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The CFD-DEM gas-solid coupling simulation and experimental verification of
cleaning device of wheat combine harvester for intercropping system

ZHANG Ke-ping', FAN Hong-peng', SUN Bu-gong', Chai Qiang’
(1. College of Mechanical and Electrical Engineering ,Gansu Agriculiural University , Lanzhou, Gansu 730070, China
2. College of Agronomy, Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract ; In order to improve the cleaning performance of wheat combine harvester for wheat/maize intercrop-
ping system, we studied the motion states of the flow field and particles in the cyclone separator and investigated the
optimal working parameter combination of the separator. In this study, airflow and particle interaction was analyzed
by using the coupling simulation of discrete element method and computational fluid dynamics. The factors of the
cleaning process simulation orthogonal experiment used were feeding speed, the outlet pressure, the cylinder
height, and the lower vertebral angle. The simulation was validated in the field. The results showed that; the inner
and outer vortex was formed by the movement of airflow in the separator; the short stems were sucked into suction
pipe by inner vortex movement; the seeds fell into the set plate by the effect of outside vortex. The optimal parame-
ter combination of simulation were 12 m - s™' of the feeding speed, —1 800 Pa of the outlet pressure, 350 mm of
the cylinder height, and 65° of the lower vertebral angle resulting in cleanliness and loss rate of 92.18% and
1.99% , respectively, and the errors were 2.947% and 7.428% , respectively compared with the field observation.
Therefore, the results can provide a theoretical basis for optimizing design of small combine harvester.

Keywords: intercropping system; wheat combine harvester; cyclone separator; CFD-DEM coupling simula-

tion; cleaning performance
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Table 1 The structural parameters of cyclone separator

Z%J Parameter =} Size
A% D/mm 380
Diameter of cylinder
ATRSE axb/mm
Size of the inlet 65x100
7% 1 H A& D, /mm 130
Diameter of the outlet
RO HAZ Dy/mm 200
Diameter of the outlet
EfEAAREE H/mm 430
Height of cylinder
MRS o i
Angle of the upper vertebral
=i
AR h/mm 180

Height of inlet

2 RRSBRNERREESH

Fig.2 The parameters and design of cyclone separator
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Fig.3 Discrete element model of particles



SKICFAE AR NS WO LTE P S CFD-DEM " STE & (7 325 g 45 iE 271

5513
x2 YR HESY
Table 2 Mechanical property of materials
Yt AN BTUIMEE/MPa B /(kg - m?)
Material Poisson ratio  Shear modulus Density
FPAL Grain 0.3 2.6 1350
5IZEFF Short stem 0.4 1 100
| Steel 0.3 700 7800
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Table 3 Simulation parameters among materials used

Coefficient of
rolling friction

A Coefficient of  Coefficient of

Contact form

restoration static friction

FPAL-KPRL 0.2 1.00 0.01
Grain-grain
PRI FE 0.2 0.80 0.01
Grain-short stem
ks 0.5 0.58 0.01
Grain-steel
SISERT - SAT 0.2 0.90 0.01
Short stem-short stem
SRR 0.2 0.80 0.01

Short stem-steel
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Fig.4 Simulation of cleaning process
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Table 4 Factors and levels of the test

[H2& Factor
K MEAGREEA WRZROURRR B FIAEE ¢ THERME D

Level  Feeding speed  Pressure of Height of  Angle of lower
/(m =+ s™!) the outlet/Pa cylinder/mm  vertebral/®
10 -1200 350 25
2 12 -1500 390 45
14 -1800 430 65

x5 EXRIWER
Table 5  Results of the orthogonal test

o K% Factor rﬁtﬁ:f%ﬁ Y, By,
Number A B C D Cleanliness Loss ratio/ %
rate/ %
1 1 1 1 1 69.38 3.15
2 1 2 2 2 76.34 4.36
3 1 3 3 3 83.56 3.69
4 2 1 2 3 79.21 2.15
5 2 2 3 1 66.37 2.89
6 2 3 1 2 93.29 2.48
7 3 1 3 2 83.15 5.46
8 3 2 1 3 78.26 2.06
9 3 3 2 1 73.30 2.95
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Table 6 Exireme analysis of orthogonal test
K Wit Q Cleanliness rate/% PP S Loss ratio/ %

Level A B C D A B C D
ky 76.427 77.247 80.310 69.360 3.733 3.587 2.563 2.997
ky 79.623 73.657 75.960 84.260 2.507 3.103 3.153 4.100
ks 77.913 83.060 77.693 80.343 3.490 3.040 4.013 2.633
R 3.196 9.403 4.350 14.900 1.226 0.547 1.450 1.467

B8 MiEit
Fig.8 Field testing
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Table 7 Experiment results and error

RIFE  WIERQ  HWRRE  PURRS  PURRRE
Experiment  Cleanliness Error of Toss ratio Error of
number rate/%  cleanliness rate /% loss ratio
1 89.96 2.408 2.07 4.020
2 90.65 1.660 2.18 9.547
3 89.75 2.636 2.09 5.025
4 90.98 1.302 2.13 7.035
5 89.56 2.842 2.17 9.045
6 91.24 1.020 2.21 11.055
7 87.23 5.478 2.05 3.015
8 89.57 2.831 2.19 10.050
9 86.33 6.346 2.15 8.040
if;gﬁe 89.47 2.947 2.13 7.428
6 % it
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