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Table 1 Body parameters of tested fish
GHES R PR K T EAR L
Species Mean mass/g Mean Mean width/mm
length/mm
Hifh 29.3 127.6 273
C. idella
[ 3k i 314 116.3 47.6
M. amblycephala
fiffl 11 32.8 108.7 32.8
C. auratus
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1.Primary duct 2.Centrifugal pump 3. Electromagnetic flowmeter 4.Valve
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Fig.1 Schematic diagram of jet fish pump test bench
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Table 2 Experiment condition
T TARRARE BORRARCTIRE R R AT i

Primary flow Average secondary Average mixed flow

Case rate/(m*-h™) flow velocity/(m-s']) velocity in throat/(m-s™)
1 56 0.40 6.22
2 64 0.96 8.05
3 66 1.28 8.76
4 80 2.18 11.64
5 90 2.82 13.53
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Fig.2 Percentages of backward-moving fish in suction chamber
for different operation conditions
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operation conditions
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Fig.4 Posture change methods for fish in jet fish pump
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Fig.5 Posture change rate of fish in jet fish pump
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Impact of primary flow rate on fish locomotion law in jet fish pump based
on high speed photography

Xu Maosen?, Huang Bin', Mou Jiegang®, Gu Yunging?, Zhou Peijian?, Wu Denghao®*

(1. College of Mechanical and Engineering, Zhejiang University of Technology, Hangzhou 310023, China;2. College of Metrology and
Measurement Engineering, China Jiliang University, Hangzhou 310018, China)

Abstract: Sea cages have been widely used in fish industry in the recent years. Traditional method to transport fish is to
lift the fish container, which is energy-intensive and could lead to fish losses. Energy-efficient fish pumps have been
developed as a replacement in aquaculture to transport fish aimed to alleviate fish losses. Based on its operating principle,
traditional fish pump can be classified into three types: Impeller fish pump, pressure/vacuum (P/V) fish pump, and jet
fish pump. The impeller fish pump has specially designed high-speed rotating blades, which are efficient to transport fish
but could hit the fish and result in casualties. The P/V fish pump is more friendly to the fish, but its discontinuous operation
in suction and discharge is inefficient in energy. In contrast, the annular jet pump works by transferring momentum from a
high-velocity primary stream to a secondary stream, improving its overall performance compared to other two fish pumps
due to its non-rotation and continuous operation. Based on high speed photography, this paper presents an experimental
study on impact of the primary flow rate on locomotion of Carassius auratus, Megalobrama amblycephala and
Ctenopharyngodon idella in a jet fish pump under five operating conditions. The experimental results showed that with
primary flow rate increasing, both percentage of backward-moving fish and the average transit time of the fish decreased,
while the posture change rate and the average collision force between the fish and the wall increased. At low primary flow
rate, the percentage of backward-moving fish was above 85%, the average transit time of the fish was more than 300 ms,
the posture change rate was less than 6% and the average collision force between the fish and the wall was between 1 and
3 N. At the high primary flow rate, the percentage of backward-moving fish was between 50% and 85%, the average
transit time of the fish was between 125 and 175 ms, the posture change rate was between 9% and 18% and the average
collision force of the fish was between 5 and 7 N. Among the three types of fishes, Ctenopharyngodon idella had the
longest transit time and highest posture change rate in the pump; they also suffered the biggest collision force with the
cage wall in most operating conditions. Our results alluded that the jet fish pump can be optimized by intensifying the
mixture of the primary flow and the secondary flow in the suction chamber and the throat to increase the posture change
rate of the fish. This can reduce the transit time of the fish and increase the transport performance of the pump. In summary,
the main contribution of our work is elucidation of the influence of the primary flow rate on locomotion of fish in jet fish
pump. It provides guidelines to optimization of jet fish pump with locomotion of fish in consideration.

Keywords: fish; high speed photographys; jet fish pump; primary flow rate; fish locomotion
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