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ABSTRACT

To improve the quality of air suction jujube picker, the CFD-DEM coupled method is used to numerically
simulate the conveying process of jujube particles and explore the motion state, particle collision and energy
loss of jujube particles in the pipeline. The erosion rate is selected as an evaluation index to discuss the
influence of wind velocity, bending angle and diameter on the conveying process. The simulation results show
that the collisions between jujubes, as well as the collisions between jujubes and pipe wall have an impact on
the conveying performance, and the latter is more significant. The erosion rate is positively correlated with the
wind velocity, negatively correlated with the pipe diameter, and the bending angle first decreases and then
increases. The influence degree of factors on the erosion rate is: wind velocity > bending angle > pipeline
diameter. The optimal parameter combination is a wind velocity of 28 m-s-1, a bending angle of 105 °, and a
pipe diameter of 130 mm. At this time, the value of erosion rate is the lowest and the number of collisions and
energy loss between jujube particles are reduced by 37.3 % and 13.87 % year-on-year, and those between
jujube particles and pipe wall are reduced by 17.45 % and 17.61 % year-on-year, respectively. The test results
show that the conveying pipe with optimized structural parameters can reduce the jujube skin damage rate by
2.06 %. The results of this study can provide a reference for the design and optimization of the air suction
Jujube picker.
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INTRODUCTION

The research on mechanized harvesting equipment of jujubes mainly focuses on small and medium-
sized air suction jujube picker (Yuan et al., 2021; Yuan et al., 2022; Zhang et al., 2019). Its main function is to
complete the tasks such as picking and conveying (Zhang et al., 2020; Zhang et al., 2021), and separating
and removing impurities of jujubes lying on the ground (Du et al., 2022; Shi et al., 2022a). Because its selling
price meets the cost demand of fruit farmers for harvesting, it is widely used in southern Xinjiang region, such
as Kashgar, Aksu, Hotan and other places.
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The conveying process of small and medium-sized air suction jujube picker is mainly through the
conveying pipeline of the picking device. In its negative pressure suction conveying process, the main flow is
gas-solid two-phase. In actual production, it is found that the structure of conveying pipeline has a significant
impact on the quality of the whole machine, especially on the jujube skin caused by a slight damage, which is
not conductive to preservation and sale.

The discrete element method (Basu et al., 2021; Jayasundara et al., 2022; Brandt et al., 2023; Carr et
al., 2023) and computational fluid dynamics numerical simulation techniques (Nijssen et al., 2023; Rakesh and
Shibayan, 2023; Weaver et al., 2023) have become important tools for studying multiphase flow and structural
optimization. The experimental method based on Computational Fluid Dynamics-Discrete Element Method
(CFD-EDM) coupling is widely used to study the motion state between particles, as well as  between particles
and shells, and the characteristics in the airflow field (Lewis et al., 2022; Ponzini et al., 2021; Hesse et al.,
2023; Dustin et al., 2023). The method has also been used in the field of agricultural engineering to study the
state of particles in the shell under the action of airflow, as well as to optimize the operation and structural
parameters of key devices (Leno et al., 2023; Kim et al., 2019; Qin et al., 2023). After optimization, the quality
of mechanical equipment can be improved, such as small nut harvesting, grain sorting and seeder, et al. (Ren
et al., 2023; EI-Emam et al., 2021; Hou et al., 2023).

The objectives of this study are: (1) the CFD-DEM coupling method is used to numerically simulate the
conveying process of jujube particles in the conveying pipe of the small and medium-sized air suction jujube
picking machine, so as to obtain the motion characteristics of jujube particles during the conveying process,
the characteristics of airflow field distribution, as well as the relationship between the number of collisions and
energy loss and the structural parameters of the conveying pipe; (2) through analyzing the movement state of
jujubes in the conveying process, the distribution law in airflow field and the relationship between the collision
and energy loss and the structural parameters of the conveying pipe is analyzed, and the optimization scheme
of the conveying pipe structure is proposed; (3) the feasibility of the simulation results are verified, aiming to
provide a reference for the design and optimization of small and medium-sized air suction jujube picking
machine.

