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Abstract: The development and utilization of marine resources by human beings is gradually moving towards the deep

sea, and deep-sea aquaculture platforms have emerged to meet the needs of aquaculture and food security. To better

understand the motion response characteristics of the main structure of the full-submersible deep-sea aquaculture

platform under the action of water waves, Fluent software is used to numerically simulate regular waves, irregular

waves, and strong nonlinear waves, and their effects on the six degrees of freedom motion response of the main

structure of the full-submersible deep-sea aquaculture platform are analyzed. The study found that under the towing

condition, the smaller the wave direction angle, the more intense the movement. Under the platform’s working

conditions, the larger the wave direction angle, the more intense the movement.
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0 Introduction

The ocean accounts for about 70% of the
earth’s surface and provides abundant biological,
mineral and energy resources, supporting the global
economy and human livelihoods. As the largest eco-
system, the ocean not only supplies about one-third
of food sources, especially fish and seafood, but al-
so provides a rich source of drugs, seaweed and oth-
er biological materials, which promotes the develop-
ment of many industries. China’s No.1 central docu-
ment for 2023 pointed out that the state should sci-
entifically delimit restricted aquaculture areas, de-
velop large-water-area ecological fishery, build
modern marine ranches, and develop deep-sea aqua-
culture such as deep-water cages and aquaculture
ships. China’s No.1 central document for 2025 fur-
ther pointed out that the state should establish a di-
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versified food supply system, promote the high-
quality development of the fishery industry, support
the development of deep-sea aquaculture, and build
marine ranches. The fully submersible deep-sea
aquaculture platform is a new type of marine aqua-
culture structure. It is designed for aquaculture struc-
tures in deep-sea environments. It is characterized
by being able to be immersed in water to a large ex-
tent to improve its stability and safety under harsh
marine conditions. Compared with the ordinary
deep-sea aquaculture platform, the fully submers-
ible deep-sea aquaculture platform has the following
advantages: Strong wind and typhoon resistance.
The fully submersible deep-sea aquaculture plat-
form can mostly sink below the sea surface, reduc-
ing the exposure to typhoons and bad weather. In
contrast, the ordinary deep-sea aquaculture platform

may be more vulnerable to the strong winds and
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waves caused by typhoons. The water quality is
more stable. Because the full-submersible deep-sea
aquaculture platform is located in a deeper sea area,
far away from human activities and pollution sources
on the shore. The water quality is relatively stable,
which helps to provide a more suitable environment
for the growth of aquaculture organisms.

With the increasing demand for deep-sea aqua-
culture, the research on hydrodynamic and motion
response of aquaculture platforms is gradually be-
coming the focus. The in-depth exploration of rele-
vant theories and practices will promote the sustain-
able development of aquaculture. Wang''' studied
the motion law and force characteristics of the fish-
ing ground platform under the action of waves
through physical model tests. The effects of wave
height, period and draft depth on the force of the an-
chor chain and the motion of the fishing ground plat-
form were analyzed respectively, and the dynamic
characteristics of the fishing ground platform under
the action of pure current and the combined action of
wave and current were studied. Wang et al.””’ ob-
tained the stiffness of single anchor leg mooring of
deep-water cages by calculating the relationship be-
tween the buoy, bottom weight and mooring line of
deep-water cages under extreme sea conditions.
Therefore, the anti-typhoon scheme of additional
mooring line is proposed innovatively. Lin et al.'”
used a self-developed integrated system to calculate
and analyze the hydrodynamic force of the offshore
aquaculture platform, which solved the problem of
poor versatility of each software in independent cal-
culation, and evaluated the positioning ability of the
mooring used. Chen'* analyzed the motion response
of the aquaculture platform for the same wave direc-
tion angle, summarized its motion law, and provid-
ed a calculation reference for the optimization of the
mooring system.Yuan'”' checked the strength of the
overall structure of the deep-sea cage platform under
severe sea conditions, and calculated the strength of
the key joints. In order to study the whole process
stability scheme of deep-sea aquaculture platform,

