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Abstract: Peanut whole-feed combines discharge a large amount of dust while harvesting, causing
serious air pollution and detrimental environmental change. To reduce the dust emission from
peanut whole-feed combines, a cyclone separation dust suppression device for peanut whole-feed
combines was proposed in this study. A three-dimensional computational fluid dynamics (CFD)
model coupled with dust particles and dust emission airflow was established to simulate the effect of
a dust suppression device on capturing dust particles. Then, the effectiveness of the dust suppression
device was verified by a dust suppression test system on a peanut whole-feed combine. The results
show that when the inlet wind velocity of the dust suppression device increased from 15 m/s to
25 m/s, the separation efficiency of the measured value fluctuated between 90.79% and 96.07%,
while the simulated value fluctuated between 95.18% and 96.59%. Moreover, the particle size of the
discharged dust particles was significantly reduced under the action of the dust suppression device.
The discharged dust particle size constant of the measured value was 8.6 µm, while the simulated
value was 5.1 µm. The study methods and results can provide a reference for the dust suppression
optimization of peanut whole-feed combines and similar agricultural machines.

Keywords: dust suppression; peanut whole-feed combine; separation efficiency; size distribution;
computational fluid dynamics

1. Introduction

Peanut whole-feed harvesting is the most widely used mechanized peanut harvest
mode in the world with the advantages of low operation cost and high efficiency [1–3].
During peanut whole-feed harvest, peanut plants with entrained soil are separated into
pods and stalk residuals under the action of the working components, but at the same
time, a large amount of dust is also produced and discharged out of the machines [4].
Dust pollution produced by agricultural mechanization is of increasing concern because of
its damage to the surrounding environment and neighboring residents’ health [5–7], and
thus, the diffusion of dust discharged from peanut whole-feed combines has attracted the
attention of scholars. Previous studies have identified the basic characteristics and potential
hazard forms of dust emissions from peanut combined harvesting operations [4,8]. The
concentration of dust discharged from peanut combines is relatively high, mainly because
peanut plants contain a lot of soil. How to reduce dust emissions during the operation
process has become the latest research focus.

Several studies have been conducted on dust suppression of crop combine harvesters.
Baticados et al. evaluated the potential emission reduction from using low-dust harvesters
for almond nut-picking operations compared with the conventional harvester using the
American Meteorological Society/Environmental Protection Agency Regulatory Model [9].
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Guofeng et al. analyzed the effects of the storage cage structure, flow velocity at the
duct outlet, ambient wind velocity, and particle size on dust emissions of a mobile straw
granulator to control the dust emissions and reduce the mass ratio of the dust into the press
device of the granulator [10]. Kruckman developed a combine dust eliminator attachable
to the feeder housing of a John Deere combine without modifying the feeder housing [11].
Law et al. presented the theoretical basis, including relevant mass- and charge-balances, for
electrostatically abating the PM2.5 airborne dust from mechanized tree-nut harvesting [12].
However, dust suppression technology and methods for peanut whole-feed combines are
still insufficient.

Spray dust suppression technology is widely used in mining, construction, and other
fields because of its low cost and high efficiency, and has also been adopted by some peanut
combine manufacturers [13]. However, it requires continuous water supply, which affects
the normal operation progress of peanut harvesting machinery [14]. Therefore, this method
had not been recognized by the market because it increases the burden on producers. A
cyclone separator uses centrifugal force to separate particles and gas, and the separation
efficiency can reach more than 90% under appropriate working parameters [15]. However,
due to the lack of a design basis and evaluation method, this equipment is still in the
exploration stage for dust suppression during peanut combine operation.

Numerical simulation methods are effective means for the research of dust suppression
technology [16–18]. By using computational fluid dynamics (CFD) technology, the separa-
tion performance of cyclone separators with different structures under various operating
parameters can be quickly explored [19]. Although the numerical simulation of the working
process of the cyclone separator is relatively mature, there is no specific study on the appli-
cation of the cyclone separator to the dust suppression of peanut whole-feed combines.

In this study, a cyclone separation dust suppression device was designed according
to the dust characteristics of peanut whole-feed combines, and the dust suppression per-
formances were simulated and tested. This study provides an effective dust suppression
device and its evaluation method for peanut whole-feed combines, and provides a reference
for the optimization of dust suppression of similar agricultural machines.

