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Simulation and Experiment of Gas-solid Two-phase Flows in Separation
Chamber of Air-screening Machine for Vegetable Seeds

Huang Zhenyu Li Teng Yu Zhicheng Zhu Chenggang Zhao Chunyu
( Department of Instrument Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract. Separation chamber is an important part of the seed air-screening machine, and therefore the
values of its fan frequency and air outlet magnitude have significant effects on the quality of seed
separation. The RNG k — & turbulence model and the DPM discrete phase model were adopted to simulate
the separation process of seeds in the separation chamber. Then, the simulation results were analyzed by
means of polynomial fitting, and the relationship between the working parameters, i. e. fan frequency and
air outlet magnitude, and the cleaning performance, i. e. cleaning rate and loss rate were acquired.
Based on this relationship, cleaning efficiency can be determined by calculating cleaning rate and losing
rate, which synthetically reflects the quality of cleaning effect under different working conditions. It is
convenient to analyze optimal working parameters of separation chamber by 3D map and contour map of
the cleaning efficiency. By this means, the optimal working parameters of the fan frequency and air outlet
magnitude for Chinese cabbage seeds, spinach seeds and pakchoi seeds, were obtained, which are 35 Hz
and 75% , 42 Hz and 80% , 36 Hz and 80% , respectively. The values of corresponding cleaning
efficiency are 88% , 84% and 88% . The verification test of Chinese cabbage seeds in the real machine
was designed, by comparing the cleaning performance of simulation with test, found that the results of
simulation and test were consistent, which proves reliability of gas-solid two-phase flows model in
separation chamber. The study provides reference for design and optimization of the separation chamber of
seed air-screening machine.
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Fig.1 Function diagram of separation chamber
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Tab.1 Boundary conditions of air phase
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Tab.2 Parameters of particle phase and

boundary conditions
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WhE ORI/ Ak IR/ HLBE B2/
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Fig.3  Flow velocity contour on central plane in

separation chamber
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Tab.3 Simulation results of Chinese cabbage seed

i B E R P75 LR B 45 bR
% JUHL AR 2% R IT T it 2 S
X/Hz Y/ % Z,/% 75/ %
1 25 50 80. 78 5.39
2 25 75 82.31 9.73
3 25 100 77. 69 11.85
4 30 50 88.26 1.89
5 30 75 85. 63 0.58
6 30 100 83.54 2.81
7 35 50 91.95 3.02
8 35 75 89. 74 2.24
9 35 100 86. 04 1.21
10 40 50 93.98 10. 66
1 40 75 94.53 3.12
12 40 100 90. 68 2.55
13 45 50 96.97 13.49
14 45 75 98. 83 8.21
15 45 100 92.21 5.32
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Fig.5 3D diagram of cleaning rate
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Fig.7 Cleaning efficiency and contour map of

Chinese cabbage seed
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Tab.4 Parameters of particle phase of spinach

seed and pakchoi seed

_ R mE/ bR B/
WL . . .
mm (kg'm™) EXie (kg's™")
» 250> 3 80 0.6 0.01
R
520 4 800 0.7 0. 04
w250 50 0.7 0.01
UNEE:
SRS ST 3.25 500 0.8 0.04

B3 42 Hz T IT BE 80% If 1 XU HLAH % 36 Hz, X
ITIFRE 80% B, 43 535 B e L TAE S %k, it iF 5%
S3HT B, IAHILAA 3 32 2 52 A< 6 40 kL 11 32 28
I3, AUTTIF BE 3 5 W R [ /N2 1) 43 85 Ti) B )
W — e AEAE . Xm0, 3 3 Fh 7 5% A
N AN & B U SRR R (PR N A T N AN &
SERN T R T, T AT S 2 R R KUBL AR X
VTP R, —Jr R THE #RE T, o5 — 7 S R 4%
Ji e, LAk B s TAES 8. /N[ SR i
AR L, 8 A Y (R /D B SRR R T R
AT, BT LA AN T BEAR T AR T, i T A 2
IXUTT T BE LAA T 24 B3 43 5 o PR /0 1 SR i 7 1) e
R TAES S 13 Fh 7 A0 E, UPLAT 3 SE AR R
AR KT T BE RS S8 Ko T DA 6 A 9 3 1RURD 42
35 bW, AT DL P A R s LA R AT AT

3 iR

3.1 KEAE
Oy S U B TR 7 FLX — 150A B



B
i
i
48

55 1

+ B ST XD G 3 B 2 I A AL A5 75

B8 A T AN SR T R = 4k R LA

Fig.8 Cleaning efficiency and contour map of spinach seed and pakchoi seed
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