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Separation and cleaning of Leymus chinensis seed threshing material
based on gas-solid coupling
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Abstract: The aim of this study was to improve the cleaning performance of the Leymus chinensis seed threshing material
separation and cleaning device, and to clarify the movement law and characteristics of the Leymus chinensis seed threshing
material during the cleaning process. A numerical simulation of the separation and cleaning process of Leymus chinensis seed
threshing material was performed using the computational fluid dynamics discrete element approach. According to the
streamline distribution of the gas-solid coupling, the movement of Leymus chinensis seeds during the cleaning process was
examined. Additionally, the average speed and quantity of Leymus chinensis seed threshing material in different separation and
cleaning zones were studied over time. Meanwhile, the distribution principle of the threshing material was obtained, and a
verification test of the under-sieve distribution was conducted. The test results showed that the numerical simulation was
consistent with the distribution trend of the under-sieve. The cleaning performance verification test showed that the impurity
content and the loss rate of the separation and cleaning device were 27.3% and 3.3%, where the test results, compared with
those of the numerical simulation, showed a reduction of 1.5% and 0.8%, respectively. It is feasible to apply the theory and
method of gas-solid coupling to simulate the separation and cleaning process of Leymus chinensis seeds.
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1 Introduction

China is a large grassland territory with a natural grassland area
of approximately 400 million hm’ and a usable grassland area of
approximately 220 million hm®. These grassland areas are mainly
distributed in the northeast and western regions of Inner Mongolia
and other northwestern regions, as well as in western Sichuan.
Exploiting the advantages of such a usable grassland area is crucial
for promoting the economic development and ecological protection
of the country. Leymus chinensis (Leymus chinensis (Trin.) Tzvel.)
is a plant belonging to the family of Gramineae and Leymus. It is an
important forage grass occurring naturally in pastures in eastern
Inner Mongolia and the western northeast, and it has a strong
tolerance to the environment!. In addition to serving as forage,
Leymus chinensis has developed rhizomes and a remarkable ability
to maintain and strengthen soil fertility. Thus, the plant is an
excellent water and soil conservation plant. In addition, the stems of
Leymus chinensis are a raw material for papermaking®. These
advantages necessitate strengthening the research on Leymus
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chinensis seed breeding and cultivation of fine varieties to increase
the seed propagation, expand the planting area, and increase the
grass seeds harvest to upgrade forage yield. However, Leymus
chinensis seed harvesting machinery is still immature, as it faces
problems such as a large harvest loss and low seed cleaning rate.
These problems have hindered the development of the Leymus
chinensis industry®.

Currently, the main methods of harvesting grass seeds, such as
Leymus chinensis, locally and abroad involve direct harvesting with
a combined harvester for grains, direct harvesting with a dedicated
grass seed harvester without cutting the stems, and the use of
windrowers for picking and harvesting. Various machine harvesting
methods have been studied“”. The full-feed combine harvesting
method uses a combine harvester for cutting, threshing, grass seed
winnowing, cleaning, collecting, and performing other operations
simultaneously. It presents several advantages such as high work
efficiency and reduced labor intensity and is suitable for large-scale
production. This is the current mainstream harvest method®”. A full-
feed combine harvester is used to harvest the Leymus chinensis
seeds. This is because the harvester can cut the stalks of the Leymus
chinensis while the seeds are harvested and use the rake and baler to
collect and bundle the straws, respectively, through its “pipeline.”
The technique of operation can improve work efficiency, save cost,
and meet the requirements of agricultural modernization. Therefore,
the study of harvesting Leymus chinensis seeds using the full-
feeding combined harvesting method is crucial for promoting the
development of gramineous forage seed harvesting™.

