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Design and Experiment of Pneumatic Feeding System
for Freshwater Fish in Juanyang Mode

KONG Xianrui'®  ZHANG Qing' LI Hongbo' NIU Zhiyou'”> HUANG Huang'® LIU Meiying'® LIU Jing'?
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Smart Farming for Agriculiural Animals, Minisiry of Agriculiure and Rural Affairs, Wuhan 430070, China)

Abstract; Due to the problem of excessive waste accumulation and serious water pollution in traditional
feeding mode, high-quality, high-yield and intensive feeding modes for freshwater fish were applied to
meet the demand for water products in China, such as industrial aquaculture, containerized aquaculture
and pond Juanyang mode. A pneumatic and automatic feeding system was designed, aiming at the
problems of high intensity of labour and low degree of automation. The functions of directional, timing
and quantitative feeding were realized, combined with Bluetooth control. The main content was
summarized as follows: the specific four-way and three-way units were designed to ensure the directional
delivery of feed. Based on Computational fluid dynamics — Discrete element method ( CFD — DEM )
coupling technology, the feeding speed was initially determined, and the fan was selected according to
the feeding speed. The feeding system was developed with Arduino Mega 2560 processor; the time and
weight information in this system were obtained by clock module and weighting sensor; the data of
expected feeding time, feeding weight and feeding area was transmitted through Bluetooth module.
Finally, the prototype was performed and tested. For two working conditoins, the error of average feeding
distance between experiment and simulation were 5.74% and 9.54% . The directional, timing and
quantitative feeding could be achieved accurately, with response time less than 1 s. The maximum error
of quantified feeding was 5. 37% . The results showed that the automatic feeding system can meet the real
feeding requirements with reliable structure and high-accuracy control system. This research can provide
a solution for the feeding problem of freshwater fish farming.

Key words: freshwater fish; feeding mode; pneumatic feeding system; timing and quantitative;

directional delivery; CFD — DEM
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Fig.1 Schematic of pneumatic automatic feeding system
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Fig.3 Schematics of directional feeding schemes
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Tab.1 Basic parameters of multi-sphere model
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Fig.5 EDEM simulation model
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Fig. 6  Schematic of structure mesh in fluid domain
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Tab.2 Basic parameters of CFD — DEM coupling
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Fig.7 Extraction of particle packing degree
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Tab.3 Simulation results of pneumatic conveying

T M/ (mes™") S 44 4% ) B BS / mm
18 793.79
20 1279.18
22 1398. 34
! 24 1511.81
26 1 896. 96
28 2011.49
26 1247.03
28 1654. 36
30 1731.98
2 32 1815.63
34 1923.87
36 2034.44
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Fig. 10 Flowchart of directional feeding after extension
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Tab.4 Validation of timing, quantitative and

directional tests

UL BRSO o s
Flt/g KOF BAE WS B /g
1 2 2 15.00.00 15.00.01 1048.3
2 1 1 15.02.00 15.02.01 975.3
1 000 3 3 3 15.04 .00 15.04 .01 1040.7
4 4 4 15.06.00 15.06.01 968. 3
5 1 1 15.08.00 15.08.01 978.5
1 1 1 15.20.00 15.20.01 1915.1
2 3 3 15.23.00 15.23.01 2107.4
2 000 3 3 3 15:26 .00 15.26.01 1937.1
4 4 4 15:29.00 15.29.01 2010.4
5 4 4 15.32.00 15.32.01 1993.4
1 2 2 15.40.00 15.40.01 3029.7
2 2 2 15.:44 .00 15.44.01 2976.7
3 000 3 3 3 15.48 .00 15.48 .01 3083.0
4 4 4 15.52.00 15.52.01 2920.9
5 1 1 15.56 .00 15.56.01 3046.7
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Fig. 12 Relationship between fan speed and

transformer frequency
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Tab.5 Test results of pneumatic conveying

T W/ (mes™") - 24 4% ] #E B/ mm
24 1398.33
26 1630. 83
! 28 1 896. 67
30 2035. 67
34 1 646. 67
36 1.840. 33
2 38 1932.43
40 2043. 67
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