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Abstract: Unmanned aerial vehicles (UAVs) are widely being used to spread granular fertilizer in China. Granular fertilizer
spreaders equipped with UAVs are mainly centrifugal disc-type and pneumatic. The multichannel pneumatic granular fertilizer
spreaders (MPGFSs) have a banded fertilizer deposition distribution pattern, which are more suitable for variable rate
fertilization with high precision requirement than the circular deposition distribution pattern of disc-type granular fertilizer
spreaders (DGFSs). However, the existing MPGFS has the disadvantage of inconsistent discharge rate of each channel, which
affects the uniformity of fertilization. In order to explore the causes of inconsistent discharge rate of each channel, the discrete
element method (DEM) and bench test were performed to analysis the discharge process of the fluted roller fertilizing apparatus
and distribution of fertilizer in axial direction of fluted roller. The computational fluid dynamics (CFD) was used to simulate
the airflow field of pneumatic system to analyze the influence of airflow on the movement of fertilizer particles. The simulation
results of the discharge process of the fluted roller fertilizing apparatus showed that the filling velocity at the axial ends of the
fluted roller fertilizing apparatus was lower than that of the middle. The reason was that the filling capacity was weak near the
wall. The simulated results of the airflow field without partitions showed that the airflow provided by the axial flow fan was
rotational, and this caused the particles to move irregularly in the throat, resulting in inconsistency discharge rate of each
channel. Based on the analysis of reasons of inconsistent discharge rate of each channel, a MPGFS with partitions in the throat
was developed. The discharge rate bench tests were carried out to optimize the partition spacing parameters, and fertilization
test was performed to test the performance of the improved MPGFS. The discharge rate test results showed better consistency
with partition. The coefficient of variation (CV) of the discharge rate of each channel was 20.16% without the partition and
7.70% with the optimal partition. The fertilizer spreading uniformity bench test results shown that the CV of spreading
uniformity of MPGFS without partitions was 15.32%, and that MPGFS with partitions was 8.69%. The partitions design was
beneficial to improve the consistency of each channel discharge rate and the uniformity of fertilization. The finding can provide
a strong reference to design the MPGFS.
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1 Introduction

Fertilization can increase crop yield, but large labor input is
needed in production'’. Traditionally, fertilizer applicators primarily
include tractor-based sowing and fertilizing machine and high
clearance topdressing machine”. These heavy ground fertilizer
machines are easy to trap in deep paddy fields, easy to crush the
ridge, and difficult to transfer. There is also a loss of machine crush
when topdressing tall crops. Unmanned aerial vehicles (UAVs) are
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small in size, has an autonomous obstacle avoidance function, can
fly autonomously after planning the route, and are operationally
flexible®™. UAVs can take off and land vertically, fly at low
altitudes, and are not restricted by terrain®, which solves the
problem that heavy ground machines are difficult to enter small
fields in hilly and mountainous areas. Recently, the application of
UAVs in agriculture have undergone rapid development and have
been gradually commercialized globally”*. With the enhancement
of battery capacity and payload, the application of agricultural
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UAVs has extended to spreading granular fertilizer. Development of
fertilizer spreader suitable for UAV has broad application
prospects®.

Many scholars have also conducted research on UAV spreading
technology. A rice seed spreader suitable for UAVs has been
designed"”. The device uses a reverse pyramid-shape seed hopper to
discharge seeds by self-gravity, and a centrifugal disc to spread
seeds. The important parameter of the outlet opening and the disc
rotation speed were optimized. The field tests proved it is feasible to
spread rice with UAV. Wu et al.'" designed and optimized a disc-
type rice seed spreader with a baffle ring for UAV. Rice seeds
ejected by rotating disc are caused to rebound by a baffle ring, to
produce a non-hollow, fan-shaped distribution at field level. The
discrete element method (DEM) was used to explore the influences
of the disc rotation speed, UAV flying height and the angle of the
baffle ring. Ren et al.'” designed a disc-type granular fertilizer
spreader (DGFS) for UAV, and optimized the parameters, such as
the disc rotation speed and the feeding position angle. Field tests
showed that the efficiency of UAV fertilization was 12.5 times that
of artificial fertilization, and verified the unique advantages of UAV
fertilization on rice topdressing.