2. Materials and Methods
2.1. Description of Dust Suppression Device for the Peanut Whole-Feed Combine

As shown in Figure 1, the peanut whole-feed combine used for our study is widely
used in agriculture in China. Peanut plants are separated into pods and stalks under the
action of the working parts of the harvester, but at the same time, a large amount of dust is
also produced, which is discharged from the rear of the stalk gathering tank along with the
dust exhaust airflow. To reduce the dust emission from the combine, a vehicle-mounted
cyclone separation dust suppression device is designed in this study. The dust suppression
device is composed of two cyclone separators rotating in opposite directions in parallel,
and is installed at the tail of the combine. The air inlet of the dust suppression device faces
the dust outlet of the combine.
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Figure 1. Diagrams of peanut whole-feed combine with a dust suppression device: (a) side view; (b) 
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As shown in Figure 2, when the dusty air flow enters the cyclone separator, the dust 
and air are separated under the action of centrifugal force. The clean air is discharged from 
the top of the cyclone separator, while the dust settles into the dust collection bucket at 
the bottom of the cyclone separator under the action of gravity and is cleaned by an air-
lock valve periodically [20]. The key dimensions of the cyclone separator used in this 
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Table 1. Key dimensions of the cyclone separator. 

Index Symbol Value 
Diameter of cylinder (mm) D 700 

Height of cylinder (mm) H 1950 
Height of cone (mm) Hc 1300 

Depth of exhaust pipe (mm) S 400 
Height of intake pipe (mm) a 300 
Width of intake pipe (mm) b 200 

Diameter of exhaust pipe (mm) de 400 
Diameter of dust collection bucket (mm) db 200 

2.2. CFD Analysis 
2.2.1. Mathematical Model 

The continuous gas phase is treated in the Euler coordinate system. The Reynolds 
stress equation model (RSM) completely discards the assumption based on isotropic eddy 
viscosity, and more strictly considers streamline bending, vortex, rotation, and rapid 
change of tension [21]. It has the potential to predict complex flows with higher accuracy, 

Figure 1. Diagrams of peanut whole-feed combine with a dust suppression device: (a) side view;
(b) rear view.
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As shown in Figure 2, when the dusty air flow enters the cyclone separator, the dust
and air are separated under the action of centrifugal force. The clean air is discharged from
the top of the cyclone separator, while the dust settles into the dust collection bucket at the
bottom of the cyclone separator under the action of gravity and is cleaned by an air-lock
valve periodically [20]. The key dimensions of the cyclone separator used in this study are
summarized in Table 1.

Agriculture 2023, 13, x FOR PEER REVIEW 3 of 13 
 

 

  
(a) (b) 

Figure 1. Diagrams of peanut whole-feed combine with a dust suppression device: (a) side view; (b) 
rear view. 

As shown in Figure 2, when the dusty air flow enters the cyclone separator, the dust 
and air are separated under the action of centrifugal force. The clean air is discharged from 
the top of the cyclone separator, while the dust settles into the dust collection bucket at 
the bottom of the cyclone separator under the action of gravity and is cleaned by an air-
lock valve periodically [20]. The key dimensions of the cyclone separator used in this 
study are summarized in Table 1. 

 
Figure 2. Image of (a) working principle and (b) structure of the cyclone separator. 

Table 1. Key dimensions of the cyclone separator. 

Index Symbol Value 
Diameter of cylinder (mm) D 700 

Height of cylinder (mm) H 1950 
Height of cone (mm) Hc 1300 

Depth of exhaust pipe (mm) S 400 
Height of intake pipe (mm) a 300 
Width of intake pipe (mm) b 200 

Diameter of exhaust pipe (mm) de 400 
Diameter of dust collection bucket (mm) db 200 

2.2. CFD Analysis 
2.2.1. Mathematical Model 

The continuous gas phase is treated in the Euler coordinate system. The Reynolds 
stress equation model (RSM) completely discards the assumption based on isotropic eddy 
viscosity, and more strictly considers streamline bending, vortex, rotation, and rapid 
change of tension [21]. It has the potential to predict complex flows with higher accuracy, 

Figure 2. Image of (a) working principle and (b) structure of the cyclone separator.

Table 1. Key dimensions of the cyclone separator.