MATERIALS AND METHODS
Structure and Working Principle of the Picking Device

The picking device of the small and medium-sized air suction jujube picking machine (Fig. 1) includes a
conveying pipe, separation and impurity removal box, unloading device and centrifugal fan and other more. Its
working principle is to generate negative pressure inside the separation and impurity removal box through the
centrifugal fan. Due to the pressure difference, the external airflow enters the mouth of the conveying pipe,
and then the jujubes are picked and conveyed to the separation and debris removal box. The separation of
materials and impurities, as well as the collection of materials, can be achieved through the separation and
removal box and discharge device.

Jujubes in
transportation

Fig. 1 - Picking device
1. Conveying pipe; 2. Unloading device; 3. Separation and debris removal box; 4. Centrifugal fan
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A conveying pipe usually consists of a section of 90° metal elbow and a PU corrugated ventilation pipe
with the same inner diameter as the outer diameter of the elbow connected through a stain less steel throat
hoop. The flange plate welded at the outlet of the metal elbow can be connected to the flange bolt at the inlet
of the separation and impurity removal box, ensuring that the working quality of the suction jujube picker cannot
be reduced due to air tightness during the conveying process. According to the requirements of coupled
numerical simulations, the grid size needs to be slightly larger than the material size. The cell grid size of the
ANSYS Wrokbench in the ICEM module is set to 30 mm, and the pipeline is divided into grids using the swept
method. The grid is quadrilateral, with a vertical section height of 700 mm, a horizontal section length of 200
mm, an elbow diameter of 130 mm, and a total number of grids of 2544. lts minimum cell mass, maximum cell mass
and average mass are 0.618, 0.977 and 0.875, respectively. The grid quality meets the simulation requirements.
After setting, the divided grid is shown in Fig. 2

900

800

Outlet— 700 |

600
500

130

400

Element number

300

700

100

[ O (O O B

0.62-0.65 065070 0.70-0.75  0.75-0.80  0.80-0.85 085.090 090-095 0.95-1.00

T Element mass

Fig. 2 — Grids of the conveying pipe

CFD-DEM coupled model construction
Fluent fluid model

Due to the high airflow velocity (which is generally greater than the suspension velocity of jujubes) during
the transportation of jujube particles in the fluid, the void rate between jujubes is large, which belongs to the
rarefied-phase pneumatic conveying. The Eulerian coupling model is used in the coupling, and the Wen & Yu
model selected the traction model, which has the characteristics of adapting to large void rate and more meets
the actual situation of jujube particle transportation process.

The Eulerian coupling model is used to simulate the transportation process of jujube particles, and the
fluid volume fraction term and the differential equation of fluid motion are expressed as follows (Weng et al.,
2022):

s
> *V(oe=0 W
aaﬂ +V(peuv)=-VP+V(peVv) +peg-S @
t

where tis the time; ¢ is the fluid volume fraction term; v is the flow velocity; g is the gravitational acceleration;
p is the fluid density; S is the momentum source term; p is the coefficient of viscosity; P is the pressure on the
fluid microelement, and Vis the Hamiltonian differential operator.

The momentum source term § is the sum of the airflow resistance of the airflow acting inside the cell
grid (Hu et al., 2020).

_JLiFi
s=2 3)

where V'is the cell grid volume, and F; is the resistance of the i-th particle to the airflow.

DEM solid particle contact and collision model

The contact mechanical behavior and interaction force between particle mechanical models are
simulated and analyzed in EDEM software.

Since the velocity between the particles changes with the contact force, the jujubes are mainly subject
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to rolling friction and air flow in the gas-solid two-phase flow, with no adhesion on the surface of jujubes. The
Hertz-Mindlin no-slip contact model and the soft-sphere dry contact model are selected (Wiacek, 2016), and
the motion equations of the i-th particle are obtained according to Newton's second law (Hamed et al., 2023):

midj\?=mi9+’:’= 32 (FrjFep) 4)
L= SR (Tt Tey) (5)
where g is the gravitational acceleration; P is the interaction force on the particles when they move in the
airflow; I; and m; are the rotational moment of inertia and mass of particle i, respectively; V; and w; are the
velocity and angular velocity of particle i, respectively; Fj is the tangential component force; F,; is the normal