In the 1960s, the heavy manned aircraft with multichannel
pneumatic granular fertilizer spreader (MPGFS) were used to
fertilize large-areas in America™. A fluted roller fertilizing
apparatus was installed on the abdomen of an aircraft to control the
discharge rate of fertilizer, and a pneumatic conveying system was
mounted under the fluted roller fertilizing apparatus. Ram-air enters
the pneumatic conveying system from the forward of the aircraft,
and blows fertilizer backwards. In addition, the pneumatic
conveying system was equipped with a diversion channel to
distribute the fertilizer to diffuse. Liu et al.' optimized the shape
and layout of the diversion channel for MPGFS. Bansal et al.'>'"
used computational fluid dynamics (CFD) to study the airflow
velocity inside the MPGFS, and coupled with AGDISP (droplet
drift simulation software) to study the motion trajectory and
velocity of fertilize particles with different diameters. Song et al.l'*"!
optimized the MPGFS suitable for UAVs, and designed the variable
fertilization system based on prescription map.

The two main types of fertilizer spreader introduced above
have their own advantages and disadvantages. Fulton et al.?!
compared and analyzed DGFS and MPGFS. Compared with
MPGFS, the DGFS had the advantage of a large discharge rate, but
the uniformity of the MPGFS was better. Song et al.™
comprehensively analyzed the particle distribution uniformity,

P

discharge rate adjustment range, working width, and automatic
controllability of two disc-type and two pneumatic fertilization
UAVs by analytic hierarchy process method. The analysis
demonstrated that the MPGFS has better comprehensive
performance. In addition, the MPGFS has a banded fertilizer
deposition distribution pattern, which is more suitable for variable
rate fertilization than the circular deposition distribution pattern
of DGFS.

The research from Song et al."**" focused on the discharge rate
control of variable rate fertilization and the adaptability of MPGFS
and UAV. The research on the discharge rate consistency of each
channel for MPGFS has not been reported. Aiming at the problem
of spreading nonuniformity caused by inconsistent discharge rate of
each channel, this work will analyze the cause and optimize the
structural of the MPGFS. The influence of the airflow field on the
discharge rate of each channel was investigated by the CFD
simulation. On the basis of exploring the causes for the discharge
rate inconsistent of each channel, a MPGFS with partitions in the
throat was developed. The distribution pattern of fertilizer falling
from the fluted roller fertilizing apparatus along the axial of fluted
roller will be researched via DEM simulation, and the axial
distribution pattern of fertilizer was used as the basis for the design
of the partitions spacing. Finally, the optimized MPGFS will be
tested for discharge rate and fertilizer spread uniformity to verify
the benefits of improvement. It is expected to improve the
performance of MPGFS.

2 Materials and methods

2.1 Structure and working principle of the MPGFS

This fertilizer spreader was designed for UAV. It has the
characteristics of light weight, simple disassembly and compact
structure. The MPGFS weighed 3.51 kg. The MPGFS consisted of a
fluted roller fertilizing apparatus and a pneumatic conveying system
with multichannel (Figure 1). The airflow in pneumatic conveying
system was supplied by ducted fans. pneumatic conveying system
can be divided into an airflow entry section, a throat with material
inlet, and a diversion channel. The discharge rate was controlled by
adjusting the rotation speed of the fluted roller driven by the
stepping motor. When working, the fertilizer flow was discharged
from the fluted roller fertilizing apparatus into the throat. Fertilizer
was blown in different directions under the combined action of high-
speed airflow and diversion channel. Then, a banded fertilizer
deposition distribution area was generated along the forward
direction of UAV-based MPGFS.

