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Fig.1 Liftable cage
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Fig.3 Model cage layout diagram
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(a) D80 LI, M£f 90°, ik 0.6 m/s. (b) D50 4L, whff45°, JEE 0.8 m/s; D8O0. W FHAE 42 ik TH BEAE KK 80 cm, D50, I 4H HE 42 i I &5 JE A%

JKZ) 50 cm, FE.

Fig.4 Cage frame and leg (no nettin) test scene

(a) D80 condition, angle of attack 90°, flow rate 0.6 m/s. (b) D50 condition, angle of attack 45°, flow rate 0.8 m/s; D80. the bottom of the cage frame is

80 cm away from the bottom of the tank, D50. the bottom of the cage frame is about 50 cm away from the bottom of the tank, the same below.

@

E 5 %A UHMWPE MM TS
(a) D80 L, #H 45°, Wik 0.6m/s. (b) D50 L, A 90°, ik 0.4 m/s.

Fig. 5 The test scene of assembling UHMWPE net clothing cage
(a) D80 working condition, angle of attack 45°, flow rate 0.6 m/s. (b) D50 working condition, angle of attack 90°, flow rate 0.4 m/s.

(b)

E6 AL PET MRMRMFAELIIR
(a) D8O i, A1 45°, Wk 0.6 m/s. (b) D50 T4, A 30°, i 0.8 m/s.

Fig. 6 The assembly of PET netting cage test scene

(a) D80 working condition, angle of attack 45°, flow rate 0.6 m/s. (b) D50 working condition, angle of attack 30°, flow rate 0.8 m/s.
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(a) D50, ¥£f 30°; (b) D50, Pff 45°; (c) D50, ¥i#H 90°; (d) D8O, M'ff 30°; (e) D80, 1'ff1 45°; (f) D8O, I 90°,
Fig. 7 The curve of the force of the cage changing with the flow velocity

(a) D50, angle of impact 30°; (b) D50, angle of impact 45°; (c) D50, angle of impact 90°; (d) D80, angle of impact 30°; (e) D80, angle of impact 45°; (f)
D80, angle of impact 90°.
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(a) D50, 0.8 m/s; (b) D50, 1.0m/s; (c) D80, 0.8 m/s; (d) D80, 1.0 m/s.

Fig. 8 The curve of the force of the cage changing with the angle of the incoming flow

(a) D50, 0.8 nvs; (b) D50, 1.0 my/s; (c) D8O, 0.8 my/s; (d) D8O, 1.0 m/s.
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(2) 30°, 0.2m/s; (b)30° 0.4m/s: (c)30° 0.6m/s: (d)45°, 0.4m/fs; (e)45°, 0.6m/s: (f)90°, 0.6m/s. 0. LFAIMEL, 1.PET-40 mmx45

mm, 2.PET-50 mmx70 mm,

3. PET-70 mmx110 mm, 4. UHMWPE-55 mm,

5. UHMWPE-67 mm,

6. UHMWPE-147 mm.

Fig. 9 The comparison bar chart of the force of the cage with the change of the diving height
(a) 30 °, 0.2 m/s; (b) 30 °, 0.4 m/s; (c) 30 °, 0.6 m/s; (d) 45 °, 0.4 m/s; (e) 45 °, 0.6 m/s; (f) 90 °, 0.6 m/s; 0. no mesh frame, 1. PET-40 mm*45 mm,

2. PET-50 mmx70 mm, 3. PET-70 mmx110 mm, 4. UHMWPE-55 mm, 5. UHMWPE-67 mm, 6. UHMWPE-147 mm.
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Hydrodynamic performance of self-elevating cage based on model test

LI Yajie ?, SHI Jiangao >, XU Junjie ', ZHANG Fengyi ', LU Changlin '?,
WANG Shuting >’,  ZHANG Wenyang >, ZHANG Jian', FENG Xiaojun *

(1. College of Marine Biological Resources and Management, Shanghai Ocean University, Shanghai 201306, China;
2. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China;
3. School of Materials and Chemistry, University of Shanghai for Science and Technology, Shanghai 200093, China;
4. Guangdong Ocean Investment & Development Co., Ltd., Zhanjiang 527499, China)

Abstract: Deep sea cages are an important part of fishery equipment and play an important role in modern fishery.
A self-elevating cage is a special form of a deep-sea cage. In actual production, it can quickly sink to a deeper posi-
tion below the water surface by various means when a typhoon or red tide comes so as to resist the adverse effects
of complex sea conditions. This study carried out the hydrodynamic performance of the self-elevating cage and its
supporting system to explore the hydrodynamic factors affecting the self-elevating cage, optimize and improve the
cage structure, reduce the loss of cultured fish in extreme working environments, and improve the safety of the
cage system. In this study, the effects of different flow rates, different inflow angles, different dive depths, and dif-
ferent types of netting on the stress of steel structure self-elevating cages were investigated through physical model
experiments. The results showed that when the mesh size, the diving depth, and the inflow angle were the same,
the overall force of the self-elevating cage was positively correlated with the water flow velocity. When the cage
was perpendicular to the water flow direction, the force of the cage was the smallest, and the inflow angle of the
cage might be subjected to the maximum impact force at 30 °-60 °. The force of the model cage at 50 cm from the
water bottom was greater than that of the cage at 80 cm from the water bottom. The stress of UHMWPE netting
was larger than that of PET netting with the same line area. The results showed that the hexagonal mesh PET net
could be preferred in the cage design, and the attachment could increase the force of the net to more than 10 times
the original. It was suggested that the influence of the attachment on the structural strength of the cage should be
fully considered in the design of the cage structure. This study can provide a reference for the design, layout, and
netting selection of self-elevating cages. As a kind of deep-sea aquaculture equipment, the prospect of a self-elev-
ating cage is extensive, but the related work has a long way to go.

Key words: deep-sea aquaculture; self-elevating cage; hydrodynamic; model test; UHMWPE netting; hexagonal
mesh PET net; attachments
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