component force; T;j is the rolling friction torque, and T;; is the tangential force torque.
According to the linear three-equation functional model of elastic damping, each force is simplified in

the form of a combination of spring, damping, and slider form (Xiong et al., 2019):
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where V is the velocity of motion of particles; 0 is the displacement deformation between particles; a is the
torsional deformation; k is the stiffness coefficient; fis the friction coefficient; n is the damping coefficient, and
L is the amount of overlap. ij is between particles i and particles j, t is tangential, n is normal, s is sliding, and
ris circumferential or rolling.
The interaction force P that particles are subjected to in the gas stream is expressed as follows:
P=k pAV?=kypA(Vy-V,y)? (10)

where p is the density of the airflow; kg is the drag coefficient, which is related to the shape of the material structure,
surface characteristics and Reynolds number, etc. A is the area of the material facing the wind; vy, is the velocity of
the material; v is the relative velocity of the material in the airflow; and v is the velocity of the airflow.

As shown in Table 1, the average equivalent diameter of jujube is 26.23 mm, and the particles are simplified
to equivalent sphere. 26mm sphere particles are taken as the model of jujube particles, as shown in Fig. 3.

Table 1
Basic material parameters of jujube particles
Parameters Work unit Maximum values Minimum value Average value
Mass g 8.12 2.91 4.87
Volumetric mi 14 6 9.46
Densities g-cm3 0.604 0.473 0.534
Equivalent diameter mm 29.89 22.53 26.23

13. -13. -13)

Fig. 3 - Jujube particle model
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Performance evaluation index selection for CFD-DEM coupled conveying process

In response to the current simulation state of jujube conveying process in the conveying pipe, the
erosion rate is taken as an evaluation index. Its principle is to simulate the erosion corrosion caused by particles
in the fluid on the inner wall of the pipeline. The erosion rate is affected by wind velocity, pipe diameter, bending
angle and other factors. To explore the effects of wind velocity, pipe diameter, bending angle and other factors
on the conveying process, the control variables method is used to ensure that the other conditions have the
same parameters in the simulation of jujube conveying process. Taking the erosion rate as an index, the influence
of each factor on the erosion of the pipeline is determined. The orthogonal test method is used to further study the
influence of factor interaction on the performance of jujube conveying process.

The main measurement index for the working performance of the conveying pipe of the picking device
of the air suction jujube picker is the jujube skin damage rate E. E is thus selected as the evaluation index of
the working performance for the optimization and verification of the conveying pipe.

E="1x100% (11)

where My is the number of jujubes that pass through the outlet with damaged epidermis during the verification
test and M is the total number of exported jujubes during the verification test.

Numerical simulation parameterization

The mass, volume and density of jujube particles are measured by balance and cylinder method. The
frictional contact parameters between jujubes and pipe wall are measured by the inclined plate test. The
recovery coefficient between jujubes and pipe wall is measured by the collision method (Zhang et al., 2018).
The relevant parameters are obtained through the pre-test of relevant material parameters and relevant
literatures as shown in Table 2 (Shi et al., 2022b; Wang et al., 2021).

EDEM parameter settings

The specific parameters of the materials used in EDEM are shown in Table 2. The particle radius is random,
with a range of 0.85 to 1.15. 200 particles are generated per second, with an initial velocity of 0.5 m-s-'. The
simulation time step is 1e-05 s, and storage is performed every 0.01 s.

Table 2
Related parameters and contact coefficients of particles and materials
Parameters Items Numerical values

Poisson ratio 0.248

Jujube particles Shear modulus (MPa) 0.06
Densities (kg-m-3) 534
Poisson's ratio 0.319

Pipeline Shear modulus (MPa) 1139
Density (kg-m) 1380

Crash recovery factor 0.75

Particles - pipe wall Coefficient of static friction 0.25
Coefficient of rolling friction 0.03

Crash recovery factor 0.77

Particles Coefficient of static friction 0.48
Coefficient of rolling friction 0.04

Fluent parameter settings

The Realizable k-¢ model, no relative slip pipe wall, is adopted. The air is a fluid medium, with an inlet
wind velocity of 28 m-s™', a turbulence intensity of 5% and a return intensity of 2.5% in Fluent. The control
equations adopt Couple pressure equations, and the momentum term, turbulent kinetic energy and dissipation
rate are all in second-order windward format. The residuals are set to 1e-06; the time step is 0.01 and the
number of steps is 300.