Index Symbol Value

Diameter of cylinder (mm) D 700
Height of cylinder (mm) H 1950

Height of cone (mm) Hc 1300
Depth of exhaust pipe (mm) S 400
Height of intake pipe (mm) a 300
Width of intake pipe (mm) b 200

Diameter of exhaust pipe (mm) de 400
Diameter of dust collection bucket (mm) db 200

2.2. CFD Analysis
2.2.1. Mathematical Model

The continuous gas phase is treated in the Euler coordinate system. The Reynolds
stress equation model (RSM) completely discards the assumption based on isotropic eddy
viscosity, and more strictly considers streamline bending, vortex, rotation, and rapid change
of tension [21]. It has the potential to predict complex flows with higher accuracy, and can
better reflect the true situation of the internal flow field of the cyclone separator. Although
it consumes more computing resources, the existing computer processing capacity fully
meets its computing needs. In the Reynolds stress equation, k and ε are calculated as
follows [22]:
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where k is the turbulent kinetic energy, m2/s2; ε is the turbulent energy dissipation rate,
m2/s3; ρ is the gas density, kg/m3; u is the velocity in the x direction, m/s; i, j is the indicator
symbol; µ is laminar viscosity, kg/(m·s); µt is turbulent viscosity, kg/(m·s); T is the time,
s; Pij is shear stress generation term, Pa/s; Gij is the buoyancy generation term, Pa/s; Mt
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is the turbulent Mach number, among other coefficients, σk = 1.0, σε = 1.0, Cε1 = 1.44, and
Cε2 = 1.92; Cε3 is the flow property coefficient of a point relative to gravity; and Sk and Sε
are user-defined source items.

Discrete particle phase is treated in the Lagrangian coordinate system. The force
balance equation of a single particle can be obtained from Newton’s second law, expressed
as [23]:

d
→
up

dt
=

→
u − →up

τr
+

→
g
(
ρp − ρ

)
ρp

+
→
F (3)

where up is the particle velocity, m/s; u is the gas velocity, m/s; g is the acceleration
of gravity, m/s2; ρp is the particle density, kg/m3; ρ is the gas density, kg/m3; F is the
additional acceleration term, m/s2, such as the acceleration of particles caused by pressure
gradient force, thermophoresis force, Safman lift, etc., which is usually negligible compared
with the drag force; and τr is the particle relaxation time, expressed as

τr =
ρpd2

p

18µ
· 24
CdRe

(4)

where dp is the particle diameter, m; µ is laminar viscosity, kg/(m·s); Cd is the resistance
coefficient, given by different relative Reynolds number ranges; and Re is the relative
Reynolds number, expressed as

Re =
ρdp

∣∣∣→up −
→
u
∣∣∣

µ
(5)

After the force balance equation of particles is obtained, the trajectory of the particles
can be predicted by integrating the particle velocity vector in time.

2.2.2. Model and Boundary Conditions

CFD simulations were performed using commercial CFD software (Fluent, Ver. 2019 R1,
Ansys Inc., Canonsburg, PA, USA). The 3D problem domain was established based on the
interior of the cyclone separator, but the length of the exhaust pipe was extended slightly
to prevent particles from leaving the calculation domain in less than a time step. As shown
in Figure 3, a polyhedron mesh with 158,992 elements and 559,248 nodes was adopted
for the computational domain. The biggest advantage of the polyhedron mesh is that it
has many adjacent elements, so it can more accurately calculate the gradient of the control
volume. Even at the edges and corners, the polyhedral mesh usually has multiple neighbor
elements, so that the gradient and local flow distribution can be calculated normally. In
addition, the mesh quality analysis showed that the maximum skewness metric of this
model is 0.758, so the gridding quality is acceptable.

Gravitational acceleration was set of 9.81 m/s2 with an atmospheric pressure of
101,325 Pa. The inlet boundary condition was set to the velocity inlet type while the outlet
condition was set to the pressure outlet. The inlet wind velocity was set as 15~25 m/s to
correspond with different test conditions. The hydraulic diameter of the inlet and outlet
was set at 0.24 and 0.36 m, respectively. The Reynolds stress equation model (RSM) was
chosen for the simulations because it has higher prediction accuracy for complex flows and
has been widely used in many cyclone separator studies [24].

