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Featured Application: The worm-type distributor stands as a typical distribution mechanism that
is extensively employed in agricultural machinery for fertilization.

Abstract: To investigate the causes of flow fluctuations in a worm-type distributor during the
fertilization process, this study employed the discrete element method to simulate the fertilization
process. The analysis focused on the influences of force chain evolution on particle flow fluctuations
and the effects of the rotational speed. The results indicate that the flow fluctuations in the worm-type
distributor are not solely attributed to its helical structure but are closely associated with the evolution
of force chains within the particle systems. Furthermore, a one-to-one correspondence between the
flow fluctuations and force-chain evolution exists. The rotational speed was found to exert significant
influences on the axial and circumferential distributions of the force chains. As the rotational speed
increases, the coefficient of variation (CV) of the axial distribution of the force chains gradually
decreases. Meanwhile, the uniformity index (UI) of the circumferential distribution of the force chains
initially increases and then decreases. In the context of a worm-type distributor, the axial distribution
of force chains emerges as the dominant influencing factor for flow fluctuations. For the specific
worm-type distributor model chosen in this study, the minimum flow fluctuations were observed
at a rotational speed of 80 rpm. These research findings offer valuable insights into understanding
the flow fluctuations of worm-type distributors and provide references for further exploration in
this field.

Keywords: worm-type distributor; flow fluctuation; DEM; force chain

1. Introduction

The worm-type distributor, comprising a hopper, a screw shell, and a rotating screw,
stands as a typical distribution mechanism that is extensively employed in agricultural
machinery for fertilization [1,2]. Fertilization, aimed at providing an appropriate amount of
nutrients to crops, encounters challenges with existing worm-type distributors due to flow
fluctuations—a key factor influencing crop quality and yield [3]. Flow fluctuation correlates
closely with the physical properties of particles (e.g., particle size [4] and shape [5,6]),
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the helical structure (e.g., screw pitch [7] and blade diameter [8]), and operational con-
ditions (e.g., rotational speed [9,10]). Dynamic simulation methods using the discrete
element method (DEM) have recently proven effective in studying the motion laws of
particles [11]. Consequently, numerous researchers have employed the DEM to address the
flow fluctuation issue in worm-type distributors by focusing on these aspects.

For instance, Zhang et al. studied the effect of particle size on flow fluctuation and
found that the reduction of particle size gradually improved the stability and accuracy of
spiral transportation [12]. Nicolin et al. found, through the DEM, that particle shape signif-
icantly influences mass flow rate under screw conveyance at high rotational speeds [13].
Song et al. reduced flow fluctuation by altering the screw pitch at the feed inlet, conveying
section, and outlet [14]. Fernandez et al. studied the effects of six types of helical structures
on flow fluctuation based on the DEM [15]. Liu et al. simulated helical transportation under
different helical rotational speeds and angles of inclination through the DEM, finding that
flow fluctuation decreases with the increase in the helical rotational speed and angle of
inclination [16]. Sun et al. explored the influences of a shaft helix and shaftless helix on
flow fluctuation under different rotational speeds, observing a decrease in flow fluctuation
with an increasing rotational speed [17].

Despite successful proposals of various methods to decrease flow fluctuation, the
underlying causes still warrant deeper exploration. Flow fluctuation in the helical fertil-
ization process is a macroscopic phenomenon that is essentially driven by changes in the
particle swarm movement, induced by external stresses. Analyzing the stress characteris-
tics of particle swarms at the microscopic level can offer a novel perspective to elucidate
flow fluctuation. The rotational speed, a crucial operational parameter of the worm-type
distributor, significantly affects both macroscopic flow fluctuation and microscopic force
and energy transmission among particle swarms. Although scholars have emphasized the
importance of the spiral rotational speed on flow fluctuation [18–20], the influence of the
stress characteristics of particle swarms on the flow fluctuation from the meso-scale remains
largely unexplored. Therefore, this study investigates the causes of flow fluctuation by
employing the rotational speed as a variable, aiming to reveal the action mechanism of
particle swarm force and energy on the meso-scale.