RESULTS AND DISCUSSION
Dynamic Pressure, Airflow Velocity Distribution and Particle Motion in the Conveying Pipe

During the simulation, the particle plant is added at the inlet of the pipeline, and the number of particles
generated per second is 200 for a total of 3 s. Fig. 4 (a) and (b) show the movement of particles in the elbow
pipe at t=1.5 s.
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It can be seen that the gas pressure in the horizontal and vertical sections of the pipeline is negative.
The pressure from the outlet to the inlet of the material increases gradually, and the velocity of the gas in the
pipe at this time is stable in 20.5-32.8 m-s-'.

contour-1 contour-3

Static Pressure (mixtu Velocity Magnitude (ph...
1.18e+04 4.10e+01
1.04e+04 l 3.69e+01
8.90e+03 - 3.28e+01
7.43e+03 - 2.87e+01
5.96e+03 2.46e+01
} 4.49e+03 _r 2.05e+01
3.02e+03 1.64e+01
1.55e+03 - 1.23e+01
7.63e+01 8.20e+00
-1.39e+03 4.10e+00
-2.86e+03 0.00e+00
[Pa] [m/s]
(a) Cloud diagram of the pipe pressure (b) Cloud diagram of pipeline air velocity
Time: 0.0500583 s Tiwes: 105015 m Time: 267008 s
Velocity (m/s) Velocity (m/s) ' ] Velocity (m/s) .‘“
4.91e+00 7.01e+00 6.74e+00 o0 " 4
® 159
4.47e+00 63600 | o @ 6.12e+00
4.03e+00 5.71e+00 .‘ 5.49¢+00 s:.
.
359400 soer00 | ® 4870100 ®
& [ ]
3.15+00 sdtero0 | O 1250400 o,
° ‘s
2.70e+00 376100 | @ 362et00 | B
® ()
3 ®
2.26e+00 3.11e+00 3.00e+00
° o ®
1.82¢+00 2.46e+00 : 2.38e+00
) P
1.38¢+00 1.81e+00 ‘ L75e00 | o @
P [ ] Py ® 0.
9.41e-01 L16e+00 | §% L300 o @
(J
50001 Y & 5.10e-01 ’." 5.06e-01 ’o

(c) Motion state of pipeline particles

Fig. 4 - Dynamic pressure, airflow velocity and particle motion in the conveying pipe

Fig. 4 (c) shows that jujube particles enters into the pipeline from the inlet, with an initial particle velocity
of 0.5 m/s. Particles enter into an accelerated state through the vertical airflow, with most particles having a
velocity of 3~4 m-s™', and a maximum velocity of 6~7 m-s™'. In this stage, the closer the particle position, the
faster the acceleration. The particles entering the elbow pipe are subjected to centrifugal force and collide with
the outer wall of the elbow pipe, resulting in accumulation of jujube particles in the upper part of the elbow pipe
and the phenomenon of particle bundles. In this stage, the particle velocity drops sharply to 2.41-3.71 m-s-'.
Subsequently, jujube particles enter the horizontal section under the pressure of the pipeline. In the horizontal
section, the slightly larger jujube particles are located near the bottom of the horizontal pipeline in their own
gravity, and small particles are mostly located above the large particles. According to the analysis of the overall
motion state of particles, it can be seen that the distribution of particles in the three regions of the subsection
are high on axis surrounded by low and granular bundles, and layered distribution, respectively.