Separation and cleaning is a crop cleaning method commonly
used by combine harvesters. The performance of the separation and
cleaning device determines the operating quality of the entire
machine. Thus, to improve the performance of the separation and
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cleaning device for the seeds of Leymus chinensis, researchers need
to study the operating principles of the device. Owing to the
complexity of the cleaning process, it is difficult to study the
movement laws and material characteristics during the cleaning
process through traditional experimental methods. The gas-solid
coupling theory has been widely used in the material cleaning and
separation research”'".Feng et al'” used computational fluid
dynamics and the discrete element method (CFD-DEM) to
investigate the motion of particles at different stages of screening
and the effect of airflow velocity above the sieve on the dispersion
degree of particles, which provided a theoretical basis for improving
the cleaning performance. Li et al." conducted CFD-DEM
simulations of the movement of rice in an air-and-screen cleaning
shoe. The effect of inlet airflow velocity is studied and analyzed in
terms of grains and short straws’ longitudinal velocity and vertical
height, and cleaning loss. It showed that numerical simulation of
material motion on vibrating screen of air-and-screen cleaning
device based on CFD-DEM is feasible. Gao et al.'"! designed a sieve
with three-dimensional translational motion based on a cylindrical
cam to improve the working efficiency of the cleaning device for
maize mixture with a large feeding mass and to realize rapid
dispersion of the maize grains on the sieve.. CFD-DEM was used to
investigate the motion of materials on the three-dimensional
translational vibrating sieve, and this research provides a reference
for the design of multidimensional motion sieve for large feed
volume grain cleaning. Ding et al.™ investigated the working

mechanism of the existing single-duct cleaning device using CFD-
DEM in order to optimize the paddy single-duct cleaning device to
meet the requirements of large feeding capacity and evaluated the
cleaning performance in terms of the movement pattern of the
threshing output in the cleaning shoe. While most of the above
studies were conducted on crops such as corn, wheat and rice;
unfortunately, the cleaning process of forage seeds such as Leymus
chinensis is more complicated. Therefore, according to the gas-solid
coupling theory"*'"'*, This research used the CFD-DEM approach
to numerically simulate the separation and cleaning process of
Leymus chinensis seeds threshing material in the device, study the
movement laws and characteristics of Leymus chinensis seed
threshing materials, and determine the dynamic of the speed and
quantity of threshing materials in different zones. The results of this
study are expected to provide a research and development reference
for the Leymus chinensis seed separation and cleaning device and
combine harvester.

2 Structure and working principle of the wind screen
cleaning device

2.1 Structural composition

The separation and cleaning system used in the test included
automatic feeding, cleaning, receiving, and transmission devices,
along with the frequency conversion control system. The structure
is illustrated in Figure 1.
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a. Main view

b. Bottom view
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c. Physical picture

1. Frequency conversion control system 2. Lower support frame of cleaning device 3. Fan control motor 4. Fan
5. Upper support frame of cleaning device 6. Hopper 7. Feeding control motor 8. Vibrating screen control motor
9. Vibrating screen 10. Screen box 11. Receiving device 12. Lower sieve 13. Upper sieve

Figure 1

To be as consistent as possible with the combine harvester used
for field harvesting, the screen box of the separation and cleaning
device has the same model and size as that of the field full-feed
combine harvester. The operating parameters, such as the vibration
frequency of the vibrating screen, rotation frequency of the fan, and
rotation frequency of the feeding device, were controlled and
adjusted by the frequency converter. The screens of the upper sieve
and the lower sieve could be disassembled to be replaced with
others of different forms and sizes. Fifty-five small sampling boxes
were installed on the receiving device to analyze the distribution
pattern of the under-sieve. The main technical parameters of the
separation and cleaning device are listed in Table 1.

