristics of fish cage and oft-
shore wind turbine pile foundations. In this paper, an integrated system of offshore wind turbine and fish cage was
constructed based on the wind turbine jacket of offshore wind power in Liuao, Zhangpu, Fujian Province. The
finite element toolbox, Aqua-FE™, was used to investigate the impacts of different deployment depth, wave-cur-
rent incident angle and percentages of biofouling on mooring rope tension of fish cage in extreme waves and cur-
rents. The relationship between the mooring rope tension at the upper end of the upstream side and the deployment
depth of fish cage was fitted by nonlinear regression. The effects of waves and currents parameters, as well as
mooring line tension of the fish cage, on the stress variations of the wind turbine jacket structure were analyzed by
the specialized design software SACS for ocean engineering, and the safety of the wind turbine jacket foundation
structure was evaluated. The results show that the increase in the deployment depth of the fish cage could reduce
the maximum tension of the mooring rope, significantly improving the stress state of the integrated system. The
variation of wave-current incident angles had little effect on the safety of integrated system of offshore wind tur-
bine and fish cage; the rise of the percentage of biofouling significantly increased the maximum tension of moor-
ing ropes, resulting in structural failures of many foundation rods of the wind turbine jacket. In summary, the fish
cage can be arranged in an appropriate water depth to reduce stress. At the same time, the fouling organisms shall
be cleaned in time, and the thickness of the jacket rod near the mooring point of the fish cage and the pile-soil point
rod at the bottom of the jacket shall be appropriately increased to ensure the structural safety of the integrated sys-
tem. The results can provide data support for further study of the forces in integrated system of offshore wind tur-
bine and fish cage, safety evaluation of the system, and design optimization of the system.

Key words: offshore wind power; fish cage; jacket structure; mooring rope tensions; structural safety; numerical

simulation
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