No partition
in the throat

A partition
in the throat

s ¥
b

a. Diagram of overall structure of pneumatic broadcaster

b. Comparison picture with or without partitions

1.Ducted fan 2.Pneumatic conveying system 3.Fluted roller fertilizing apparatus shell 4.Baffle for removing fertilizer 5.Hopper connector 6.Fluted roller 7.Partitions

8.Diversion channel A.Entry section B.Throat C.Diversion section e.Offset of clear fertilizer board /. Anticlogging gap

Figure 1

Schematic diagram of the MPGFS
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Large and accurate discharge rate is the characteristics of the
fluted roller fertilizing apparatus™, which is suitable for variable
rate fertilization in precision agriculture!”. The fluted roller
fertilizing apparatus was an upper row fluted roller fertilizer
discharging device. It was composed of a stepping motor, a fluted
roller, a baffle for removing fertilizer, a shell, and other
components. To avoid discharge rate pulsation due to sudden
releases of fertilizer batches™!, the five rows of staggered fluted
roller was used. To prevent clogging, there was an anticlogging gap
between the fluted roller and the baffle. To ensure the smooth
passage of fertilizer particles, the minimum anticlogging gap was
designed to be 5 mm based on fertilizer particle size. The natural
angle of repose of the compound fertilizer used in the experiment
was measured to be 22.68°. With reference to the design method of
the seed-limiting plate™, the critical value of the offset of the clear
fertilizer board was calculated to be 9.09 mm. To prevent the
fertilizer from leaking out when the fluted roller was stationary, the
offset of the cleaning plate had to be greater than the critical value,
rounded to the nearest 10 mm.

There were four vanes with circular arcs in the diversion
channel. They were arranged symmetrically, dividing the airflow
and fertilizer into five channels (Figure 2). From the top view, the
channels were named channels 1-5 from the left to the right. The
angle between the outlet direction of channel 1 and the lateral
direction was 30°, and the angle between the outlet direction of
channel 2 and the lateral direction was 60°.

/S

Channel 1 Channel 2 Channel 3 Channel 4 Channel 5

Figure 2 Schematic diagram of the diversion channel

To solve the problem of discharge rate inconsistent of each
channel and spreading nonuniformity, the partitions in the throat
was developed, as shown in Figure 1b. The partitions were
connected with the vans in the diversion channel. The partitions
were designed to distribute fertilizer to each channel and to reduce
the disordered movement of fertilizer in the throat affected by
rotating airflow.

2.2 Causes analysis method of inconsistent discharge rate of
each channel

Based on the working principle, fertilizer particle motion is
affected by the airflow field in the throat so that the quantity of the
fertilizer distributed to each channel is different. Therefore, the
mechanism of the airflow field on the distribution of fertilizer
particles to channels needs to be studied and to find out the causes
for the inconsistency of discharge rate of each channel. The CFD
simulation method was used to analyze the airflow field.

The meshing module of ANSYS 19.0 software (ANSYS, Inc.,
Pennsylvania, USA) was used to mesh the pneumatic conveying
system model and the Fluent module to simulate the airflow field.
Dynamic mesh method was used to simulate the ducted fans””. The
model was divided into two parts: the dynamic mesh fluid domain
and the static mesh fluid domain. The rotational speed of the
dynamic mesh fluid domain was 15 000 r/min. The turbulence
model used in the calculation followed the k-¢ model®**). The

simple algorithm has been adopted, which promotes convergence in
the computation of complex flows, to solve the coupling of the
velocity and the pressure field®”. The air inlet of the ducted fan and
material inlet of the throat were connected to the atmosphere and
established the pressure inlet with a value of 0 Pa. The outlets of the
five channels were also connected with the atmosphere and
established as the pressure outlet with a value of 0 Pa. The other
surfaces were established as walls.
2.3 Design of partitions spacing

