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0e threshing and cleaning device in the grain combine harvester is located in the same airtight space, and the air flow field in it
should also be studied and tested as a whole system. In order to study the distribution of air flow field and the influence of working
parameters on the air flow field in the internal space of threshing and cleaning system, the method of predicting harvest
performance indexes (grain loss rate and grain impurity rate) by air flow field analysis was explored. First of all, taking the
longitudinal grain combine harvester of our research group as the test object and taking the rotating speed of centrifugal fan, the
angle of fan plate, the opening of chaffer, and the rotating speed of threshing cylinder as the research factors, the internal space
flow channel model of threshing and cleaning system under different working conditions was established and CFD software was
used to simulate and analyze the air flow field. At the same time, the hot wire anemometer is used to measure and verify the
distribution of air flow field in the threshing and cleaning system under various working conditions. 0en, the harvest per-
formance index of the threshing and cleaning system under the rated feeding rate is tested under the corresponding working
conditions to find the relationship between the distribution of air flow field and harvest performance, put forward the cor-
responding analysis and prediction methods, and establish the mathematical relationship model between the simulated air flow
field and harvest performance index. 0e results of simulation and experiment show that the average air velocity can more
accurately reflect the cleaning performance. 0e mathematical function of the relation curve is Y� 11.71X− 4.76, and the
prediction error is within 9.4%. 0e air velocity in the middle area of the vibrating screen is approximately in proportion to the
cleaning performance, which provides the theoretical and experimental basis for the design of the threshing and cleaning device
and the adjustment of the working parameters in the field harvest. In addition, it can save the design time and cost and reduce the
seasonal impact of field experiment.

1. Introduction

0reshing and cleaning device is the core part of the rice
combine harvester and the “digestive system” of the whole
machine, in which the threshing device takes off the grains
from the rice ears, forming the mixture of grain and material
other than grain mixture Delete “(grain MOG mixture for
short)” which contains grains, short stalks, light which
contains grains, short stalks, light impurities, and a small
amount of long stalks. In the cleaning device, the grains in
grain and material other than grain mixture are separated
from the short stalks and light impurities, and the short
stalks and light impurities are blown out of the machine to

get clean grains [1]. At present, the high-efficiency threshing
and cleaning device at home and abroad often adopts the
structure form of cutting longitudinal flow threshing roller
plus multiair channel cleaning device [2], which has high
efficiency of threshing and cleaning and strong adaptability
to the harvest operation with large feed volume, and has
been widely recognized by the market. 0e threshing and
cleaning device in this structure is located in the same closed
space, and the air flow field distribution in the internal space
may directly affect the key performance of the combine
harvester, such as the grain loss rate and the grain impurity
content, while the air flow field distribution is closely related
to the main working parameters of the combine harvester
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(threshing drum speed, centrifugal fan speed, air distributor
angle, fish scale screen opening, etc.) [3], so it is meaningful
to study the airflow field inside the threshing and cleaning
device as a whole system.

Many scholars, JohnDeere, Case, Claas, and Kubota, and
other harvest machinery companies have conducted much
theoretical and experimental research on the air flow field of
threshing and cleaning device to improve the harvest per-
formance and efficiency. An effective cleaning system with
more than one fan (HC1100, Iseki Co., Tokyo, Japan) or a
fan with multiple outlets has been used in modern grain
compounds to improve cleaning efficiency, such as the John
Deere S670, Massey Ferguson 9500 series, and Class Tucano
470, Design new cleaning device structure to improve
cleaning efficiency [4]. If the sieve overloads first, the tailings
returns will overload and plug such that the cleaning per-
formance declines significantly [5–7]. 0erefore, an im-
proved cleaning system needs to be robust against uneven
distribution of the material on the sieve surface [8]. New fans
are used to increase the uniformity of air flow distribution
and reduce the air flow attenuation at the tail of vibrating
screen [9, 10]. 0is paper describes the turbulent vortex of
the air flow in the cleaning device of the combine harvester
and analyzes its formation reason and influence on the
cleaning performance [11, 12]. CFD method is used to
analyze the distribution of air flow field in the cleaning
device, providing reference for the design of cleaning device
structure [13–15]. Optimize the combination of cleaning
working parameters and carry out field cleaning orthogonal
test [16, 17].

