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CHARACTERIZATION OF NEAR-WALL PARTICLE DYNAMICS BASED ON
DISCRETE ELEMENT METHOD ANDARTIFICIAL NEURAL NETWORKDY

Duan Zongyang  Zhao Yunhua? Xu Zhang
( School of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract  The interactions between the particles and the walls often have significant effects on the particle flows. In
order to study the mechanism of the interactions between the particles and the walls, the discrete element method (DEM)
simulations of the particle flow in the rotating drum are carried out. Based on the statistical analysis of the simulation
results, the characteristics of the near-wall particle motion are shown. The results indicate that the particle translational
and rotational velocity approximately satisfy the normal distribution when the friction coefficient is small. However, due
to the wall effects, the axial rotational velocity deviates from the normal distribution when the friction coefficient
increasing. The kinetic theory of granular flow should consider the correction of the velocity normal distribution and also
the anisotropic of the velocity fluctuation when deriving the wall boundary conditions. An artificial neural network
(ANN) is used to construct a function model between dimensionless particle rotational temperature and particle slip
velocity and particle translational temperature, and then the influence of particle rotation can be incorporated in the

conventional boundary conditions within the two-flow model. Through comprehensive DEM simulation and result
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analysis could provide basic data and closure models for the theoretical construction and semi-empirical correction of the

wall boundary conditions.

Key words discrete element method, artificial neural network, kinetics theory of granular flow, solid-wall boundary

conditions, rotating drum
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Table 1 Simulation parameters

Parameters Value
drum diameter, D/m 0.1
drum length, L/m 0.65
drum fill level/% 35
total number of particles 72000
particle diameter, d/m 0.003
particles density, p/(kg-m™) 2500
Young modulus, E/(N-m™") 1.0 x 107
Poisson ratio, v 0.29
restitution coefficient, e 0.9
sliding friction coefficient, u 0.7
rolling friction coefficient, u, 0.01
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Table 3 Standard deviation and determination coefficient of rotational velocity distribution

)7 0.3 0.5 0.7 0.9
SDy 11.903 68 18.654 82 21.30643 21.80627
SDy 15.86229 22.58676 22.56652 21.88801
SD, 41.25149 57.33786 51.13313 43.71098
Ry 0.986 82 0.99291 0.99569 0.99535
Ry 0.99072 0.98469 0.98589 0.98491
R 0.97712 0.87048 0.76709 0.72841
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Fig. 7 Structure of neural network used in present work
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A= 1+ e—(Wxx+bl) +

by

x=|T Vo)

b1=10.028 820 17, 0.028 820 17, 0.028 820 17,
0.028 820 17, 0.028 820 17, 0.028 820 17,
0.028 820 17, 0.028 820 17]

by=0.718 393 26

W, =[W; Wal"

Wi=1[-0.522 647 14, —0.522 647 14, —0.522 647 14,
—0.522 647 14, —0.522 647 14, —0.522 647 14,
—0.522 647 14, —0.522 647 14]

W,=1[0.087 47771, 0.087 47771, 0.087 477 71,
0.087 47771, 0.087 47771, 0.087 477 71,
0.08747771, 0.087 477 71]

W=1[0.613 576 85, 0.613 576 85, 0.613 576 85,
0.613 576 85, 0.613 576 85, 0.613 576 85,

0.613 576 85, 0.613 576 85]" (11)
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Table 4 Details of the artificial neural network model
No. Particulars Specifications

1 network type BP neural network

2 activation function sigmoid and linear

3 error calculation MSE

4 number of input layer unit 2

5 input parameters T, Vipp

6 number of output layer unit 1

7 output parameters A

8 number of hidden layer unit 8

9 learning rate 0.0002

10 training times 600

11 training set size 2060

12 test set size 560
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Fig. 8 Comparison of predicted dimensionless rotational temperature
with DEM results
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