Date particle collision and energy loss

There are two situations where jujube particles collide under the centrifugal force of airflow and pipeline:
collisions between jujubes, and collisions between jujube particles and pipeline. Energy loss will occur as the
collision at the same time. This energy loss will reduce the velocity of jujube particles, increase the energy
consumption in the air suction conveying process, and is not conducive to jujube conveying. As shown in Fig.
5, the collision of jujube particles in the vertical section is less. After 0.3 s, there is a large amount of particle
accumulation at the elbow, and the particle collisions and energy loss also increase accordingly. In this stage,
the number of collisions per 0.2 s is about 104 times, with an average energy loss of 1.06 J.
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Fig. 6 - Number of collisions and energy loss between jujube particles and pipe

It can be seen from the number of collisions and energy loss between particles and pipeline (Fig. 6) that,
the collisions between the jujube particles and pipeline also occur mostly at the elbow, about 191 times, and
the energy loss is 1.74 J.

According to the particle collision and energy loss during the overall movement of particles, it can be
seen that the number of collisions between particles, as well as between particles and pipeline before the
simulation time of 0.2 s are less. This is due to the scattered initial distribution of the material in the vertical
section, with fewer particles in contact with each other and the pipeline. The majority of particles accumulate
at the elbow, resulting in a large number of collisions and energy losses. Through data comparison, it can be
found that there are certain differences in energy loss and collision frequency in each statistical interval. The
number of collisions between particles and pipeline is 1.84 times that between particles, and the energy loss
is 1.64 times. Therefore, the collision between jujube particles and the collision between jujube particles and
pipeline particles simultaneously affect the conveying performance of jujubes. Particularly, the collision
between jujube particles and pipeline has a more significant effect on the conveying performance.

Effect of wind velocity, bending angle and pipe diameter on erosion rate
Effect of wind velocity on erosion rate

The control variable method is used to explore the impact of different wind velocities on the erosion rate
of the pipeline, and the test results are shown in Table 3. The test selects the wind velocities of 23, 28, 33, 38,
and 43 m-s™', a diameter of the elbow pipe of 130 mm, and a bending angle of 90° to simulate the erosion rate.
The erosion efficiency under the five groups of wind velocities are 2.17e-7 kg'm2-s!, 3.62e-7 kg-m2-s,
5.54e-7 kg'm2-s -1, 7.8 4e-7 kgrm2-s1, and 1.03e-6 kg-m-2-s™', respectively.
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Table 3

Pipe erosion rates under different wind velocities

Clusters Wind velocity / m-s-! Erosion rates / kg-m2-s-!
1 23 0.000000217
2 28 0.000000362
3 33 0.000000554
4 38 0.000000784
5 43 0.000001030
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Fig. 7 - Relationship curve between the inlet wind velocity and the erosion rate

The relationship between the wind velocity and erosion rate of the pipeline is shown in Fig. 7, and its
fitting curve function is: y = 6.09 e -10*x2+4.54 e-10*x-1.2e-7(R2=0.99957). It can be seen from Fig. 7 that the
erosion rate increases linearly as the wind velocity increases. The increase of erosion rate is lower than 2e-7
in the interval of 23-38 m-s-1, and that higher than 2e-7 in the interval of 43 m-s-! or above.

Effect of bending angle on erosion rate

To investigate the effect of different bending angles on the erosion rate, only the bending angle is
changed for a single factor test. Its wind velocity is 28 m-s-'; the pipe diameter is 120 mm, and the bending
angles are 90°, 97.5°, 105°, 112.5° and 120°, respectively. The test results are shown in Table 4.

Table 4

Erosion rates at different piping angles

Clusters Bending angle (°) Erosion rates / kg-m2-s-1
1 90 0.000000373
2 97.5 0.000000369
3 105 0.000000362
4 112.5 0.000000365
5 120 0.000000372
®— Frosion rate .
3. T2E-07 - = Fitting curve
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f_li, TOE-0T |
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Fig. 8 - Relationship curve between the bending angle and erosion rate
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The relationship between the bending angle and the erosion rate is shown in Fig. 8, and its fitting curve
function is: y =3.81e-11*x2-8.05e-9*x+7.89e-7 (R2= 0.95211). The effect of the bending angle on the erosion
rate of the law is that when the angle is in the range of 90-105°, the erosion rate continues to decrease and
drops to the lowest point at 105 °, and then increases. Based on the experimental data and actual working
conditions, 97.5-112.5° is selected as the reference factor range for orthogonal test.