the platform stability and hydrodynamic perfor-

mance of towing condition, self-preservation condi-
tion and operation condition were calculated respec-
tively'®. Wang'"' conducted an in-depth study on the
multi-body coupling hydrodynamics of aquaculture
vessels and cages. It was found that when the moor-
ing point of the cage was set at the stern, the mo-
tion response of the aquaculture vessel decreased,
but the drift radius and mooring force of the cage in-
creased. Lu et al.'"' calculated the influence of differ-
ent viscous damping on the hydrodynamic character-
istics of the aquaculture platform for the unique new
aquaculture semi-submersible platform. It is con-
cluded that the viscous damping will have a great im~-
pact on the motion amplitude of the aquaculture plat-
form, and the viscous effect should be fully consid-
ered in practical engineering. Liu et al.””’ used a nu-
merical method based on computational fluid dynam-
ics (CFD) modeling to evaluate the flow field of a
new type of cage with shielding device. Ma et al.""”’
studied the interference and wave-making perfor-
mance test of singlerow and tandem arrangement of
floating aquaculture cages. Liu et al.""" studied the
behavior of circular gravity cages in linear waves.
Shi et al.""” discussed the failure probability of off-
shore high-density polyethylene cages under ty-
phoon waves. In order to obtain the hydrodynamic
performance of the deep-sea aquaculture vessel un-
der the action of pure current, the STAR-CCM+
software was used to numerically calculate the six
degrees of freedom motion and pressure of the aqua-
culture vessel ™. Ji et al.'" studied the bottom-
mounted aquaculture cages using double-layer net-
ting by combining numerical simulation with model
experiments. The results showed that the double-
layer netting had a significant attenuation effect on
the flow velocity. The flow velocity will change
sharply near the cage and form a low-speed zone
downstream of the cage. The existence of the side
net will accelerate the vortex shedding of the middle
column, while the bottom net has little effect on the
flow velocity. Wu et al."*”’ studied the hydrodynamic
performance and motion response characteristics of

the semi-submersible cage under the action of
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steady wind flow and irregular waves. It is conclud-
ed that the maximum mooring tension of the cage
with netting is about twice as much as the cage with-
out netting, and the horizontal drift range 1s wider.

Firstly, the model establishment and grid divi-
sion of the full-submersible deep-sea aquaculture
platform will be carried out. Then, the motion re-
sponse of the full-submersible deep-sea aquaculture
platform under the action of regular wave, irregular
wave and strong nonlinear wave is simulated, ana-
lyzed and studied by numerical simulation. At the
same time, this chapter also considers two different
working conditions of the fully submersible deep-sea
aquaculture platform during transportation and oper-
ation, namely the towing condition and the working
condition. In order to better understand the motion
response characteristics of the fully submersible
deep-sea aquaculture platform under the action of
water waves with different wave direction angles,
three wave direction angles of 0°, 45 and 90° are se-
lected to calculate their effects on the motion re-
sponse of the fully submersible deep-sea aquaculture
platform.

In summary, by analyzing the motion response
of the fully submersible deep-sea aquaculture plat-
form, it is possible to evaluate its adaptability to
high-wave sea conditions, and then formulate corre-
sponding safety measures and engineering design.
At the same time, it can help optimize the layout
and operation of the aquaculture system. Therefore,
the study of the motion response analysis of the full-
submersible deep-sea aquaculture platform in the
Yellow Sea under different water waves is a neces-
sary step to ensure the safety, structural stability
and equipment performance of the platform. It also
provides important safety assessment data for ma-
rine engineering projects and helps to develop more
effective risk management strategies. It has great im-

portance.

1 Numerical Method

In this paper, CFD software Fluent is used for

simulation calculation. We will introduce the numer-

ical analysis method and basic theory of Fluent soft-
ware used later, including basic control equations
and turbulence models. The main structure of full-
submersible deep-sea aquaculture platform and six

degrees of freedom is shown in Fig.1.