2.2 Working process

During the working process, the feeding amount of the Leymus
chinensis seed threshing material in the hopper is controlled by the
feeding-rate frequency conversion controller. Leymus chinensis
seeds fall on the shaking plate of the vibrating screen, and the
frequency conversion controller of the vibrating screen adjusts the

Structural diagram of separation and cleaning device for the threshing material of Leymus chinensis seeds

vibration frequency to evenly transport the Leymus chinensis seeds
forward. When the Leymus chinensis seed threshing material just
touches the sieve surface, a part of the light impurities is blown out
of the outlet directly under the action of the fan, which is also

Table 1 Main technical parameters of Leymus chinensis seed
extractive air sieve cleaning device

Technical parameter Numerical value

Overall dimensions (lengthxwidthxheight)/mm 2024x1548x2370
Overall quality/kg 550
Working machine power/kW 3.85
Structure type Fixed
Upper sieve type (lengthxwidth)/mm(Long hole or square

996x1090
hole woven screen, replaceable)
Lower sieve type (lengthxwidth) /mm(Long hole or square

996 x 530
hole woven screen, replaceable)
Rated speed of vibrating screen / r-min’! 1400
Rated fan speed / r-min’’! 2840
Rated speed of feeding device/r-min™' 1730
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controlled by the fan frequency controller to set the wind speed. The
Leymus chinensis seeds and short stalks then fall on the upper sieve
through the shaking plate, some of the stalks are directly discharged
from the upper sieve to the discharge opening, and most of the
stalks and seeds fall onto the lower sieve. The material on the lower
sieve contains most of the stalks and part of the Leymus chinensis
seeds, which fall to the re-extraction device. After the shutdown, the
materials in the re-separation device are returned to the hopper for
recycling cleaning. The material under the sieve contains a small
part of the stem and most of the Leymus chinensis seeds, and they
fall into the receiving device where they are collected. During the
screening process of the vibrating screen, the wind continually
blows out some light impurities, seed bran, short stalks with low
suspension speed, and weed seeds.

3 CFD-DEM coupling theory

The fluid phase continuity equation and momentum equation
can be expressed as follows!":

%JFV'(SMHU):O (1)
O(epsity)
ot

where, p; is fluid density, kg/m?®; ¢ is time, s; u, is fluid flow rate,

m/s; & is fluid volume fraction; p is fluid pressure, Pa; u, is fluid

viscosity, Pa‘s; S is momentum sink, N/m?. V is Hamilton operator;
g is gravity, 9.8 m/s’.

The coupling between the two phases is then achieved through

+ V- (&ppppy) ==V, + V- (ue,Vu) —g0,8 =S (2)

the calculation of the momentum sink of the drag force that arises
due to the relatively velocity between the phases. Therefore, the
momentum sink S is calculated by following equation!*!

1 n
S = HZFDJ (3)
i=1

where, AV = AxAyAz, Ax, Ay and Az are the length of the control
body in x, y, and z directions respectively, m; Fp; is fluid viscous
resistance of particle i, N.

Fp,= O.SCDppr(”f - M,,) . |uf - uple;(ﬁl) (4)
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The porosity correction function &;**"

in Equation (4)
represents the influence of the packing concentration of grains on

the drag force. The expression for the term y is

2
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where, y is the coefficient; C,, is fluid resistance coefficient; d, is is
the particle diameter; u, is the particle velocity; Re is Reynolds
number.

4 Model establishment and parameter setting

4.1 Model building and meshing

The length, width, and height of the screen box were 1500 mm,
1080 mm, and 600 mm, respectively. Because the structure is
symmetrical in the width direction, the established model was
simplified to speed up the simulation; the width was 500 mm, and
the remaining dimensions were consistent with the actual size. The

Leymus chinensis seeds separation cleaning device model mainly
comprised an inlet, an upper sieve, a lower sieve, a shaking plate, an
upwind separation board, a downwind separation board, and an
outlet, as illustrated in Figure 2. The upper sieve was a woven sieve
with 16 mmx6 mm openings, and the lower sieve was a woven
sieve with 16 mm»4 mm openings. The separation and cleaning
device was modeled using SolidWorks 2018 and imported into
Workbench 18.0 for solving; Finally, the meshing using the Mesh
module. The mesh quality significantly influences the calculation
accuracy and precision of the results!”. The obtained model of the
screening device was highly complicated. In order to improve the
adaptability of the mesh to the geometry, an unstructured tetrahedral

