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Design and Test of Double-layer Inclined Vibrating
Air-screen Castor Cleaning Device

HOU Junming REN Zhaotan ZHU Hongjie
(College of Engineering, Shenyang Agricultural University, Shenyang 110866, China)

Abstract; Castor effluent has complex components, high impurity content and low efficiency after
cleaning. There is no special cleaning device. A double-layer inclined vibrating air-screen castor cleaning
device was designed. Firstly, the overall structure of the cleaning device was designed, and the double-
layer wind blowing synchronous vibration structure was determined. Secondly, the key components of the
device, such as vibrating screen, cleaning chamber and discharge port, were designed. The discrete
element method (DEM) was used to optimize the structure of cleaning screen. The ZheBi No. 4 varieties
was taken as the test material, and then the discrete element parameters of the material were measured.
Through the single factor test, the effects of the upper screen hole distribution, the screen hole size and
the screen surface inclination on the screening efficiency and loss rate were analyzed. The optimum
design parameters were determined as follows; the U-shaped mesh arrangement, the mesh diameter of
14 mm, and the inclination angle of the screen surface of 8°. The parameters of the single objective
function were optimized. When the vibration amplitude of the vibrating screen was 8.43 mm, the
vibration frequency of the vibrating screen was 6 Hz, and the transverse angle of the air flow was 40°, the
maximum screening efficiency of castor effluent was 98. 20% . When the vibrating screen amplitude was
7 mm, the vibrating frequency was 7.76 Hz, and the transverse angle of air flow was 40.81°, the

minimum loss rate of castor seeds was 2.02% . Through the single factor test, the effects of the
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distribution form, size and inclination angle of the upper screen surface on the screening efficiency and
loss rate were analyzed, and then the best distribution form, size and inclination angle of the screen
surface were determined. In order to obtain the optimal working parameters, the coupling method of
discrete element method and computational fluid dynamics ( CFD) was applied to simulate and analyze
the cleaning process. Taking the amplitude, vibration frequency and transverse angle of air flow of
vibrating screen as test factors, the screening efficiency and loss rate as test indexes, the ternary
quadratic orthogonal combination test was designed. The mathematical regression model between each
factor and index was established, and the parameters of the model were optimized. The results showed that
when the amplitude of the vibrating screen was 9. 00 mm, the vibration frequency of the vibrating screen
was 6. 16 Hz and the transverse angle of the air flow was 40.00°, the screening efficiency of the castor
and 2.32%

respectively. Through the bench test, the optimal parameter combination was tested. The actual efficiency

cleaning device and the loss rate of castor seeds were the best, which were 97.66%

and loss rate were 93. 15% and 6. 94% respectively, and the error with the predicted results was controlled
within 5% . At the same time, the actual grain impurity content was 0. 83% , which met the application

requirements. The research result can provide a theoretical basis for the design of castor cleaning device.
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Fig. 16  Distributions of two compartment castor capsules on upper sieve surface
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upper sieve surface at different sieve surface angles
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Fig.24 Fitting curves of average velocity of castor

capsule under different inclination angles of sieve surface
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Fig.25 Simulation results of cleaning process

of castor extract
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Tab.7 Test code
i — - ks
Wl x,/mm BB, Hz B/ (0)
-1 7 6 40
0 8 7 50
1 9 8 60

iz | Design-Expert % i} Box — Behnken &% ,
A 17 HAF A A T, g Rt 545 Rk 8 fr
7No
4.2 ETF Fluent iR ER

K SolidWorks H P4 B #E 0 H AT % N
ST 20 1 Hb T B Al g SRR AL T R
B 26 s o

W BB AF ) Workbench R PUSIAY . xt” 4% =X,
F A Workbench H1 ) DM A& He b 9 17 31 A iy 44 Ab
BB AR i 44 2 inlet, XU H 4 44 4 outlet, HiAY
B A T fim 44 4 wall, R Ab BR ARG R B DR AF
“Lagdb” A mesh HgEFT A% K o3, Rl o3 &5 2R
W 27 Jros o A DXCER 3R 7S T A 19 A% AR 4 55 08
A RST AR BOAS R BE B R A%, B XA v
Bl 55 ROT 8N B FB AL, R K S mme 1 DY T
PR IA% , DLARTIE A% T i, C X AR 45 K 5 44, 6

®8 HBRGIHEHEER

Tab.8 Test design and simulation results

e W, W, MmO RRCE BIRE
5 mm Hz %3/ (%) Y,/ % Y,/ %
1 8.00 7.00 50. 00 96. 96 4.22
2 8.00 8.00 60. 00 94.53 5.48
3 8.00 8.00 40. 00 94.87 4.11
4 7.00 8.00 50. 00 96. 48 2.03
5 7.00 6. 00 50. 00 96. 11 5.84
6 7.00 7.00 60. 00 96. 21 3.05
7 8.00 6. 00 60. 00 94.98 6.92
8 9.00 8.00 50. 00 93.65 5.67
9 8.00 7.00 50. 00 97.11 4.87
10 8.00 6. 00 40. 00 98.51 4.94
11 7.00 7.00 40. 00 95.93 2.51
12 9.00 7.00 60. 00 93. 14 5.98
13 8.00 7.00 50. 00 96. 46 4.16
14 9.00 7.00 40. 00 95. 65 2.59
15 8.00 7.00 50. 00 95.82 5.13
16 8.00 7.00 50. 00 96. 87 3.24
17 9.00 6. 00 50. 00 96. 17 5.57
(/,,/"\
ARH
HRE

