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Numerical Analysis of Particle Motion in Pneumatic Centralized
Fertilizer Distribution Device Based on CFD - DEM
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Abstract; The increase of grain production is inseparable from fertilization. However, the side effects
like energy waste, environment pollution and economic loss are largely caused by unreasonable
fertilization. The characteristics of traditional fertilization machine are low operation speed, small fertilizer
width and low efficiency, which also followed with unbalanced fertilization in each row, and a large
amount of fertilizer is inefficiently utilized. Studies have shown that rational fertilization, especially
mechanized precision proportionate fertilization can significantly improve the quality of agricultural
products. In order to realize high-speed and wide-width fertilization operation, rapid quantitative
transportation of granular fertilizers and proportionate fertilization in each row of the field fertilization
machine, the pneumatic centralized fertilization seeder has become the main research and application
machine. In order to study the movement characteristics of fertilizer particle in the pneumatic centralized
fertilizer distribution device, the air-solid two-phase flow characteristics in the pneumatic centralized
fertilizer distribution device were numerically analyzed by the coupled simulation of discrete element
method ( DEM ) and computational fluid dynamics ( CFD). In this coupling model, solid fertilizer
particles were simulated by EDEM software and the air phase was operated by Fluent software. The
optimum structure parameters of the fertilizer distribution device were determined by studying the effects
of the cone angle of the screwing caps and the diameter of bellows on the air pressure, air velocity and
motion characteristics of fertilizer particle. Based on this structure, the distribution uniformity of the
fertilizer distribution device influenced by the inlet air velocity and fertilization velocity were studied. The
simulation and test results showed that the air flow and the fertilizer particle had the best fluidity and

uniformity in the fertilizer distribution device with the taper angle of the screwing caps of 120° and the
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diameter of the bellows of 80 mm. Under the conditions of 25 ~35 m/s inlet air velocity and 0. 26 ~
0. 44 kg/s fertilization velocity, the coefficient of variation of fertilization amount on each row was not

more than 4. 9% . The distribution accuracy and uniformity of different kinds of fertilizers were also met

the requirements of fertilization operation.

Key words: pneumatic centralized ; fertilizer distribution device; granular fertilizer; gas —solid coupling;

flow characteristics
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Fig.1 Structural schematic of pneumatic centralized

fertilizer distributor
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Tab.1 Pre-treatment parameters
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Fig.3 Influence of different screwing caps on wind pressure
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Fig.5 Pressure cloud charts of fertilizer distribution device with different screwing caps
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Fig.6  Velocity distributions of fertilizer distribution device with different screwing caps
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Fig.7 Distributions of fertilizer particles in fertilizer distribution device with different screwing caps at 0. 6 s
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Fig.8 Time-varying relationship curves of collision

times between granular fertilizer and bellows
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Fig. 10  Distributions of fertilizer particles in fertilizer distribution device with different bellows at 1.0 s
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Tab.3 Influence of different inlet wind velocities and fertilization velocities on fertilizer distribution uniformity

AP R/ I E R, FATHNE /g K AR
(mes™")  (kges™1) 1 2 3 4 5 6 7 8 9 10 11 12 JBE/g REU/%

15 0.26 38.3 36.6 33.1 354 37.9 342 356 41.3 43.6 355 31.6 32.3 36.28 9.8

15 0.35 42.1 456 544 60.3 551 49.4 38.6 41.5 454 43.2 50.2 58.2 48.67 14.5

15 0.44 57.2 62 71.4 79.7 80.6 60.2 69.4 50.3 80.4 57.1 55.7 65.4 65.78 15.9

25 0.26 44.6 43.1 41.4 40.3 42.8 454 41.6 42.3 452 42.4 451 43.7 43.16 3.9

25 0.35 57.4 59.3 57.2 58.1 55.6 57.5 58.1 63.9 61.8 56.6 57.2 55.9 58.22 4.2

25 0.44 69.4 71.5 72.4 68.1 70.9 73.2 77.8 75.2 68.9 71.7 69.5 76.4 72.08 4.3

35 0.26 42.4 43,7 42,4 45.6 44.4 456 40.5 43.8 42.9 43.1 42.7 41.5 43.22 3.5

35 0.35 56.9 57.3 58.1 62.6 59.8 56.7 54.6 58.1 59.4 62.1 57.8 55.6 58.25 4.1

35 0. 44 71.3 70.1 72.4 76.2 77.5 75.3 71.8 69.6 68.1 76.2 72.4 76.9 73.15 4.3

45 0.26 40.1 44.4 38.1 37.5 42.7 46.2 48.4 50.5 48.7 43.3 40.4 38.7 43.25 10. 3

45 0.35 56.6 58.8 62.3 66.2 57.1 63.8 58.5 53.2 49.8 545 53.4 63.6 58.15 8.6

45 0. 44 71.5 64.7 73.1 77.4 66.2 67.7 72.9 70.5 79.1 81.4 82.3 71.4 73.18 7.9
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Experiment platform of pneumatic

5] 1
Fig. 11
centralized fertilizer distributor
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Tab.4 Experiment results

ARG/ AEAL MEACHR,  BATFY TR
(m+s™!) JUES (kg-s™')  HilEE/g ZRAE%

0.26 106. 97 4.2

SR 0.35 144. 85 4.7

0.44 182.95 4.8

0.26 107.91 4.2

25 KR AF 0.35 151.32 4.6
0.44 186. 52 4.7

0.26 109. 04 4.4

LGN 0.35 150. 23 4.7

0. 44 182.96 4.9

0.26 107. 83 3.6

SRR 0.35 145. 03 3.7

0.44 181. 84 4.4

0.26 107. 67 3.6

35 KR A 0.35 144. 50 3.8
0.44 186. 68 4.4

0.26 106. 67 3.8

MO & 0.35 148.19 3.9

0.44 183. 44 4.4
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