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Design and Testing of Air-blown Low-loss Seed Recovery Nozzles for
Oilseed Rape Combine Harvester Cutting Decks

LUO Haifeng'?> JIN Yuguo' TONG Xuequan' WU Mingliang'> SONG Xi' JIANG Xiaohu'?
(1. College of Engineering, Hunan Agricultural University, Changsha 410128, China
2. Hunan Key Laboratory of Intelligent Agricultural Machinery and Equipment, Changsha 410128, China)

Abstract; Aiming at the problems such as big loss of grain dropped from the cutting table due to the
mechanical collision of angular fruit frying pods in the process of oilseed rape combine harvesting, a low-
loss recovery device of air blowing grain from the cutting table was designed, and the key components of
the pneumatic nozzle were also designed. In order to ensure reasonable airflow distribution and recovery
effect, the nozzle structure shape was designed by adopting the duckbill structure, and the supporting
design of the harvesting device was made to realize the smooth operation of low-loss harvesting on the
cutting table. Based on Fluent, the internal flow field of the nozzle was simulated, and the two-factor full
factorial simulation test was carried out with the nozzle opening angle and nozzle opening width as the test
factors, and with the airflow exit velocity, airflow width and airflow intersection distance as the evaluation
indexes. The test results showed that when the nozzle opening angle was 35°, the nozzle opening size was
3 mm, the exit velocity was 138 m/s, the airflow width was 1 926 mm, and the airflow intersection
distance was 64 mm, the wind screen coverage effect was the best; the bench test was carried out with the
nozzle angle, transverse distance, and kernel drop height as the test factors, and the recycling volume as
the evaluation index, and the optimal combinations of the nozzle arrangement parameters in the cutting
table were as follows: nozzle angle was 19. 6°, lateral distance was 387 mm ; field test results showed that
the oilseed rape cutting table loss rate was 2. 48% , compared with the traditional harvesting operations, it
was down by 35.5% ~50.4% , effectively reducing the cutting table loss, to meet the oilseed rape low-
loss harvesting operation requirements.

Key words: oilseed rape; combine harvester; cutting deck; pneumatic recovery; nozzle
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Tab.1 Main technical parameters
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Fig.1 Schematic of whole machine structure of
air blowing recycling device
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Fig.5 Nozzle cross-section clouds
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Fig.6  Vertical cross-section of airflow at nozzle (0.2 m from nozzle outlet)
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Tab.2 Test result

SN W 46 b
Wt g F 11 WEMEIF O WM St WAL

piil 3 i S/ Vi fiEr)
6/(°) K/mm (m-s™") D/mm J/mm
1.0 400 1797 134

1.5 246 1818 132

15 2.0 183 1822 124
2.5 138 1834 123

3.0 114 1818 155

1.0 445 1808 137

1.5 256 1834 132

20 2.0 190 1859 123
2.5 145 1 845 122

3.0 118 1857 119

1.0 423 1841 103

1.5 264 1871 104

25 2.0 188 1868 97
2.5 146 1887 94

3.0 120 1879 93

1.0 440 1861 93

1.5 127 1881 91

30 2.0 194 1888 88

2.5 150 1901 85

3.0 123 1905 71

1.0 456 1868 83

1.5 274 1884 72

35 2.0 196 1889 76

2.5 155 1921 71

3.0 127 1936 67
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Tab.3 Analysis of variance results for nozzle

exit velocity S

BRI FHE AmE BUr F P
A 2.963 x10° 5 59258.61 40 <0.000 1"
6 359.12 1 359.12  0.2424  0.628 1
K 2.53 x10° 1 2.53x10° 170.82 <0.0001*
0K 16 1 16 0.0108  0.9183
e 166. 63 1 166.63  0.1125  0.7410
K 42706.3 1 42706.3 28.83 <0.0001*
% 28 146. 01 19 1481.37