Effect of the pipe diameter on the erosion rate

To determine the effect of the pipeline diameter on the erosion rate, the wind velocity is selected as 28
m-s™!, the bending angle as 90 °, and the diameters of the pipeline as 100 mm, 110 mm, 120 mm, 130 mm,
and 140 mm, respectively. Three tests are carried out for each group, and the obtained data is shown in Table 5.

Table 5
Erosion rates at different bend diameters
Clusters Pipe Diameter / mm Erosion rates / kg-m2-s-!
1 100 0.000000573
2 110 0.000000432
3 120 0.000000362
4 130 0.000000325
5 140 0.000000310
6. 00E-07
—m—LErosion rate
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5. 50E-07 [
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Fig. 9 - Relationship curve between the elbow diameter and the erosion rate

The relationship curve between the pipe diameter and the erosion rate is shown in Fig. 9. It shows that
the erosion rate decreases as the pipe diameter increases. The decrease is large when the pipe diameter is
in the range of 100-120 mm, and gradually reduced after 120 mm. It can be seen that the pipe diameter in the
range of 120 -140 mm is more appropriate. A quadratic polynomial is used for fitting, and the fitted curve
function is: y=-5.36957e -8*x2+1.97857e-10*x+ 3.95357e-6 (R2=0.99579).

Optimization simulation and analysis of the pipeline structural parameters
Determination of test factor levels

According to the test results of the wind velocity, bending angle, pipe diameter on the erosion rate, the
wind velocity and erosion rate is positively correlated. Since the suspension velocity of jujubes needs to be
greater than 28 m-s™!, 28~38 m-s™ is selected as the factor level range of the orthogonal test according to the
actual working conditions. Three levels: 28 m-s™!, 33 m-s™!, and 38 m-s™' are selected. The bending angle and
erosion rate first decrease and then increase, and the erosion rate is the smallest at 105 °. As such, 97.5 °,
105 ° and 112.5 ° are selected as the factor levels of the orthogonal test. The pipe diameter is negatively
correlated with the erosion rate and the reduction rate decreases after 130 mm. 120 mm, 130 mm, and 140
mm are selected as the factor levels of the orthogonal test.

Orthogonal test and result analysis
Without considering the interaction of factors, Lo (3*) orthogonal test is designed to study the effect of
test factors such as wind velocity (A), bending angle (B), and diameter of pipeline (C) on the erosion rate.
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To obtain the optimal combination of pipeline structural optimization parameters through the polar
analysis of data obtained from orthogonal test. The factor level coding of the orthogonal test is shown in Table 6.

Table 6
Experimental factors and corresponding level coding

Considerations

Level Air velocity A (m-s-1) Bend angle B (°) Pipe Diameter C (mm) Blank column
28 97.5 120 1
33 105 130 2
38 112.5 140 3

The orthogonal test results and polar analysis is shown in Table 7. The greater the polar difference
between the factors, the greater the impact of the factors on the error. The polar analysis shows that the impact
extent of factors on the erosion rate is: wind velocity > bending angle>pipe diameter. The smaller the erosion
rate of the test indexes, the more in line with the actual working needs. Therefore, the optimal test combination
is the smallest K value of each factor, and then A1B2C2 is the optimal test combination. Since the table does
not include the group of tests, the combination of tests is verified that the erosion rate is 2.33E-7, which is the
lowest in the 10 groups of tests. The optimal parameter combination is obtained as a wind velocity of 28 m-s-

1, a bending angle of 105 °, and a pipe diameter of 130 mm.