20,21

mesh is used®!. The average quality of grids is 0.739 and the

number of grids of the model is 78 831, as shown in Figure 3.
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1. Downwind separation board 2. Inlet 3. Upwind separation board
4. Shaking plate 5. Upper sieve 6. Outlet 7. Lower sieve

Figure 2 Model of windscreen cleaning device
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Figure 3 Mesh division

4.2 Material model and parameter settings

Short stalks are the most difficult to clean out of Leymus
chinensis seeds threshing material. Therefore, a discrete elemental
model of Leymus chinensis seeds and short stalks was established.
The triaxial dimensions of the Leymus chinensis seeds were 7.17 mm
length, 1.10 mm width, and 0.80 mm thickness. Fourteen spheres
were used to fit the shape of the Leymus chinensis seeds accurately.
The triaxial dimensions of the short stalks were 36.1 mm in length
and 1.5 mm in diameter, and 27 spheres were used to fit the model.
The models are shown in Figure 4.

To accurately and effectively complete the numerical
simulation of the vibration cleaning of Leymus chinensis seeds,
seting the material parameters in the discrete element model,
material parameters of the vibrating screen, and contact and
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collision parameters between them”?*?. The parameter settings are
listed in Table 2, and the contact collision parameters are listed in
Table 3.

a. Leymus chinensis seed model

b. Short-stalk model

Figure 4 Material model construction

Table 2 Material parameter settings

Category Density/kg:m~ Shear modulus/MPa Poisson’s ratio
Leymus chinensis seeds 286 2.1 0.25
Short stalk 356 1.0 0.4
Vibrating screen 7850 807 0.3

Table 3 Contact and collision parameter settings

Coefficient of  Coefficient of static

Category Rolling friction

restitution friction coefficient
Seed-seed 0.44 0.80 0.25
Seed-short stalk 0.30 0.50 0.17
Seed-vibrating 0.45 030 012
screen
Short stalk-short 022 0,50 015
stalk
Short stalk-vibrating 030 036 0.10

screen

According to the actual harvesting operation, the feed rate of
the separation and cleaning device was set to 0.08 kg/s, and the
number of Leymus chinensis seeds and stalks was set according to
its ratio of grain to straw.

Velocity/m-s™ Velocity/m-s™
2.20 2.68
%5471 2.02
. 1.36
0.90 0.69
40.47 . 0.03
Jinggan velocity (m/s) jinggan velocity (m/s)
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t=0.03s
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jinggan velocity: (mié
5 4

2.9

Figure 5 CFD-DEM coupling numerical simulati

4.3 Coupling parameter settings of the model

The boundary conditions in Fluent18.0 state were set as
follows. The inlet was the velocity inlet, wind speed was 5 m/s,
outlet was the pressure outlet, rest was set as the wall surface, and
material was stainless steel. According to the actual cleaning device,
the upper air distribution plate angle was set to 35° in the model, the
angle of the lower air distribution plate was 30°, standard k-¢
turbulence model was selected in the calculation process, and
SIMPLEC algorithm was used to calculate the flow field. In
EDEM2018, the Hertz-Mindlin non-slip contact model was selected
as the contact model, and the soft ball model was selected as the
contact method®. CFD-DEM coupling allows Lagrangian and
Eulerian models. The Lagrangian model only considers the
momentum exchange between the fluid and solid phases, whereas
the Eulerian model considers the momentum exchange between the
fluid and solid phases as well as the pair of solid particles. The
influence of the fluid was considered important; therefore, the
Eulerian model was used for simulation®. Time step matching in
the CFD-DEM was a crucial step. The time step of EDEM is
typically smaller than that of CFD. If the two are adjusted to an
integer multiple relationship, the coupling module automatically
matches. In the process of coupling simulation, the time step of
EDEM was determined by the Rayleigh time-step, in which the time
step of EDEM was 20% of that of Rayleigh, and the time-step of
Fluent was 100 times that of EDEM™!. Here, the time step in Fluent
was set to 3e-4, time step in EDEM was set to 3e-6, and total
simulation time was 3 s.

