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Design and Flow Field Analysis of Bionic Blade of Banana
Straw Crushing and Throwing Machine

ZHANG Xirui' NI Shilei'  LIU Junxiao' HU Xuhang' ZHANG Zhifu' FU Shaohua®
(1. School of Mechanical and Electrical Engineering, Hainan University, Haikou 570228, China
2. School of Information and Communication Engineering, Hainan University, Hatkou 570228, China)

Abstract: To solve the problems of poor crushing effect and uneven scattering of banana straw crusher in
Hainan Province during operation, a field returning machine was designed with a biomimetic serrated
grinding knife with good straw crushing performance. Applying the principles of bionics to the design of
crushing blades, a biomimetic serrated crushing knife was designed based on the serrated profile of blue
shark teeth. The cutting ability of the biomimetic serrated knife on banana straw was verified through
simulation, and a mixed use of the biomimetic serrated blade and traditional crushing knife was designed.
An experimental plan was developed for machine simulation and field experiments. Using Fluent flow
field analysis software, the effects of parameters such as the speed of the crushing blade shaft, the height
of the crushing chamber from the ground, and the distance of the crushing blade tip from the casing on
the pressure and velocity fields at different positions in the banana straw crushing and returning machine
during operation were studied. When the spindle speed was 2 000 r/min, the feeding characteristics of
the crushing chamber were the best. The higher the height of the crushing chamber from the ground was,
the better the feeding characteristics of the straw were, but too high or too low of the height from the
ground can lead to a decrease in the fluidity of the straw in the crushing chamber. Increasing the gap
between the tip of the crushing knife and the casing can have a negative impact on the scattering of straw.
Through simulation and field experiments, it can be concluded that the combination of biomimetic

serrated blade and traditional crushing blade can ensure the straw picking ability while improving the
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crushing qualification and scattering uniformity of the entire machine. The research result can provide

support for the design and optimization of banana straw returning machines.

Key words: banana straw; crushing and returning farmland; biomimetic blade; flow field characteristics
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Tab.2 Shark tooth six-term formula fitting equation coefficient

A0 UG R AR I 2R S Pi P2 P3 Pa Ps Pe Pr R?
1 —1.75x10°* 5.96x107° -7.47x10°% 4.02x10"' -1.06 2.39 46. 1 9.974 x10 73
2 -6.76x107°  6.79x107* -2.79x10 " 6. 00 ~7.13 x10" 4.47 x10* —1.12 x 10? 0.999
3 8.43x107° -1.34x107% 8.75x10"! -3.01 x10'  5.84 x10* -5.94 x10* 2.49 x10* 0.989
4 6.59x107*  -1.46x10"" 13. 40 -6.57 x10*  1.81 x10* 2.66 x10° 1.62 x 10° 0.998
5 1.029 x10 ™% -2.92 x10 72 3.45 -2.17 x10*  7.63 x10%> 1.43x10° 1.11 x10° 0.994
6 -1.386 x10™* 4.71 x10 > -6.66 5.02x107 2,13 x10* 4.81 x10° 4.52x10° 0.994
7 —1.241 x107* 5.13x107? -8.85 8. 13x107  4.20x10* 1.16 x10° 1.33 x 10’ 0.997
8 -7.34x107° 3.57x107? -7.21 7.78 x 10> 4.72 x10* 1.53 x10° 2.06 x 10’ 0.996
9 -5.72x107° 3.22x107? -7.54 9.43 x10%>  6.63 x10* 2.48 x10° 3.88 x 10’ 0.993
10 2.56x107*%  -1.64x10"" 43.40 —6.14 x10>  4.89x10° 2.08x10" 3.67 x10* 0.998
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Flow diagrams of sections P1 ~ P5
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