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Fig. 1. Geometry structure diagram.
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Fig. 2. (color online) The simulation process of gran-
ular axial flow: (a) Filling hopper with particles; (b)

particles conveying; (c) the process of stable flow.
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Table 1. Parameters used in simulation.
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Fig. 3. (color online) The particle distribution in the
grinding area.
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Fig. 4. (color online) The particle numbers of every

layer in steady flow conditions.
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Fig. 5. (color online) The single particles flow in the grinding area: (a) At the initial time; (b) in time of

0.07 s; (c) in time of 0.14 s; (d) in time of 0.21 s.
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Fig. 7. (color online) The axial movement ability dis-
tribution of single particles for different friction coef-
ficient: (a) the static friction coefficient of 0.1; (b) the
static friction coefficient of 0.3; (c) the static friction
coefficient of 0.7.
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Table 2. Total energy loss of particles.

N N T B At 4 Ji ¥ B A A A

Bk BB G B BT Ja B G B T
N N (== S Iy N N Al
FE RO g R V8 "

Eyu/J Ey/J

1 1008 1.84 x 104 32 1.94 x 102

2 553 4.44 x 10~% 108 1.74 x 104

3 630 3.62 x 10~4 247 6.14 x 10~°

4 578 3.41 x 104 139 1.77 x 10~4

5 576 3.69 x 10~4 560 4.08 x 1075

6 630 3.62 x 10~¢ 247 6.14 x 10~°

7 305 1.47 x 10~4 249 1.38 x 104

8 942 3.32 x 10~4 389 4.69 x 1075

9 361 3.17 x 10~¢ 123 1.07 x 10~4

10 960 3.33 x 104 389 4.69 x 10~°
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Granular axial flow characteristics in a grinding area
studied by discrete element method”
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Abstract

Granular grinding is one of the most important unit operations used in a wide variety of industries. Examples can
be found in the food industry, for instance, rice processing, etc.. The performance of grinding can be characterized by
the particle flow process. Thus in order to study the stable flow process of particles during grinding, we must establish
a discrete element model (DEM) of granular axial flow in the grinding area between the grinding roller and the screen
drum. DEM is a numerical method used for modelling the mechanical behaviour of granular materials. When DEM is
used in grinding, the particle motion is controlled by contact models that are governed by physical laws. Using EDEM
software, the process of grinding can be simulated and analyzed. The simulation system chooses continuous feeding;
after a period of time, it reaches a steady flow. Research results show that the uneven distribution of particle flow
density (PFD) is caused by the axial movement difference of particles in the grinding area. The form, flow rate and
distribution of granular axial flow are influenced by static friction coefficient difference between particles and screen
drum. Axial mean square deviation of single particles in the grinding area is positively correlated with the square of
time, which follows a “super” diffusive behavior defined by some studies. By an overall consideration of the grinding
area, we find that the axial average velocities increase, however, the average velocities that are synthesized by three-axis
velocities gradually decrease along the axial direction. This is because in a different axial position with different PFI,
the PFI plays the key role in energy transfer. More energy will be transferred between high PFI particles that may cause
high particle velocity. We also find that the fluctuation velocity square of particles presents the trend of first increasing
then decreasing and finally increasing along the axial direction. The difference between PFIs is also elucidated by the
total energy dissipation in each collisional energy level for a single particle. Results show that the single particle can
endure intenser collision, more energy loss in anterior half segment than those in the second half of the grinding area.
As mentioned above, the particle flow was analyzed in terms of particle flow intensity, particle velocity, collision energy,
collision number, and so on. Some experimental results confirm the validity of the simulation. The simulation reflects
the stable flow characteristics of particles in the grinding area and provides bases and references for further studying the

product quality control and grinding equipment parameters optimization.

Keywords: particle flow, grinding area, discrete element, simulation
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