5 Simulation process and result analysis

5.1 Movement law of threshing material in the process of
separation and cleaning

Figure 5 illustrates the simulation process of the separation and
cleaning of Leymus chinensis threshing material at various
moments when the wind speed was 5 m/s, amplitude was 30 mm,
frequency was 5 Hz, and vibration direction angle was 35°. The
streamline diagram shows that when #=0.03 s, the threshing material
of Leymus chinensis seeds began to fall onto the shaking plate.
When #=0.15 s, under the shaking action of the shaking plate, the
material began to fall onto the sieve surface, and a small amount of
Leymus chinensis seeds passed through the upper sieve. At +=0.27 s,
some Leymus chinensis seeds and short stalks passed through the
upper sieve, and some small impurities were blown out of the outlet.

0
s

Velocity/m-s™
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\
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1.79
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.M 0.05 .
jinggan velocity (m/s)
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121 2
0.63
0.05
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on process of Leymus chinensis seed threshing material
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When #=1 s, the pellet factory was cut, and the stalks were
discharged from the upper sieve under the action of the vibrating
screen and fan, and most of the Leymus chinensis seeds fell into the
receiving device through the lower sieve. When ¢ =1.7 s, the
material on the shaking plate had fallen on the sieve surface, and
most of the Leymus chinensis seeds were screened. At this time, the
stalks reached the middle and rear ends of the upper sieve, where
the wind speed was higher. Large stalks were accelerated for
separation. When #=2.93 s, the screening process was completed.
The material distribution under the screen shows that the material
was divided into three parts. The small particles at the front were
Leymus chinensis seeds, which were collected by the receiving
device; the middle was also made of Leymus chinensis seeds in a
mixture with short stalks, and this part fell to the re-separation
position and finally returned to the hopper for re-sieving; the last
part was entirely made of the stalk, which was directly separated
from the waste discharge port.
5.2 Changes in Leymus chinensis seed threshing material rate
To analyze the screening process better, five statistical areas
were set in the cleaning device model, as shown in Figure 6. The
first one was located above the shaking plate and used to count the
falling quantity and speed of materials; the second one was located
above the upper sieve and used to count the quantity and movement
speed of materials; and the third one was located above the lower
sieve and used to count the number of materials here. The fourth
was located under the lower sieve, and according to the receiving
box of the actual receiving device, it was set up as 55 small squares
in five horizontal rows and 11 vertical rows, which were used to
count the amount of material retained under the sieve. The fifth
zone was located at the discharge opening and used to count the loss
of Leymus chinensis seeds.

Forward Material movement direction Rear
Zonel
[~ Zone2
e —y S ) Zone5
L 74 /
i
; ! Zone3
[ ERSESEATELT o8 EoL XL LD,

Figure 6 Statistics area settings

Figure 7 depicts the curve of the average velocity of the
Leymus chinensis seed threshing material in different zones with
time. The figure shows that all the Leymus chinensis seeds fell onto
the shaking plate in approximately 1 s. At this time, under the
influence of wind speed, the falling speed of Leymus chinensis
seeds was slower than that of the stalk and more stable than that of
the stalk. The average speed of the short stalks in zones 2 and 3 was
the same. The average speed of Leymus chinensis seeds in zone 3
was significantly higher than the average speed of zone 2. This is
because the Leymus chinensis seeds in zone 3 had no short stalks.
The blocked material was separated faster.