In this study, a numerical simulation of the fertilization process of a worm-type
distributor was conducted through the DEM. The qualitative and quantitative exploration
of the internal relations between the flow fluctuation and contact force fluctuation among
particles paved the way for a deep analysis of the influences of the helical rotational
speed on contact forces (including the axial coefficient of variation and the circumferential
uniformity index) among particles. The ultimate goal is to elucidate the internal mechanism
of flow fluctuation and provide theoretical guidance for the stable fertilization of worm-
type distributors.

2. Materials and Methods
2.1. DEM Model

In this study, a numerical simulation of the fertilizer particle conveying process in
a worm-type distributor was conducted using the soft ball model. The DEM simulation
involved the continuous updating and iteration of the force–displacement relations of
particles, centered around Newton’s second law, to determine the movement conditions
of particles [21]. Fertilizer particles in the worm-type distributor exhibit translational and
rotational motion, expressed as follows:

mi
dvi

dt
= mig +

ni

∑
j=1

(
Fn + Ft) (1)

Ii
dωi

dt
=

ni

∑
j=1

(Tt + Tr) (2)
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where mi is the mass of the fertilizer particle i. vi is the translational velocity of the fertilizer
particle i. g is the gravitational acceleration of fertilizer particles. ni is the number of
fertilizer particles in contact with the fertilizer particle i. Fn and Ft are normal force and
tangential force of fertilizer particles. Ii is the rotational inertia of the fertilizer particle
i. ωi is the angular velocity of rotational motion of the fertilizer particle i. Tt and Tr are
tangential torque and rolling frictional torque, respectively.

Numerous studies have demonstrated that the Hertz–Mindlin contact model is the
most widely used for simulating the dynamic flow behaviors of fertilizer particles in worm-
type distributors [22,23]. Hence, the Hertz–Mindlin (no-slip) contact model was selected
for numerical simulation in this study. The contact force in this simulation encompasses
forces between particles and forces between particles and the distributor. The discrete
element method (DEM) was first proposed by Cundall and Strack to simulate the motion
behavior of particulate matter. All forces, torques, and relevant parameters are detailed in
Table 1 [24].

Table 1. Force and torque equations used in contact model.

Force and Torque Symbol Equation

Normal force
→
F

n

c,ij
3
4 Eeq

√
req

ij δ
n
ij

3

→
F
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6φ
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Snmeq
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v
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ij
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−Stδt
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Stmeq

ij
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ij
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T

t →
r i ×

(→
F

t

c,ij +
→
F

t

d,ij

)
→
T

n →
r i ×

(→
F

n

c,ij +
→
F

n

d,ij

)
→
T r −µr

→
F

n

c,ij
→
r i

→
ωi

2.2. Simulation Conditions and Process

Urea fertilizers are widely utilized due to their high nitrogen content, cost-effectiveness,
and rapid nutrient supply to crops upon application [25]. Consequently, urea fertilizers
were selected as the test materials for this study. To obtain accurate measurements, a
micrometer with a precision of 0.01 mm was employed to measure the length, width, and
height of 100 fertilizer particles. The recorded results were 2.55 mm, 2.50 mm, and 2.16 mm,
respectively. Using Equations (3) and (4), the equivalent sphere diameter and sphere rate of
the fertilizer particles were calculated as 2.40 mm and 94.54%, respectively.

D = 3
√

LWT (3)

φ = D
L × 100% (4)

where D is the equivalent diameter (mm). L is the length of fertilizer particles (mm). W is
the width of fertilizer particles (mm). T is thickness of fertilizer particles (mm). φ expresses
the sphere rate (%).

A previous study established that the particle model could be represented as a sphere
when the exceeded sphere rate of fertilizer particles 90% [26]. Consequently, for this
study, the fertilizer particle model was simplified as spheres with a diameter of 2.40 mm
(Figure 1). It is essential to highlight that, in this project, fertilizer particles were simplified
as breakage-free, wear-free, liquid bridge-free, and monodispersed.
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  Figure 1. Spheroid fertilizer particles and their characteristic parameters.

