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Abstract: A device with a wing-shaped curved surface was designed to separate impurities based on the
principle of the Coanda effect. The device improved the operational efficiency and separation quality of
the second-stage impurity separation device of a corn breeding plot harvester. Moreover, the device
solved some problems of conventional devices for cleaning and separating impurities, such as large size,
poor flow field stability, and long time to stabilize the flow field. The structural parameters of the device
were determined by the theoretical analysis of the gas flow field and the simulation tests by using
computational fluid dynamics and discrete element method. Particles in the flow field experienced
complex forces, among which the trailing force was the most effective for separating small particles. The
magnitude of particle trailing acceleration was mainly influenced by particle density and diameter.
Therefore, two sets of single-factor tests were conducted to investigate the separation effect of the device
on particle mixtures with different densities and diameters, respectively. By analyzing the experimental
results of the single-factor tests, the relationship equations between the density particles and their
streamline deflection angles and the relationship equations between the diameter particles and their
streamline deflection angles were obtained. Finally, the bench test results showed that the wing-shaped
curved surface impurity separation device had a feasible separation function for the light impurities in the
mixture after corn threshing. The bench test data indicated that the impurity content of corn kernels was
as low as 1.014% , and the operational performance index of this device met the expected design
requirements.
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Fig.3  Schematic of Coanda effect
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Fig. 13 Coupling simulation results of different diameters
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Fig. 14 Box diagram of trajectory deflection angle

of particles with different diameters
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Tab.7 Deflection angle of streamline of particles of

different diameters

Wy 4 D1 D2 D3 D4 D5
Wik BLA% d,/mm 0.2 0.6 1.8 5.4 15

% e0,/(°) 34.32  25.18 19.95 15.15 10.08
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A 15 Uk A % LA i £k
Diameters — deflection angle fitting curve

Jo R 5 A o AR A (23 ), 3R A5 H Bl 26 [a) A7 7E
M % 2 5% R 9. 39° 4 o A% o [m) B B AR BB 55/
BEAR R, AR AR 30 SAOE U A5 J5T 2 SO ) A5 R O
ZRMHRTHARR KB AR ESASEE, [
L, SLBR R KFRLINE 2 8 B v A 5 ek A o
NI AT FRU/IN T 32 28 B B T AR, S B0 R KR R S
BRAE M B B30 O 2 /N T B 2R . Rl 3RS
)T R AR S HAR A B [ A5 G O LA R
6. 28°fEHiIT S % . WK 5 Fros i it B o 5 i
KB X, 116 mm, i ff 6,2 20°, H T4 B 43 B AR
(51 VR HT, 30 TAT ISR 2% 2 AT ST I A0 2k O e
AR T 6. 28° 1y Uk 43 B AR .
3.3 BEWIERE
3.3.1 A&

Shy 6 TF 50 0Ll B 1 1 L Y i T R A e Y
PR B 2 TR ke & E#Efr &
B, B 16 Fron . s & Al i 5 6 5 R
BILEE 8 R R i 325 e P L T 42 1 A 0% XU e 4

Fig. 15

WA, T WA o B A, 3 A il T BR R
2 LR 2 WA I 58 1 b I

K16 AW ®mikE s
Fig. 16 Pneumatic cleaning test bench
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Fig. 17 Material comparison before and after test
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Tab.8 Bench test results of miscellaneous devices

on airfoil surface

=
# ¥iH
1 2 3 4 5

BHR % 0.96 1. 15 0.84 1.21 0.91 1.014
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