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Fig.1 Rectangular tank geometry model for numerical
model validation
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Fig. 2 Comparison of model test data and simulation results
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Distribution of aquaculture tanks of the 300 000-ton aquaculture vessel
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Three—dimensional model of aquaculture tank and dimensions of the model in side view
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Fig.3 Arrangement and structure of the aquaculture tank of the 300 000—ton aquaculture vessel
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Tab.1 Particle numerical calculation working

condition grouping

DRI A% ) a5 ]
A0 Pade palodeny O
diameter/mm (kg/m*)

Al 0.1

A2 0.5 1 050

A3 1 161K 1 4
Bl 1050 AR
B2 1 1 100

B3 1150

WA LR T BER A 16 AN HE/K 15 44 HK H SRR AR AR
S FEHAG 24 h N H K 16 U

conditions, all adopt the aquaculture tank with 16 inlets and 4

In the above mentioned working

outlets. Water change 16 times in 24 hours in the aquaculture tank.
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Fig. 6 Mathematical and statistical distribution of water velocity in the aquaculture tank

FR2 FIARIERIETRE L

Tab.2 Comparison of characteristic flow velocities of flow fields

7K ECH Outlet number VR EEIE 9 99% F3 1 5L Vg, /(m/s)

TLHEE 1Y 95% 53 LKL Vi, [(mls) i

R Y TRV, (/)

1 0.244
2 0.239
4 0.232

0.215 0.121
0.209 0.118
0.203 0.113

2.2 HIfRXIFRIEAE PRI K BR B R0

AR TR KL AR X 37 B G PN OB ) 2 B

R B 52 ), 428 i) UKL % B4 1 050 kg/m®, &
R GURE W) R0 AR B, TE IR FE AR N 1Y 25 BR AR
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Fig.7 Contours of top and side velocity characteristics of water under static condition
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Fig. 8 Variation of residual particle number with time at different particle diameters
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Fig. 9 Variation of residual particle number with time at different particle densities
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Tab.3 Particle residues at different time points in the control condition with particle diameter
1 mm and density 1 050 kg/m*
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Influence of particle characteristics on the removal of particles in the
rectangular aquaculture tank

JI Zekun'?, LIU Huang™*, CUI Mingchao™?, ZHANG Chenglin**, QIN Kang'"

(1. School of Navigation and Naval Architecture, Dalian Ocean University, Dalian 116023, Liaoning, China; 2. Fishery
Machinery and Instrument Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200092, China; 3. Qingdao
Marine Science and Technology Center, Qingdao 266100, Shandong,China)

Abstract: Aquaculture vessels are one of the new ways to expand the space for offshore farming, and if
particles such as undigested feed residues and excreta cannot be discharged in a timely manner during the
shipboard tank farming process, it will have a serious negative impact on the health of fish and their growing
environment. The article uses FLOW-3D software to carry out numerical simulation calculations to study the
effect of the number of outlets in the aquaculture tank of the 300 000 t-class aquaculture vessel on the flow
field characteristics under the stationary condition, and on this basis to explore the removal effect of particles
with different particle sizes and densities in the tanks. The results showed that: when the total inlet and outlet
flow rate and the total area of the outlet are constant, as the number of outlets increased from 1 to 4, Vi,
decreased from 0. 244 m/s to 0. 232 m/s and V., decreased from 0. 215 m/s to 0. 203 m/s. As the number of
outlets increases, the flow velocity in the aquaculture tank decreases. Measured by the time it takes for 95%
of the total amount of particles to be discharged from the aquaculture tank, when the particle density was
1 050 kg/m’, discharge of particles with a particle size of 1 mm took about 24 minutes, discharge of particles
with a particle size of 0.5 mm took about 45 minutes, and discharge of particles with a particle size of 0. 1
mm took about 78 minutes. So at the same density of particles, as the particle size of particles increases,
their retention time in the aquaculture tanks decreased and their removal efficiency increased significantly.
When the particle size was 1 mm, discharge of particles with a density of 1 100 kg/m’ took about 15 minutes,
and discharge of particles with a density of 1 150 kg/m’ took about 11. 6 minutes. When the particle size of
the particles was the same, the higher the density of the particles, the shorter their retention time in the flow
field of the aquaculture tank, and the greater their removal efficiency. In this study, an integral analysis
method combining CFD numerical simulation and mathematical statistics was formed to provide research
means and theoretical basis for the complex working conditions with different transverse rolling periods and
larger transverse rolling amplitudes.

Key words: aquaculture vessel; aquaculture tank; particle; flow rate; numerical simulation; mathematical

statistical analysis
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