2022411 A ﬂﬂﬂ@??ﬁ 553 4 W) 2

doi:10.6041/j. issn. 1000-1298.2022. S2. 013
SAEHAXBEERERIEREITSIXE

FuE? EaX EHE X ON' OmHRF ELRE?
(1. FEHRICFAEY SR TR BE, KF 130022; 2. FHARKE TR AR EHE S0, KF 130022,
3. GRIIT BARARL 2E 2 5 B, TR3I 518038)

WE: i 2 EARERKTEMEINT R, AR EH G EAOREIC RS, LIRS i it 17
TRAE AR B N AR TR 454 . BT I 30 7 27 R B HOTHE B0 X 4 e s HE A A 23 e o b s 0
SUE SR AR B 7 TS s AHEAD FUBUA A0k Sk 208 K8 e R R LS AT HEIR 528 53 R 50K
BFEbR AT =0 SR WA IE SR A A AT, IS5 R R, S HEAE DA 45° ik U 35 m/s IR BUE K
568 mm f  PERERA . TRACESHE DR O A0 B 7 2, v R Bl 8, HENAI 45 R R AU R R 22 /N T
2% , A AR e PR AR T R ECR 2% B4 RAK T 2% |, 5 1L E R bR,

KEIR MR E ; MEBCR; SOk

hESES: $223.2 XERARIRED ., A XEHS: 1000-1298(2022)S2-0109-11

Design and Experiment of Pneumatic Aggregate and Discharge
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Abstract ; In order to meet the requirement of top dressing in the middle and late period of maize growth,
a kind of pneumatic gathering and discharging type corn precision fertilizer mixing device was designed.
The variable mixing fertilizer scheme with pneumatic set and row was designed. The motor driven blade
rotation was used to mix fertilizer, and the inside of the fertilizer distributor was designed as a cone
structure. By means of computer fluid dynamics, discrete element coupling method and two factors and
five levels orthogonal experiment, the dip angle of the fertilizer outlet and the structure and arrangement
of the bellows at the upper end of the distributor were studied. With the coefficient of variation of fertilizer
discharge in each row as the test index, and with the angle of fertilizer discharge outlet, conveying gas
velocity, and bellows length as the experiment factors, a three-way quadratic regression orthogonal
combination design experiment was conducted to obtain the optimal operation parameters of key
components of the precision fertilizer mixing device, namely, the angle of fertilizer discharge outlet of
45°, conveying gas velocity of 35 m/s, and bellows length of 568 mm. The inlet layout of fertilizer mixer
was as follows: central layout, and the number of blades was 8. In June 2019, the machine field
inspection was done at the National Agricultural Machinery and Tools Quality Supervision and Inspection
Center, the inspection results showed that the machine’s fertilizer application error was 2% , the total
fertilizer application stability coefficient was 2% , and the fertilization rate was less than 2% . The
research result can provide useful reference for the design and development of pneumatic fertilizing
machinery and tools.
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Fig.1 Schematic of pneumatic aggregate and discharge
precision fertilizer mixing device
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Tab.1 Pneumatic gathering and discharging type corn

precision fertilizer mixing device
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JEEATEL
JEAL TR/ em 5~8
JERHS R IE RS/ em 3~5

2 TEREREEHEIRIT

2.1 ERRREFEELEWEIT

BCAEAE B LAl 2 fos , EZEm RS HEE
v FHEARSD 2P AL, AR R N E 3 NS,
A KUk R R B IR 4% BRERA, B AT
PIA 3 AHMERRHEAL AR, 3 A HEAE 2% 38 2 HEAE 4
7 3l HENE 3h— 0 55 25 1 e A U o i 422 | 2Dt i AL
Fh iR TAT RS RO A%, 3 DA T HEIE g
53 5 R 3 A DR AR

B2 FCALSE B A5 R A
Fig.2  Structure diagram of mixed fertilization device
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Fig.3  Schematic of variable fertilization control system
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Fig.4 Schematic of fertilizer distributor structure
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Tab.2 Basic material parameters

Wt S8 Bl
HEE/N A 0.4018]
. BTt/ Pa 3.48 x 10711921
RS HE/ (kg-m ™) 1337
Hif2/mm 1.60 ~5. 00
bEL/N A 0.25
. B YIfLiE/ Pa 9.20 x 10°122
P R/ (kgem ™) 1 485
Hif2/mm 1. 60 ~4. 00
MEL/NEA 0.4
i YDA/ Pa 1.33 x 107
B %/ (kgom ™) 2419
Hif%2/mm 2.00 ~5. 60
bEL/N A 0. 47
PVC B Y/ Pa 3.57 x10°
I/ (kg-m~?) 1282
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Tab.3 Parameters used in simulation

