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Fig.2 Velocity comparison of the numerical results and
the experimental data in the circular tank
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Fig. 5 Comparison of graphical resolution and
accuracy of two grid sizes(C/B=0.00, h,=0.10 m)
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Tab.1 Characteristic statistics table of tank with the relative inflow distance

JEE U 0  5E n TH P32

effﬁfc&? fﬁggﬁve ﬂfjjj;?jﬁf{f;? resistalgnﬂc?c/feﬁient of velocity from the height h; at the bottom AL
inflow distance the tank the tank Vo.01 V0.03 Vo.10 rate change

0.00 0.067 0.065 0.092 0.088 0.078 12.14

0.01 0.074 0.053 0.093 0.087 0.080 9.12

0.02 0.082 0.043 0.097 0.094 0.089 5.71

0.03 0.085 0.039 0.102 0.097 0.100 3.11

0.04 0.081 0.044 0.102 0.096 0.092 4.81

0.05 0.074 0.053 0.089 0.084 0.079 6.83

0.06 0.063 0.073 0.085 0.074 0.065 14.62

0.07 0.060 0.082 0.083 0.073 0.063 15.08

0.08 0.058 0.089 0.079 0.068 0.060 13.10

0.09 0.056 0.094 0.076 0.066 0.059 12.31

0.10 0.055 0.098 0.074 0.066 0.055 19.38
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Fig. 9 The characteristic map of flow field in tank [h,=0.01 m (up), h,=0.03 m (down)]
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A numerical study of the effect of relative inflow distance on
hydrodynamic characteristics in the single-drain rectangular
aquaculture tank with arc angles

XUE Boru "’, YU Linping >, ZHANG Qian '?, REN Xiaozhong ", BI Chunwei ’

(1. Key Laboratory of Environment Controlled Aquaculture, Ministry of Education, Dalian Ocean University, Dalian 116023, China;
2. College of Ocean and Civil Engineering, Dalian Ocean University, Dalian 116023, China,
3. State Key Laboratory of Coastal and Offshore Engineering,
Dalian University of Technology, Dalian 116024, China)

Abstract: In order to explore the influence of the position of the water inlet device on the hydrodynamic character-
istics of the single-drain rectangular arc angle aquaculture tank, a new parameter, the relative inflow distance C/B
(C is the horizon distance from inlet to sidewall, B is the width of the rectangular tank) was proposed in this paper,
and the complex flow field of near the sewage outlet were analyzed by fluid dynamics characteristics variables,
and to measure the effective utilization rate of water in aquaculture tank, the effective utilization coefficient of
energy ne is put forward. Meanwhile based on the Reynolds averaged Navier Stokes (RANS) equation and RNG k-
€ turbulence model, a three-dimensional numerical model of rectangular arc angle aquaculture tank was construc-
ted. Computational fluid dynamics simulation technology was used to calculate and analyze the flow field environ-
ment in the constructed aquaculture tank. By adjusting the layout position of the inlet system, the flow field in the
tank (especially at the bottom) was optimized, and the influence of the optimization of hydrodynamic conditions on
the collection and discharge performance of the aquaculture tank system was analyzed. This base case is validated
against the experimental velocity measurements using Acoustic Doppler Velocimetry (ADV) at predefined loca-
tions across the central vertical plane of the tank. On this basis, the hydrodynamic conditions of the aquaculture
tank system were systematically analyzed by hydrodynamic characteristics , such as the average velocity, energy
efficiency, velocity distribution uniformity at the bottom of the tank and so on. The numerical simulation results
show that the average velocity and energy efficiency can be significantly improved by optimizing the relative
inflow distance, which is conducive to the formation of uniform and stable flow field. And increasing the relative
inflow distance parameter C/B from 0.00 to 0.05 can effectively improve the flow field characteristics in the
aquaculture tank, and setting the relative inflow distance parameter C/B between 0.02 and 0.04 is beneficial to
obtain the best flow field conditions for the single channel rectangular arc angle aquaculture tank system.The res-
ults show that the ratio parameter C/B in the range of 0.02~0.04 could effectively improve flow field characterist-
ics of the system so as to get better hydrodynamic conditions for circulating aquaculture, and relatively minor con-
struction changes could improve the hydrodynamic conditions of the aquaculture system and open up new ideas for
obtaining the hydrodynamic environment conducive to fish welfare and production operation.

Key words: rectangular aquaculture tank with arc angle; the relative inflow distance; hydrodynamic characterist-
ics; effective utilization coefficient; computational fluid dynamics(CFD)
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