In this study, the focus was on the conveying process of the worm-type distributor.
Building upon the research findings of Shi [27], the worm-type distributor was segmented
into the conveying zone, barrier zone, and distribution zone, which includes the hopper, he-
lix, outlet, and shell. The specific geometric structural parameters are detailed in Figure 2a,
and essential parameters were measured and calibrated during the simulation, with the
remaining parameters sourced from relevant studies [28,29]. Refer to Table 2 for more
details. The outlet opening of the worm-type distributor was set at 40 mm, and the helical
rotation speed varied from 20 rpm to 80 rpm.

 

2 

  
(a) (b) 

 
  Figure 2. (a) Geometry of the screw fertilizer feeder. (b) Schematics of the model used in DEM simulations.

Table 2. Parameters used in DEM simulations.

Materials Fertilizer Particles PLA

Poisson ratio 0.25 0.43
Shear modulus (Pa) 2.8 × 107 1.3 × 109

Density (kg/m3) 1461 1240
Restitution coefficient 0.11 0.41

Static friction coefficient 0.3 0.32
Rolling friction coefficient 0.1 0.18

The geometric model of the worm-type distributor in the simulation is illustrated
in Figure 2b. Initially, fertilizer particles were randomly generated at the hopper inlet
and allowed to fall freely under the influence of gravity. Particle generation ceased upon
reaching a height of 120 mm (Figure 3a). Subsequently, all particles were made static
for 2 s to attain a stable state. The distribution helix then rotated at the predetermined
speed, propelling fertilizer particles forward along the distribution direction (Figure 3b).
Ultimately, a dynamically stable particle flow was established within the worm-type
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distributor (Figure 3c). It is crucial to note that dynamic stability is determined by the
average speed of particles in the barrier zone of the worm-type distributor. As depicted in
Figure 4, the average speed of particles fluctuated around the mean during the 19 s–25 s
timeframe, with the fluctuation range within the upper and lower deviations indicating the
attainment of a stable state. It is important to emphasize that the data sampling interval
was 0.1 s, and t = 0 s marked the commencement of the simulation.

 

3 

 

   
(a) (b) (c) 

 
  Figure 3. Snapshots from a DEM showing the evolution of fertilizer particles’ flow during fertilization:

(a) an initial state where the particles are filled in the hopper, (b) particles gradually being full inside
hindering section, and (c) a steady state in which average velocity of particles is in dynamical
equilibrium. The screw rotational speed is 50 rpm.

 

4 

 

 
  Figure 4. Average velocity of particles in the Hindering section.

3. Results and Discussion
3.1. Model Verification

To validate the accuracy of the contact parameters and other relevant parameters in
the DEM simulation, the model underwent verification before the simulation test. The
experimental verification platform is shown in Figure 5, and the red dotted box is the
screw type fertilizer distributor.. The conveying process of the worm-type distributor
was captured by a camera to record the flow patterns and particle distribution. The
instantaneous comparison between the test and simulation is presented in Figure 6, where
each moment corresponds to different motion states of the particles. The comparison reveals
that, under the same conditions, the particle flow forms and distributions in different
sections of the test device were generally consistent with the simulation results.

For further verification of the simulation model’s accuracy, changes in the cumulative
mass with time under 50 rpm were measured. In the simulation process, data were collected
at intervals of 0.1 s, with the moment when fertilizer particles appeared at the Group bin
set as 0 s and a total extraction time of 8 s. In the test process, changes in the electronic scale
readings were recorded by a camera, and mass data were extracted based on the number of
frames in the video. As shown in Figure 7, the simulation and test curves exhibit a good fit,
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with a result error of 5.79%. When the error value is below 15%, it is considered that the
current DEM model has achieved acceptable accuracy, and the discussion on the meso-scale
laws of particles meets the required standards [30].
 

5 

 

 
  Figure 5. Test platform. 
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(a) 

   
(b) 

 
  Figure 6. Comparison of the simulated conveying process with the corresponding experiment at the

rotation speed of 50 rpm: (a) experiment and (b) simulation.

 

7 

 

 
  Figure 7. The simulation and experimental comparison diagram of the cumulative mass changing

with time.