In the simulation domain, the no-slip wall condition was used for all the cyclone
separator walls. The DPM boundary condition of the side wall and underside wall was set
as reflect and trap, respectively, which means that the dust particles would stop moving
when arriving at the bottom of the cyclone separator. Moreover, the DPM boundary
condition of the outlet face was set to escape, which means that the uncaptured particles
would escape from the top of the cyclone separator.
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2.2.3. Discrete Phase Model

The discrete phase model was activated to simulate the movement of dust particles,
which interacted with the continuous phase (dust emission airflow) every ten time steps.
Characteristics of dust particles including concentration, size distribution, shape factor, and
true density were detected using the equipment and method in Reference [8]. The dust
concentration was obtained using a filter membrane weighing method (GBZ/T 192.1-2007)
and was calculated using the following equation [25]:

c =
m2 −m1

V × t
× 1000 (6)

where c is the concentration of dust in the air (mg/m3), m2 is the quality of the filter mem-
brane after sampling (mg), m1 is the quality of the filter membrane before sampling (mg),
V is the sampling flow rate (L/min), and t is the sampling time (min).

The total flow rate of dust at the outlet is as follows:

Q =
S·c·v f

106 (7)

where Q is the total flow rate of the dust (mg/s), S is the dimension of the dust outlet (mm),
c is the concentration of dust at the outlet (mg/m3), and vf is the dust particle speed at the
dust outlet (m/s).

To ensure the accuracy of numerical simulation, the physical parameters of the dust
particles were obtained through experimental measurements, and the dust particle size
was divided into two groups: 1–10 µm and 11–310 µm, respectively, in order to display the
numerical simulation results more clearly. These two dust groups accounted for 22.91%
and 77.09% of the total flow rate of dust, respectively [8]. The parameters for the discrete
phase model are summarized in Table 2. The effects of the Saffman lift force, virtual mass
force, and pressure gradient force were considered.

2.2.4. Solution Methods and Simulation Procedure

The SIMPLEC (semi-implicit method for pressure linked equation consistent) algo-
rithm was used under the pressure–velocity coupling scheme. The least square cell based
PRESTO! (pressure staggering option) and QUICK (quadratic upwind interpolation for con-
vective kinematics) schemes were used for the spatial discretization of gradient, pressure,
and momentum equations, respectively, to achieve higher accuracy [26].
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The escaping particles may stay in the computational domain for a very short time,
thus the time step was set to 0.001 s. All the simulations were run in parallel processing
with a 64-core dual Intel(R) Xeon(R) Gold 6248R, 3.0 GHz, with 128 GB memory.

Table 2. Discrete phase parameters used in the simulations.

Dust Group Property Value Sources

Total flow rate of dust (mg·s−1) 9513.7 Calculated by Equation (7)
Temperature (K) 300 Measured by temperature sensor

Ture density of dust (g·cm−3) 2.5277 Measured by automatic true density analyzer

1

Flow rate of dust (mg·s−1) 2179.6 Calculated by Ref. [8]
Min. diameter of dust (µm) 1 Measured by laser particle size analyzer
Max. diameter of dust (µm) 10 Measured by laser particle size analyzer
Size constant of dust (µm) 7.3 Estimated by Rosin–Rammler curve fit
Spread parameter of dust 2.76 Calculated by Ref. [8]

2

Flow rate of dust (mg·s−1) 7334.1 Calculated by Ref. [8]
Min. diameter of dust (µm) 11 Measured by laser particle size analyzer
Max. diameter of dust (µm) 310 Measured by laser particle size analyzer
Size constant of dust (µm) 27.5 Estimated by Rosin–Rammler curve fit
Spread parameter of dust 1.35 Calculated by Ref. [8]

When the residual of numerical simulation converged, the mass of escaped particles
could be counted through the “Mass Transfer Summary” function at the outlet face. Thus,
the simulation value of separation efficiency could be calculated by the following equation:

∅s =

(
1− ∆m/∆t

Q

)
× 100% (8)

where ∅s is the simulation value of the separation efficiency of the dust suppression
device (%); ∆m is the mass of escaped particles in the simulation time (mg); ∆t is the
simulation time (s); and Q is the total flow rate of the dust (mg/s).