S 3.244 x10° 24

T e s RN WML (P <0.01) , F,

KTERE D Jr 20 a3k 4 i, 0.K Xf
D (R Ak B % (P <0.01) ;0K .0° K* X D 50 &
#(0.01<P <0.05), (3R 4 AJH, XU 98 B 5
e R B /N Ay < WS T A B IS B L 45 I
FOM S TERE D 2R Y 1] )3 7 R Dy
D=1872.74 +42.049 +21. 6K +9. 160K —
8.976° - 10. 74K* (2)
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Tab.4 Analysis of variance results for airflow width D

AW FHM AHRE ¥y F P
el 29 305. 47 5 5861.09 88.02 <0.0001"*
0 22 092. 02 1 22092.02 331.77 <0.0001*
K 5832 1 5832 87.58  <0.0001**
0K 524. 41 1 524. 41 7.88 0.0113"
6 352.13 1 352.13 5.29 0.033"
K? 504.91 1 504. 91 7.58 0.0126"
i 1265.17 19 66. 59

S 30570.64 24
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AR R J T 2T s R NER S fron ., 60
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R WM F AR R WEME T SRR . & IR XA
RS T R ] IE 5
J=100.73 —=32. 126 - 5. 04K - 5. 440K +
1.776° +3. 89K’ (3)
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Tab.5 Analysis of variance results for airflow

intersection distance J/

BRRE PR AHRE B F P
i 13478.45 5 2659.69 38.81 <0.0001"*
9 12 896. 18 1 12896.18 185.67 <0.0001"
K 317.52 1 317.52  4.57  0.0457"
oK 184.96 1 184.96  2.66 0.199 2
' 13.73 1 13.73  0.1977  0.6616
K 66. 06 1 66.06  0.951 0.3417
5% 2% 1319.71 19 69. 46
B 14798.16 24
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Tab.6 Wind speed measurement results m/s

¥ 5 MBI £ 1 XU W SE A X
1 118 45
2 116 47
3 116 47
4 119 48
5 125 50
6 127 51
7 121 49
8 125 50
9 121 49
10 125 52
11 119 48
12 120 49
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Fig. 14 Seed movement trajectory diagram
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Fig. 16  Effect of lateral distance on amount of recycling
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Fig. 17 Effect of seed drop height on recycling volume
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Tab.7 Experimental factor code
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() mm mm
-1 10 380 550
0 15 390 600
1 20 400 650
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Tab.8 Test plan and results
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Tab.9 Analysis of variance results for recoveries R

R FHFM AmE  ¥HUr F P
[ 0.4427 9 0.0492 58.33  0.0002**
A 0.026 4 1 0.0264 31.36 0.0025"
B 0. 006 0 1 0.0060 7.17  0.0439*
C 0.048 1 1 0.0481 56.98  0.0006*
AB 0.048 4 1 0.0484 57.39  0.0006 "
AC 0.004 9 1 0.0049 5.81 0. 060 8
BC 0.032 4 1 0.0324 38.42  0.0016*
A 0.003 7 1 0.0037 4.39 0. 090 3
B 0.065 6 1 0.0656 77.94  0.0003 "
c? 0.1897 1 0.1897 224.94 <0.0001*
5% 0.002 5 2 0.0012

) LT 0.001 7 3 0.0006 0.473 0.7326
SR 0.446 9 14

C.AB BC . B* C*%} R Wy Wk 3% (P <0.01);
B X R 1520 5 2% (0. 01 < P <0.05) ; H AP &R X}
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() [l 7 F2 hy
R=7.63+0.057 54 +0.027 5B -0.077 5C -
0. 11AB +0. 035AC +0. 09BC +0. 031 7A*> -
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Fig. 19 Response surfaces for effect of interaction
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Tab.10 Field test results of machine performance

o W EE,  HARAR AR
¥ 5
’ (mes™") /g %
1 1.03 198.2 2.39
2 1.11 213.5 2.57
3 1.07 205.6 2.48
S B i 1.07 205. 8 2.48
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