Fig.1 Main structure of full-submersible deep-sea aquacul-

ture platform and six degrees of freedom

1.1 Governing equation

The mass conservation equation, also known
as the continuity equation, is one of the basic equa-
tions describing the conservation of matter in fluid
mechanics. It shows that in a closed system, the
quality does not increase or decrease with time.

For incompressible fluid, since the density of
the fluid remains unchanged during the movement,

the continuity equation is defined as
ad d ad
du v dw
dx  dy 0z

where u, v, w represent the velocities in the x, y,

=0 (1)

and z directions, respectively.

The momentum conservation equation is one
of the basic equations describing the conservation of
momentum in fluid dynamics. It reflects how the
momentum changes with time and space in the flow.
the conserva-
Within a

given control volume, the rate of change of momen-

According to Newton’s second law,

tion of momentum can be expressed as:

tum is equal to the external force applied to the vol-
ume. When the fluid is homogeneous and incom-
pressible, the momentum conservation equation is
expressed in the form of rectangular coordinate com-

ponents which can be shown as



170 Transactions of Nanjing University of Aeronautics and Astronautics

Vol. 42

ad ad 0. d 140 ‘

LN NI LV

at dx dy dz o dx p

dv dv dv dv 1dp  u

—tu—Fv—Ftw_—=——"+-V?

TR PRI M M M

dw dw ow dw 1adp  p_.

—+ to—Ftw—=g———+Vw

o “ar  Tay e P
(2)

where g represents the acceleration of gravity, p
the pressure, p the viscosity coefficient of fluid mo-
tion, and o the constant.

1.2 Turbulent flow model

The turbulence model in this paper is SST 4w

model, and the transport equation is as follows

A(pk) 9 pku,) d ok .

a[ + ax/ 7871'1 Fﬁ?j} + (Ik Yk + Sk
(3)

d(pw) 9(pwu,) il dw .

o0 am an|Ta O T YT

D,+S, (4)
where G, i1s the turbulent kinetic energy generated
by the laminar velocity gradient, and it is generated
by the w equation; I', and I", indicate the diffusivity
of £ and w, Y, and Y, are turbulent due to diffu-

sion, and S, and S, are user-defined.

2 Water Wave Case Model Verifi-
cation

2.1 Validation of regular wave numerical tank

model

This section will verify the linear wave numeri-
cal pool model, mainly based on the simulation cal~
culation of the aquaculture ship model test by
Ref.[16]. The model test is carried out in the China
Aviation Industry Special Aircraft Research Insti-
tute. This section mainly focuses on the full load
condition of its physical test, and compares the cal-
culated values of the simulation software with the
test data values. Comparing the simulation results
with experimental results, the time history curve of
rolling motion is shown in Fig.2 and the time history
curve of pitching motion is shown in Fig.3.

According to Fig.2 and Fig.3, it can be seen
that overall numerical simulation results are in good

agreement with experimental results. Simulation val-

— Simulation

[ =Experiment

Roll/ ()

Time /s
Fig.2 Comparison of roll motion time history curves under
the verification of regular wave
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Fig.3 Comparison of pitch motion time history curves un-

der the verification of regular wave

ues can well reflect the motion response of the mod-

el structure under the action of regular waves.

2.2 Validation of irregular wave numerical

tank model

This section will verify the irregular wave nu-
merical pool model, mainly based on .LS17-2 semi-
submersible platform model test for simulation calcu-
lation”, comparing the simulation software calcula-
tion value and test data value. The test is completed
in the State Key Laboratory of Ocean Engineering,
Shanghai Jiao Tong University. Simulation results
are compared with experimental results, and the time

history curves of heave motion are shown in Fig.4.

— Simulation

41 =Experiment

Heave /m

o 20 40 60 80 100
Time /s

Fig.4 Comparison of heave motion time history curves un-

der the verification of irregular wave
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According to Fig.4, it can be seen that simula-
tion values can well reflect the motion response of
the model structure under the action of irregular
waves. And the numerical simulation values under
the action of irregular waves are in good agreement

with experimental results.

