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Design and Experiment of Cyclone Separation Cleaning Device with
Raised Cylinder Disturbing Airflow Field for Rapeseed Combine Harvest

WAN Xingyu'? YUAN Jiacheng” LIAO Qingxi’ ZHANG Min'® GUAN Zhuohuai'’ LI Haitong'"
(1. Key Laboratory of Modern Agricultural Equipment, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China
2. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
3. Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract; Existing cyclone separation cleaning device, which uses the suspending airflow to separate
rapeseed from the threshing outputs, still has the challenge to improve the performance, highlighting a
need to reduce the airflow inside the cyclone separator for rapeseed combine harvest. As a solution,
cyclone separation cleaning device with raised cylinder disturbing airflow field was put forward. The
internal airflow field would be disturbed by raised cylinders that were spiral arranged in the inner wall of
the lower cone of the cyclone separator. The effect of airflow dead zone on the migration of rapeseed was
studied based on dynamics and kinematics analysis, and the kinematical equation indicated that the dead
zone would not benefit the performance of the cleaning device. Besides, the arrangement of the raised
cylinders was clarified. By taking the inlet and outlet velocities, spiral angle, space, and spiral number
of the raised cylinders as the factor, while the cleaning ratio and loss ratio were considered to be the
evaluation indexes, the single factor experiment and Box — Behnken experiments were carried out based

on the self-developed test-bench for key components of rapeseed combine harvester. Furthermore, the
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mathematical model of the relationship between cleaning ratio, loss ratio and the factors were established
to figure out the optimal parameter combination of the cleaning device. The single factor experiment
results illustrated that the raised cylinders could help improve the performance of the cleaning device.
The loss ratio was low and the cleaning ratio was relatively higher when the number of spirals was 4.
Box — Behnken experiment results showed that the optimal parameter combination were the spiral angle of
66.2°, space between raised cylinders of 48.3 mm, inlet velocity of 4.9 m/s, and outlet velocity of
25.4 m/s. Under the optimal condition, the predicted values of cleaning ratio and loss ratio were 94. 71%
and 3. 58% , respectively. Meanwhile, the measured values of cleaning rate and loss rate, obtained by
bench test, were 93.87% and 4.21% , respectively. The field experiment showed that the cyclone
separation cleaning device operated smoothly in the field, and the cleaning ratio and loss ratio were
90.03% ~92.78% and 4.52% ~5.07% , respectively. The research result could provide a reference

for the structural optimization and improvement of the cleaning device for the rapeseed combine harvester.
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Fig.8 Schematic of raised cylinder arrangement

segmentation region
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Fig.9 Structure diagrams of test bench
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FL@ W3 2 B3 N AU I B AR, D) 24 B B AR
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Tab.3 Main parameters of cyclone separation

cleaning device
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m

(27)
y =
Yom, +m,

THIH %, %

PR, %

x 100%
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Fig. 10  Relationships between helix angle and

performance of cleaning device
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Fig. 11  Relationships between space of magnetic

column and performance of cleaning device

Pesh A8 A, i 24 T B 18] BB I 45 mm i I SR
XERGSE , SR TR Tl SOk RS 2 R AR BRAEAE 22 5, TG
SPICIXRE T, 20 /NAF AL ) Ty B (6] ] B 2 o A
R R 14 2 A% B oy $i i ™ B - 1] g 3l 0 X oz 3l
T AR, T 4R S50 T < 18] 11b "I,
W7 o R [ B S 0 e XL 9 0 e 25 R e
AR 5 AR A S AR A R S AR — B R



