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Design and Test of Conveying Device of Pneumatic Straw
Deep Burying and Returning Machine

TIAN Yang LIN Jing LI Baofa
(College of Engineering, Shenyang Agricultural University, Shenyang 110866, China)

Abstract; The pneumatic style straw deep burying and returning machine enjoys comprehensive functions
in the aspect of stubble breaking, straw picking and crushing, ditching and crushing, inter-row deep
loosening, deep-buried straw, soil covering, and finally buries the straw below 20 ¢cm between rows and
at the same time constructs the furrow loose and ridge compaction plough layer structure. According to the
technical requirements of reasonable tillage construction, the pneumatic conveying device was designed.
The main structural parameters of the conveying device were as follows: the cross section of the conveying
pipe was 0.2 m x 0.2 m square pipe; the impeller diameter was 0.55 m; the width of impeller was
0. 17 m; the inlet diameter was 0. 26 m; the width of fan shell was 0.2 m; the outer diameter of screw
blade was 0. 25 m; the diameter of the screw shaft was 0. 09 m; the screw pitch was 0. 2 m; the thickness
of the screw blade was 0. 003 m; and the clearance between the outer diameter and the inner surface of
the conveying pipe was 0. 005 m. According to the test of suspended velocity for corn, the suspended
velocity of upper, middle and lower parts of 10 cm corn stalk was 10.4 m/s, 12.3 m/s and 12.7 m/s,
respectively , with an average of 11. 9 m/s. The test results and simulation error was 7% . On the basis of
gas-solid coupling theory, the CFD — DEM method was used to simulate the two-phase flow of gas-solid in
the conveyor. When the angle was 30° and rotation speed was 1 800 r/min, the minimum velocity of straw
in the conveying pipeline was 5.21 m/s. And the corresponding velocity of air flow was 17 ~27 m/s. At
the outlet, the velocity of straw reached 6. 06 m/s, and 2 ~27 m/s at the air flow rate. The number of
straw inside the fan was 24 at 1.2 s, and then it had the most effective delivery. The results of field

experiment showed that the optimum combination of performance parameters of pneumatic conveyor was as
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follows: blade bending angle was 30°, straw coverage was 1.2 kg/m’ | fan speed was 1 800 r/min and the

qualified rate of deep-buried was 93.2% . The research had effectively improved the deep-buried quality

and also can provide reference on further study on performance improvement of pneumatic straw deep

burying and returning machine as well as the promotion of agriculture mechanization level.

Key words: deep burying and returning machine of straw; conveying device; pneumatic
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Fig. 1  Structure diagrams of pneumatic straw deep
burying and returning machine
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Tab.1 Physical parameters of corn straw

HAR/ JBi i/ W, BIEFHE/
b T 3
n*{nrﬂi 3 |
cm g (grem™)  (m-s™)
|3 1.86 6.46 0.2483 10. 4
s 2.39 12. 05 0.2851 12.3
&K 2.63 14.07 0.267 1 12.7
S 2.24 10. 86 0.266 8 11.9
i 2 0.38 3.68 0.0337 1.3
A RB % 17. 1 33.9 12.5 10.9
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Tab.5 Straw velocity at different blade bending angles
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Fig. 6 Changing curves of straw numbers
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TIERSEE S 1258 kPa; 10 cm IR AL 42 137 3
FKERN 16% , T HERIIFE N 1294 kPa;20 cm AL
F BTV B KRN 19.4% |+ HEIR STREE g 1 344 kPa;
25(*m¥%ii§%¥i’ﬂ"‘ﬂ<$%ﬁ 20% , + 4 IR ST RN
1495 kPa il 3o 52 M W &, 4 HE 09 N BE R M N
36.90°,

R EEA AR A5 : AR J5 21 LX1000 7 4 4 L
(100 kW) ;SM — 2 #5 K§ J32 1 38 K 43 ) 5 A (WA
AR A BRA T L 0.05 ~0.6 m*/m’,
0 ~40°C IPK5 0. 05 m’/m’ ; SCO00 U +- 138 5% 5 iy
WA CRAEA SR ARAE), A0 ~5 em,
0 ~7 000 kPa, iz K hnzk 95 ke, 70 #E% 2.5 ¢cm 35 kPa,
Fr 1,25 kg e ROVER VER %,

ISy TR EIR 40, i S AR R XL
Al AN T R B T K R B A RS e T R A
et D) 425 g RUATL A MR o, iy A6 19 53 Tl PR 3R
MR AR RS AT RN R L, PR R K
6, ) 5 FF B 35 A 1.2 kg/m” X B HF I BE R
310 mm, 1. 4 kg/m’ %} )i FF 74 55 BF A 355 mm, 1. 6 kg/m’
X5 L FE 98 B BE A 400 mm, 55K 48 B O TR HE A A% R
T bR R BT . ALEAE ML U 0. 83 m/s, fEAIIX
B 30 m B 1. 8 m KA X PN Y R T I
ARG, H R i e 00l £ A R 38 A0 4 4P VR
XA, BH I B 3 R, HE X 5 A
DX, A DI N BE AL IS A A, DA s O o0 1
180 cm x 60 cm (1) 4 JE [X o K 4 Fir 75 04 4 56 B0
FH [] 3 30 S AR R AN 7 B o

