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Fig. 1 Schematic diagram of force analysis
of the lumped mass point
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Fig. 2 Schematic diagram of the mesh grouping
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Fig. 3 3D model diagram of a submersible cage
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Tab.1 Parameters of the submersible cage

24 component 4 parameter {E value
PEEEE a H 4% diameter 76 mm
galvanized steel tube 2 EEJE wall thickness 4 mm

K H weight per meter 7.1 kg/m
BEEEAE b HA4% diameter 56 mm
galvanized steel tube b B%J5 wall thickness 3 mm
K weight per meter 4.0 kg/m
A B A% diameter 4 mm
copper net ZE density 8330 kg/m®
PE R4 E % diameter 2.4 mm
PE net ¥ density 962 kg/m’
RS H1£ diameter 630 mm
submersible system B2 wall thickness 57.2 mm
K weight per meter 108.1 kg/m
K ¥ length 7100 mm
pear HA& diameter 800 mm
buoy EEJE wall thickness 10 mm
£ J¥ length 1200 mm
JiiE weight 30 kg
gy #1 %} material PE
mooring line H 4% diameter 40 mm
£ ¥ length 125m
FRAHELE #1 %} material PP
bridle line H 4% diameter 42 mm
TEHESR #4 8} material PP
grid line H 4% diameter 56 mm
FiE A E £ £ ##} chain material 4 steel
chain weight UUER#L#} sink material % lead
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Fig. 4 Schematic diagram of specific parameters
of square mooring system
L, and L, represent the length of the bridle lines
when the cage is floating or submerged.
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Tab.2 Waveand current parametersin numerical simulation
F% no. Cl C2 C3 C4 C5 Co6 C8 C9 Cl10 Cl11 Cl12 C13 Cl14 Cl15 Cl6 C17 C18
7% /m wave height 24 24 24 36 36 36 60 60 24 24 24 36 36 36 60 60 6.0
JE #/s period 5.37 6.26 7.16 6.26 7.16 8.05 8.05 104 123 537 6.26 7.16 6.26 7.16 8.05 8.05 10.4 12.3
i #/(m/s) current velocity 1.00 1.77

a EIPIRA floating state

= T R

b EIRZS submerged state
FS P IEETE (a) 5 R (D) IR S 7R 2 B

Schematic diagram of floating (a) and submerged
(b) states of the submersible cage

%il 7K
wave current

Fig. 5

K6 RMAiH#THTT
1o 2 R GMEGZE, 3. 4 AARTFTIMFELE.
Fig. 6 Mooring mode of the submersible cage
1 and 2 represent the mooring lines on the upstream side; 3 and
4 represent the mooring lines on the downstream side.
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Tab.3 Anchor ropetension

BFEIRZS floating state RS submerged state

LB K J1 /N UMK F1/kN LI R /% MHEMBKII/AN R FI/KN U R /%

condition tension on the tension on the attenuation tension on the tension on the attenuation
upstream side downstream side amplitude upstream side downstream side amplitude

c2 79.79 49.42 38.07 34.54 33.60 275

C5 123.74 54.36 56.07 43.58 42.60 2.24

C8 332.81 94.49 71.61 131.42 64.52 50.91

Cl11 113.56 42.14 62.89 44.24 34.80 21.22

Cl4 169.01 36.50 78.40 66.93 48.38 27.72

C17 397.96 49.96 87.45 189.4 62.01 67.26
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Fig. 7 Variations in the dynamic behaviors of the submersible cage under combined wave-current conditions
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Hydrodynamic characteristics of a submersible cage in waves and
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Abstract: In this study, a composite cage that integrates many modules, such as a steel frame structure, dive
system, energy, and monitoring system, is proposed. It is necessary to conduct hydrodynamic numerical simulation
tests to understand the capability to resist waves and currents and ensure the long-term safe and coordinated
operation of each system. First, the wave force acting on the cage is calculated based on the potential flow theory.
Then, using the motion equation to solve the dynamic response of the cage, a numerical model is constructed to
study the potential of the cage under extreme sea conditions. The results indicate that: The dynamic response of
the cage in the floating and submerged states is significantly correlated with the wave parameters. The tension of
the anchor rope on the upstream side is always greater than that on the downstream side, and the anchor rope
tension is positively correlated with the wave height and period in both states. The heave, surge, and pitch are all
positively correlated with wave height in both states; it is positively correlated with the period when floating, but
has no obvious correlation with the period when sinking. Surge is positively correlated with the period in both
states, whereas the pitch is negatively correlated with the period when floating and positively correlated with it
period when sinking. The dynamic responses of the cage in the floating and submerged states were significantly
correlated with the current velocity. The tension of the anchor rope increases with the increase in flow speed in
both states. When the cage is in the floating state, the pitch is positively correlated with the flow speed, the heave
is negatively correlated with the flow speed, and there is no obvious correlation between the pitch and the flow
speed. The overall variation amplitude of the surge and pitch is between —13% and 20%, and the average variation
amplitude does not exceed 7%. When the cage is in the floating state, the maximum heave, surge, and pitch values
were 0.549 m, 1.055 m, and 7.116°, respectively. After the cage was submerged, the anchor rope tension, heave,
surge, and pitch decreased. The amplitudes were 59%, 70%, 57%, and 49%, respectively, indicating that the cage
has a good capability to resist waves and currents. These results have practical significance for improving the
safety and efficiency of submersible cage work.

Key words: submersible cage; wave-current combination; anchor rope tension; motion response; numerical
simulation; deep sea aquaculture
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