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Design and Experiment of Inclined Trapezoidal Hole Fertilizer
Point-applied Discharging Device

DU Xin LIU Cailing JIANG Meng YUAN Hao DAI Lei LI Fanglin
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; In order to improve the utilization efficiency of fertilizers, reduce the amount of chemical
fertilizers applied, and realize fertilization in the root zone of plants, an inclined trapezoidal hole fertilizer
point-applied discharging device was designed. Fertilizer point-applied discharging device can be divided
into two categories, the first type was intermittent fertilizer discharge device, and the continuous fertilizer
particles were discharged from the fertilizer supplied device and then relied on the intermittent device
(duck mouth valve) to open and close to form the hole fertilization; the second type was consequent
metering device, the mechanisms combined filling plate and discharging plate continuously and then
rotated and extracted fertilizer particles from the filling area, then discharged fertilizer particles from the
discharging area. The consequent metering device can reduce the movement time of the fertilizer, offset
the forward speed of metering machines, and finally reduce the scattered length of the landing fertilizer
particles by the centrifugal force and the initial tangential velocity of the fertilizer. Therefore, a
consequent and point-applied fertilization metering device was designed. The centrifugal force of the
filling and discharging wheels, the self-gravity of the fertilizer and the assisted pneumatic force were used
to discharge the fertilizer, and the performance of the device was improved by reducing the time when the
fertilizer particles completely flew out from the hole. The cavitation and working principle of the fertilizer
point-applied discharging device were explained, the main influencing factors affecting its fertilizer
distribution performance were determined, and the mechanical model of the fertilizer particle group in the
process of filling and discharging fertilizer was constructed ; the discrete element software EDEM and fluid
analysis were used, and the software Fluent was used to carry out a simulation analysis on the fertilizer

distribution performance of the fertilizer point-applied device, and the influence of the working speed,
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length of fertilizer hole and air velocity on the fertilizer distribution length and the error of hole fertilizer
amount was studied. The 3-factor 3-level full-factor experimental design method was adopted. The
optimized solution showed that when the operating speed, the length of the fertilizer hole and the air
velocity were 3 ~7 km/h, 27. 0 mm and 15. 0 m/s, respectively, the fertilizer distribution length and the
hole fertilizer amount were 62.7 ~87.5 mm and 7.4% ~ 8.9% , respectively. The bench test showed
that under the conditions of operating speed of 3 ~7 km/h, hole length and air velocity of 27. 0 mm and
15.0 m/s, respectively, the fertilizer distribution length, the stability coefficient of fertilizer distribution
length, the error of fertilizer pointed distance and the error of hole fertilizer discharge the hole distances
were 98.5 ~175.5 mm, 7.42% ~14.18% , 7.60% ~15.17% and 2.3% ~4.7% , respectively. Field
test results showed that when the operating speed was 3 ~7 km/h, the fertilizer distribution length, the
coefficient of variation of the fertilizer distribution length stability, the error of the hole fertilizer amount
and the error of the fertilizer pointed distance were 104.2 ~178.4 mm, 7.55% ~14.56% , and 7.69% ~
13.80% , 2. 1% ~ 4.3% , respectively. The research result can provide equipment support for the
popularization and application of fertilizer hole application technology, and provide a theoretical basis for
the design and optimization of hole fertilizer device.

Key words: point-applied fertilization; fertilizer discharge device; inclined trapezoidal hole; discrete
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Tab.2 Factors levels and test results

Ml 4/ FIEAL R 6% HERE R
(km-h™") KB /mm (m-s™") mm 2/ %
10 61.5 7.4
20 15 65.0 7.7
20 69. 1 7.4
10 63.2 7.2
3 27 15 62.7 7.4
20 65.6 7.3
10 110.6 6.5
34 15 96. 6 6.4
20 74.6 6.6
10 67.9 8.5
20 15 68. 4 8.9
20 66.7 9.4
10 83.4 8.3
5 27 15 65.4 8.3
20 90. 2 8.9
10 120.6 6.9
34 15 108. 1 8.1
20 100. 6 8.7
10 79.7 9.3
20 15 80.5 9.7
20 80.3 10.2
10 98.2 9.1
7 27 15 87.5 8.9
20 100. 1 9.6
10 143.5 8.2
34 15 122.7 8.5
20 120.2 9.4
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Influence of length of filling hole and working speed on performance of fertilizer discharge
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