The partitions were designed to distribute fertilizer falling from
the fluted roller fertilizing apparatus to each channel. In order to
distribute the equivalent fertilizer to each channel, the distribution
of fertilizer along axial of the groove wheel needs to be clarified
when the fertilizer was discharged from the groove wheel fertilizing
apparatus. The axial distribution pattern of fertilizer was used as the
basis for the design of the partitions spacing. Therefore, the
discharging process of the fluted roller fertilizing apparatus was
simulated to study the mechanism and axial distribution pattern of
the particles using DEM.
2.3.1 DEM model establishment

A three-dimensional model of the fluted roller fertilizing
apparatus was created, and it was imported into the EDEM software
(DEM Solution Ltd., Edinburgh, UK). A particle factory was
established inside the hopper. A particle collection box was
established at the fluted roller fertilizing apparatus outlet. The
separation planes were established in the collection box, that
divided the axial length of the fluted roller fertilizing apparatus
outlet into 10 equal parts (Figure 3).
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roller; 5. Separation plane

Figure 3 EDEM simulation model diagram

To test the applicability of the MPGFS for basal fertilizer
application, the compound fertilizer (Guizhou Nuoweishi Biological
Engineering Co., Ltd., Guizhou, China) was selected as the research
object, and the fertilizer particles were approximately spherical.
Randomly selected 200 fertilizers were measured the equivalent
diameter to analyze and drew a histogram of the distribution
(Figure 4). The normal distribution function of Equation (1) was
used to fit the measured data.

—p)?

y=yy+Ae 2 (1)

where, y is the dependent variable; x is the independent variable;
and y,, 4, 1, and w are the coefficients of the normal distribution
function. The fitting calculation yielded y,=0.80, 4=25.87, 1=2.96,
and w=0.28. The single-sphere model was used as the fertilizer

31,32

particle model®'*%, Diameter of fertilizer particle model followed a

normal distribution, and the expected value was 2.96 mm.
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Figure 4 Fertilizer particle equivalent diameter distribution

Table 1 listed the relevant simulation parameters. Because the
surfaces of the fertilizer particles were dry and had no adhesion, the
Hertz-Mindlin non-slip contact model was applicable. The particle
factory generated 150 000 particles in 3 s. The fluted roller began to
rotate in the third second, the rotational speed of the fluted roller
was 30 r/min, the simulation time step was 1.16x107 s, and the total
simulation time was 10 s.

Table 1 DEM Simulation parameter settings™'

Parameters Particles Models
Poisson’s ratio 0.24 0.4
Shear modulus/Pa 1.076x107 3.266x10°
Density/kg-m™ 1380 1050
Coefficient of restitution with particle 0.27 0.35
Coefficient of rolling friction with particle 0.34 0.32
Coefficient of static friction with particle 0.26 0.47

2.3.2 The bench test method of the axial distribution pattern

To clarify the axial distribution pattern of the fertilizer when
the fertilizer particles were discharged from the fluted roller
fertilizing apparatus and to verify the correctness of the simulation
test, a bench test was conducted. The layout of the test bench is
shown in Figure 5a. The rotational speed of the fluted roller was
consistent with the simulation test, which was 30 r/min. The
fertilizer divider was installed below the outlet of the fluted roller
fertilizing apparatus, and the spacing of the partitions was the same
as in the simulation model. The fertilizer divider divided the axial
length of the fluted roller fertilizing apparatus outlet into 10 equal
parts. The fertilizer divider had 10 outlets, connected with collection
bottles, numbered 1-10 from left to right. During the test, the
fertilizer particles were collected with the collection bottle, and the
fertilizer discharge time was 60 s, At the end of each test, the
quantity of the fertilizer in each collection bottle were weighted
using an electronic scale with an accuracy of 0.1 g.

b. Test bench for the discharge rate
consistency of each
channel

a. Test bench for the particle axial
distribution of the fluted roller
fertilizing apparatus

1.Hopper 2.Fluted roller fertilizing apparatus 3.Fertilizer divider 4.Collection
bottle 5.Diversion channel 6.Collection net bag
Figure 5 Test benches

