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Numerical Simulation and Optimization Experiment of Mixed Flow
Field on Longitudinal Axial Flow Cleaning Device

Tong Shuiguang' Shen Qiang' Tang Ning' Jia Yaping' Cong Feiyun' Gu Wei’
(1. College of Mechanical Engineering, Zhejiang University, Hangzhou 310027, China
2. Star Agricultural Machinery Co. , Ltd. , Huzhou 313017, China)

Abstract; The cleaning performance of cleaning device greatly affects the working performance of the
machine. In order to overcome the shortcomings of the uneven air-flow field in the longitudinal axial flow
full-feeding air-and-screen cleaning device, the mixed flow field produced by the fan and the threshing
roller was numerically simulated with computational fluid dynamics ( CFD) software. A structure of fan
with double air-ducts and six air-outlets was proposed based on the longitudinal axial flow full-feeding
cleaning device. By comparing and analyzing the improved structures, the air speed of the sieve has the
influence on the distribution of the full air-flow field. At the same time, the orthogonal simulation was
carried out on a new type of cleaning device with the three factors (the fan speed, the incident angle of
the fan, the included angle of the sieve) in Z section, and the influence of the three factors was
analyzed. The optimal combinations are as follows: the incident angle of the fan is 30°, the included
angle of sieve is 40°, the speed of fan is 1 900 r/min. With the best combination of these structural
parameters, the speed of overall air flow in the front and the rear of sieve is uniform and efficient, and it
is more beneficial to high-load cleaning. Finally, field tests verified the accuracy of the improved
structure and optimization program. The loss rate of the rice is 0. 91% and the impurity rate is 0. 87% .
The loss rate of the wheat is 0.82% and impurity rate is 0.76% , it greatly improved the cleaning
performance of the longitudinal axial flow.
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Fig.1 Structure diagram of threshing-cleaning
device for combine harvest
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Fig.2 Speed cloud diagram of flow field for centrifugal fan
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Tab.1 Results of wind speed test m/s
. W4 R
U A
1 2 3 4 5 6 7 8 9 10 11
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o R 7.7 12.5 13.8 14.0 14.5 15.3 14.6 13.7 13.7 12.0 6.2
THxa 11.6 13.8 16.6 18.1 19.0 19.2 19.1 18.3 16.5 14.2 10.8
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Fig.4  Velocity-pickup position of three air-outlets

in single air-duct
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Fig.5 Changing curves of velocity on air-outlets
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Tab.2 Results of speed simulation m/s
B/ mm i
A B C D
0 9.24 8.37 1.53 6.07
300 6.19 5.57 1.37 6.93
-300 5.85 5.27 1. 65 6.55
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Fig.8 Fan model of double air-ducts and six air-outlets
LobEdE T 2. EKE T 3. Bl XA
4. FHRBN 5. FHRBEV 6. TR BV

K19 4% 55 i A0 14
Fig.9  Front diagram of gird structure
LFMGE 2. EXGE 3. ARE 4. R H
TN T R O D = O e
D. BERH K E e E. B XGE 0 A

TE LA f 22° B 0 JE £ 50° B RE TR
&7 % 7 600 r/min (VR A 5% 2 O 355 A 72 ) | KUAL e
1800 r/minf) AL T, % 2 i J5 BRUE 75 H XCE X
BILVE 8 I 5 R A7 B A AU 43 BT, 159 21007 B0 e 4% 8
1% 2 A 3t 3 A 2 2 AN 1 10 s

HATm/s

40.07
I36.73
33.39
30.05
26.71
23.38
20.04
16.70
13.36

10.02 A
6.69

K10 ik JE R A O 1 o B Ok i [
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Tab.3 Results of speed simulation after improvement

m/s
1 (A
mm A B C D E
0 6.95 6.72 4.76 5.43 10. 02
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Tab.4 Drifting speeds of different materials
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Tab.5 Levels and factors
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Tab.6 Experiment design and simulation results
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Tab.7 Results of field experiment %
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e
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1 2.70 2.19 0.71 1.78 1.95 0.53
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3 1.28 1. 06 0.40 1.09 0.93 0.37
4 1.34 1.13 0.33 1.17 1. 04 0.29
5 1.40 1.20 0.28 1.20 1.21 0.21
6 0.91 0.87 0.31 0.82 0.76 0.25
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