However, the existing research on the simulation and
test of the airflow field in the combine harvester is limited to
the cleaning device, not considering the flow of gas in the
threshing device, nor considering the interaction between
the airflow generated by the threshing device and the
cleaning device. In addition, in the process of optimizing the
parameters of the threshing and cleaning device, it often
depends on experience or test, lacking the corresponding
theoretical basis, and the test time is long, which is restricted
by the grain growth cycle. 0erefore, in this paper, the
overall air flow field distribution in the internal space of the
threshing and cleaning device with longitudinal flow is
studied. 0rough CFD numerical simulation and grain
harvest experiment, the influence rule of the change of air
flow field on the harvest performance index (grain loss rate
and grain impurity rate) is explored, and the mathematical
relationship model between the air flow field and the harvest
performance index in the threshing and cleaning system is
established. When optimizing the parameters or improving
the structure of the threshing and cleaning device, this re-
search method can be used to predict the harvest perfor-
mance, shorten the design and development time of the
combine harvester, and reduce the seasonal impact of the
field test.

2. Materials and Methods

2.1. Experimental Design. 0e research object is the high-
efficiency tangent longitudinal flow threading and cleaning

system developed by our research group, as shown in
Figure 1. 0is system has high efficiency and strong
adaptability to the harvest conditions of large feeding
amount and wet crops, which is suitable for the harvest
operations of paddy fields in South China [18, 19].
According to the adjustment range of its actual working
parameters, the air flow field simulation’s four-factor and
four-level test scheme is developed through JMP software, as
shown in Table 1.0e test scheme can ensure the accuracy of
the test analysis results on the premise of reducing the
number of tests. Each group of tests was repeated three
times, and the results were averaged.

2.2. Airflow Field Simulation Process

2.2.1. Airflow Field Simulation ,eory. During the func-
tioning of the threshing and cleaning system, airflow is usually
in a turbulent state. 0e standard turbulence model k–ε
proposed by Jones and Launder is the most widely used of
these models [20–22]. Specifically, the differential equations
are introduced for the turbulent kinetic energy, k, and the
turbulent kinetic energy dissipation ratio, ε. Both the turbulent
velocity scale transport and the turbulent length scale transport
are taken into account in the model. It is suitable for certain
complex three-dimensional turbulent flows, by describing the
real physical processes of various flows. Additionally, the basic
form of the model is relatively simple, and it shows a high
calculation accuracy. 0e standard k–ε turbulence model has
been successfully applied to agricultural machinery in the
calculation analysis of two-phase gas-solid flows [23, 24]. In
the present study, thismodel is again used for the calculation of
the airflow field in the threshing and cleaning system.

0e control equation is
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where μt is the viscosity of turbulence in units of Pa·s; ρ is
air density in units of kg·m−3; Gk is the generation item of
turbulent kinetic energy, k, caused by the mean velocity
gradient; Gb is the generation item of turbulent kinetic
energy, k, caused by buoyancy; YM is the contribution of
fluctuation distribution in compressible turbulence; Si, Sk,
are Sε are source items; Prt is the turbulent Prandtl
number; β is the coefficient of explatesion due to heat; and
Mt is the Mach number. In the fluent model of constant
value, C1ε � 1.44, C2ε �1.92, Cμ � 0.09, σk � 1.0, σε � 1.3,
Prt � 0.85.

2.2.2. Establishment of the Runner Model. 0e SolidWorks
software was used to establish the internal space flow
channel models of 13 threshing and cleaning devices under

different working conditions. 0ere is no need to set up
additional runner model for the two factors of centrifugal
fan speed and threshing drum speed, because the speed can
be set directly in the simulation software, only considering
the different combinations of the angle of the fan plate and
the opening of the chaffer in the test scheme.0emodel has a
total width of 990mm, a total length of 2292mm, a diameter
of 500mm, a diameter of 605mm, and an angle of 6° between
the axis and the horizontal plane. Figure 2 is the schematic
diagram of flow channel model of threshing and cleaning
device under working condition 5.