2.3. Model Validation Test
2.3.1. Dust Suppression Test System

To verify the working performance of the dust suppression device, it is necessary to
carry out the dust suppression test on the process of peanut whole-feed harvest. Consider-
ing the test cost and the feasibility of operation, a dust suppression test system for a peanut
whole-feed combine was designed in this study. As shown in Figure 4, the dust suppression
test system was composed of two parallel cyclone separators (the key dimensions are
summarized in Table 1) and a pulse jet filter cartridge dust collector (XFLT-81, Jinan Xufeng
Environmental Protection Machinery Equipment Co., Ltd., Jinan China) in series. The inlet
of the dust suppression test system, that is, the inlet of the parallel cyclone separators,
was connected with the dust outlet of the peanut whole-feed combine, and an integrated
atmospheric sampler (KB-120F, Qingdao Genstar Electronic Technology Co., Ltd., Qing-
dao, China) was set at the exhaust outlet of the pulse jet filter cartridge dust collector.
Cyclone separators and a pulse filter cartridge dust collector were independently driven by
a variable frequency motor, which could match the dust exhaust air volume of the peanut
whole-feed combine. The air volume value of each component at different speeds refers to
the fan manual.

Under the action of the dust suppression system, the dust discharged from the peanut
whole-feed combine entered two parallel cyclone separators for primary collection, and the
collected dust entered the dust collection bucket below the cyclone separator. The residual
dust escaped from the cyclone separator and entered the pulse jet filter cartridge dust
collector for secondary collection, and the collected dust fell into the dust box at the bottom
of the dust collector under the action of pulse air flow. The residual dust on the surface of
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the filter cartridge was cleaned into the dust box with a brush. In addition, the dust passing
through the filter cartridge was collected and measured by an integrated atmospheric
sampler that was set beside the outlet of the pulse jet filter cartridge dust collector, and the
measurement method refers to the standard literature (GBZ/T 192.1-2007) [25].
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By using the dust suppression test system, the dust suppression efficiency and particle
size change in the dust suppression device of the peanut whole-feed combine could be
accurately measured. At the same time, it reduced the cost and time of the integrated
design of the peanut combine and dust suppression device. Because the dust suppression
test system required a stable power supply and was difficult to move during operation, an
indoor simulation test was carried out instead of a field test in this study.

2.3.2. Measurement of Separation Efficiency and Particle Size

The dust collected by the cyclone separators was mixed with some peanut stalk debris.
Therefore, it was necessary to screen the collected dust with a 355 µm analytical sieve to
remove short stems and leaves. The separation efficiency of the dust suppression device of
the peanut whole-feed combine is provided as follows:

∅ =
m1

m1 + m2 + c× Fa × t
× 100% (9)

where ∅ is the separation efficiency of the dust suppression device of the peanut whole-feed
combine (%), m1 is the mass of dust collected by cyclone separators (mg), m2 is the mass of
dust collected by the pulse jet filter cartridge dust collector (mg), c is the concentration of
dust after the collection of the dust suppression test system (mg/m3), Fa is the air flow rate
of the dust suppression test system (m3/min), and t is the feeding time (min).

In addition, a laser particle size analyzer (Mastersizer 2000, Malvern Instruments Ltd.,
Worcestershire, UK) was used to measure the particle size distribution of the dust in the
dust box of the pulse jet filter cartridge dust collector. This measurement could reflect the
characteristics of particle size captured and discharged by the dust suppression device
of the peanut whole-feed combine. The particle size distribution of dust particles in the
collector was described using the Rosine–Rammler curve fit [27].

2.3.3. Experiment Condition

The experiment of the dust suppression test system was carried out in Suiping County,
Zhumadian City, Henan Province, in September 2021. The peanuts (No.2 Wanhua) used
in the test include pods, stalks, and entrained soil; the proportion and dry basis moisture
content of each component of peanut material were measured by electronic balance and
a drying box (105 ◦C drying method). Measurement results showed that the proportion
of pods, stalks, and entrained soil accounted for 44.63%, 38.49%, and 16.88% respectively,
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while the moisture content of pods, stalks, and entrained soil accounted for 16.38%, 19.81%,
and 4.83% respectively.

