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Fig. 1 Offshore aquaculture structures with PET nets
(a) Genghai 1, (b) Lanzuan 1.
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Fig.4 Schematic diagram of the computational domain
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Fig. 5 The grids of the computational domain (a) and the near-field region around twines (b)
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Tab.1 Comparisons of drag coefficients for the cases with varying grid sizes
T R P4 B /104 FH3 & 5 BELI SR B AL RN K3 1%
case background grids grid no. drag coefficient inter-group growth rate of drag coefficient
Ml 64x64%97 1014 0.925 —
M2 97x97x148 3499 0.961 39
M3 112x112x170 5240 0.973 1.2
ERI e o7 P v €1
Notes: "—" indicates no data.
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Fig. 6 Net panel models with varying net-mesh numbers
(a) 1 net-mesh, (b) 7 net-mesh, (c) 19 net-mesh, (d) 37 net-mesh; the same as Fig.10.
x2 BERDIR
Tab.2 Cases of numerical simulation
To WA B/ AWE&Emm  BRKE/mm  Wd(ms)  ESE A PR S/ 104
case net-mesh no. angle of attack twine diameter twine length velocity solidity Reynolds no. grid no.
Al 1 90 3 23.09 0.500 0.173 1485.15 381
A2 7 90 3 23.09 0.500 0.173 1485.15 1539
A3 19 90 3 23.09 0.500 0.173 1485.15 3499
A4 37 90 3 23.09 0.500 0.173 1485.15 6191
B1 19 90 3 23.09 0.100 0.173 297.03 3499
B2 19 90 3 23.09 0.325 0.173 965.35 3499
B3 19 90 3 23.09 0.550 0.173 1 633.66 3499
B4 19 90 3 23.09 0.775 0.173 2242.57 3499
B5 19 90 3 23.09 1.000 0.173 2970.30 3499
Cl 19 90 3 17.32 0.500 0.230 1485.15 2013
Cc2 19 90 3 23.09 0.500 0.173 1485.15 3499
C3 19 90 3 28.87 0.500 0.139 1485.15 5445
C4 19 90 3 34.64 0.500 0.116 1485.15 7786
Dl 19 0 3 23.09 0.500 0.173 1485.15 3189
D2 19 225 3 23.09 0.500 0.173 1485.15 4852
D3 19 45 3 23.09 0.500 0.173 1485.15 5309
D4 19 67.5 3 23.09 0.500 0.173 1485.15 5107
D5 19 90 3 23.09 0.500 0.173 1485.15 3499
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Tab.3 Comparisons of drag coefficients for the cases with varying net-mesh numbers

T W H H A Ezad W FH 77 2% FH 7 2 B LRI K /% RS K= /10°4~
case mesh no. Reynolds no. solidity drag coefficient inter-group growth rate of drag coefficient grid no.

Al 1 1485.15 0.173 0.905 — 381

A2 7 1485.15 0.173 0.933 3.1 1539

A3 19 1485.15 0.173 0.961 3.0 3499

A4 37 1485.15 0.173 0.985 2.5 6191
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Fig. 10 Mean flow fields with varying net-mesh numbers
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Hydrodynamics of PET net panels using the Improved Delayed
Detached Eddy Simulation

WANG Zhi', WANG Gang >, JIAO Zhaoqi >, FENG Dejun', QU Xiaoyu®, GUI Fukun '

(1. National Engineering Research Center for Marine Aquaculture, Zhejiang Ocean University, Zhoushan 316022, China,
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
3. School of Navigation and Naval Architecture, Dalian Ocean University, Dalian 116023, China;
4. School of Fisheries, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: This study employs the Improved Delayed Detached Eddy Simulation (IDDES) method to explore the
flow field distributions and hydrodynamic coefficients to further enhance the understanding of the hydrodynamic
characteristics of polyethylene terephthalate (PET) nets commonly used in offshore aquaculture facilities. The
study examined the effects of inflow velocity, angle of attack, and net solidity on the hydrodynamic behavior of the
net panels. Capitalized on a typical case of flowing past a circular cylinder, the accuracies of the turbulence model
and the solver were successfully substantiated. The results presented that the velocity fields and hydrodynamic
coefficients of the 19 net-mesh panels were close to the full-scale nets. The drag coefficients gradually declined as
the increase of inflow velocities. The local flow acceleration effected on both spanwise directions of twines dimin-
ish, while the downstream wake gets fully developed. Furthermore, the drag coefficients of nets present a gradual
increasing tendency with net solidities, the local flow acceleration effected on both spanwise directions of twines,
and the wake interactions were enhanced. The downstream streamlines converged to form a considerable region
with low velocities for the case of the solidity 0.230. The drag coefficients continuously increased as the panels
became more perpendicular to the flow direction, while the lift coefficients were inclined to rise initially and then
decreased. The more considerable velocity reductions in addition to low flow interactions among twines were also
observed. The effects of local interactions of flow fields among twines, along with the flow acceleration on both
spanwise directions of twines, were the most dominant especially in the case of angle of attack 90°. This study
demonstrated that both solidity and angle of attack significantly influenced the flow field distribution and hydro-
dynamic coefficients of PET nets. This numerical study has clarified the velocity fields and hydrodynamic coeffi-
cients around PET nets, providing the solid foundation for further analysis of the flow exchange across aquacul-
ture structures.

Key words: PET nets; Improved Delayed Detached Eddy Simulation (IDDES); flow fields; wake effects; hydro-
dynamic coefficients
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