2.2.3. Grid Generation. 0e ICEM module of Ansys
Workbench software is used to divide the grid. Considering
the large volume and internal complexity of the runner
model, the unstructured tetrahedral grid is divided for the
runner model. Because the runner model has the rotating
motion of centrifugal fan impeller, cutting flow threshing
drum and longitudinal axial flow threshing drum, the
multiarea grid division method is adopted to prepare for the
MRF multicoordinate system model calculation. 0e runner
model is divided into four areas, namely, fan impeller area,
cutting flow threshing drum area, longitudinal axial flow
threshing drum area, and cleaning chamber area. At the
same time, four air inlets and one air outlet are set (Figure 3).
0e mesh interface between adjacent areas is set as interface.
0e mesh of the above four areas is divided, and the cen-
trifugal fan blades, threshing roller teeth, concave screen,
scale screen, woven screen, and tail screen are divided into
face mesh and locally densified to improve the quality and
accuracy of the mesh. Finally, the mesh of the four areas is
combined. After merging the grids, the total number of grids
of the seven channel models is between 22,728,519 and
22,934,564, respectively.

2.2.4. Simulation Parameter Setting. Without considering
the influence of temperature, humidity, and other envi-
ronmental factors and ignoring the viscous force between
gas molecules, the gas in the tangential flow threshing and
cleaning device is approximately incompressible, and the
standard turbulence calculation model is adopted. 0e grid
area of impeller, tangential threshing drum, screw feed head,
and longitudinal axial threshing drum of multichannel
centrifugal fan is set as MRF rotation area, and the corre-
sponding rotation coordinate axis and rotation speed are set;
the boundary conditions of three air inlets of multichannel
centrifugal fan are set as pressure inlet 0 Pa, the boundary
conditions of air inlet of threshing device are set as pressure
inlet 0 Pa, and the air outlet of model tail is set as pressure
inlet 0 Pa.0e boundary condition of the port is set as 0 Pa at
the pressure outlet [16]. In the solution control, the relax-
ation factor is set by fluent default, the residual is set to
0.0001, and the number of iteration steps is set to 3000.

2.3. Flow Field Verification Test. In order to verify the ac-
curacy of air flow field simulation, the air flow velocity
measurement test in the threshing and cleaning device with

Table 1: Four-factor and four-level test plan.

Fan
speed
(m·s−1)

Angle of air
distributor (°)

Chaffer
opening
(mm)

Speed of tangential
(longitudinal) flow

drum (m·s−1)
1 1500 24 26 620 (580)
2 1200 28 26 720 (674)
3 1500 28 22 770 (720)
4 1500 22 20 720 (674)
5 1200 24 22 670 (627)
6 1200 26 20 620 (580)
7 1400 24 20 770 (720)
8 1200 22 24 770 (720)
9 1500 26 24 670 (627)
10 1300 24 24 720 (674)
11 1400 26 22 720 (674)
12 1400 28 24 620 (580)
13 1400 22 26 670 (627)
14 1300 26 26 770 (720)
15 1300 28 20 670 (627)
16 1300 22 22 620 (580)

1 2

3

4

567814 13 12 11 10 9

Figure 1: Schematic showing new type of rice threshing and
cleaning system: 1� tangential thresher, 2� longitudinal threshing
cylinder, 3� return pan, 4� tailings sieve, 5� tailings window,
6� tailings auger, 7� chaffer, 8� lower sieve, 9� clean grain auger,
10� lower pan, 11� upper airflow deflector, 12� lower airflow
deflector, 13� oscillating pan, and 14�multiduct centrifugal fan.
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longitudinal flow was carried out. In consideration of the
actual internal structure and measurement space of the
vertical flow threshing and cleaning device, two horizontal
measurement surfaces are arranged above and below the
vibrating screen, and one horizontal measurement surface is
arranged below the cutting flow threshing drum, totaling
three horizontal measurement surfaces. 0e first measuring
surface is 80mm above the upper screen (scale screen) of the
vibrating screen, the second measuring surface is
15mm–70mm below the lower screen (woven screen) of the

vibrating screen, the third measuring surface is
20mm–130mm below the cutting threshing drum, and the
size and distribution of the three measuring planes are the
same. Take the leftmost front of the shale shaker as the
coordinate origin, extend horizontally along the left side of
the screen face to the right side of the screen face in the
positive Y-axis direction, extend longitudinally along the
screen face to the tail in the positive X-axis direction, and
take the vertical direction of the longitudinal flow threshing
and cleaning device as the Z-direction. 25 measuring points
are arranged uniformly in X- and Y-directions in 3 mea-
suring planes. 0e distribution diagram of measuring sur-
face and measuring points is shown in Figures 4 and 5.

