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Design and Test of Spiral Booster Pipe for Pneumatic Collecting
and Discharging System of Buckwheat Seeder

FU Zuoli LI Guichuan LI Haiyu LI Xuan GONG Zhichao HUANG Yuxiang
(College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; When the seed flow in the pneumatic centralized drainage system enters the distributor along
the side wall of the seed pipe, the mixing uniformity of the gas and the seed is low, and the consistency
of the displacement of each row is poor. The spiral booster pipe was proposed, and the overall structure
and working principle were expounded. The design and calculation of the seed pipe and the spiral booster
pipe were carried out. Taking buckwheat as the object, the force, motion, and pressure loss analysis of
the seed group in the spiral booster pipe was carried out. Based on the CFD — DEM coupling simulation
method, the effects of blade number, torsion angle, spiral booster tube length, and conveying airflow
velocity on the consistency coefficient of variation of each row displacement of buckwheat seeds were
studied by single factor test, steepest climbing test, and central composite design test. The simulation
results showed that when the number of blades was 3, the length of the spiral booster tube was 210 mm ,
the torsion angle was 383°, and the conveying airflow velocity was 29. 30 m/s, the consistency coefficient
of variation of each row of buckwheat was 9. 83% , which was optimal. The performance verification tests
of different types of booster tubes were carried out on the test bench of the pneumatic collecting and
discharging system. The results showed that the variation coefficients of the consistency of each row of the
buckwheat pneumatic collecting and discharging system with spiral, corrugated, and eyelet booster tubes
were 5.58% , 6.85% , and 9. 65% , respectively. The difference between the simulation results and the
bench verification test results under the optimal parameter combination condition was 4.25 percentage
points. Compared with the traditional booster tube, the spiral booster tube proposed enhanced the
uniformity of gas mixing, improved the operation quality of the pneumatic collection system, and provided
technical support for the design of the pneumatic collection system.
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Fig. 1  Pneumatic collecting and discharging system

and spiral booster pipe structure diagram
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Fig.3 Movement and force of buckwheat seed group
in spiral booster pipe
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Tab.2 CFD — DEM simulation calculation parameters
5 H ZH B/
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CFD it Y AR 7Y k-omega SST
i 9t T I /% 4
A K S H A/ mm 60
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B T R TR A 7Y Stationary wall
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NER =4 0.42
AT LA B/ MPa 5.32
" BRE/ (kgom ) 1 146. 84
p NER =4 0.35
PLA HYEA R/ MPa 3500
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SR 0.17
e I T EE 42 DR B 0.65
DEM FARTIRERT T B B R 0.40
Bk 58 22 fih 458 Y Hertz — Mindlin (no slip) Standard Rolling Friction
R 0.38
4 BT PLA R A R B 0.17
TR ol BE 42 R B 0.13
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URL A Y WopL T ok TR Dynamic/unlimited number

OB A TR/ (kges 1)

0.12

HE/(m-s™)
6.79
5.43
4.08
2,92,
1.36

0

(b) 411

HE/(m-s™)
6.59

5.97

3.95

65
3

0

(f) 811

() 9

FEEE/(m-s7")
7 06

(d) 611

HE/(m-s™)
7.30

(h) 101

KIS NG LR Gl Y S Y WAk 1 e L e e

Fig.5 Buckwheat seed distribution maps of spiral pressurized pneumatic collection system with different numbers of leaves
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Tab.3 Steepest climbing test design and results

! WX Y, /%
L,/mm B/ () w/(mes )
1 180 300 26 67.92
2 190 320 27 54.94
3 200 340 28 62. 40
4 210 360 29 32.90
5 220 380 30 10. 98
6 230 400 31 20.57
7 240 420 32 43. 86

Influence of each factor on coefficient of variation of displacement consistency in single factor test
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Tab.4 Experimental factors and codes

=
i L,/mm Bll/i) v,/(m-s™")
» “
-1.682 203.18 346. 36 28.32
-1 210. 00 360. 00 29.00
0 220. 00 380. 00 30. 00
1 230. 00 400. 00 31.00
1. 682 236. 82 413. 64 31.68




12

FHVESE 45 F7 22 3% LA A 4 2 g e o TR A8 it 5 il 4 43

x5 HBREBHAREER
Tab.5 Test design and results

%

NGy 9 . T Y, /%
1 -1 -1 -1 32.90
2 1 -1 -1 60.03
3 -1 1 -1 16. 15
4 1 1 -1 50. 46
5 -1 -1 1 34.18
6 1 -1 1 47.07
7 -1 1 1 20.42
8 1 1 1 20. 57
9 -1.682 0 0 16. 13
10 1. 682 0 0 21.54
11 0 -1.682 0 51.46
12 0 1.682 0 42.11
13 0 0 -1.682 13.65
14 0 0 1. 682 16. 85
15 0 0 0 12. 07
16 0 0 0 10.98
17 0 0 0 15.93
(1) 6 45 5 111 05 4 A

£ Design-Expert 10. 0 % { i i#£ 47 £ € [n] 15 7
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Y, =12.52 +6. 12X, -6. 03X, - 2. 34X, -
0.70X,X, —6.05X, X, - 1. 74X, X, +
3.71X; +13.59X; +2. 44X, (9)
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Tab.6 Regression equation analysis of variance

FERUE M AmE Bk F P
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X, 496. 02 1 496. 02 5.41 0.0529*
X, 74. 60 1 74. 60 0. 81 0.3969
X, X, 3.86 1 3.86 0.04  0.8431
X, X, 292. 82 1 292. 82 3.20 0.1170
X, X, 24.29 1 24.29 0.27 0.6225
X2 155. 37 1 155.37 1.70  0.2341
X3 2083. 34 1 2083.34 22.74  0.0020*
X; 67.39 1 67.39 0.74  0.4195
Gk 2% 641.35 7 91. 62

42 35 627. 82 5 125.56  18.56  0.0519
i % 13.53 2 6.77

B 4158.31 16

HWoewr RORFE MW F (P <0.01), + F/oRFMEE(P <
0.05) .,

H1 3% 6 WA, iZAE L P <0. 05, 158 W] i A6 1 14 4
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Fig. 7 Seed distribution of buckwheat pneumatic
collecting and discharging system with optimal

structure spiral booster pipe
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