Figure 8 illustrates the change in the average velocity of the
Leymus chinensis seed threshing material over time in area 2. The
figure shows that the moving speed of the Leymus chinensis seed
threshing material was relatively stable, and the average speed of
the Leymus chinensis seed and stalk was 0.8 m/s. In the early stage,
the movement speed of Leymus chinensis seeds was slightly higher

than the movement speed of the stalks, and the opposite was true in
the later stage. This is because the seeds of the Leymus chinensis
had been screened after 1.17 s, and the stalks continued to move
backward under the action of the vibrating screen and the fan.
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o
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b. Speed change in Leymus chinensis seeds in different regions
Figure 7 Variation curve of average speed in different zones of
Leymus chinensis seed threshing material with time
—— Seed ----- Stalk
15
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£
2
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Figure 8 Change in the moving speed of the objects on the sieve
over time

5.3 Changes in the quantity of threshing materials for Leymus
chinensis seeds

Figure 9 illustrates the variation in the quantity of Leymus
chinensis seeds in different separation and cleaning zones over time.
As shown in Figure 9a, most of the short stalks were located in area
2, reaching the maximum value at 1.3 s. This zone represents the
upper screen of the separation and cleaning device, and most of the
short stalks were sieved from the upper sieve. As shown in Figure
9b, the number of Leymus chinensis seeds gradually increased from
zone 1 to 3 over time and tended to zero after 2.5 s. Zone 3 was the
lower screen of the air sieve cleaning device. As the screening
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process progressed, most of the Leymus chinensis seeds fell onto
the lower sieve, and almost all of them passed through the sieve 6 Experimental verification

after 2.5 s. 6.1 Comparison of material distribution under the screen
o Zomel —— Zoned - Zone3 To verify the accuracy of the numerical simulation results, on
1000 the built-up separation and cleaning device, a receiving device
composed of 55 small square boxes was used to analyze the
800 - distribution of the under-sieve and compare it with the under-sieve
% in zone 4 in the numerical simulation. The distributions were
%‘ 600 1 compared, and the results are presented in Figure 11. The figure
g 200 - shows that the distribution patterns of the under-sieve in the actual
Z test and the coupled simulation were the same, the under-sieve mass
200 b gradually increased from the front to the back in the direction of
material movement, and the under-sieve mass in the middle position
ol was greater than that on both sides. This is because under the action
. . . . of the vibrating screen and wind, the under-the-screen materials
0 ! 2 3 move backward as a whole, and the wind speed increases near the
Time/s rear end; therefore, most of the materials are distributed at the rear
a. Variations in the number of short stalks in different arcas end. This phenomenon also verifies the reliability of the numerical
700 - - - -Zonel — Zone2 ----Zone3 simulation results. The actual receiving results are presented in
/ \ Figure 12.
600 | P
500 i .
. 40
£ 400
5 30
E 2
Z= 300 @ 20
200 =10
100 | 9
. 15
0 - L 3 10
3
Time/s Vertical position 1 0 Horizontal position
b. Changes in the number of Leymus chinensis seeds in different regions a. Distribution of the actual test sieve
Figure 9 Number of Leymus chinensis seed threshing material in
different zones versus time o
Figure 10 illustrates the change in the number of Leymus .
chinensis seeds through the sieve in zone 4 over time. The figure L5
shows that the seeds of Leymus chinensis first increased and then @90
decreased over time. At 0.22 s, the Leymus chinensis seeds started é
to pass through the sieve. When the 1 s blanking was completed, the 0.5
screening process was stabilized, and the number of Leymus 0
chinensis seeds through the sieve reached the maximum value. At 3 15
2.5 s, the screening process was completed, and the Leymus 3 10
chinensis seeds were also completed through the screening. Twelve . 2 5
Vertical position 1 0 Horizontal position

Leymus chinensis seeds were lost in zone 5.
b. Numerical simulation of the distribution of under-sieves