At present, the main methods of measuring air ve-
locity in scientific research include hot wire anemometer,
PIV technology, and laser Doppler testing technology
[25]. Because of the large structure size, low cost, small
volume, small interference of convection field, and high
precision of hot wire anemometer, the hot wire ane-
mometer (Nanjing Nengzhao Technology Co., Ltd.,
VS110 type) is used to measure the air velocity of internal
measuring points in this test. 0e hot wire anemometer is
installed on the retractable rotating bench, and it is
inserted into the measuring hole on the side of the
threshing and cleaning device of the longitudinal flow
according to the distribution of the measuring points, so
as to realize the point distribution measurement. 0e
measuring data can be read directly through the screen, as
shown in Figure 6. In order to ensure the accuracy of
measurement results and eliminate accidental errors, a
group of measurement tests are repeated three times, and
the average value of three tests is taken as the mea-
surement results.

2.4. Cleaning Performance Test

2.4.1. Test Material Characteristics. 0e experimental rice
variety is “Zhendao 18,” the moisture content of grain is
24.9%, and the moisture content of stem is 50.4%. Rice
exfoliated mixture includes full grain, thin grain, short stem
(length less than or equal to 50mm), light miscellaneous
surplus, and a small amount of long stem (length greater
than 50mm).0e suspension speed of the main components
was measured by dfpf-25 material floating characteristic
measuring device (Figure 7). 20 samples were taken for each
mixture component. After multiple measurements of each
material, the maximum and minimum values of the floating
speed were obtained, as shown in Table 2.

It can be seen from Table 2 that in theory, when the air
velocity above the vibrating screen meets the condition of
5.8m/s<V< 8.8m/s, the materials in the cleaning room can
be effectively stratified, diffused, and screened, while, in
practice, the movement of the vibrating screen and the
shaking plate plays a certain role in promoting the strati-
fication and diffusion of the mixture, so the air velocity at the
cleaning screen surface should be 3.0m/s∼6.0m/s among
them, there are many long stalks and debris at the tail of
screen face, and the air flow speed should be between 5.0m/s

2 31 4 5 6 97 8

Figure 3: Mesh model: 1� left air inlet, 2� upper air inlet,
3�middle air inlet, 4� impeller area, 5� tangential threshing
cylinder area, 6� right air inlet, 7� cleaning-room area,
8� longitudinal threshing cylinder area, and 9� air outlet.

1 2 3 4 5 6 7 8 9 10 11 12 13

141516

Figure 2: 0reshing and cleaning device flow-path model:
1� upper air inlet, 2� left air inlet, 3�middle air inlet, 4� impeller
area, 5� oscillating pan, 6� right air inlet, 7� airflow deflector,
8� vibrating sieve (louver sieve), 9� vibrating sieve (woven sieve),
10� rubber sheet, 11� return pan, 12� tailing sieve, 13� air outlet,
14� longitudinal threshing cylinder area, 15� screw feeding head
area, and 16� tangential threshing cylinder area.
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and 6.0m/s, so that the long stalks and debris can be ef-
fectively blown out of the machine [17].

2.4.2. Cleaning Test Device. 0e 4lz-3.5 slitting and longi-
tudinal flow combine harvester produced by Wuxi United
Harvester Co., Ltd. was used as the experimental prototype
for field harvest test. 0e loss collection device was installed
behind the vibrating screen of TH988 slitting and longitu-
dinal flow full feeding combine harvester, as shown in

Figure 8. 0e mixture blown out from the oilcloth is col-
lected, and the grains in the blown out mixture are cleaned
out by a small cleaning fan, and then the grains are weighed
to obtain the grain quality. 0en, the total mass of grains in
the grain tank and the total mass of impurities in the grain
tank and stalks are weighed to calculate the cleaning per-
formance evaluation indexes such as cleaning loss rate and
grain impurity rate. Repeat three times for each group of
tests, and take the average value of the final test results.

