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Fig. 1 Sketch of the coordinate system
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Fig. 2 Diagram of mesh group
a. Mesh group of side net N\xXN;=50x50;
. Mesh group of bottom net N>xN>=106x106.
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Fig. 3 Sketch of Ocean Farm 1
Check table 1 for the structure each number refers to.
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Tab.1 Structural parameters of the aquaculture platform
%5 no ¥4 component K /m length B 42 /m diameter B¥ JE /mm thickness
1 Oy R ST A central column 37 3.56 32
2 112 7% A LA periphery columns above pontoon 33 3.56 34
3 137 #E periphery intermediate column 33 2.80 30
4 34 top ring beam 28.5 2.29 18
5 TIR% bottom ring beam 28.5 2.05 24
6 H1[ 4 middle ring beam 28.5 1 15
7 FHEFT diagonal support 43.6 1 15
8 JIK4& MFT bottom ring beam 55.4 1.75 23
9 28 AT top cross beam 110 2.05 18
10 HC PR central pontoon cylinder 7 17 137
11 1% 7% f periphery pontoons cylinder 13 12 62
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Tab.2 Main dimensions of the aquaculture platform

ZH parameter ¥ (8 value 28 parameter $0{H value
T A8 A5 /m barycentric coordinates (0, 0, 20) I/(kg-m?) 32.78x10°
77K /m draught 6 I,/(kg-m?) 32.55x10°
HE/K &/t displacement 5429 L./(kg:m?) 35.04x10°
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Tab.3 Towline parameter

2% parameter ${E value 28 parameter $(8 value
B %/mm diameter 160 W ;i F1/N 1.47x107
HLHLFIBE/N tensile stiffness 2.35x10° 255 ¥ /(kg/m) 24.63
450 OV 135°

0> “~——180°

Hifft tugboat
R 2D o
aquaculture platform diameter | S—

WKL

towline length

RIFF- &

aquaculture platform

K4 ffifias g
Fig. 4 Sketch of towing layout
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Tab. 4 Mesh parameter
0 2888 1 1 1 J
P mesh K/ /m size ¥ H /> number 0 5 10 15 20 25 30
JE#/s period
meshD 1.09 6932
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mesh® 0.5 29635 Fig. 5 Response amplitude operators of an

aquaculture platform (0° incident angle)
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Fig. 9 Response amplitude operators of an aquaculture platform under operation condition (0° incident angle, draft 43 m)
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Fig. 10 Motion responses and towline tensions of an aquaculture platform for different significant wave heights
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Tab.5 Motion responses and towline tensions of an aquaculture platform for different significant wave heights

3% /Il B /(m/s?) heave acceleration

Y\ ff1/° pitch motion

6 455K J1/(x10° N) towline tension

AR R /m

significant RRME R/ME P {E RRME R/ME P {E RKRME R/ME FIE
wave max min average max min average max min average
1.25 0.28 —-0.26 0 0.06 —-0.04 0.01 2.08 0.94 1.42
2.50 0.58 —0.54 0 0.19 —-0.17 0.01 4.40 0 1.72
4.00 1.10 —-1.08 0 0.51 —0.44 0 9.52 0 2.38

ME 10 FiER S AT LAE H, MUk EH 1.25 m 3
HNE] 2.50 m A1 4.00 m BF, 46 -5 5 3% 0056 B
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Motion responses and towline tensions of an aquaculture platform for different wave directions
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Tab. 6 Motion responses and towline tensions of an aquaculture platform for different wave directions

. . T35 N34 % /(m/s?) heave acceleration YAFEF/(°) pitch motion Hi 455K 71/(x10°N) towline tension
oy WKL ROMBL TEE RN RoME P Rkl ROME P
max min average max min average max min average

180 0.58 —0.54 0 0.19 -0.17 0.01 4.40 0 1.72

135 0.43 -0.40 0 0.17 -0.18 0.01 3.23 0.62 1.50

45 1.29 -1.29 0 0.28 -0.32 0 2.16 0.60 1.35

0 1.01 -1.02 0 0.19 -0.30 0.01 2.23 0.79 1.38

4.3 HEMIEE RN
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Fig. 12 Motion responses and towline tensions of an aquaculture platform for different towing speeds
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Tab.7 Motion responses and towline tensions of an aquaculture platform for different towing speeds