200 . . . . .
Figure 11 Comparison of the distribution of under-sieve materials
between the numerical simulation and the test
150
5
£ 100
2
S
=
z
50 _
0r . L
Figure 12 Actual receiving result
0 1 2 3 6.2 Cleaning performance test
Time/s Based on the previous simulated experimental study,
Figure 10 Changes in the quantity of Leymus chinensis seeds performance tests were conducted on the constructed Leymus

from the sieve over time chinensis seeds threshing material separation and cleaning device. A
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detailed experimental study of the Leymus chinensis seeds
threshing material separation and cleaning device performance was
carried out in literature [26]. The four main factors selected for
analysis that have a significant effect on the separation and cleaning
performance are vibrating screen speed, fan speed, feed rate, and
screen hole size. In the experimental results of the literature [26],
the effect of vibrating screen speed on the cleaning performance is
more complicated, lower or higher speed will affect the rate of
impurities, with the increase of the vibrating screen speed, the rate
of impurities shows a trend of first decreasing and then increasing,
and the loss rate has been showing an increasing trend. The loss rate
tended to increase with the increase of fan speed and rose sharply
after reaching 1050 r/min, which indicated that the wind speed after
1050 r/min exceeded the suspension speed of sheep grass seeds,
resulting in the sheep grass seeds being blown out of the discharge
port without penetrating the sieve. The rate of impurity was
decreasing and then increasing with the increase of feeding volume,
and the rate of impurity was the lowest at the feeding volume of
0.02 kg/s. The loss rate was increasing with the increase of feeding
volume.

In December 2020, conducted a performance test on a
separation and cleaning device (Figure 13). The raw materials used
in the test were threshing materials collected from a field full-fed
combine harvester shaker plate. The Leymus chinensis seeds had a
moisture content of 17.5%, ratio of grain to straw of 1:51.4,
cleaning device vibrating screen speed of 275 r/min, fan speed of
985 r/min, and feed rate of 0.08 kg/s. The impurity and loss rates
were used to test the test indicators. After the test was averaged
three times, the impurity rate was 27.3%, and the loss rate was
3.3%. The cleaning effect of Leymus chinensis seeds was better, as
shown in Figure 12. This was compared with the numerical
simulation of the impurity rate (28.8%) and loss rate (4.1%), and the
test results were lower only by 1.5% and 0.8%, respectively. In the
previous study, Dai et al.""! performed a numerical simulation of the
flax threshing material separation cleaning process using CFD-
DEM. Verification test results showed that the cleaning rate of
separating cleaning device for flax threshing material was 92.66%
with 1.58% of total separation loss. Compared with simulation
results, the test results were 1.34% and 0.93% lower, showing that it
is feasible to apply the gas-solid coupling theory and method to
simulate the separating and cleaning operation of flax threshing
material. The experimental results of this study were basically
consistent with the simulation results, which also further verified
the correctness of the simulation results of the separation and
cleaning process of Leymus chinensis seed based on the CFD-DEM
gas-solid coupling theory.

a. Actual work site

b. Cleaning effects
Figure 13 Work site and cleaning effect

7 Conclusions

1) According to the analysis of the working process of the
Leymus chinensis seed separation and cleaning device, the CFD-
DEM gas-solid coupling equation was established; the separation
and cleaning device model and the Leymus chinensis seed threshing
material model were established according to EDEM, and the fluid
calculation domain was established using Fluent.

2) Numerical simulation of the movement process of the
Leymus chinensis seed threshing material in the separation and
cleaning device was conducted, and the migration pattern and
movement characteristics of the Leymus chinensis seed threshing
material during the cleaning process were obtained. Based on the
streamline distribution of gas-solid coupling, the pattern of
movement of Leymus chinensis seed threshing materials with time
was investigated, and the average velocity and quantity of Leymus
chinensis seed threshing material in different separation and
cleaning zones were studied over time.

3) According to the comparison between the distribution of the
under-sieve and that of the actual test, it was found that the
distribution trend of the under-sieve from the experiment and the
numerical simulation was consistent; the impurity rate and loss rate
were used as the test indicators, and the cleaning performance test
was conducted to obtain the impurity. The seed cleaning effect of
Leymus chinensis was 27.3%, and the loss rate was 3.3%.
Compared with the numerical simulation results, the experimental
results were lower by 1.5% and 0.8%, respectively, and they were
consistent with the simulation results. The results show that it is
feasible to use the CFD-DEM gas-solid coupling theory as a method
to simulate the separation and cleaning process of Leymus chinensis
seed threshing material.
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