3. Test Results and Analysis

3.1. Simulation Test Results of the Air Flow Field. After the
fluent calculation converges, the CFX postprocessing soft-
ware is used to process and analyze the air flow field, and the
distribution of the overall air flow field inside the threshing
and cleaning device of the tangential and longitudinal flow
can be obtained. Figures 9 and 10 are the streamline diagram
and velocity cloud diagram under the rated working
condition.

According to the simulation results, the following can be
concluded:

(1) 0e rotation of the tangential flow and longitudinal
axial flow threshing roller will produce certain air
flow; especially the wind speed at the screw feed head
is relatively large, about 7.0m/s∼8.5m/s, which in-
creases the auxiliary feeding effect of the material
transfer from the circular motion in the tangential
flow threshing device to the spiral motion in the
longitudinal axial flow threshing device, which is
conducive to reducing the blockage at the transition
point. In addition, blocked by the separation con-
cave, the air flow of the tangential flow and longi-
tudinal axial flow threshing device is mainly
concentrated in the interior of the threshing space,
only a small part of the air flow flows to the cleaning
device, and there is a small amount of intersection
with the cleaning air flow.

(2) 0e air flow (3.5m/s∼6.8m/s) produced by the air
outlet of the multichannel centrifugal fan is helpful

Vertical direction

Z (mm)

Vibrating screen in longitudinal direction
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0

Figure 4: Distribution of measuring surface.
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hotwire anemometer; and 3, display unit.
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to blow the light debris (floating speed≤ 2.8m/s) at
the front above the vibrating screen to the outside of
the fan, and it is helpful to blow the short straw and
the Shrunken Valley (floating speed≤ 4.2m/s) to the
screen tail and has little influence on the movement
of the grain (floating speed≥ 8.8m/s). 0e air flow
generated by the three air outlets below covers the
whole shale shaker, making the air flow velocity at
the middle and rear of the screen surface 4.2m/
s–7.5m/s, which is conducive to the layered diffusion
of materials on the screen; the air flow velocity at the

tail of the shale shaker rises to 5.2m/s–6.0m/s, which
is conducive to the discharge of short straw,
shrunken grain, and long straw out of the machine.8

3.2. Airflow Field Measurement Verification Test Results.
Since the measurement results of three repeated tests in each
group of measurement tests are very close, and the error is
between 0.2% and 1.5%, the average value of the repeated
test results is taken. According to the measuring points
arranged in the air flow field measurement test, the air flow
velocity at the same position is extracted from the simulation
results. 0e comparison between the simulation results of
the gas flow field and the measurement test results is made
by using Origin software. Because there are many measuring
points, the average value of the air flow velocity of the
measuring points in the transverse direction of the threshing
and cleaning device is taken as the comparison result.
Figure 11 shows the comparison of measurement test and
simulation results under condition 5.

0e following can be concluded.

(1) In the longitudinal direction, the measuring
points above the shale shaker show that the air
flow velocity at the front of the screen is small, the
air flow velocity at the middle is large, and the air
flow velocity at the back gradually decreases.
When the air flow velocity reaches the tail of the
screen, the air flow velocity rises again. 0is is
because the front position above the shale shaker
is only affected by the air flow from the air channel
on the multichannel centrifugal fan and gradually
decreases. 0e middle part is affected by the air
from the lower air duct of the multichannel
centrifugal fan, so the speed is relatively high. 0e
tail of the screen face is close to the outlet of the
machine, and the cross-sectional area suddenly
decreases, resulting in the air flow speed rising.
0e air flow velocity of each measuring point
under the vibrating screen decreases with the
increase of the longitudinal distance of the vi-
brating screen, showing a phenomenon of gradual
attenuation. 0is is because the air flow generated
by the lower air duct of the centrifugal fan
completely covers the measuring points under the
vibrating screen, and the air flow generated by the
upper air duct has little impact on these measuring
points, so the air flow velocity of the measuring
point will gradually decline with the increase of
the longitudinal distance of the vibrating screen.
0e air velocity under the cutting threshing drum
is small, and it rises up at the tail, which is due to
the air flow blocked by the separation concave.

(2) In addition, the air velocity in the simulation results
is 9.3%–20.5% higher than that in the measurement
results. 0is is because temperature, humidity, air
viscosity, and other relevant parameters are not
considered in the air flow field simulation, resulting
in larger results, but the distribution law is still the

Figure 7: Material floating velocity measurement device.

