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Fig. 2 Diagram of lumped mass method
d is the mesh bar diameter, and / is the length of half mesh bar.
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F), is the pressure drag, F; is the viscous drag, Vx is the velocity
direction vector between mesh bar and current, / is the mesh bar
direction vector, and a is the angle between Vg and /.
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Tab.1 Thecharacteristicsof the net model

A A A} EREFIAIN LHEBRES, HWHEA/mm H K 2 /mm M H %t mesh number
net metarial mesh geometry shape net solidity =~ mesh bar diameter mesh bar length  $Ef& 5[] in width K5 in length
2 G253
PE RGN 0.243 2.6 20 15 15

Square no-nodular net
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Tab.2 Thecharacteristics of the net model

I 25 EIEFAR MRS S, HMEA/mMn K E/mm 4 H %k mesh number

net metarial mesh geometry shape net solidity mesh bar diameter mesh bar length  §EfF J5 ] in width K J7[] in length
UHMWPE TG TLE 0.333 3.5 39 12 14
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Tab.3 Spacing between each tie point
RO tie point 1-2 2-3 34 4-5 5-6 6-7 7-8 8-9
Eﬁﬁghnspadng 0.117 0.117 0.117 0.117 0.117 0.156 0.156 0.117
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Tab.4 Test conditions of tie point force
B A (PR

number of tie points (unilateral)
Fe /45 left and right 2 "F/45 upper and lower
0200 2 0
0201
0203
0300
0301
0303
0500
0501
0503

B2 iy

fixing mode

1
3
0
1
3
0
1
3
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Fig. 9 Diagram of net fixing modes
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Tab.5 Theforceson thetie pointsunder different modes at a current velocity of 0.5 m/s

1R 95 sensor number

#4775 fixing mode Fnax/Frin
1 2 3 4 5 6 7 8 9
0200 4.75 5.77 5.81 1.22
0201 2.84 3.92 4.94 3.84 1.74
0203 2.02 2.34 2.75 3.23 3.22 2.77 1.60
0300 2.96 491 3.61 3.98 1.66
0301 1.96 3.70 2.60 3.97 2.96 2.03
0303 2.33 3.37 2.47 2.28 3.08 2.95 1.79 1.88
0500 1.88 2.68 3.29 2.77 2.38 2.48 1.75
0501 1.44 2.01 2.75 2.17 1.79 3.54 1.87 2.46
0503 1.20 1.68 2.75 1.68 1.51 1.77 2.37 2.31 1.47 2.29
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Fig. 14 Velocity distribution of flow field when inlet current
velocity is 0.5 m/s
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Tab.6 Markersat different depths from the water surface
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Fig. 15 The current velocity curves of z-direction at

0.07 m (a), 0.14 m (b), 0.21 m (c), 0.28 m (d) and 0.35 m (e)
from the surface of water
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Fig. 16 Current velocity attenuation rate curve under
fixing mode of 0503
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Study on fixing modes of netting for the fully submerged cage based
on OpenFOAM

ZHU Chuanzhi', YANG Yongchun', HUANG Liuyi’, WANG Gang’
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Abstract: This paper studies the fixing modes of netting for the fully submerged cage. The forces on the tie points
of column-net structure model under different current velocities and fixing modes were measured using physical
model tests. The effects of different fixing modes on the force distribution characteristics on net tie points and the
uniformity of forces among the tie points were analyzed. In addition, for further study of the interaction between
the net fixing mode and surrounding water, this paper builds a fluid—structure coupling model of the net based on a
hybrid volume method, and develops the fluid-structure coupling solver in the open source CFD software OpenFOAM.
The influence of the net on the current velocity reduction, the tension distribution characteristics of the net and the
transmission of load were studied through the combination of numerical simulation and model tests. The results
showed that the fixing mode of the net has a significant influence on the force characteristics of the net in the
column-net structure model. The maximum net tension is generally distributed on the net twines connected to the
tie points. Additionally, the closer to the middle position the net twines are, the greater the force, showing a sym-
metry phenomenon in that force of the tie points at the two ends was small while that in the middle was large. The
current velocity in the downstream near the normal line at the center of net was affected by reducing the net flow,
and the velocity attenuation rate was also increased. These results can provide references for the design, construc-
tion, and safety performance evaluation of deep-sea cages.

Key words: fully submerged cage; fixing mode; model test; OpenFOAM; net fluid-structure coupling
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