3.2. Analysis of Flow Fluctuation Process

Extensive flow fluctuation issues are observed in the distribution process of the worm-
type distributor. To investigate the causes of flow fluctuations, a simulation process of the
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worm-type distributor under a rotational speed of 50 rpm was conducted. As illustrated in
Figure 8, significant changes in mass flows from the red zone (barrier zone) were observed
as the distribution helix rotated through different phase angles. Analyzing the changes in
the mass flow rate in the barrier zone revealed regular fluctuations over time, with the mean
fluctuating around the upper and lower deviations (Figure 9). Therefore, the continuous
rotation of the distributed spiral and periodic changes in the size of the opening between
the spiral sleeves were identified as the main cause of the fluctuation of the flow in the
obstacle area, which is consistent with Dun’s findings [31]. Furthermore, Yang proposed
that flow fluctuation is not only related to the helical structure but also closely associated
with the force chain of particle interaction, representing another key influencing factor of
flow fluctuation [32].

 

8 

 

  
(a) 0° (b) 90° 

  
(c) 180° (d) 270° 

 
  Figure 8. Transient simulation effects of different phase angles of screw rotation of the screw fertilizer

feeder with screw. The screw rotational speed is 50 rpm.

 

9 

 

 
  Figure 9. Variation in mass flow rate of particle with time. The screw rotational speed is 50 rpm.

In the dynamic conveying process, uneven contact forces were generated among
particles under the influence of external loads and gravity, forming a transmission path
contact network known as force chains [33]. Given the focus on normal stress in the worm-
type distributor [34], the force chain analysis primarily concentrates on the normal contact
force. The network distribution of normal contact forces among particles under different
phase angles is depicted in Figure 10, in order to clarify the failure stage of the force chain,
a black dotted line is circled in the diagram. It is important to note that each contact rod
represents a connection at the contact point of particles, and its size is proportional to
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the normal contact force (red for large numerical values and blue for small numerical
values). With the continuous growth of the phase angle, force chains in the black zone are
continuously broken, influenced by gravity. Extracting the average normal contact force
changes in the barrier zone of the worm-type distributor reveals some regular fluctuations
over time (Figure 11). Consequently, flow fluctuation is closely related to the formation
and breakage of force chains among particle systems.
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(a) 0° (b) 90° 

  
(c) 180° (d) 270° 

 
  

Figure 10. Network distribution of normal contact force between fertilizer particles under different
phase angles. The screw rotational speed is 50 rpm.

 

11 

 

 
  Figure 11. The variation in average normal contact force with time. The screw rotational speed is

50 rpm.

For a comprehensive analysis of the relationship between flow fluctuation and force
chains, the mass flow rate and average normal phase contact force in the barrier zone
were compared (Figure 12). It is crucial to note that the extraction time was during the
dynamically stable phase of fertilizer particles (19 s–25 s). Clearly, the fluctuation peak of
the average normal contact force corresponds to the valley of the flow fluctuation, and the
fluctuation exhibits stable amplitudes and periods. In the fertilization process, with the
increase in the helical phase angle, the discharge flow of fertilizer particles starts to increase.
Due to differences in generation speeds among fertilizer particle layers, the upper layer
loses support from the lower fertilizer particles, leading to a decrease in the average normal
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contact force. This observation is consistent with the research conclusions of Zeng [35].
Therefore, the quantitative analysis of the average normal contact force distribution among
fertilizer particle systems provides insights into the flow fluctuation characteristics of the
worm-type distributor.

 

12 

 

 
  Figure 12. Relationship between average normal contact force and average mass flow rate. The screw

rotational speed is 50 rpm.

3.3. The Axial Distribution of Force Chains

To achieve the visualization of the axial distribution of force chains in the barrier zone,
samples were selected within the axial range of 102 mm ≤ X ≤ 182 mm after particles
reached dynamic stability (within the red dotted line range in Figure 2b). The cloud
chart illustrating the axial distribution of force chains under different rotational speeds is
presented in Figure 13. Clearly, the relatively strong force chain distribution in the barrier
zone significantly decreased at 20 rpm (Figure 13a). As the rotational speed increased,
there was an extensive distribution of relatively strong force chains in the barrier zone
at 80 rpm, approaching the outlet gradually (Figure 13c). These results indicate that the
increase in rotational speed strengthens the disturbance of the helical blades to the particles,
promoting the axial distribution of force chains simultaneously.