K26 SR
Fig.26  Model of gas flow fields
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Fig.27 Meshing of airflow field model
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Tab.9 Variance analysis of screening efficiency

KR FHR AME ¥r F P
R 25.77 9 2.86 10. 39 0. 0027
X, 4.68 1 4.68 16.98 0.004 5
X, 4.87 1 4.87 17. 66 0. 004
X, 4.65 1 4.65 16. 87 0.004 5
X, X, 2.09 1 2.09 7.57 0. 028 4
X, X, 1.95 1 1.95 7.06 0.0326
X, X, 2.54 1 2.54 9.23 0.0189
X2 2.47 1 2.47 8.96 0.020 1
X2 0.32 1 0.32 1.16 0.3169
X2 1.76 1 1.76 6.37 0.0396
B2 1.93 7 0.28

e 48l 0.85 3 0.28 1.05 0.463 2
gl 2 1.08 4 0.27

IR 2 27.7 16

X0 G RCR AT I7 22 43 W AT, g R R =
0.9303, KWL &K BB, AR A AL F =
10.39,P <0.01, B W iZ AU RIS Y Al 1 35 0 L, X
PRI IEAT WE AT, P =0.004 5 <0. 01, LR R
X T 0 43 280 0 5 W B 5 R AR AT B T
Br,P =0.004 <0. 01, 3B A50XF T 0 73 28 4 14 52 )
AR 5 xR e AR AT AT, P =0.004 5 <
0. 01, 2 WA 5] £ % T B R Bt 0 04 0 20 23 1 52
M 1 4 5

HE ST 3 0 Y ] U 5 R AR B A Y

Y, =96. 64 —0.76X, —0.78X, -0. 76X, -

0.72X,X, 0. 70X, X, +0. 80X, X, —
0.77X; -0.28X; -0.65X; (8)
5k Xk B JRR G A B 3 28R B O 25 o3 A el
L3 A~ PR ZR o T 07 43 AR A1 5 i SR
4.3.2  BRARHr

SR BIF S B JRROFF R B 45 % 3 5 iR R iR L RO
Tia) ) 22 TB) ) 5 28, 08 B JRRFF L 408 2k R R AT 2 25 1k o0
Bro s 2R 10 fros .

X B JBRRE R Y 451 2% AR AT 7 28 20 BT AT ALt
FECR =0.922 0, U485 8w , 17109 4% 2R R (1
F=9.2,P<0.01, B Wiz ACH AL Il 1 2% . R,
Xt IR R 4T 2 2 2 A, P =0. 006 8 <0. 01, & Wik
Wi X T B RRORF R AT 2 24 110 52 W A S 5 0 R R AT
B FE A, P =0.009 3 <0. 01, & B HR B T B R
FFRLABE R < B 52 0 A S0 35 5 08 A 1] kAT W35 TRy
Br,P =0.0035 <0. 01, & WA 5] £ XF B IRRFF A7 451 2K

ESHP AL ST E .
ST B BT ORL A % SRS 1 (] U 7 R AL A
Y, =4.32 +0. 80X, -0.75X, +0.91X, +
0.98X,X, +0.71X,X, -0. 15X, X, -
0.69X +1.14X; -0. 10X; (9)
o X B JRR R R A % R O 22 43 T L 3 A4S
PRI 2R 0T T B JRRORF L 468 2 S48 11 52 o A 1 5
R10 BRAFHBREARFESF

Tab.10 Variance analysis of castor seed loss rate

R EM AmE B F P
A 29. 31 9 3.26 9.20 0. 004
X, 5.09 1 5.09 14. 37 0. 006 8
X, 4.47 1 4.47 12.63 0.009 3
X, 6. 62 1 6. 62 18.71 0.003 5
X, X, 3.82 1 3.82 10. 8 0.013 4
X, X, 2.03 1 2.03 5.74 0.047 8
X, X, 0. 093 1 0. 093 0.26 0. 624
X3 1.99 1 1.99 5.63 0.0493
X} 5.49 1 5.49 15.51 0. 005 6
X3 0.045 1 0. 045 0.13 0.7323
B 2% 2.48 7 0.35

1) 0.32 3 0.11 0.2 0.894 2
afi iR % 2.16 4 0.54

B2 31.79 16
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(10)
s.t.l —1lsX, =<1
-I=sX, =<1
minY, (X, X, ’X3)
-l=sX <1

(11)
s.t.! —1=sX, =<1
-l=sX;=<1
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Fig.28 Test equipment
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Fig.29  Material part cleaning drawing
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Fig.30 Material composition of castor bean explants before and after cleaning
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Tab. 11

S RiE/

Experimental results

W M R Bk A%

AE mm Hz (°) R/ % R/ % R/ %
1 8.43 6. 00 40. 00 94. 68 7.13 0. 68
2 7.00 7.76 40. 81 95.21 6.09 0.52
3 9. 00 6.16 40. 00 93. 15 6.94 0.83
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