2.3 Verification of strong nonlinear wave nu-

merical tank model

In this section, the numerical tank model of
strong nonlinear wave is verified. The simulation
calculation is mainly based on the freak wave phys-
ics experiment of Zhao el al.'"™', and the simula-
tion software calculation value and test data value
are compared. The physical experiment is carried
out in the wave tank of the Institute of Applied Me-
chanics, Kyushu University. Comparing simulation
results with the experimental results, the time his-
tory curves of heave motion is shown in Fig.5 and
the time history curves of roll motion is shown in
Fig.6.

0.047 — Simulation

=Experiment

0.02

0.00

Heave / m

-0.02

_0004 1 1 L 1
17 18 19 20 21 22 23 24

Time /s

Fig.5 Comparison of heave motion time history curves un-

der the verification of strong nonlinear wave

= Experiment — Simulation

17 18 19 20 21 22 23 24 25
Time /s
Fig.6 Comparison of roll motion time history curves under

the verification of strong nonlinear wave

According to Fig.5 and Fig.6, simulation val-

ues can well reflect the motion response of the mod-

el structure under the action of strong nonlinear

waves.

3 Model Establishment and Calcu-

lation Conditions

3.1 Establishment of the main structure model
of the full-submersible deep-sea aquacul-

ture platform

When establishing the main structure model of
the fully submersible deep-sea aquaculture plat-
form, this paper mainly refers to two classic designs
of Deep Blue 1 and Deep Blue 2. As representative
full-submersible deep-sea aquaculture platforms,
Deep Blue No.l and Deep Blue No.2 show good
stability and motion characteristics in deep-sea envi-
ronment, so they become important reference ob-
jects in this paper. In addition, the main structure of
the full-submersible deep-sea aquaculture platform
model in this paper also refers to the rigid frame of
the semi-submersible aquaculture platform of Liu"'"'.
In order to save computing resources, this paper
will scale all the models used, and the scale ratio is
1:20. The scale factor A 1s equal to 20.

The conversion relationship between the model
and the physical quantities of the entity is shown in
Table 1.

Table 1 Conversion relationship between physical quan-

tities of models and entities

Conversion

Project Symbol relationship

Line scale L./L, A
Volume V./V., A
Linear velocity Yo/ Vi AV2
Angle b/ P 1
Period T,/T, A2

Frequency S/t A
Density of water 0./ Pm 1
Quality ( displacement ) AJA,, AP
Force F./F, A2
Torque M,/M,, At
Moment of inertia 1./1, A’

The two-dimensional three-view of the main
structure model of the full-submersible deep-sea

aquaculture platform is shown in Figs.7—9.
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Fig.9 Model top view

3.2 Establishment of numerical pool model

The numerical pool is designed as a cuboid
with a length of 30 m, a width of 12 m, and a
height of 9 m. The top is 3 m from the water surface
and the water depth is 6 m. The first 21 m is the
working area and the last 9 m is the wave attenua-
tion area. The specific grid division of the numerical
pool is shown in Figs.10—12, and the combined
grid of the numerical pool and the aquaculture plat-

form model is shown in Fig.13.

Fig.10 Grid of XOZ plane

Fig.11 Grid of XOY plane

T

Fig.12 Grid of YOZ plane

i |

Fig.13 Merge grid diagram of numerical pool and aquacul-

ture platform models

3.3 Calculation settings and calculation condi-
tions

1.2 and other

This study is based on Qiu et a
spatial and tempora variation characteristics of
waves in the Yellow Sea and Bohai Sea. In this pa-
per, the statistical analysis of waves in the Yellow
Sea and Bohai Sea are from 2000 to 2019 and the
buoy observation data of two measured stations in
the Yellow Sea (From January 1, 2011 to Decem-
ber 31,2017) is used to simulate the real wave situa-
tion in the Yellow Sea.

