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Design and Experiment of Pneumatic Shooting Seeder for Rapeseed
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Abstract; Considering the problem that the inconsistent furrow depths generated by soil contact parts
plugging and double disc openers of existing precision planter for rapeseed in the furrows, resulting in
uneven emergence, a pneumatic shooting seeder for rapeseed with seed extraction with negative pressure
suction and positive pressure high-speed seeding was designed. The key parameter ranges of nozzle
radius, accelerating pipe radius, accelerating pipe length and distance between accelerating pipe and
nozzle were determined. The effects of seeder structure and seed velocity on the total pressure loss of flow
field were also analyzed. The dynamic model and the corresponding collision equations for the second
collision between seeds and seeder was established. The influence of the vortex area in the mixing
chamber of the seeder on the trajectory of seeds after their second collision was analyzed. A three-factor
and three-level orthogonal experimental study was conducted using CFD — DEM coupled simulation.
Regression models were established for the ejection coefficient, seed average shooting velocity, and vortex
area ratio in the mixing chamber. It was determined that when the nozzle radius was 6.9 mm, distance
between accelerating pipe and nozzle was 13. 8 mm, and accelerating pipe radius of 10. 36 mm were the
optimal structural parameters, The injection coefficient was 0. 314, the seed average shooting velocity was
20.92 m/s, and the vortex area ratio in the mixing chamber was 21. 15% . It was verified by bench test
that there was no seed retention phenomenon under the optimal structural parameters of the seeder. And it
also determined the following optimal operating conditions : with soil moisture contents of 30% and 45% ,

the fan speed was set to be 35 m/s and the height of the seeder above the soil surface was 150 mm; with
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soil moisture contents of 35% and 40% , the fan speed was set to be 40 m/s and the seeder height was

maintained at 150 mm. Field experiment results showed that when the soil water content was 38. 5% , the

average probability of each line of rapeseed distributed within 120 mm seed row width was 80. 12% , and

the plant density was 66 plants/m”, which met the requirements of precision sowing of rapeseed.

Key words: rapeseed; pneumatic shooting seeder; nozzle; accelerating pipe; second collision; CFD —
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Fig. 1  Structural diagram of precision pneumatic
shooting planter for rapeseed
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Fig.3 Structure diagram of cutaway view for

shooting seeder
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after the second collision
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Tab.4 Experimental design and results

A, o R 2% L/ .
[:A x 100% (23> g A/mm  B/mm  C/mm (m-s™") %
P A A R L 1 7.07  21.35 11 0.311 19.42  26.39
A R A T TR 2 6.90 21.35 12 0.347  16.45 34.92
B 3 7.07  28.9 12 0.324 16.84 39.37
3.3 BREERG T 4 6.90  28.90 11 0.321 19.68  36.16
WIS R R gmadan 2k 3 pion . O ik it 545 5 707 21.35 1 0.312 19.18 27.78
Rk 4 s, FIH Design-Expert #4447 550408 43 6 6.90 13.80 11  0.339 19.57 21.81
M AR U007 8 ST I S R AR w B S P 7 724 28.90 11  0.289 18.93  35.89
L ORA R A 1 mH 7 f X 52 ik 56 48 b 8 707 13.80 10  0.283 22.21 18.14
0 3 AR AT 3 PR R 56 5 a0 b, AR T 22 0 by 9 7.24  21.35 12 0.313 16.24 31.93
Ko S R I AN S TR, 10 7.07  21.35 11 0.313 18.93  29.33
1 7.07  21.35 1 0.315  19.52  28.61
*£3 RBEEERD
Tab.3 Factors and coding of experiment 12 70723 H 0-314 1930 28.57
13 7.07  28.90 10 0.266 21.23  32.09
5
y 14 7.07  13.80 12 0.33 16.53 22.27
BEWEKAE A/mm WREERE B/mm AR C/mm
- 9 3 50 m 15 7.24  13.80 1 0.303  19.11  19.07
0 707 5135 " 16 7.24  21.35 10 0.256 21.09 30.74
1 7 24 28. 90 12 17 6.90  21.35 10 0.296 22.94 29.78
#5 RRERFESFER
Tab.5 Analysis of experimental results
ES 5 I ZRH w h 5 th S S L RA R T AR L 1
IR FHAM OHWmE F P AR O HmE  F P EHAM OHmE  F P
B 0.009 5 9 439.13  <0.0001* 59.82 9 8568 <0.0001%  577.01 9  53.67 <0.0001"
A 0.002 5 1 1053.34 <0.0001" 1.33 1 1717 0.0043* 3.18 1 2.66 0.1470
B 0.000 5 1 194.38 <0.0001"  0.007 02 1 0.9045  0.3732 483.92 1 405.12 <0.0001*
c 0. 006 0 1 2505.43 <0.0001" 57.26 1 738.06 <0.0001" 39.34 1 32,93 0.0007 ™
AB 4.00x10°° 1 1. 67 0.237 1 0.0209 1 0.27 0.619 4 1.53 1 1.28 0.2957
AC 9.00x10°¢ 1 3.76 0.093 6 0.676 3 1 8.72  0.0213° 3.90 1 3.27 0.1137
BC  6.25x10°° 1 2.61 0.150 1 0. 408 8 1 5.27 0.055 3 2.48 1 2.08 0.1928
A2 5.92x1077 1 0.2474  0.6341 0.000 9 1 0.0119 0.9162 16. 60 1 13.9  0.0074*
B 5.92x10°7 1 0.2474  0.6341 0. 006 6 1 0.0849  0.7792 15. 03 1 12,58 0.0094*
2 0.0005 I 189.41 <0.0001%  0.0479 1 0.6172  0.4579 12. 47 1 10.44  0.0144"
% 0.0000 7 0.543 1 7 8.36 7
% 6.75x10°° 3 0.9 0.515 1 0.3315 32,09 0.244 4 3.35 3 0.8902  0.5188
W2 1.00x107° 4 0.2116 4 5.01 4
BA0.0095 16 60. 36 16 585.37 16