 

13 

 

(a) (b) (c) 
 
  Figure 13. The axial distribution of the force chain: speed (a) 20 rpm, (b)50 rpm, (c) 80 rpm.

The axial coefficient of variation (CV) was employed for the quantitative characteriza-
tion of the axial distribution uniformity of force chains. The CV, also known as the relative
standard deviation, is defined as the ratio of the standard deviation to the mean of the
axial distribution of force chains. A higher CV value indicates lower uniformity in the
axial distribution.

Fn
i =

∑Nr
r=1 Fn

i,r

Nr
(5)
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Fn
i =

∑N
i=1 Fn

i
N

(6)

σ =

√√√√∑N
i=1

(
Fn

i − Fn
i

)2

N − 1
(7)

CV =
σ

Fn
i

(8)

where Fn
i,r is the average normal force of sample i at time r. Nr is the number of time, and it

is set 0.1 s in this study. Fn
i is the average normal force of sample i in time, and its unit time

is 19 s–25 s. N is number of samples, and it is set 20 in this study. Fn
i is the average normal

force of samples. σ is the standard deviation of samples. CV is the coefficient of variation.
The CV of force chains under different rotational speeds is illustrated in Figure 14. As

the rotational speed increases, the CV exhibits a declining trend. The qualitative results
of the axial distribution of force chains in Figure 13 and the quantitative CV results in
Figure 14 are generally consistent.

 

14 

 

 
  Figure 14. The relationship between uniformity variation coefficient and rotational speed.

Given that force and energy transmission among particle swarms occur through
contact, the coordination number is a crucial index for studying the contact characteristics
of particle systems. It directly reflects the contact number [36]. The average coordination
number of all particles in the barrier zone under different rotational speeds was used to
effectively investigate the force transmission among particles. As depicted in Figure 15,
the average coordination number decreases with the increase in rotational speed. This
decline is attributed to the increase in centrifugal force and the strengthened disturbance of
helical blades to the particle swarm, which is associated with the higher rotational speed.
The axial distribution diagram of force chains clearly shows a significant increase in force
chains and a more uniform distribution with the rise in rotational speed. Although the
average coordination number decreases, the residual particles are more tightly connected
with the increased force chains, leading to more consistent movements. This observation
aligns with the axial distribution of force chains.

In summary, rotational speed influences the axial distribution of force chains, as
evidenced by differences in CV. Considering the characteristics of helical transportation,
there is undoubtedly nonuniformity in the circumferential distribution of force chains.
Hence, it is crucial to elucidate the influence of the rotational speed on the circumferential
distribution of force chains and its overall impact.
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  Figure 15. The average coordination number of different rotational screw speeds.

3.4. The Circumferential Distribution of Force Chains

To visualize the circumferential distribution of force chains in the barrier zone, four
layers (sizes indicated in Figure 2b) were divided within the circumferential range after the
particles reached dynamic stability. The dotted circle, from the outer layer to the inner layer,
represents the boundary of the screw shell and the boundary of the screw axis (Figure 16).
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Figure 16. Circumferential distribution of force chains: spherical particles, speed of (a) 20 rpm,
(b) 50 rpm, and (c) 80 rpm.

From Figure 16, it is evident that the force chains above the screw shell exhibit smaller
sizes compared to those below (Figure 16a). Although the circumferential distribution
of force chains under other conditions is not presented here, the described situations are
representative. This suggests a clear distribution gradient of force chains along the cir-
cumferential direction in the screw drainer. At a rotational speed of 20 rpm, the force
chains are generally small and exhibit a uniform distribution. When the rotational speed is
increased to 50 rpm, the strength of the force chains significantly increases, and the distri-
bution becomes uneven. There are no obvious changes at 80 rpm, and the circumferential
distribution of the force chains remains consistent with that at 50 rpm.