2.4 The bench test of the discharge rate of each channel
According to the axial distribution law of the particles from the
fluted roller fertilizing apparatus, four types of partitions with
different spacings were developed, and the spacings were
symmetrical (Figure 6). According to the spacing value, they were
named center-left 1 (right 1) and left 2 (right 2), respectively. In the
example, the first group on the upper left was 17-17-22. The
discharge rate consistency test of each channel was conducted on
the MPGFS without partitions and with different spacing partitions.
The layout of the test bench was shown in Figure 5b. During the
test, the rotational speed of the fluted roller was 30 r/min, and the
rotational speed of the ducted fan was approximately 15 000 r/min.
The net bags were used to collect the fertilizer at each outlet. At the
end of each test, the net bag was removed, and the quantity of the
fertilizer in each net bag was weighed using an electronic scale.

Figure 6 Partitions with different spacings

To reduce the test error, all of the tests were repeated three
times and the average value was taken. For the tests, the index
calculation equations are as follows:

v-ly @
=1
k
T= 3w G)
j=1
X; 0
py= 2 x100% 4)

)

C = % % 100% (6)

where, X; was the discharge rate of the outlet j of the MPGFS,
g/min; x; was the discharge rate of the outlet j of the MPGFS in the
i-th test, g/min; X was the average value of the discharge rate of the
outlet of the MPGFS, g/min; n was the number of tests; & was the
number of the outlets of the MPGFS. p; was the percentage of the
discharge rate (PDR-j) of the outlet j of the MPGFS; o was the
standard deviation of the discharge rate of the outlet of the MPGFS;
C, was the coefficient of variation (CV) of the discharge rate of the
outlet of the MPGFS.
2.5 Test method of the spreading uniformity of the MPGFS
The fertilizer spreading uniformity control test was performed
in the South China Agricultural University to compare the
performance of the MPGFS before and after optimization. In the
test, the MPGFS was located on a static bench to obtain the static
two-dimensional spread distribution pattern. The indoor operation
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can avoid the interference of natural wind and UAV rotor wind,
which was helpful to analyze the influence of the MPGFS on the
spreading uniformity™. The MPGFS and hopper were placed on the
elevator and rise to a height of 5 m. A total of 512 collector cartons
(0.4 mx0.4 mx0.1 m) were used to cover the 12.8 mx6.4 m
spreading area (Figure 7).

PGFS

Elevator

Collector
cartons

Figure 7 Spreading distribution pattern test bench

Comparative tests of the MGPFS with and without partitions
were carried out. The ducted fan rotational speed was
approximately 18 000 r/min. The fluted roller rotational speed was
50 r/min. Urea (Henan Xinlianxin Chemicals Group Co., Ltd,
Henan, China) with an average particle diameter of 2.98 mm was
used. The spreading fertilizer amount was about 1.5 kg. The static
spread distribution pattern was got by using an electronic scale with
an accuracy of 0.01 g to measure the weight of fertilizer in each
collector cartons.

Based on static spreading distribution pattern, The simulation
moving spreading distribution pattern was calculated to analyze the
spreading uniformity and width by the following steps. 1) The sum
of fertilizer amount collected in each column along the simulated
moving direction of the MPGFS was divided by the total amount of
fertilizer to normalize, and the moving one-dimensional spreading
distribution pattern was obtained. 2) The CV of uniformity under
different widths was calculated by the method of simulated
superposition route®™. 3) The simulation moving spreading
distribution pattern was obtained by using minimum CV as the
optimal width. Note that the simulation moving spreading
distribution pattern was not the actual deposition, and the results
were only used for comparison.

