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Fig. 1 3D model of artificial reef (a) and

diagonal surface and opening size of reef (b)
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Fig.3 Comparison of experimental and

simulated values of reef resistance
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Tab.1 Comparison result of reef resistance

SRS/ (m/s) PELsese" /N HUESRE"N AHTFLEE RN 5B SR/ % 5 HUE IR %
current velocity ~ physical experiment  numericalexperiment  results of this study ~ physical experiment error ~ numerical experiment error

0.052 0.056 0.063 0.053 —5.187 —7.936

0.078 0.118 0.126 0.125 5.932 —0.793

0.103 0.215 0.235 0.226 5.116 3.829

0.129 0.319 0.322 0.337 5.477 4.658

0.155 0.445 0.460 0.489 9.887 6.304

0.207 0.757 0.798 0.820 8.322 2.756

0.258 1.196 1.288 1.315 9.903 2.872

0.31 1.752 1.810 1.860 6.164 2.762
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Tab.2 Smulation results at different time steps
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Fig. 5 Upstream angle is 0°, the velocity distribution on
transverse section Z=1.5 m
(a) v=0.5 m/s, (b) v=1.0 m/s, (c) v=1.5 m/s, the same below.
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Fig. 10 Back eddy volume of the reef at different inflow
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Tab.3 Weight value of each index for evaluation of reef construction effect

LR L ETHAAR AT )] T 3
evaluation index volume of upwelling w; volume of wake vortex w, resistance w; overturning moment wy
BUEME weights (w) 035 0.35 0.15 0.15

x4 BHERGYREGEESITMNE

Tab.4 Comprehensive evaluation value of reef construction effect

TE (m/s) TR (0 TR AR m’ AR /m’ FHI/N 1517 J1%/Nm ZATHNE
velocity angle of attack  volume of upwelling volume of wake vortex resistance overturning moment comprehensive evaluation value
0.5 0 24.18 316.58 1793.37 2759.39 0.82
15 25.54 327.84 1910.62 2774.28 0.83
30 32.95 378.41 2325.40 327121 0.90
45 35.99 384.70 2453.57 3494.07 0.93
1.0 0 24.30 310.46 6708.05 10271.43 0.60
15 25.29 319.71 7101.58 10 291.36 0.61
30 33.81 369.52 8705.42 12 170.81 0.73
45 36.08 381.86 9351.52 13 122.55 0.76
R E K7 2: 2 E /) sponsored by China Society of Fisheries https://www.china-fishery.cn
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F R4
W/ (m/s) WSS () ETHRA A/ AR A/ m WLJI/N {5178 71%E/Nm LRETFNME
velocity angle of attack  volume of upwelling volume of wake vortex resistance overturning moment comprehensive evaluation value
1.5 0 24.19 318.44 14 778.81 22 589.20 0.56
15 25.81 331.68 15 558.80 22 542.10 0.59
30 32.19 374.75 19 333.58 27 119.46 0.68
45 36.15 385.55 20 669.61 28 873.21 0.73
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Numerical simulation of flow field effect of cube-diagonal
hole-opening artificial reefs

XUE Dawen, PANG Congli, PAN Yun~
(School of Naval Architercture and Maritime , Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: Due to the constraints of land resources and environment and the continuous progress of science and
technology, human beings have entered an era of deep exploitation of marine resources and utilization of marine
space. With the depletion of offshore fishery resources and the aggravation of marine pollution, the construction of
marine ranching has become an important measure to improve marine ecological environment and repair fishery
resources. Among them, artificial reefs are the infrastructure of modern marine ranching, and ensuring the normal
utility of artificial reefs is the key link of marine ranching construction. In order to study the influence of the
upstream inflow angle on artificial reefs at different velocities, in this paper, based on Ansys-Fluent, the RNG k-¢
turbulence model is used to conduct numerical flume simulation. The hydrodynamic characteristics of a 3 m cube-
diagonal open-hole fish reef under three incoming velocities (0.5, 1.0 and 1.5 m/s) and four attack of angles (0°,
15°, 30° and 45°) were compared and analyzed, including upwelling volume, back eddy volume, resistance and
overturning moment. Studies have shown that there are upwelling and back eddy areas with significant character-
istics in and around the artificial reef. The scale of the flow field is basically not affected by the flow velocity,
while flow velocity is the main factor affecting the stability of cube-diagonal hole-opening reef. The greater the
flow velocity, the greater the resistance and overturning moment acting on the reef, and the worse the stability of
the reef. The flow field effect of artificial reefs is mainly influenced by the inflow angle. The flow field effect scale
of the artificial reefs reaches the optimum when the inflow angle is 30°-45°, and the upwelling volume and back
eddy volume reach the maximum when the reef is 45°. The weight assignment method is used to introduce a com-
prehensive evaluation model for the construction effect of artificial reefs. Through comprehensive evaluation and
analysis, the sea area with the maximum flow velocity not exceeding 1 m/s should be selected when placing artifi-
cial reefs without considering the conditions of seabed sedimentation, wind and waves, etc. Moreover, the con-
struction effect of the reef is the best when the inflow angle is within the range of 30° to 45°, which can provide a
certain theoretical basis for the artificial reef deployments in practical engineering.

Key words: artificial reefs; marine ranching; flow field effect; numerical simulation; stability; angle of attack
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