Fx6 ERERKTE
Tab.6 Factors and levels
K R M A E R/ KB 3/
() (kg'm™?) (remin~")
1 0 1.2 1 500
2 30 1.4 1 800
3 60 1.6 2 100

(a) HLE L

(b) FH 8]
B 7 IR R ARl R
Fig.7 Photos of field experiment and its operation effect
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Tab.7 Test scheme and result

. HR TG
A B C E Y/ %

1 1 1 1 1 82.8
2 1 2 2 2 88.7
3 1 3 3 3 87.4
4 2 1 2 3 93.6
5 2 2 3 1 90.9
6 2 2 1 2 84.8
7 3 1 3 2 90. 1
8 3 1 1 3 83.8
9 3 3 2 1 91.7

K, 258.9  266.5 251.4  265.4

K, 269. 3 263.4  274.0  263.6

K, 265.6  263.9  268.4  264.8

2% R, 9.9 2.6 23.5 1.8

L) WIS 4,B,C,

FWIF CAB

®8 EXRBAESN

Tab.8 Variance analysis result of orthogonal test

TRV WEF M B B m F P W
A 18.53 2 8.51 33.08 <0.05 s
B 1.85 2 0.63 3.30 <0.25
C 92.3 2 44.63 164.9 <0.01 s
2 0.56 2 0.36
Js¥:il 114.77 8

e FOREREERE (P <0.01),

MR 2 8 AT, ot A ke R B R F K
WEF >k € A BB TIT SR AB, C, o it 5
T RUHIL A 0 TR B A5 RS R K o RN LA
SRS FROS R AT B 5 RN AT IR 2 BT LR
A K RO I 3% B M R AT S5 RS . AS iR 86
T T o 0 B 4% SR B R S AN L A S L
HLg el 25k
4.4 RIWWIF

TE I Fr 25 £ 30° %58 1 800 r/min % AT 41 35
SRH1R1.2.1.4 1.6 kg/m” 04 F b AT I A&

fis 30 93.2% o BUE A B ik R B AR TR
HRTTRE AR R i D TR AR SR R R A R
T SRA T B AR R, RS S BURS FFR LA FHHEAR 2R
FES TG FF 3l 220 FH IR BE K, S REAS B0 %= L e 25
P, W& 8 Fs WA B E M A — B L.

K8 Hrzaitdim

Structural profile of construction of plough layer

Fig. 8
LBz 272 3.8tz 4.3U%ZE 5. HHZ

(D)@ ke B e it , 48 £ %
GRS RN R E AN 0.2 m x 0.2 m (5B
)M AR A 0.55 m, ST 0. 17 m, S,
FEAEN 0.26 m, XHL7E 58y 0. 2 m; B2 g i H 42
7 0.09 m, B2 EM HAh2 R 0.25 m, BB FEH 0.2 m,
e M F Sk 0,003 m, B iE A2 5 ey ik A N R
f [A] B2 2 0. 005 m,

(2) 38 32 AR FF A2k 0 ol B a0 75, K B
10 em EOKFEFF b O R 43 0 A 0 B 4 ol
10.4 12.3 12.7 m/s, F-{EH K 11.9 m/s, {56 45
SHRRENTR

(3) i CFD — DEM < [& #5453 77 ¥ @ 5r FS FF 85
FOCEEAY X AN [l i 25 A R0 A ) B, B9 )
R E N AR B . BF SR B 5 A 30°,
Bl 1 800 r/min B 5 AT iy 6 RO B fd . ik A
T PR AT f N S 5. 21 m/s, JO6E WY A
A 1T ~27 m/s; H AL B ORFSFF 33 B4 6. 06 m/s, B
X I ) S E R 2 ~27 m/s

(4) H 1) 3 50 45 2R R W), WL H PR 3 R
0. 83 m/s B, <y % % B M Ae S B b 41 & it
Ff 30°, 5 FF 8 35 & 1.2 kg/m’, KUHL B K
1800 r/min, FEZ5 ff 30°, %3 1 800 r/min, 75 #1758
T 1.2.1.4 1.6 kg/m” £ {F i 47 5 0iF ik
5, RIS A% 2 93.2% 3 3k AL i 3% B A5
SO RIS 38R LA R0 i ORI 5 o, OF A D il
FF 45 FE ) 3
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