During the test, the peanut whole-feed combine and the dust suppression test system
were started at the same time. After that, the engine speed of the peanut whole-feed
combine was adjusted to the rated working speed, and the fan speed of the cyclone
separators and pulse jet filter cartridge dust collector were adjusted to make the air inlet of
the dust suppression system equal to the air exhaust of the combine. Then, the prepared
peanut plant materials were fed manually to the peanut whole-feed combine (Figure 5).
After the test, dust in the dust collection bucket of the cyclone separator and in the pulse jet
filter cartridge dust collector were collected, respectively.
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The test was carried out at 5 different wind velocities at the dust outlet of the peanut
whole-feed combine, respectively (15 m/s, 17.5 m/s, 20 m/s, 22.5 m/s, and 25 m/s), by
adjusting the engine speed. The air volume collected by the dust suppression test system
was adjusted to be consistent with the air volume of the dust emission from the peanut
whole-feed combine. The air volume of the dust emission from the peanut whole-feed
combine was calculated by the following equation:

L = 3600× F× vw (10)

where L is the air volume of the dust emission from the peanut whole-feed combine (m3/h);
F is the area of dust outlet (m3); and vw is the wind velocity at dust outlet (m/s). After the
combine and the dust suppression test system were running stably, 250 kg of materials
were fed manually for each test. After the test, dust in the dust collection bucket of the
cyclone separation dust suppression device was collected. A total of 5 groups of tests
were conducted, and each test was repeated 3 times. The test was not affected by the
environment because the temperature and humidity during the test were basically the
same as the actual operation, and the atmospheric flow did not affect the operation of the
dust suppression device, so the influence of environmental variables on the test could be
ignored. The separation efficiency of the dust suppression device could be obtained by
weighing the collected dust with an electronic balance and calculating the average value.
The test settings are shown in Table 3.

Table 3. Setting of test parameters.

Test No. Engine Speed/rpm Wind Velocity/(m·s−1) Peanut Plants Weight/kg

T1 1500 15.0 250

T2 1750 17.5 250

T3 2000 20.0 250

T4 2250 22.5 250

T5 2500 25.0 250
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3. Results
3.1. Analysis of Simulation Results

Figure 6a shows the Z-direction air flow velocity in the cyclone separator when
the inlet wind velocity was 20 m/s. It can be seen from Figure 6a that when the gas
entered the cyclone separator, the cyclone was formed due to the restriction of the cyclone
separator wall. Tangential velocity played a leading role in the cyclone separator, which
was conducive to throwing dust particles to the wall and capturing them. The surface of
maximum tangential velocity was cylindrical, and the radius was related to the ground
inner diameter of the cyclone separator.
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Due to the different particle diameters and incident positions of dust particles, the
particle trajectory of particles also varied significantly (Figure 6b). Most particles reached
the bottom of the cyclone separator under the action of the external cyclone within 0.7 s,
while a small amount of particles would enter the exhaust pipe and exit the cyclone
separator with the internal cyclone. Due to the impact of the incident position and particle
size, particles may enter the exhaust pipe directly, or be entrained by the internal vortex
flow at the bottom of the cyclone separator and escape from the cyclone separator. The
particles from the inside of the inlet were easier to escape than those from the outside
because the centrifugal force of the inside particles was smaller than that of the outside
particles, so they were more vulnerable to the impact of the upwardly moving inner vortex
flow. Dust particles with different diameters also have different motion modes in the
cyclone separator. The particle size of the discharged particles from the cyclone separator
was mainly 0~10 µm (Figure 6c), which showed that particles with larger particle sizes are
easier to be captured. This finding is consistent with the work by Wan et al. [28].

The numerical simulation results showed that the cyclone separator has a reasonable
structure, which can achieve the dust suppression effect for the peanut whole-feed combine.