To study the whole process motion response
analysis of the full-submersible deep-sea aquacul-
ture platform from structural transportation to work-
ing operation, this section will simulate and ana-
lyze the motion response of two working conditions
of the full-submersible deep-sea aquaculture plat-

form. Structural parameters of the model under
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towing and working conditions are shown in Ta-
ble 2.

Table 2 Model structure parameters under different

conditions

Name of working )
» Structural parameter Size
condition

Draft depth/m 0.35

) o X-axis inertia tensor/(kgem?) 1030
Towing condition o . )
Y-axis inertia tensor/ (kg'm?) 1438
Z-axis inertia tensor/ (kgem?) 1741
Draft depth/m 1.80

X-axis inertia tensor/(kg'm?) 1565

Working condition o .
Y-axis inertia tensor/ (kgem?) 2185

Z-axis inertia tensor/ (kgem?) 2 646

Among them, barycenter coordinates of the
full-submersible deep-sea aquaculture platform in
the numerical pool are (0,0, 0.28). The center of
gravity 1s 9 m from the X direction of the pool en-
trance, 21 m from the X direction of the pool exit,
and 6 m from the Y direction of the pool side wall.
The two-dimensional diagram of the model with
three wave direction angles of 90°, 45° and 0° is

shown in Fig.14.

\\
\ 45° wave direction angle

90" wave
direction angle

P

Fig.14 Two-dimensional diagram of the model with differ-

ent wave angles

(1) Calculation settings and calculation condi-
tions under regular waves

In this paper, the maximum value of the sea-
sonal annual mean value of the average period in the
Yellow Sea is 6.5 s (1.45 s after scale reduction) ,
and the wave height is 4 m (0.2 m after scale reduc-
tion). Towing conditions and working conditions un-
der three wave direction angles of 90, 45° and 0°
are calculated, respectively.

(2) Calculation settings and calculation condi-
tions under irregular waves

In this paper, the significant wave height of the
towing condition is 2 m (0.1 m after scale reduc-
tion) , and the significant wave height of the work-
ing condition is 6 m (0.3 m after scale reduction).
Towing conditions and working conditions under
three wave direction angles of 90°, 45° and 0° are
calculated, respectively. The main information of ir-
regular waves is shown in Table 3.

(3) Calculation settings and calculation condi-
tions under strong nonlinear waves

The strong nonlinear wave in this study is se-
lected as the freak wave. The effective wave height
of the background wave train under working condi-
tions is 6 m (0.3 s after scale reduction) , and the
wave height of the freak wave is greater than 12 m
(0.6 m after scale reduction). For the towing condi-
tion, the effective wave height of the background
wave train is 2 m (0.1 s after scale reduction) , and
the wave height of the freak wave is greater than
4 m (0.2 m after scale reduction). The freak wave
energy is focused on the front of the model, and the
occurrence time is 15 s. Three wave direction angles
at 90°, 45°, and 0° are considered. The main infor-
mation of strong nonlinear waves 1s shown in
Table 4.

Table 3 Wave parameters of irregular waves

Target spectrum

Significant wave height

Number of superimposed waves Median period

ITTC two-parameter wave spectrum

0.1m/0.3m

100 1.45

Table 4 Wave parameters of strong nonlinear waves

Target spectrum

Significant wave height

Energy distribution coefficient Median period

ITTC two-parameter wave spectrum

0.1m/0.3m

0.4 1.45
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4 Results and Discussion

The water wave action is one of main external
forces faced by the aquaculture platform, which has
a significant impact on its motion response. In order
to better understand the motion response characteris-
tics of the full-submersible deep-sea aquaculture
platform under the action of water waves, this study
uses numerical simulation to analyze and study the
six degrees of freedom of the full-submersible deep-
sea aquaculture platform under the action of regular
waves, irregular waves and strong nonlinear
waves, which provides an important reference for
the optimization of the entire design process and the
operational safety of the deep-sea aquaculture plat-

form.