e x R 3 (0.01<P <0.05), #x R/RZMWKRF(P<0.01),

HIZE S AR, AR TSk R 80 b S - 3
JE IR & T T O 1R G R BT P B3R T 0..05, (5] 15
0 AUV S 25, ] A 3 8 9 R N, S5 B S b 4
AE 5 45 WE) RO R A0 ACD (] 00 A8 7 A Ol AHAE o KT B S 2R
B,A B CC MR 3 A 4% TU5Y i Rt 35 5 X
ol -5 S B LA C SRR L AC R R
HARA TR 52 R A B R R E B, B .C A° B
AR R, C R RS TIARE . BIRA
5 A IR B [n] AR R

w=1-0.44-0.008B +0.19C +0. 0134° -
6.57 x10 °B* -0.01C?

L =268.49 -35.04A -0. 11B —18.33C +2. 42AC +
0.514% +0.000 7B* -0.11C?

1=3280.93 -921.664 -2. 1B +3.2C +
68.714% —0.033B% +1.72C"

(24)
MR 5 RIAG, a5 D3R 0 e 5 28 K00 i ih ok 2
N JISEAE 2 AR T A AR AT 5 o A B o o
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(25)

10 mm=<C<12 mm

m/s m/s
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Fig.8 Simulation comparison between optimal structure and non-optimal structure
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High-speed photographies of seed motion
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Tab.6 Test design scheme and results
Ak LR ﬂ’iﬁj’rﬁi SRR YRR mpe | eaak SRR, J}]ai%iﬂﬁj: SHETE SRR .
/% (mes! MR, WE/ 5 AR =% % (mesh) WwEE, O WE/ LR EA =%
mm mm 5/ % mm mm 50/ %
50 0.72 14. 47 35.0 50 0.94 12. 46 25.0
75 0.63 16. 36 37.5 75 0. 86 16.45 27.5
30 100 0.55 18.22 40.0 30 100 0.77 16.55 20.0
125 0.53 18.96 37.5 125 0.79 17.89 22.5
150 0.48 22.82 35.0 150 0. 65 20. 32 12.5
50 0.76 13.72 35.0 50 0.92 12.36 22.5
75 0.71 17.85 35.0 75 0.87 16. 89 15.0
30 35 100 0.68 18.11 32.5 35 35 100 0. 84 19. 67 15.0
125 0.57 18. 67 32.5 125 0.74 18. 50 12.5
150 0.53 20. 38 27.5 150 0.74 20.92 10.0
50 0. 81 12. 26 35.0 50 0.95 10. 57 17.5
75 0.77 15.79 35.0 75 1. 04 13.12 20.0
40 100 0.75 16. 86 35.0 40 100 0. 60 16. 93 17.5
125 0.69 17.59 32.5 125 0.99 15.28 12.5
150 0. 65 21.76 27.5 150 0.62 15. 44 7.5
50 0. 88 9.65 17.5 50 0.90 7.83 10.0
75 0.72 10. 01 15.5 75 0.96 8.53 15.0
30 100 0.76 10.73 12.5 30 100 0.76 9. 45 15.0
125 0. 64 15. 06 12.5 125 0.86 12.94 10.0
150 0.73 15.13 10.0 150 0.82 14. 60 7.5
50 0.91 6.35 20.0 50 1.12 7.23 15.0
75 0.93 10. 90 17.5 75 1.05 10. 09 10.0
40 35 100 0.97 16.79 15.0 45 35 100 0.98 12.58 10.0
125 0.79 18.37 15.0 125 0.90 13.37 10.0
150 0.77 15. 14 12.5 150 0.83 16.51 5.0
50 1.07 7.31 25.0 50 0.91 7.58 20.0
75 0.98 10. 74 22.5 75 1.03 8.36 15.0
40 100 0.95 11.15 17.5 40 100 1.02 9.18 15.0
125 0. 80 13.74 17.5 125 1. 00 11. 69 10.0
150 0.90 14. 81 10.0 150 0.98 15.56 10.0
ST i B HOY 66 H/m 4 17 bR 2 R R B 1800 7 e et e e
1.06% & [ %8 52 L4 i 75 90 52, BB 6 . 8 AT R
b A HE S 2 (BT SRR L 4 SR 13 B T 1
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7 80. 12% , i & 31l 3% FH (] 56 F 25K ) zgg - “ o ) '” o ,,, N o Lo
200 - e s ee ety e
R e AR R
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@) ‘77‘%%@&% (b) 30 A KARES Fig. 13 Scatter diagram of rape distribution
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Fig. 12 Field seeding experiment
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