To quantify the uniformity of the circumferential distribution of force chains, the
uniformity index (UI) was introduced. The data extraction method is depicted in Figure 2b.
Initially, the average normal contact force was extracted and normalized. Subsequently, the
standard deviation of the normalized average contact force in the Y–Z plane and its mean
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were calculated. Finally, UI was obtained. It is important to note that a lower UI indicates a
more uniform contact force distribution. The calculation formula for the UI is:

Fn′
ij =

Fn
ij − Fn

min

Fn
max − Fn

min
(9)

Fn′
i =

1
∑m

i=1 n

m

∑
i=1

n

∑
j=1

Fn′
ij (10)

SDi =

√√√√∑n
j=1

(
Fn′

ij − Fn′
i

)2

n − 1
(11)

SD =
1
m

m

∑
m=1

SDi (12)

UI =
SD

Fn′
i

(13)

where Fn
ij is the average normal force of sample j in the layer i. Fn

max and Fn
min are the

maximum average normal force and minimum average normal force of all particles in each
layer, respectively. Fn′

ij is the normalized normal force of sample j in the layer i. m and n are

the number of divided sample layers and the number of samples in each layer. Fn′
i is the

normalized average normal force of layer i. SDi is the standard deviation of all particles

in layer i.
-

SD is the average standard deviation of all layer numbers. UI is the uniformity
index of particles.

The relationship between the rotational speed and UI is illustrated in Figure 17. With
the increase in rotational speed, the UI initially increases and then declines. At a rotational
speed of 20 rpm, the force chains exhibit a relatively uniform circumferential distribution,
indicating a small difference in the normal contact force within the same layer and a small
difference in the normal contact force between adjacent layers. It is crucial to note that the
variation in the UI aligns with the results in Figure 16.

 

17 

 

 
  Figure 17. The relationship between uniformity index and rotational speed.

The circumferential distribution of force chains is directly related to the energy trans-
mission among particles. Therefore, particles with an axial length of 4 mm were tracked
over 25 s, and their kinetic energy was extracted (Figure 18). When the rotational speed
is too low, the helical blade provides minimal kinetic energy to the particle system, and
the kinetic energy of the entire particle system is uniformly distributed (Figure 18a). As
the rotational speed increases, the helical blade imparts more kinetic energy to the particle
systems. However, there is kinetic energy consumption in the transmission process, and the
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kinetic energy cannot be transferred to the entire particle system, resulting in a nonuniform
distribution (Figure 18b). When the rotational speed is too high, a significant amount of
kinetic energy passes through the entire particle system, reaching a state of uniform distri-
bution (Figure 18c). This observation is consistent with the circumferential distribution of
force chains.
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20 rpm 50 rpm 80 rpm 

   
(a) (b) (c) 

 
  Figure 18. The change in particle circumferential distribution kinetic energy, speed of (a) 20 rpm,

(b) 50 rpm, and (c) 80 rpm.

3.5. Discussions

According to the analysis results, the rotational speed significantly influences the axial
and circumferential distribution of force chains. However, the helical transportation process
of particles is intricate, and it is essential to delve deeper into the relationship between the
force chain distribution and flow fluctuation.

The quantitative characterization of the flow fluctuation of a worm-type distributor
was conducted, following the test method provided by NY/T1003-2006 [37]. The simulation
extraction time was set at 19 s–25 s, and the calculation formula is as follows:

-
m =

∑
j
i=1 mi

j
(14)

S =

√
∑

j
i=1(mi − m)

j − 1
(15)

CV1 =
S
m

(16)

where m is the mean mass of samples in all intervals. mi is the mass in the interval i. S is the
standard deviation of the mass of all intervals. CV1 is the uniform coefficient of variation.

The uniform coefficient of variation under different rotational speeds is depicted in
Figure 19. Clearly, the CV1 decreases with the increase in rotational speed. This directly
demonstrates that the flow fluctuation decreases with the increase in rotational speed. It is
crucial to note that this aligns with the axial distribution laws of force chains. Consequently,
it is deduced that force chains mainly exhibit axial distribution in the worm-type distributor,
influencing the uniformity of flow fluctuation.
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  Figure 19. Uniform coefficient of variation in different rotational speeds.