4.1 Motion response analysis under towing

condition

Referring to the latest towing operation notice
issued by the Maritime Safety Administration, this
paper uses the average towing speed of 4 knots/h in
recent years. Unit conversion: 4 knots/h is approxi-
mately equal to 2.06 m/s (0.46 m/s after scaling).

(1) Motion response under regular waves

Under the towing condition of the aquaculture
platform under the action of regular waves, the roll-
ing, pitching, and heaving of the aquaculture plat-
form models with wave direction angles of 90°, 45°
and 0" are compared and analyzed. The time history
curves of rolling, pitching and heaving motion are
shown in Figs. 15—17. According to Figs.15—17,
it can be seen that under the towing condition of the

aquaculture platform under the action of regular
0.6r —90° —45 —0°
041

0.2F

0.0

Roll/ ()

-0.2 !

0.4

20 25 30 35 40

Fig.15 Comparison of roll motion time history curves under

regular wave in towing condition

0.8

0.4

Pitch / ()
e
e

033 25 30 35 40

Time /s

Fig.16  Comparison of pitch motion time history curves un-

der regular wave in towing condition

0.03r —90° —45° —0°
0.02

0.01

0.00

Heave /m

-0.01

-0.02

0035 25 30 35 40

Time /s

Fig.17 Comparison of heave motion time history curves un-

der regular wave in towing condition

waves, the roll, pitch and heave of the aquaculture
platform model with wave direction angles of 90°,
45 and 0° are distributed periodically. The rolling,
pitching and heaving of the aquaculture platform
model generally maintain the law that the wave di-
rection angle of 90°is less than those of 45° and 0°.
There are slight differences in the rolling, pitching
and heaving cycles of aquaculture platform models
with wave angles of 90°, 45° and 0°.

(2) Motion response under irregular waves

Under the towing condition of the aquaculture
platform under the action of irregular waves, the com~-
parison of the time history curves of rolling, pitching
and heaving motion are shown in Figs. 18—20. Ac-
cording to Figs.18—20, it can be seen that it is con-
sistent with the above situation under the action of
regular waves. There are obvious differences in the
contrast period and amplitude of rolling, pitching
and heaving of the aquaculture platform models

with wave angles of 90°, 45° and 0°.
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Fig.18 Comparison of roll motion time history curves un-

der irregular wave in towing condition
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Time /s

Fig.19 Comparison of pitch motion time history curves un-

der irregular wave in towing condition
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Heave / m
(=)
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S

Time /s

Fig.20 Comparison of heave motion time history curves un-

der irregular wave in towing condition

(3) Motion response under strong nonlinear
waves

Under the towing condition of the aquaculture
platform under the action of strong nonlinear wave,
the time history curves of rolling, pitching and heav-
ing motion are shown in Figs.21—23. According to
Figs.21—23, it can be seen that at the 15th second
of the strong nonlinear wave, the roll, pitch and

heave of the aquaculture platform model with wave

1.5

135 10 15 20 25

Time /s

Fig.21 Comparison of roll motion time history curves un-

der strong nonlinear wave in towing condition

Pitch / ()

5 10 15 20 25
Time /s
Fig.22 Comparison of pitch motion time history curves un-

der strong nonlinear wave in towing condition

0.06
0.03
g
o
§ 0.00
jun}
-0.03
_0‘06 1 1 1 1
5 10 15 20 25
Time /s

Fig.23 Comparison of heave motion time history curves un-

der strong nonlinear wave in towing condition

direction angles of 90°, 45° and 0° have a surge phe-
nomenon. It is consistent with the above situation
under the action of regular wave and irregular wave.
The degree of pitch is significantly higher than that

of roll.