3 Results and analysis

3.1 The causes analysis of inconsistent discharge rate of each
channel
3.1.1 Simulation results and analysis of the airflow field without
partitions

The simulation results of the pneumatic conveying system
without partitions are shown in Figures 8a-8c (the red streamline in
Figure 8a indicates that the air velocity was greater than 35 m/s).
The outlet air velocity of the ducted fan was greater than 35 m/s,
and the airflow was rotational and uneven (Figure 8a). The cross-
sectional flow field of the throat after rectification was shown in
Figure 8b. The airflow velocity of the throat was approximately 25-
27 m/s, but the airflow still rotated. The tangential velocity
distribution of the throat is shown in Figure 8c. There were three
rotation centers in the airflow field of the throat. The tangential
velocity of the airflow in the middle was 11.62 m/s, and the
tangential velocity of the airflow on both sides was approximately
5.8 m/s.

a. Streamline diagram of the airflow field

(m's™)

b. Airflow velocity distribution on plane A

2.938
0.043 01

(ms)

c. Airflow tangential velocity distribution on plane A without partitions

2 (R B |
001172 1 i =
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d. Airflow tangential velocity distribution on plane A with the partitions

Figure 8 Simulation results of the airflow field

3.1.2 Simulation results and analysis of the airflow field with
partitions

The rotating airflow in the throat will cause the fertilizer
particles to motion irregularly, and the discharge rate of the
distribution to each channel will be inconsistent. To eliminate the
negative influence of the rotating airflow, the partitions were
designed in the throat. The partitions can distribute the particles to
each channel before they fall into the pneumatic conveying system.
The airflow field of the pneumatic conveying system with the
partitions was simulated and analyzed, and the tangential velocity
distribution of the airflow at the cross-sectional area of the throat is
shown in Figure 8d. The airflow in channels 1, 3, and 5 was still
rotating. The airflow tangential velocity in channel 3 was 11.06 m/s,
and the airflow tangential velocity in channels 1 and 5 were
approximately 6.2 m/s. Compared with the pneumatic conveying
system without the partitions, it was evident that the partitions could
not eliminate the airflow rotation, but could make the airflow rotate
only in a single channel without exchange.
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3.2 Simulation results and analysis of the fluted roller
fertilizing apparatus

To explore the reasons for the axial distribution of fertilizer, the
motion law of particles in the fertilizer filling area was investigated
using DEM simulation. To observe fertilizer particles motion law in
the fertilizer filling area, the particles were manually selected for
layering at 3 s, and each layer was marked with a different color, as
shown in Figure 9a. At 3.5 s, the position of the particles is shown
in Figure 9b. By comparing Figure 9a and Figure 9b, it can be found
that the particles on both ends of the fertilizer filling area had poorer
fluidity than the particles in the middle.
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Figure 9 Particle mark and position display in the fertilizer
filling area

To further study the particles motion law in the fertilizer filling
area, the particle velocity was analyzed. The post-processing Grid
Bin Group function of EDEM software was utilized to select the
20 mmx5 mmx100 mm grid in the fertilizer filling area (Figure 10).
The grid was divided into 10 bins named bin 1-10, and the average
magnitude velocity and component velocity of the particles were
counted in each bin (Figure 11). The average value of the particle
magnitude velocity in the bin 1-10 was 0.0545 m/s. The average
value of the particle magnitude velocity in the bin 2-9 was

ZL_’

Figure 10  Selection location of the Grid Bin Group
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Figure 11 Particle velocity distribution in the fertilizer filling area

0.0658 m/s. The Z axis velocity was much larger than the X and Y
axis velocity, and the distribution law was consistent with the
magnitude velocity. The direction of the Y axis velocity was
opposite at the two ends of the axis, that was, the particles have an
axial velocity from the middle to the two ends. According to the
velocity analysis of the particles, the reason of the poor filling
capacity on both ends was clarified. In addition, because the
particles at both ends fell slowly, a phenomenon occurred in which
the particles in the middle moved along the axial direction to
supplement the ends.
3.3 The axial distribution of the fertilizer