To verify the above deduction, the distribution diagram of the axial speed and circum-
ferential speed of fertilizer particles in the barrier zone under different rotational speeds is
presented in Figure 20. Evidently, the axial speed exhibits a linear growth with the increase
in rotational speed, while the circumferential speed remains almost the same. Moreover,
the axial speed is significantly higher than the circumferential speed as the rotational speed
increases. In this scenario, the axial translation of particles plays a dominant role. This
observation aligns with the research results of Minglani and Owen [2,10]. It is clear that the
force chain transmission among particles is primarily axial due to axial translation. This is
consistent with the previous conjecture.

 

20 

 

 
  Figure 20. The distribution of axial velocity and circumferential velocity at different rotational speeds.

For a comprehensive analysis of the influence of the axial force chain distribution on
flow fluctuation, the relationship between the CV of axial force chain distribution and the
CV1 of the flow fluctuation was established through function fitting, as shown in Figure 21.
A mathematical model was constructed:

Y = 6.365X − 2.181 (17)

where Y is the CV1 of flow fluctuation, and X is the CV of the axial force chain distribution.
In this mathematical model, R2 values are 0.95, indicating that the fitting line has high
accuracy. It can be seen from the mathematical model that the axial force chain distribution
is positively related with the CV1 under different rotational speeds. With respect to the
chosen worm-type distributor model, the flow fluctuation reaches the minimum when the
rotational speed is 80 rpm.
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Figure 21. The relationship between the axial distribution of force chain and the coefficient of variation
in uniformity.

Furthermore, it is crucial to emphasize that an increasing rotational speed enhances
the contact force among particles and stabilizes the network structure that is formed by
particle contact. However, the centrifugal force increases with the rise in rotational speed,
leading to a significant decline in the final transport efficiency and performance. Therefore,
it becomes imperative to select appropriate operational parameters for different worm-type
distributors to achieve optimal transmission effectiveness.

4. Conclusions

This study conducted a numerical simulation of the particle flow in a worm-type
distributor based on the DEM. It qualitatively and quantitatively investigated the flow
fluctuation and force chain evolution, elaborating on their relationship. The analysis
considered the influences of the axial and circumferential distributions of force chains on
the flow fluctuation of the worm-type distributor under different rotational speeds. The
following major conclusions can be drawn:

The reasons for the fluctuation in the flow rate of the screw-type fertilizer distributor
are as follows: first, the flow rate fluctuation is caused by the unique spiral structure of
the screw-type fertilizer distributor; the second reason is the formation and destruction
of the force chain between particles in the process of fertilizer discharge. In addition, this
paper explores the relationship between the flow fluctuation and the force chain and finds
that there is a one-to-one correspondence between the flow fluctuation and the average
normal contact force fluctuation, that is, the peak of the average contact force fluctuation
corresponds to the trough of wave of the flow fluctuation. As an important parameter of
the spiral fertilizer distributor, the influence of the rotational speed on the force chain was
explored according to the above conclusions, and it was found that the rotational speed had
a significant impact on the axial and circumferential distribution of the force chain, showing
the difference between the coefficient of variation and the uniformity index. The coefficient
of variation decreased with the increase in the rotational speed, and the uniformity index
first increased and then decreased with the increase in the rotational speed.

In order to understand the influence of the axial and circumferential distribution of the
force chain on the flow fluctuation in a spiral fertilizer distributor, the variation coefficient
of flow fluctuation is introduced. It is found that in a spiral fertilizer distributor, the axial
distribution of the force chain is the dominant factor affecting flow fluctuation, and the
variation coefficient of the force chain axial distribution is positively correlated with the
variation coefficient of the flow fluctuation. When the rotational speed is 80 rpm, the flow
fluctuation reaches the minimum.

In addition, it should be emphasized that although this paper explores the relationship
between the flow fluctuation of the screw fertilizer distributor and the evolution of the force
chain with the speed as an influencing factor, in addition to the speed, the flow fluctuation
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of the screw fertilizer distributor also has a signficant relationship with its structure, and
the fertilizer particles that are selected in this paper are ideal spheres, which do not exist in
the actual process. Therefore, the flow fluctuation of the screw fertilizer distributor should
also be considered in terms of its structural parameters and particle shape.
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