4.2 DMotion response analysis under working

condition

(1) Motion response under regular waves

Under the working conditions of the aquacul-
ture platform under the action of regular waves, the
roll, pitch and heave motion time history curve com-

parison diagrams are shown in Figs.24—26. Accord-
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Fig.26 Comparison of heave motion time history curves un- Fig.29 Comparison of heave motion time history curves un-
der regular wave in working condition der irregular wave in working condition
ing to Figs.24—26, it can be seen that the roll, above situation under the action of regular waves.
pitch and heave of the aquaculture platform model There are obvious differences in the contrast period
generally maintain the law that the wave direction and amplitude of roll, pitch, and heave of the aqua-
angle of 90° is greater than those of 45° and 0°. culture platform model with the wave direction an-
(2) Motion response under irregular waves gles of 90°, 45°, and 0°.
Under the working conditions of the aquacul- (3) Motion response under strong nonlinear
ture platform under the action of irregular waves, waves
the roll, pitch and heave motion time history curve Under the working conditions of the aquacul-
comparison diagrams are shown in Figs.27—29. Ac- ture platform under the action of strong nonlinear

cording to Figs. 27—29, it is consistent with the waves, the time history curves of rolling, pitching,
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and heaving motion are shown in Figs.30—32. Ac-
cording to Figs.30—32, it can be seen that in the
preset 15 s, the rolling, pitching and heaving of the
aquaculture platform model all show a surge on
schedule. The amplitude of rolling, pitching and
heaving of the aquaculture platform model is consis-
tent with the above situation under the action of reg-

ular waves and irregular waves.

30r

Roll / ()

_.3-0 1 1 1 1
5 10 15 20 25
Time /s
Fig.30 Comparison of roll motion time history curves un-

der strong nonlinear wave in working condition

—90° —45° —0°

Pitch / ()

Time /s

Fig.31 Comparison of pitch motion time history curves un-

der strong nonlinear wave in working condition

0.15r —90" —45° —0
0.10}

0.05r

Heave /m

0.00k

-0.05r

0105 10 15 20 25
Time /s
Fig.32 Comparison of heave motion time history curves un-

der strong nonlinear wave in working condition

This paper mainly focuses on the numerical

simulation analysis of the motion response of the

full-submersible deep-sea aquaculture platform un-
der the action of water waves under towing condi-
tions and working conditions. Among them, the in-
fluence of the regular wave, the irregular wave and
the strong linear wave on the motion response of an
aquaculture platform under towing condition and
working condition is discussed and analyzed, respec-
tively. At the same time, three cases of wave direc-
tion angles of 90°, 45°and 0° are also discussed re-
spectively. The main conclusions are as follows:

(1) Under the towing conditions of regular
waves, irregular waves and strong nonlinear
waves, the rolling, pitching and heaving amplitudes
of the aquaculture platform model at the wave angle
of 90" are less than those at the wave angles of 45°
and 0°.

(2) Under the working conditions of aquacul-
ture platform under the action of regular wave, ir-
regular wave and strong nonlinear wave, the ampli-
tude of rolling, pitching and heaving of the aquacul-
ture platform model at the wave angle of 90° is great-
er than that at the wave direction angles of 45°
and 0°.

5 Conclusions

When the full-submersible deep-sea aquacul-
ture platform is towing with the wave, the ampli-
tude of motion is more intense, whether it is regu-
lar wave, irregular wave or strong nonlinear wave.
The wave motion of the full-submersible deep-sea
aquaculture platform under working conditions is
relatively stable, but the motion amplitude is more
intense when the wave is moving. The calculation
results of this experiment provide important experi-
mental data support for the dynamic characteristics
of the aquaculture platform under different waves.
The specific significance includes as follows:
(1) The study find that the influence of different
wave direction angles on the stability of the aquacul-
ture platform provides a theoretical basis for the de-
sign and optimization of the structure and layout in
the future, so as to improve the anti-wave ability
and safety of the platform. (2) By analyzing the re-

sponse characteristics of the platform under differ-
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ent wave conditions, it can provide guidance for the
operation and management of the aquaculture plat-
form, especially in terms of site selection and opera-
tion strategy, to help decision makers reasonably
avoid adverse wave effects. (3) This study pro-
vides an experimental basis for the safety assess-
ment of related aquaculture platforms in the future,
promotes the research on the safety and reliability
under the change of marine environment, and pro-
vides support for the formulation of industry stan-
dards.
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