To save the simulation running time, the simulation duration
was set less than the test duration. This resulted in a large difference
in the quantity of discharged particles. To compare the simulation
results with the test results and verify the correctness of the
simulation results, the particle quantity of each numbered outlet was
converted into a PDR-j by Equation (4), and the result is shown in
Figure 12. The tested results showed that the PDR-10 was the
smallest at 7.96%, PDR-8 was the largest at 10.86%, and the overall
CV was 7.42%. The difference between PDR-2 to PDR-9 was
small, and the CV was 1.56%. The simulation result showed that the
PDR-1 was the smallest, at 9.04%, PDR-5 was the largest at
10.44%, and the overall CV was 5.10%. The error between the
simulation and test results was between —4.36% and 13.83%, and
the average absolute error was 3.24%. The simulation results were
in good agreement with the test results, which demonstrated the
correctness of the simulation. The axial distribution of the particles
was less on both ends and more in the middle. Therefore, in the
discharge rate bench test, four kinds of partitions with small spacing
in the middle and large spacing on both sides were designed for test.
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Figure 12 Axial distribution of particles from the fluted roller
fertilizing apparatus

3.4 Discharge rate consistency of each channel

The results of the discharge rate consistency of each channel
were shown in Figure 13. The channel 2 of the MPGFS with no
partitions had the largest discharge rate, accounting for 24.50% of
the total discharge rate, and the channel 4 had the smallest discharge
rate, accounting for 13.97% of the total discharge rate. The CV of
the discharge rate consistency of each channel was 20.16%.
Combined with the analysis of the airflow field (Figure 8), it was
evident that the tangential velocity of the airflow in the throat was
the primary factor that caused the particles to move laterally in the
throat. The airflow corresponding to channel 1 rotated clockwise.
The airflow corresponding to channel 2 moved downward. The
airflow corresponding to channel 3 rotated counterclockwise.
Particles fell into the throat from the material inlet, and some
particles in the corresponding positions of channels 1 and 3 moved
laterally to channel 2 under the action of the tangential velocity of
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the airflow. This caused an increase in the particles in channel 2. In
addition, there was an upward tangential velocity of the airflow in
channel 4 that prevented particles from falling into channel 4, and
some particles were laterally distributed to channels 3 and 5,
resulting in a decrease of particles in channel 4.

CV

—&— Partition 17-17-22 9.08%
—®— Partition 17-18-21 7.70%

—A— Partition 16-18-21.5  10.16%
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Figure 13  Discharge rate of each outlet under the

different partitions

The CV of the discharge rate consistency of each channel of the
MPGFS with the partitions was lower than that of the one without
the partitions. Among the partitions with different spacing,
partitions 17-18-21 were the best, and the CV of the discharge rate
consistency of each channel was 7.70%. However, there was a
phenomenon of excessive fertilizer on the left side. Since the
structure of the MPGFS was symmetrical, it was speculated that this
phenomenon was still affected by the rotating airflow.

3.5 The fertilizer spreading uniformity

Figure 14 showed the static spreading distribution patterns of
control group and optimized MPGFS. Among them, the partitions
were 17-18-21. The results of control group without rectifier
showed maximum deposition on the left side with a peak of 12.90 g.
At the peak more fertilizer and throat airflow velocity were uneven,
resulting in closer blowing distance. The spreading distribution
patterns were similar to that of control group with partitions. The
peak value on the left side was 12.79 g, and the small peak value on
the right side was 9.99 g.
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Deposition amount/g
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Transverse direction/m
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Figure 14  Static spreading distribution patterns

Figure 15 showed the simulation moving spreading distribution
patterns of control group and optimized MPGFS. The results of the
control group showed that the minimum uniformity CV was
15.32%, and the available width was 8 m. Minimum uniformity CV
was 8.69% and available width was 8.8 m for MPGFS with
partitions. There was no simulated superposition route, only from
the point of view of moving one-dimensional spreading distribution
patterns, there were single peaks in the control group and the
partitions, especially in the control group. The asymmetry of both
sides of static spreading distribution pattern affects the uniformity
of moving spreading distribution pattern of simulated superposition
route.
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Figure 15 Simulation moving spreading distribution pattern

4 Discussion

There are many factors contributing to the uniformity results of
spreading fertilizer by MPGFS based on UAV, such as the
performance of MPGFS, natural winds, rotor winds of UAV, and
test methods® . In this work, from the perspective of improving
the performance of the MPGFS, the bench test of MPGFS found
that the discharge rate of each channel was inconsistent.

