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Design of Fertilizer Spraying Device of Pneumatic Variable-rate
Fertilizer Applicator for Rice Production
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Abstract; Although it is the main machine in rice fertilizer with large width and high efficiency,
centrifugal disc type fertilizer spreader is still with the problem of poor uniformity of fertilizer and difficult
to realize the control of variable rate fertilization in width direction. In order to adapt to the development
of precise agriculture and meet the requirements of rice variable fertilization at the same time, which
could make fertilizer reduced and yields for rice increased, a kind of variable pneumatic fertilizer
applicator was designed. The machinery not only met the requirements of width, but also achieved the
variable rate fertilization in width direction. The fertilizer spraying device which designed for the machine
of fertilizer was analyzed theoretically, and a simulation analysis of air flow field was also made for the
spraying device with different baffle structures. What’ s more, relevant tests of fertilization uniformity
were made for fertilizing amount of each row of fertilizer and fertilizer spraying device of different baffle
types within their respective scope of fertilization at different rotational speeds. The results showed that
revolving speed had no significant effect on fertilizing amount of each row of fertilizer, and fertilizing
amount error of each row of fertilizer was within 5% of the average. However, revolving speed and baffle
types of fertilizer spraying device had significant effect on fertilization uniformity within the scope of single
spraying device, taking the fertilization variation coefficient as index, the whole fertilizer ejecting

uniformity variation coefficient was superior to the other speed when the wheel speed was around
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30 r/min; on the other hand, the fertilization uniformity variation coefficient of the cone baffle spraying

device was superior to the other spraying device whatever the wheel speed was, and when the wheel speed

was more than 30 r/min, the fertilization uniformity variation coefficient of this spraying device was less

than 8% .

In addition, some comparison was made on the influence of different baffle structure on air flow

field and fertilization uniformity, some similarities of them were found, but the conclusion whether the air

flow field had significant effect on fertilization uniformity cannot be made. Above all, in order to make the

single spraying device have the better fertilization uniformity in the process of actual operation, the cone

baffle spraying device can be used, on the premise of knowing the weight of target area for fertilization,

adjusting the speed of the machine to make the rotated speed of the wheel achieve 30 r/min or more, on

this account, good fertilization uniformity can be obtained in this area.

Key words: rice field;

apparatus; fertilizer transport
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pneumatic sprayer; out-fluted of fertilizer
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Fig.3 Different structures baffle spraying device
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Tab.1 Fertilizer sowing amount at different

20 em

rotational speeds g
HEME 1= HEAE 65 38/ (1 min =)
=2 10 20 30 40
1 262.22 573. 82 869. 23 1216.26
2 250. 12 561. 06 843. 62 1181.54
3 258. 60 559.05 835.18 1192.39
4 252. 64 564. 82 858. 38 1 186. 89
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Tab.2 -test result of each outlet’s fertilizer sowing amount

Y R 95% BEX M
(eomin-y R B T I
10 255.90 -0.002 0.999 247.12 264. 67
20 564. 69 0 0.999 554.28 575.10
30 851. 60 0 1. 000 827. 47 875.74
40 1194.27 0 1. 000 1169. 90 1218.64
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Tab.3 Fertilizer sowing amount in different spraying

device fertilizer box at different rotation speeds

Fed/  WEHCEE HENE & IR BT/ g AR

(rmin™') HEB 18 28 3B 48 5B %
10 1 83.87 71.48 41.19 55.48 74.83 25.96
10 2 28.63 8.90 1.51 11.36 39.99 87.26
10 3 95.51 51.46 27.42 30.66 72.25 51.82
10 4 65.89 64.51 40.60 54.13 51.66 18.68
20 1 111.28 95.50 64.62 81.03 97.91 19.79
20 2 48.92 15.88 5.94 15.76 58.14 79.68
20 3 77.05 52.70 30.53 53.04 96.92 41.11
20 4 82.87 89.00 66.01 87.41 76.84 11.61
30 1 156.53 130.80 94.94 118.66 138.87 17.99
30 2 78.81 24.83 10.16 24.66 86.96 77.93
30 3 127.24 102.78 60.89 89.84 115.96 25.84
30 4 143.41 142.99 118.39 133.97 128.52 7.87
40 1 117.76 98.85 71.18 80.77 104.83 19.75
40 2 66.78 17.05 4.78 18.30 66.94 85.61
40 3 160.63 122.11 71.99 112.35 137.47 27.18
40 4 190.60 193.71 173.23 188.34 182.38 4.36
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Fig. 6  Fertilizer sowing amount in different

spraying device fertilizer box
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Tab.4 Variance analysis of rotate speed and

different spraying devices

S 54/ (remin ") I8 28 4 5
10 20 30 40 1 2 3 4
Z
45.93 38.05 32.41 34.23 20.87 82.62 36.49 10.63
HI{E/ %
F 5.51 154. 89
Sig. 0.020 0
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Fig.7 Relationship of variable coefficient with rotate

speed and different spraying devices
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