Table 2: Floating velocity of grain mixture.

Material Maximum floating
velocity (m·s−1)

Minimum floating
velocity (m·s−1)

Full grain 10.1 8.8
0in grain 4.2 1.5
Long stem 5.8 3.8
Short stem 4.0 2.3
Light impurity 2.8 0.9

Figure 8: Cleaning performance test.
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same, so it can be used as an analysis factor to es-
tablish the cleaning performance prediction model.

3.3. Cleaning Performance Test Results. Cleaning perfor-
mance is a comprehensive evaluation index obtained by
weighted calculation of cleaning loss rate and grain impurity
rate. According to the actual harvest demand, the impor-
tance of cleaning loss rate is slightly greater than that of grain
impurity rate, and the weight coefficients are 0.6 and 0.4,
respectively. 0e lower the comprehensive evaluation index
value is, the better cleaning performance is. 0e test results
are shown in Table 3.

3.4. Prediction Model of Cleaning Performance. From the
literature [3], it can be seen that the changes of centrifugal
fan speed, angle of air distributor, and opening of chaffer are
basic. 0ey will not affect the distribution of the air flow field
in the transverse direction of the threshing and cleaning
device. Similarly, the impact of the rotation speed of the
threshing roller is small. 0erefore, in order to establish a
more accurate and convenient cleaning performance pre-
diction model, on the basis of the above airflow velocity
measurement surface, the threshing and cleaning device is
divided into six areas in the longitudinal direction (as shown
in Figure 12), and the average airflow velocity of each area
can be obtained by using CFX postprocessing software. By
analyzing the change of average air velocity in six areas
under different working conditions, the mathematical re-
lationship between cleaning performance and its existence is
explored.

0e average air velocity in 9 areas is taken as inde-
pendent variableX, and the cleaning performance evaluation
index is taken as dependent variable Y; after analyzing the
data, it is found that the average air velocity in area 3 and
area 5 is proportional to the cleaning performance evalua-
tion index, so the three areas are analyzed in detail. 0e
polynomial fitting curve between the average air flow ve-
locity of area 3 and area 5 and the cleaning performance
evaluation index is made by using Origin software, as shown
in Figures 13 and 14.

As can be seen from Figure 14, the Adj.R2 value of the
fitting curve of the relationship between the average air
velocity and cleaning performance in zone 3 is 0.74, and the
Adj.R2 value of the fitting curve of the relationship between
the average air velocity and cleaning performance in zone 5
is 0.82. To some extent, the average air velocity and cleaning
performance evaluation indexes in the two regions are
linearly related. 0e mathematical function of the relation
curve is Y� 11.71X− 4.76, the relative error of prediction is
within 9.4%. 0is area is located in the middle of the
vibrosieve in the threshing and cleaning device, which shows
that the air flow velocity in the middle of the vibrosieve is
approximately proportional to the cleaning performance
within the adjustable range of the working parameters of the
designed threshing and cleaning system.

1 2 3

4 5 6

Figure 12: Six areas are divided inside the threshing and cleaning
device.
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4. Conclusion

0e threshing device and cleaning device are taken as a
whole to study the air flow field. Taking the rotating speed of
centrifugal fan, the angle of air separation plate, the opening
of chaffer, and the rotating speed of threshing cylinder of
tangential (longitudinal) flow as the research factors, the
CFD software is used to simulate and analyze the air flow
field in the internal space of the threshing and cleaning
system under different working conditions, and the simu-
lation analysis is 9.3%–20.5% larger than the experimental
results of air flow field measurement. However, the distri-
bution law of the two is the same, which can be used as the
analysis factor to establish the cleaning performance pre-
diction model.

0e mathematical relationship between the distribution
of air flow field in the threshing and cleaning device and the
cleaning performance evaluation index is established. It is
found that within the adjustable range of working param-
eters, the average air flow velocity in the middle of the shale
shaker is linearly related to the cleaning performance
evaluation index, and the predicted relative error of the
relationship function is within 9.4%. 0is method provides
reference for the optimization of the subsequent threshing
and cleaning device. Test can also save design time and cost
and reduce the influence of seasonality of field test on test
cycle.
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