Table 7
Orthogonal test results and extreme variance analysis
Serial number Factor A Factor B Factor C Blank column Erosion rates
1 1 1 1 1 3.72E-07
2 1 2 3 2 2.48E-07
3 1 3 2 3 3.24E-07
4 2 1 3 3 4.05E-07
5 2 2 2 1 3.40E-07
6 2 3 1 2 5.64E-07
7 3 1 2 2 6.96E-07
8 3 2 1 3 6.27E-07
9 3 3 3 1 7.22E-07
K1 9.44E-07 1.47E-06 1.56E-06 1.43E-06
K2 1.31E-06 1.22E-06 1.36E-06 1.51E-06
K3 2.05E-06 1.61E-06 1.38E-06 1.36E-06
k1 3.15E-07 4.91E-07 5.21E-07 4.78E-07
k2 4.36E-07 4.05E-07 4.53E-07 5.03E-07
k3 6.82E-07 5.37E-07 4.58E-07 4.52E-07
Extremely poor 1.11E-06 3.95E-07 2.03E-07
Optimal solution A1 B2 C2

Simulation of optimized pipeline
The optimal piping parameters are couple and simulated and remaining parameters are unchanged.
The number of collisions and energy losses are as shown in Table 8.

Table 8
Coupling test results of the optimized pipe
Number of collisions Energy loss
Norm I.Dre.- . P.os.t- . Degree of Pre-optimi- Post- Degree of
optimizati | optimizati . . . .
on on optimization zation optimization | optimization

Between 2330 1461 37.3% 14.83 12.77 13.87%
jujubes

Between jujube | »qag 2219 17.45% 24.45 20.14 17.61%

and pipe wall

As shown in Table 8, the number of collisions and energy loss between jujubes after pipeline
optimization are reduced by 37.3 % and 13.87 % year-on-year, respectively, and those between jujubes and
pipe wall are reduced by 17.45 % and 17.61 % year-on-year, respectively. The reduction effect is obvious.
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Test Verification for Optimized Pipeline

To test the feasibility of the simulation and optimization results of the conveying pipeline of the air suction
jujube picker, it is verified through the test device. The test material was gray jujubes, and 500 red jujubes with
intact skin were selected for test. Under the fixed wind velocity of 28 m/s of the conveying pipe, five tests were
carried out on the un-optimized conveying pipeline and the optimized conveying pipeline respectively, so as to
obtain the reduction values of jujube skin damage rate. After the completion of each group of tests, jujubes
with cracked epidermis and exposed pulp were selected as epidermal damage, and the test results are shown
in Table 9.

Table 9
Optimization test results

Test number | Reduction values of epidermal damage rate / %
1 22
2 1.8
3 2.6
4 1.6
5 2.1

According to the verification of the simulation test results by the test device, it can be seen that, the
average epidermal damage rate of the pipeline after optimization is reduced by 2.06 %. This can reduce
the damage of the pipe wall to the jujube epidermis to a certain extent, indicating that the optimized pipeline
design is feasible.

CONCLUSIONS

(1) The CFD-DEM coupling method is used to simulate the movement process of jujube particles in the
conveying pipeline, and the pipeline pressure, airflow distribution and the movement state of jujube particles
in different parts of the pipeline are analyzed. According to the statistics of the number of collisions and energy
loss between jujubes, as well as between jujubes and pipeline, it is found that these two kinds of collisions
have a certain impact on the performance of conveying pipeline. The number of collisions and the energy loss
between jujube particles and pipeline is large, and the impact on the conveying performance is more significant.

(2) Taking the erosion rate as the performance evaluation index, the wind velocity, bending angle and
pipe diameter as the test factors, a single-factor test is carried out to determine the influence degree of each
factor on the erosion rate. The orthogonal test method is used to further study the influence degree of each
factor on the erosion rate, and the results show that wind velocity>bending angle>pipe diameter. The optimal
parameter combination of the pipeline is a wind velocity of 28 m-s™', a bending angle of 105 °, and a pipeline
diameter of 130 mm.

(3) The verification results show that the number of collisions and energy loss between jujubes of the
optimized pipeline are reduced by 37.3 % and 13.87 % year-on-year, and those between jujube particles and
pipe wall are reduced by 17.45 % and 17.61 % year-on-year, respectively. The simulation test results verify
that the average skin damage rate of optimized pipeline is reduced by 2.06 %, confirming that the optimizing
the pipeline structural parameters can reduce the jujube skin damage to a certain extent.
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