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Design and Experiment of Subsoiling Pneumatic Deep Fertilization Device
for Soybean — Corn Intercropping Based on CFD — DEM Coupling

XI Xiaobo' DU Hengtong' CHEN Zhiguo' SHI Yangjie' ZHANG Baofeng' YU Xiaoze
(1. College of Mechanical Engineering, Yangzhou University, Yangzhou 225127, China
2. College of Engineering, Inner Mongolia Minzu University, Tongliao 028000, China)

Abstract; Aiming at the agronomic demand for synergistic subsoiling and deep fertilization during the
intertillage period in soybean — corn strip intercropping, a subsoiling pneumatic deep fertilization device
was designed. By integrating a pneumatic fertilizer delivery system behind the subsoiling shovel,
simultaneous soil loosening and deep fertilizer application were achieved. The computational fluid
dynamics and discrete element method ( CFD — DEM ) coupling simulation was used to optimize the
structure of air-fertilizer mixing chamber. With the throat contraction depth, throat contraction angle, and
transition pipe half-cone angle as influencing factors, and the airflow velocity and fertilizer particle
velocity at the fertilizer outlet as test indicators, a regression model between the test indicators and
influencing factors was established. The optimized parameters were as follows; throat contraction depth of
28. 08 mm, throat contraction angle of 52. 1°, and transition pipe half-cone angle of 22.3°. The model
predicted an outlet airflow velocity of 16.59 m/s and a fertilizer particle velocity of 2. 69 m/s, with a
simulation verification error of less than 1.5% . Field test results showed that the designed subsoiling
pneumatic deep fertilization device could achieve precise and stable deep fertilizer application, with an
average fertilization deviation of 4. 63% . The fertilizer discharge consistency among all pipelines was good
without clogging. Both subsoiling and fertilization depths met agronomic requirements. The stability
coefficients of subsoiling depth for soybean and corn rows were above 96% , and those for fertilization

depth were above 95% . The research result can provide an effective equipment solution and theoretical
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basis for efficient and precise subsoiling and fertilization in soybean — corn intercropping systems.

Key words: soybean — corn intercropping; subsoiling and fertilization; pneumatic fertilization; CFD —

DEM coupling; discrete element simulation
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Fig.1 Overall structure of subsoiling, weeding, and pneumatic
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Tab.1 Main performance parameters of subsoiling,
weeding, and pneumatic fertilization machine for
soybean — corn intercropping
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Tab.2 Parameters of fertilizer particles

JIE Ak AR Y HAE D/mm BRI R o/ %
N e 3.050 92.7
P A 3. 464 92.1
K e 3.274 91.8
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Tab.3 Material parameter settings for simulation model

ok AR YU /Pa BE/ (kgem )
N e 0.25 1x107 1253
P 0.25 1 x107 1337
K e 0.25 1 x107 1385
HEAE A (PVC) 0. 40 3 x10° 1418
W 0.30 8 x10'" 7 865
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Tab.4 Contact parameter settings for simulation model

B 2 Y RS WREEEN S BhEEE AL
LA 0.20~0.30  0.18~0.36  0.15~0.27
HE A48 0.18~0.22  0.28 ~0.32 0.01

A= PVC 0.30~0.36  0.37~0.41  0.04 ~0.05
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Fig.5 Pipeline airflow velocity distribution and fertilizer particle velocity under different throat contraction depths
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Fig. 7 Pipeline airflow velocity distribution and fertilizer particle velocity under different throat contraction angles
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Fig. 9 Pipeline airflow velocity distribution and fertilizer particle velocity under different transition pipe angles
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Tab.5 Factors and levels coding for simulation

experiments of air-fertilizer mixing chamber

i Ak
h/mm a/(°) B/(°)
-1 20 50.0 22.0
0 25 52.5 23.5
1 30 55.0 25.0
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Tab.6 Simulation experimental design and results