3.2. Analysis of Separation Efficiency

The separation efficiency of the numerical simulation was compared with the exper-
imental results. These results, presented in Figure 7, show that the measured value was
slightly lower than the simulated value with relative errors less than 5%. This phenomenon
may be caused by the selection of boundary conditions during the simulation calculation.
It is believed that the particles can be trapped once they collide with the cone wall of the
cyclone separator. However, as a matter of fact, the small particles that already hit the wall
may return to the gas flow field under the action of some small vortices on the wall, and
some of them will re-enter the updraft to escape at the outlet, which leads to a simulated
value of separation efficiency greater than the experimental value.
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When the inlet wind velocity increased from 15 m/s to 20 m/s, the separation efficiency
of both the measured value and the simulated value was increased. The measured value
increased from 90.79% to 96.07%, while the simulated value increased from 95.18% to
96.59%. This is because the increase in centrifugal force is conducive to the separation
of particles and gas. Conversely, when the inlet wind velocity increased from 20 m/s to
25 m/s, the separation efficiency of both the measured value and the simulated value
was slightly decreased. The measured value decreased from 96.07% to 95.19%, while
the simulated value decreased from 96.59% to 96.41%. This may be due to the enhanced
turbulence disturbance which makes the back-mixing more severe. The maximum relative
error between the measured value and the simulated value was 4.83%, so the established
dust suppression simulation model could perhaps be deemed accurate and reliable enough
to illustrate the capacity of the cyclone separator.

The established CFD model made it more clear to understand the movement state
of particles with different components and different particle sizes under the action of the
dust suppression device, which was conducive to the evaluation of the performance of the
dust suppression device, and provided convenient verification means for the structural
optimization of the dust suppression device. At the same time, the modeling method of this
study could be used for the evaluation and matching design of similar dust suppression
devices of other crop harvesting machines, such as the design of dust suppression devices
for wheat combines.

In the working range, the actual separation efficiency of the dust suppression device
of the peanut whole-feed combine was more than 90%, which showed that it can effectively
reduce the dust emission pollution of the combine. In our future study, the integrated design
of the dust suppression device and the peanut whole-feed combine will be completed, and
further performance tests will be carried out in the field.

3.3. Analysis of Particle Size Distribution

As the particle size distribution does not change significantly under different wind
velocities according to the test results of the laser particle size analyzer, this study only
shows the simulation and test results of the dust particle size input to the dust suppression
device and its output when the inlet wind velocity was 20 m/s; the results are shown in
Figure 8. It can be seen that both the simulation results and the test results show that the
particle size of the discharged dust particles was significantly reduced under the action
of the dust suppression device. The simulation results show that the size constant of the
discharged dust particles was 5.1 µm, while the test results show that the size constant
of the discharged dust particles was 8.6 µm. The test value of the particle size of the
discharged dust particles was larger than the simulation value, which may be due to the



Agriculture 2023, 13, 329 11 of 13

fact that there were not only soil particles but also fiber particles mixed in the discharged
dust particles, and the particle size of the fiber particles was much larger than that of soil
particles [29]. However, the proportion and particle size characteristics of the fiber particles
were not measured, so the influence of fiber particles on the dust discharged from the dust
suppression device was ignored in the numerical simulation, resulting in the test value of
the particle size of the actual discharged dust being greater than the simulation value.
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Although the dust suppression device significantly reduced the dust concentration
discharged from the peanut whole-feed combine, the particle size analysis shows that the
dust suppression device mainly captured particles with larger particle sizes, while particles
with smaller particle sizes were more likely to enter the human body and had a greater
impact on human health [30,31]. Therefore, how to further inhibit the emission of smaller
particles is one of the important directions in our future study.

4. Conclusions

To reduce dust pollution from peanut whole-feed combines, a cyclone separation
dust suppression device was designed according to the dust characteristics of a peanut
whole-feed combine and a dust suppression model was established via CFD. On this basis,
the dust suppression performances were simulated and tested. The results show that
when the inlet wind velocity increased from 15 m/s to 25 m/s, the separation efficiency
of the measured value fluctuated between 90.79% and 96.07%, while the simulated value
fluctuated between 95.18% and 96.59%. The relative error between the measured value
and the simulated value was below 5%. Moreover, the particle size of the discharged
dust particles was significantly reduced under the action of the dust suppression device.
The discharged dust particle size constant of the measured value was 8.6 µm, while the
simulated value was 5.1 µm.

Through the numerical simulation and experiment, we found that the cyclone separa-
tion dust suppression device could significantly reduce the dust emission concentration
from the peanut whole-feed combine with its reasonable structure. Conversely, this model-
ing method could be used to predict the separation efficiency of a similar dust suppression
device for peanut whole-feed combines and other farmland machinery.

Due to the limitation of experiment costs, this study only carried out a site simulation
test. In the future study, the integrated design of the dust suppression device and the
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peanut whole-feed combine will be carried out and field tests will be conducted for further
improvement of the dust suppression device.
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