T H ZHL BE
[IREA/IEY 1 0.28
IREIRE i EE 4R R A 0.36
TR Bl B A 0.15
ZER /Y1 0.20
PRE-—8k i EE AR R AL 0.41
TR B EEHE R4 0.15
ZER /Y 1Y 0.20
PRZ R HiEE AR R AL 0.30
TR B EEHR N 4L 0.15
[IZEA /Y 1 0.35
PR#F—PVC A EE 4 R A 0.41
TR Bl EEHE R 4 0.15
Rl R 2 H 0.19
TE-T R i EE 4 R A 0.26
TR B EERE REL 0.21
&L /SR i 0.20
TR i EE 4R R AL 0.30
TR Bl B A 0.15
ZER /Y1 0.32
Z - PVC HEE AR R AL 0.39
TR ) BE 1 R R 0.15
[IZEA /Y11 0.18
TR AR fiide 2k 0.34
TR Bl B A 0.17
LRV EY 0.30
TR - PVC R EE 4R R A 0.37
TR BB AL 0.15
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Tab.4 Parameter setting of fertilizer sample size

normal distribution

kL e JRE WM TEE BRERET
FEEEAR/mm 1.6 1.5 2.2
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. PRHfEZE/ mm 0.4 0.07 0.1
PR A2 R B/ mm 1.6 1.5 1.6
42 L BR/mm 5.0 1.9 2.8

Fitt/g 200 103 178

L2 /mm 1.2 1.6
)42/ mm 1.2 1.6

— FrifE 2%/ mm 0.2 0.6
AT/ mm 0.8 1.0

242 FFR/mm 1.5 1.6
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Fig.6  Schematic of fertilizer distributor and

mass sensor layout
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Tab.5 Fluid related parameters of DEM — CFD coupling

simulation
E 210 B fH
TR 25 R (R A] FRGR LAY )
TR/ (kg-m™3) 1.225
ARG/ (Pass) 1.79 x10~°

Velocity — inlet
Outflow

PR k-
k— & FIB TR REL 0. 09
k—e fiaTIREH REL2 1.44
k— & fiB TR REL3 1.92
T U 2 i R4 1
T Ui FE A R 1.3
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Fig.7 Distribution of fertilizer particles in fertilizer

distributor with different angles of fertilizer outlet
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Fig.8 Particle diffusion trajectory in vertical section
of fertilization pipe
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Fig.9 Particle distribution in vertical section of bellows
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Tab.6 Code of simulation test factors and levels

G JHEOWf,  WRUR/ WBUEKES
Q) (m-s™") mm
1. 682 45 45 1 000
1 36 41 838
0 22.5 35 600
-1 9 29 362
-1.682 0 25 200

BB HIR AR R T, x, x, 2 WIAR
E, D7 EBE T 220 BT insk 8 Fin
x®7 WERHARRER

Tab.7 Test design scheme and results

s Sk BATHENE AR
x Xy X3 E2 14 Y,/ %
1 -1 -1 -1 7.71
2 1 -1 -1 5.16
3 -1 1 -1 8.48
4 1 1 -1 5.02
5 -1 -1 1 7.83
6 1 -1 1 6.90
7 -1 1 1 8.06
8 1 1 1 6.48
9 -1.682 0 0 7.63
10 1. 682 0 0 3.92
11 0 -1.682 0 5.87
12 0 1. 682 0 6.93
13 0 0 -1.682 7.07
14 0 0 1. 682 8.69
15 0 0 0 4.54
16 0 0 0 4.13
17 0 0 0 4.71

®8 HBRERFESN

Tab.8 Analysis of variance of test results

T 22 R R Bigi F P
TR 39. 40 58. 89 <0.000 1 ™
x, 15.95 214.55 <0.000 1 ™
Xy 0.36 4.87 0.0632"
X 2.32 31.16 0. 000 8 =
X%, 0.30 4.09 0.0828"
X% 1.53 20. 60 0.002 7 ***
X)X 0. 084 1.13 0.3230
K2 2.76 37. 14 0.000 5 **
3 5.78 77.71 <0.000 1 **
x? 17.31 232. 82 <0.000 1 ™
Gk 0.52

R 0.18

W #xx FRMBE(P<0.01); *+* FRBE(0.01 <P<
0.05); * FREEE(0.05<P<0.1),

FIFH Design-Expert 8. 0. 6 2K {F X 5045 R b7
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5 F K A R JF A BR 22, BT O 225 4%
Bro 153045 2 XT 447 HENE 2 728 5 3 850 ) 1 [
HT7 R

Y =4.45 - 1. 08x, +0. 165, +0. 41x; —0. 2x,x, +
0. 44x,x, +0. 49x7 +0. 7245 + 1. 24x] (6)
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Fig. 10 Response surface analysis of performance

optimization test
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Fig. 11 Simulation results of different feed inlet positions
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Fig. 12 Relationship between particle mass flow rate and time at different feed inlet locations
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Fig. 13 Simulation results at different blade number
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Fig. 14  Test of uniformity of fertilizer mixing
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Tab.9 Determination of fertilizer application rate at different fertilization ratios
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