R 'ﬂf i/ (mes™h) Yo/ (mesh
1 0 0 0 16. 41 2.69
2 -1 0 1 15.73 2.52
3 0 1 -1 15.53 2.52
4 0 -1 1 16. 05 2.51
5 -1 -1 0 15.51 2.55
6 1 -1 0 16. 44 2.68
7 1 1 0 16.01 2.63
8 1 0 -1 16. 35 2.67
9 0 0 0 16. 46 2.68
10 0 1 1 15.61 2.43
11 0 0 0 16. 42 2. 66
12 -1 1 0 15.53 2.51
13 1 0 1 16.43 2.63
14 0 -1 -1 15.78 2.52
15 0 0 0 16.41 2. 66
16 -1 0 -1 15. 62 2.53
17 0 0 0 16.59 2.68
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Tab.7 Analysis of variance results

wiE EN:i|
O &5 ¥y F P
L T 3 B
B 2,59 9 0.2879 56.12 <0.0001*
X, 1.01 1 1.01  196.53 <0.0001**
X, 0.1503 1 0.1503 29.30 0.0010*
X; 0.0369 1 0.0369 7.19 0.0314"
X, X, 0.0506 1 0.0506 9.87 0.0163*
o X5 0.0002 1 0.0002 0.0439  0.840 1
. XX, 0.0093 1 0.0093 1.82 0.2192
av%d ,
ey X> 0.0914 1 0.0914 17.82 0.0039*
: X2 0.8084 1 0.8084 157.58 <0.0001*

Xg 0.3219 1 0.3219 62.75 <0.0001*

%% 0.0359 7  0.0051

Jeftl 0.0124 3 0.0041 0.7059  0.5966

W 0.0235 4 0.0059

B 2.63 16

BiE 0.1105 9 0.0123 82.68 <0.0001*

X, 0.0317 1 0.0317 213.26 <0.0001*

X, 0.0033 1 0.0033 22.46 0.0021*

X; 0.0025 1 0.0025 16.50 0.0048**

X, X, 0.0000 1 0.0000 0.1684  0.6938
AR X,X; 0.0001 1 0.0001 0.6734  0.4389
kS X,X; 0.0016 1 0.0016 10.77  0.0134*
BidE X3 0.0002 1 0.0002 1.29 0.293 1
Y, X3 0.0316 1 0.0316 212.57 <0.0001*

X; 0.0360 1 0.0360 242.18 <0.0001*

5% 0.0010 7 0.0001

Q4 0.0003 3 0.0001 0.5916  0.6526

W& 0.0007 4 0.0002

M 0.1115 16
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BERJG WM ER o 25 BT A — B A b IUE
GBS, T o A1 B L IE TP, A AT ) i e A N U
3.3.3 EHEAASHEEOTSRIE

N T ARAE TR A A BB RCR A
Design-Expert 8 LA H XS 2 A 0] )7 45 A g 17
Ak, LA R V, RV, R AR ARG A, S H A R BRI
AL R R ECH
maxY, (X,,X,,X;)
maxY, (X, ,X,,X,)
s.t., - 1sX <1 (10)

~-1<X,<1

-1<X,<1
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Dmax - D

AD = ™2 % 100% (11)

a

:—Et I:F' Dmax—ﬁFEEE‘%j{{E ,kg/hm2
D, —HERE & /ME kg/hm2
D, ——HENE &)1 kg/hm’
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Tab.8 Test results of fertilizer discharge deviation

- 2HEAE A8 HE AL B kg AD/

BT Tom T MR MRS MRE4 %
1 2.1849 2.224 1 2.1632 2.126 0 4.51
2 2.2371 2.1351 2.1680 2.1909 4.67
3 2.156 0 2.1751 2.2539 2.2183 4.45
4 2.1272 2.1987 2.2313 2.1342 4.79
5 2.1808 2.1958 2.2351 2.132'1 4.71

S 4 4.63

x99 EdERREMNRER

Tab.9 Test results of operational fertilization depth

28 KUAT1T  KEAT2  ERIT1 ERAT2
241 243 341 339
247 255 339 337
235 239 347 348
252 241 355 346
. 232 256 337 353
PRERPRTE /mm 244 241 344 345
239 236 349 346
238 229 345 348
244 243 325 356
256 239 353 328
B/ mm 242.8 242.2 343.5 344.6
AR R/ % 3.06 3.35 2.53 2.35
T RE % 96. 94 96. 65 97.47 97.65
143 147 243 242
148 151 238 236
132 138 251 244
151 141 252 249
139 154 242 251
TR/ mm 140 143 246 248
134 139 245 249
137 132 242 252
146 145 231 251
151 138 251 233
B/ mm 142.1 142.8 244. 1 245.5
AR % 4.79 4. 64 2.67 2.70
Rt 25/ % 95.21 95.36 97.33 97. 30
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