168 &l #Hl

Moo 20234

TR RE  H iR E G AR EEZ R
REG
3.3.3  HEE Sk BO I ok  RE 14 5 i

W SR T A R 65° L E] A 50 mm A
HRGE S 3 m/s W 2% 1T RGE D 25 m/s, JT &% 12 i
LB R, B 12 IR e A S T R RE Y
KR, tE 12a °] A, A TR SR N Bk
i CHRE K Eh 0) , 25 1™ HeoR T B3k 8E i, e XL
3 R e R R R T I PR RE R AR, R IR AE
T B S BE 52w B0 E XL B R S, R BRI
Gy 53 AT AN 348, BB U 3 25 L R R B R L A R
K 5 Bt A5 W Sk K0 A 1 A0, Bl XoF R B G A R T Bk
X T R A3 5 AT P AT 3 1 Bl A )T Al e T
B X, 2 U7 U S 4 AR R R /D 8 R R
A% . Hi P& 12b AT, 8RO Sk BOR T 1 AN g
A3 B8 3 ke LR A TR B M AR T, 3R B Ty
I AT S BT 3 R A AR T X A3 B A e B Y
PEREPLAL 5 IR e Sk Bk 4 NI, BE XU 4 2 fRT e
AU DX AR b T b Al R RRRCR B T R
B L A AR, T A0 /N R R A2 Bl i BE b B 5 T R RE
TEVE /D FE L % 1 [R) B 70 T R, B R IR e
SKBUTE BB, I ) Box — Behnken 32 55 i 77 45 &
BH, A5 6 E K A BN ke 2R A Tk R AR Ak B
1 5 i 2 g B HE A SR 4 Sk BEE .

96.5 160
i
o551 —o— ik '
‘ 150
N N
¥ o45F 145 %
HE -
i 40 g
93,5} it
130
925}
1 1 i 1 1 245
0 1 2 3 4
LY e
(a)
03r
02
0.1F
I
& o1
—02f
—03f
1 1 1 | |
0 1 2 3 4
Ly el
(b)

P12 e Sk BT T R PR RE Y O R il 2k
Fig. 12 Relationships between number of screw and

performance of cleaning device
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Tab.4 Results of Box — Behnken experiment

e EE Tt £ i 3 ] B AFRGEE 2% R NERLES it 4 IR BRERE  LeTs
Hes xl/(c) X,/ mm x3/(m-s_1) x4/(m-s_l) Y(//% Y./ % 1"/%{%’”2@[‘_ S(/ */TT{E{JC{E S, Y,

1 65 50 3 25 92.94 4.23 0. 83 0.19 0.17
2 55 50 5 25 86.74 7.53 0.54 0. 46 -0.11
3 55 50 3 30 88. 80 14. 03 0. 64 1. 00 -0.43
4 65 50 3 25 92.08 4.20 0.79 0.18 0.16
5 65 50 1 20 88.94 1.98 0. 64 0. 00 0.23
6 55 50 1 25 90. 02 9.27 0. 69 0. 60 -0.15
7 65 60 3 30 95.13 9.76 0.94 0.65 -0.09
8 65 40 3 30 92.13 9.35 0.79 0.61 -0.12
9 55 50 3 20 77.43 6.51 0. 10 0.38 -0.21
10 75 60 3 25 88. 46 9.63 0. 62 0. 63 -0.20
11 75 50 3 30 92.41 13. 10 0. 81 0.92 -0.32
12 65 40 3 20 77.82 4.23 0.12 0.19 -0.08
13 65 40 1 25 91. 84 7.94 0.78 0.49 -0.05
14 75 50 1 25 80. 08 11.59 0.23 0. 80 -0.44
15 65 40 5 25 88. 11 4.26 0. 60 0.19 0.09
16 65 60 5 25 90. 11 6.15 0.70 0.35 0.02
17 65 50 3 25 89. 89 4.20 0. 69 0.18 0.12
18 75 50 5 25 90. 61 7. 66 0.72 0.47 -0.05
19 65 60 3 20 86. 41 2.92 0.52 0.08 0.13
20 65 50 3 25 92.31 4.10 0. 80 0.18 0.17
21 65 50 3 25 94. 94 4.15 0.93 0.18 0.21
22 65 60 1 25 93.97 6.33 0.88 0.36 0.07
23 55 40 3 25 92. 15 9.30 0.79 0.61 -0.12
24 65 50 1 30 96. 50 6.76 1. 00 0. 40 0.09
25 75 40 3 25 90. 97 8. 66 0.74 0.55 -0.10
26 55 60 3 25 85.07 11.97 0. 46 0.83 -0.38
27 65 50 5 20 82.58 2.80 0.34 0.07 0.08
28 75 50 3 20 75.29 5.32 0. 00 0.28 -0.18
29 65 50 5 30 93.29 7.37 0.85 0.45 0.01

