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Fig.1 Layout of model experiment for wave through the net (Lader et al, 2007)
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Tab.1 Wave parameters of incident regular waves

T.#% Condition JE|#H Period /s

% % Wave height /cm

K Wave length /m W BE Steepness

1 0.8 10.4 1.00 0.10

2 1.0 16.5 1.54 0.11

3 0.7 8.2 0.77 0.11

F2 MRER I
Tab.2 Net model specification
W H Items H i B Mesh bar length /mm £k B 4% Twine diameter /mm #52 Net solidity

WA A Net A 21 1.0 0.095
WA B Net B 16 2.6 0.220
WA C Net C 25 3.6 0.288
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Fig.2 Change of wave energy of regular wave after passing through the net
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Fig.3 Experimental setup for wave elevation around the net cage (Bi et al, 2015a. b)
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Tab.3 Wave parameters of incident regular waves
T.#%¢ Condition JHY Period /s I Wave height /em K Wave length /em I BE Steepness
1 0.6 4 0.56 0.05
2 0.8 4 0.99 0.04
3 1.0 4 1.46 0.03
4 0.8 2 0.99 0.02
5 0.8 6 0.99 0.06
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Fig.4 Variation of wave height of regular wave after passing through the net cage
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Tab.4 Pile-net enclosure parameter
ZH IS NERE K EFENE P2k B AR WO
Parameter Pile-net diameter /m  Water depth/m  Mesh bar length /mm  Twine diameter /mm  Net solidity
JEEIH Prototype value 96.00 22.00 50.00 5.00 0.21
HEAIE Model value 2.40 0.55 10.00 1.00 0.21
*5 HRSH
Tab.5 Wave parameters
Ui H Items T.#% Condition  J& Period /s ¥/ Wave height/m  J & Wave length /m W BE Steepness
JE AR 1 57 2.00 50.29 0.04
Prototype value 2 7.0 2.00 73.06 0.03
3 8.2 2.00 94.29 0.02
4 9.5 2.00 116.71 0.02
TR ARIE 1 0.9 0.05 1.25 0.04
Model value 2 11 0.05 1.81 0.03
3 13 0.05 2.37 0.02
4 15 0.05 291 0.02

*6 ZIANKREH
Tab.6 Porous coefficients

TR M
Condition Wave height /m  Period /s
1 0.05 0.9 73.17 10.37
2 0.05 1.1 75.71 10.37
3 0.05 1.3 78.12 10.37
4 0.05 15 80.38 10.37
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Fig.6 Wave transmission coefficient at different positions
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Fig.7 Nephogram of wave field changes of regular waves after passing through the cage structure at the same time
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Numerical Sudy on Wave Fields Inside and Around an Offshore Pile-Net
Enclosure Structure Based on FUNWAVE-TVD M odel

XIN Lianxin®, BI Chunwei”, ZHAO Yunpeng', CHEN Hongzhou?

(1. Dalian University of Technology, State Key Laboratory of Coastal and Offshore Engineering, Dalian, Liaoning 116024,
China; 2. Zhejiang Ocean University, School of Marine Engineering Equipment, Zhoushan, Zhejiang 316000, China)

Abstract Aquaculture in offshore structures is an effective method for developing ocean
ranching and meeting the increasing demand for marine produce and is one of the most promising
ecological breeding structures. The offshore pile-net enclosure structure has wide application
prospects owing to its large aquaculture volume, and its aquaculture environment is very similar to
that of the natural environment. However, the existence of the pile and net structure will have a
certain impact on the wave fields inside and around the pile net enclosure. Owing to the large scale of
the pile-net enclosure structure, the structure significantly changes the original wave field in passing
waves. Because of the complexity of the wave field at sea, construction site selection will have a
significant impact on the safety of the purse seine structure. The pile-net enclosure structure also has
an effect on the contents of nitrogen, phosphorus, heavy metals, and other substances in the area
Study of the impact of the pile-net enclosure structure on the original wave field is also of great
significance for addressing environmental problems. Previous studies on pile-net enclosure structures
have focused on the stress of the structure, and few studies have examined the impact of the structure
on the original wave field in passing waves. Therefore, the propagation tendency of the pile net
enclosure structure on the wave field in the original area under the action of waves and the
hydrodynamic characteristics of the pile net enclosure were studied. Thisis of great significance for
the structural design and site selection of the entire pile net enclosure. Based on the fully nonlinear
Boussinesqg equation and the numerical model FUNWAVE-TVD with shock capture ability, the
propagation tendency of regular waves through a pile-net enclosure structure was studied. First, the
wave was simulated based on the fully nonlinear Boussinesq equation. For a structure with large
porosity, the pile-net enclosure structure was simplified as a porous medium model, ignoring its linear
force, considering only the drag force of the netting, and using a reasonable calculation formula to
calculate the flow-blocking effect of the netting. The influence of the pile-net enclosure on the wave
field was simulated by combining the two. The finite volume and finite difference methods were used
in the numerical calculation. First, a physical model experiment based on the lander verified whether
the model was accurate for the calculation of the wave field of the netting. The physical model
experiment designed different wave conditions and three netting models with large differences in
compactness. The square coefficient of the wave height was used to describe the change in wave
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energy after the wave passed through the pile-net enclosure structure. Compared to the results of the
physical model experiments, the error was small. Subsequently, the numerical model was verified
from the perspective of the cage using Bi’s physical model test data. The model used a net cage
model to simulate the influence of the net cage on the wave field. A numerical flume similar to that of
the physical model experiment was designed, and the wave-dissipation area was set before and after.
The cage size was the same as that used in the physical model experiment. The results showed that
the model could better simulate the influence of the cage structure on the wave field. Different
working conditions were then designed, the effects of the wave period on the wave field
characteristics of the pile-net enclosure were further studied, and the internal relationship between the
wave field characteristics of the pile-net enclosure structure and these hydrodynamic factors were
discussed. In this study, a numerical flume similar to the physical model experiment was designed.
Then, different designed wave conditions were used to determine the effects of the wave period on
the wave field characteristics of the pile-net enclosure. The results showed that the influence of the
pile-net enclosure on the larger periodic wave field had a radial trend and a fan-shaped radiation area
behind the pile-net enclosure structure, which increased with an increase in the wave period,
indicating that the wave period increased and its influence area expanded. Within a certain range on
the lee side of the pile-net enclosure, the wave height showed a recovery trend, and the attenuation
gradually decreased, while the attenuation area of small periodic waves was more concentrated. The
wave with a small period was significantly affected by the pile net enclosure, and its wave
transmission coefficient was the smallest in this study. The results show that the numerical model can
effectively simulate the wave field characteristics around a pile net enclosure, which has a reference
value for the location and construction of a pile net enclosure in an ocean ranching environment.

Key words Pile-net enclosure structure; Wave field; FUNWAVE-TVD; Numerical simulation