The results have shown that the main reason for the
inconsistency of each channel discharge rate was the rotation of the
airflow from the duct fan. According to the axial distribution of
fertilizer at the outlet of the fluted roller fertilizing apparatus, a
reasonable spacing of partitions can effectively improve the
discharge rate consistency of each channel. However, the partitions
also have disadvantages that the partitions have no rectification
effect, rotating airflow still affects the consistency of each channel
discharge rate. Grid or honeycomb rectifiers are often designed to
rectify airflow in wind tunnels. Further research can be carried out
to optimize the performance of the MPGFS and get better results by
rectifying the airflow field.

The bench test of fertilizer spreading distribution pattern was
carried out indoors, excluding the interference of natural wind and
rotor wind, and the distribution pattern of fertilizer could be
accurately tested. The distribution pattern of MPGFS without
partitions was that the peak was located on the left side, and the
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maximum discharge rate of channel 2 in discharge rate test results
of each channel can explain this distribution pattern. The fertilizer
distribution pattern of the MPGFS with partitions was that the peak
value was located in the middle, and the better uniformity can be
obtained after the superposition of the two sides of the route. For the
triangular distribution pattern with peaks in the middle, the rotation
angle of the vans in the diversion channel can be further increased
to obtain an ideal trapezoidal distribution pattern. The comparison
results before and after optimization showed that the partitions
design was beneficial to improve the consistency of each channel
discharge rate and the uniformity of fertilization, so this work was
meaningful.

5 Conclusions

To improve the performance of the MPGFS, the discharge
process of the fluted roller fertilizing apparatus and the airflow field
of the pneumatic conveying system were studied via the DEM and
CFD simulation. The partitions were developed to improve the
discharge rate consistency of each channel, and the following
conclusions are drawn:

1) The rotational airflow field was the main cause that affected
the consistency of the discharge rate of each channel. The airflow of
the pneumatic conveying system was supplied by a ducted fan, so
that was rotational in the throat. The simulation results showed that
there were three air rotation centers in the throat, among which the
tangential velocity of the airflow in the middle approximately
11.62 m/s. The rotation of the airflow caused particles to motion
laterally, resulting in uneven distribution of fertilizers to each
channel, and the discharge rate consistency of each channel was
poor.

2) The discovery of axial distribution pattern has provided a
reference for partitions spacing design. Both the test and simulation
results showed that the discharge rate of the fluted roller fertilizing
apparatus along the axial distribution pattern was less than the
middle at both ends. According to the simulation analysis of the
particle velocity in the fertilizer filling area, it was concluded that
the two ends of the axial were near to the wall surface, resulting in a
low particle filling velocity and poor filling ability, and some
middle particles were required to fill both ends.

3) Based on axial distribution pattern of fertilizer, four types
partitions with different spacings were designed for testing. The
results showed that the discharge rate consistency of each channel
was the best under the action of partitions 17-18-22, and the
consistency CV was 7.70%. The addition of partitions in the throat
effectively improved the discharge rate consistency of each channel.

4) The optimized MPGFS was tested for spreading uniformity.
The results showed that there was a single peak in the distribution
pattern of with or without the partitions. The fertilizer distribution
pattern of the MPGFS with partitions was that the peak value was
located in the middle, and the better uniformity can be obtained
after the superposition of the two sides of the route. According to
the analysis of the simulation moving spreading distribution pattern
results, the CV of spreading uniformity of MPGFS without
partitions was 15.32%, that MPGFS with partitions was 8.69%. The
partitions design was beneficial to improve the consistency of each
channel discharge rate and the uniformity of fertilization.
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