) e 3 1055 £ /(m/s?) heave acceleration P\FEFA/(°) pitch motion 545 7K 11/(x10°N) towline tension
towing speed ﬁ:ij({ﬁ e/ ME FHME e KAE e/ ME FHE ﬁ:ij({ﬁ ﬁ:i/j\{ﬁ A
max min average max min average max min average

2.0 0.91 -0.86 0 0.13 -0.16 -0.03 3.03 0 1.00

3.0 0.63 -0.66 0 0.14 -0.20 -0.01 3.88 0 1.31

4.0 0.58 -0.54 0 0.19 -0.17 0.01 4.40 0 1.72

5.0 0.40 -0.33 0 0.21 -0.14 0.03 6.42 0.33 2.23
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HALEE R 5.0 kn B, e KHiZETK F1 6.42x10°N
LEFRE 2.3, W TR/NE 2 RE 2.0, K, jj
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Fig. 13 Motion responses and towline tensions of an aquaculture platform for different towline lengths
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Tab. 8 Motion responses and towline tensions of an aquaculture platform for different towline lengths
s K 3% /N3 B /(m/s?) heave acceleration Y\FE £f1/(°) pitch motion Hi g5k F1/(x10°N) towline tension
i 45 1< B2 /m
owline length R BUME P ROKE RBUME FMIE RK RoME P
max min average max min average max min average
D 0.54 -0.53 0 0.23 -0.15 0.02 5.35 0 1.73
2D 0.58 -0.54 0 0.19 -0.17 0.01 4.40 0 1.72
3D 0.55 -0.53 0 0.15 -0.15 0 3.90 0.30 1.72
4D 0.53 -0.56 0 0.13 -0.14 0 3.71 0.56 1.72
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Fig. 14 Motion responses and towline tensions of an aquaculture platform for different heights of the towing point
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Tab. 9 Motion responses and towline tensions of an aquaculture platform for different heights of the towing point
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Hydrodynamic performance of a semi-submersible aquaculture platform
during wet towing transportation

LIU Changfeng"*, ZHANG Yu', XIN Yu', YIN Jing’, CHEN Changping", HAO Jian"*

1. College of Ocean and Civil Engineering, Dalian Ocean University, Dalian 116023, China;

2. Key Laboratory of Environment Controlled Aquaculture, Ministry of Education, Dalian Ocean University, Dalian
116023, China;

3. National Marine Environmental Monitoring Center, Dalian 116023, China

Abstract: As marine aquaculture expands from coastal regions to the deep seas, large-scale semi-submersible
aquaculture platforms have become the primary engineering equipment in recent years because of their high
stability and ease of installation. To reduce the difficulty of offshore construction, these platforms are typically
installed on land and towed to the operating areas by tugboats. However, owing to the high center of gravity of the
platform, there is a risk of capsizing during long-distance towing. In this study, a numerical analysis model was
developed to assess the hydrodynamic performance of an aquaculture platform, including its frame and net, during
wet-towing transportation. For a large-scale frame, including pontoons and columns, a three-dimensional potential
flow theory was applied to solve the diffraction and radiation problems. For the thin net, a semi-empirical Morison
equation was used to calculate the wave loads and a mesh group method was implemented to decrease the
computational cost and time. The motion equation was solved in the time domain using the impulsive response
function method, and analysis of nonlinear catenary towline was performed using the lumped-mass method. This
model examines the impact of significant wave height, wave direction, towing speed, towline length, and mooring
point position on the motion response and towline tension of a semi-submersible aquaculture platform. The results
indicate that as the significant wave height rises from 1.25 m to 4.00 m, the heave acceleration and pitch angle of
the aquaculture platform increase by 293% and 750%, respectively, whereas the towline tension increases by 358%.
The aquaculture platform experienced more severe pitch motion in the following waves than in the head waves
although the towline tension decreased. Furthermore, increasing the towing speed from 2.0 kn to 5.0 kn leads to a
56% reduction in heave acceleration and an 112% increase in towline tension. Tripling the towline length results in
a 43% decrease in the pitch angle and 31% decrease in the towline tension. The height of the towing point has a
significant impact on the pitch motion. For practical engineering applications, it is recommended to limit the
maximum sea condition for towing aquaculture platforms to level 4, keep the towing speed below 5.0 kn, avoid
towing in following waves, and instead opt for quarter head waves. Additionally, appropriately increasing the tow
line length can improve the towing stability.
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