(a) HEAT VR (b) R SR IHIE
% K14 iS58 Bl

Fig. 14 Validation of optimal parameter combination
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Tab.5 Results of optimal parameter combination validation bench-test
P o HORL T R OB URPRL UL R R — e 5% - 23 1 RECETES
it/ g it/ g it/ g R/ % R/ %

1 784. 89 741.02 32. 81 94. 41 4.24

BESHAE 2 864. 32 803. 41 35. 14 92.95 4.19 93. 87 4.21
3 903. 24 851.27 37.32 94.25 4.20
1 876. 34 772. 17 40. 32 88. 11 4.96

Te i e 2 954. 91 856. 35 42.33 89. 68 4.71 89.97 4.79
3 803. 47 740. 14 36. 48 92.12 4.70
1 925. 35 817. 31 36. 46 88. 32 4.27

I S8 & 2 846. 89 743.52 32.12 87.79 4.14 88.11 4.26
3 875.39 772.19 35.27 88.21 4.37

s W, e S HA S T RS BR
ARELIAE 73 531 2 93.87% Fl 4.21% , 5 FE f (A
FEAR—F W TR G R RN T IS A5 L
Bt b5, Yrkliz g ad B v, FERL S e A S
TR SRR N 89.97% 1 4.79% , KW
Ty B 3 R TP 3.9 AN E AR A, B R K
0.58 4~ 7 A o

4 HiERRE

TSI A SR ML E IR 73 B 1 32 25 8 D ) 39 ik
55 F 2022 4F 5 H 7104 a0 AR Rl K 2 B
£ b B 45 56 35 Ml (30°27759”N, 114°20'59"E ) FF
Je I 15 i o R R R R I AL 1 A% S
FEATOAR AR G 5 SR F T BORE: 325 0 45 31 352 o AT 2
FEH 32 ~36 Bk/m’, Bk dE o 1542 ~1 659 mm,
FE A BURE ST BAL N TSR 5 bk 58 43 38 9 40 fi A
FERL . 25 FF L 358, W AS & K 0 E a5 h
40.53% ~47.12% 63.27% ~70.35% F131. 14% ~
38.33% .
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Fig. 15
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Field experiment

TS A WO DL e 3K 3l 2 48 8 775 I 4% AL XUHL
J 3k s 3 5 5¢ R 19 B A, E e KL 8 AT MR AR
FIARUBIL 11 4h 43 Sl b 48 FH T i s 1 ik )
Ko 35S M GB/T 8097—2008 { W AR ALK K5 kL
FIALILS 773k ) (GB/T 6562—2008 { Al AL A ik 3o
ZMF) NY 2610—2014( 5P B & WCHIML 2 41k
FIFR ) S5 AR OChR A, o 1 50 HH 44 BRI SR 3K B R AL
FIMER 500 3 AN K 10 m B8 2 m (IR X, B U
DX 2 15 B 500 mm 2% ot X 2 55 B ¥ S R S 0K
B IR AE M, DY b 28 AR AN HE LR TR ISR AL LA
A R, R L2 T O RS L 2.1 ~
3.6 km/h, 43 BEH RS RE BEE M 350 mm , i 191 L4
HLEAEML I B, 1205 DX SR 5 1 e B ok 2R 1 25

PR 2 3R 0 45 o SO T XL TR R 1T A L
S RAILH 1A B8 I B &, AR 5 0 4 HG rh il SR kL
FERREE, TF R0 R B A IR ALE XA 25 7 1R e BT
RN IR GERME 6 in, I REW, 7
BEX I B R B RSB A R RS
WCARAIL FH [) P M g, 3 % e B T X8 2R T RN
90.03% ~92.78% 4%y 4.52% ~5.07% ,
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Tab.6 Results of field experiment

Wee HUROY RO KL R kRS
P KRR/ TR/ FERLRRE % %
1 2107.43 1897.32 89. 82 90. 03 4.52
2 1881.53 1745.68 93.23 92.78 5.07
3 2288.75 2074.52 107. 58 90. 64 4.93
5 #it

(1) B 17—l phy R IR 6 T R 2 370 144 T XL 25
i Je L3 B2 3 gy 24 5 3l 1 24 2 M 3R e KL
B IE XA T3l SR RLIT A |, 38 2o e 73 7
T 5 N B A CE 1] o I 910 A [ A o B T S B R
s
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