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Simulation and Experiment of Corn Air Suction Seed Metering Device
Based on DEM — CFD Coupling Method
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Abstract; In order to solve the problem of large amount of DEM — CFD calculation, the Fluent simulation
was firstly used and three-factor three-level orthogonal test of the position of the air inlet was designed.
The mean of pressure in seed filling area holes, mean of pressure in self cleared area holes, mean of
pressure in clearing seed area and pressure of other holes were taken. The mean value was the evaluation
index, the range and variance analysis were carried out to determine the optimum inlet location
parameters. Secondly, the Bonding model of corn grain adhesive particles was established. The structure
grid of the airways flow field was divided and the relevant parameters were set up to realize the DEM —
CFD gas solid coupling simulation of corn gas suction seed metering device. The pressure of the plate
holes was extracted from the flow field when the corn seeds adsorbed. It was concluded that the pressure
changes in each region were stable, and the pressure ranges from large to small was filling area, self
cleaning area, clear seed area, seed carrying area and seed unloading area. Through theoretical
calculation, the minimum pressure of adsorption was obtained, which was compared with the results
obtained by simulation. The results showed that the simulation results were higher than the theoretical
calculation of the minimum adsorption pressure. The first generation of conventional chamber structure
seed metering device and the designed seed metering device were used to test and analyze the air
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pressure , which verified the rationality of the selected inlet position parameters. Finally, by changing the

speed of the plate, the common operating speed of the seed metering device was 8 km/h, 10 km/h,

12 km/h and 14 km/h, and the qualified index, multiple index and missing index were used to evaluate

the performance of seed metering performance under different conditions by simulation test, and the

comparison was carried out through the bench test. The results showed that in the simulation test, when

the operation speed was not more than 14 km/h and the negative pressure was 3 kPa, the qualified index

was not less than 89. 7% , the missing index was less than 7. 8% and the multiple index was less than

2.5% . In the bench test, under the same operating speed and negative pressure value, the seed spacing

qualified index can reach 90.3% , the multiple index was less than 2. 7% , and the missing index was

less than 7% . The simulation test was close to the bench test, which verified the feasibility of the

simulation.

Key words: corn; air suction seed metering device; discrete element method; DEM — CFD

0 35

TR FE B AL EAIEY), B PR AN W
KA (B AR, TR LR AL RS 25 3% Fh B 450
HEEN | HEREHE A RS SR A B O, T
VEVERE ELRE R B Al S H AT, R S HE Al
R EBAT X R AMEBROR ™ RTEEAE 9 A
RAGFPF BT IV 55 = R R S5 00 6 i
R AR HER R R A S R E N A
JE LWL R T IR B, ZOR R E N A —E M E %S
JEHE T A ¥ 5 R, 9 Ah2E S R
AR A7 B R IR LS A T R s |
& A HER R SL bR T AR R T R s sh e
ST A B RS AU Fluent BT H , 5
LB K,

JLLEAE DEM — CFD S [ P AH RS & 76 Tl
Ay AT AS B )z R O i T AR A R SR
[A]f, fE[E 5N DEM — CFD < HAR4 FE N H T T
PR, WK T T e WA #4555 5 B Py 22 0 FH 7
Tk HER RS AR/ B T T K S s HE R
& AR SCEFAT DEM — CFD H44 R i Ia) 8, i 45 7]
FH Fluent #1432 B AR HEF 8 B AR
I & SEL SR I 257 KA F Bonding A AY |5 i
DEM — CFD #5619 77 3 40 B HE B 48 52 bR TAF o 72
H R FL R 55 (0 728 Al R | o 75 L R O i 2 B B
ST, SRR SO A B X R AR
FEANE T HERR 28 TAEIR LA TR0 B, S B %

SR AR IS AL IRAE IR B 3 MR AR AR, AT
Xif ELA T

1 HMEs 5t 5 TIE/RE

HERh 2 BOZEA AN TR 1 B, 1 el HER 2 20
FERNDX | G R X Rl X R X RN IX 5 AN X
SR KRR ERD U P S HERR RIS, 2
13 A BT, R e AL S ) 3 45 30, &

RABRFAERP LSS — I G ) A I W B AL
W b B — % 2l , 22 BT 0 i O R A
TR, R 1 B A S i M1 4k 2 e 3 21 1k 1)
PHLRA L0, 37T b £ 5% 1 ) 20 o 5 B TR ALY
Fesh tpE 2 e ), A5 RUFLIR R M1 T H | [R) p 25 <
¥ 2 ) S L ST, bR T T B0 T IR R
T Hh J7 B 3L TR AR D S8 AR R

(&) THE7 B
Bl HERh RS R

Fig. 1 Structure model of seed metering device
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Tab.3 Range analysis of simulation test result

b 4 1 7k2 ¥ . oz kT
A 2 604. 33 2034. 67 1 600. 00 1004. 33 1
FEFP X R R 5 B 1 889. 67 2 165. 67 2120.33 276. 00 2
C 1975.33 2163.67 2 100. 00 188. 34 2
A 1771.33 2268.33 1815. 67 497.00 2
19 975 Ff X 280 AL B 1751.67 2 100. 00 2003. 67 348.33 2
C 1821. 00 2163. 67 1 870. 67 342. 67 2
A 869. 33 1 472. 00 1692.33 623. 00 3
T XL R AR B 1239.67 1 422. 00 1372.00 182.33 2
C 1228.00 1465. 67 1 340. 00 237. 67 2
A 573.67 1 008. 00 1 176. 00 602. 33 3
HERh X B LR B 837.33 974. 00 946.33 136. 67 2
C 821.33 1015.00 921.33 193. 67 2
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Tab. 6 Physical characteristics of maize and

seed metering plate
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c 5] 12
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4 TR LR HEFh 0.5 1.77 x 108 1. 180

Fig.4 Simulation models of maize grains
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Tab.8 Minimum of vacuum degree
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Tab.9 Process of simulation statistics A
RIFLFPS BOFLRRRH A Rk B i R
1 1 1
2 1 2
3 0 2
4 1 3
5 1 4
6 1 5
79 2 80
80 1 81
x10 HELER

Tab.10 Results of simulation test

AR % BB % WEEHEU %

B/ (km-h ")

8 95.0 0 5.0
10 93.8 0.8 6.2
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14 89.7 2.5 7.8
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Fig. 10  Test process
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Tab.11 Wind pressure comparison results of

metering device
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Tab.12 Result of test
B/ (km-h~')  AAEIEEC % EREIREC % TREEEC %
8 98.0 0.4 1.6
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14 90.3 2.7 7.0
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Fig. 12 Comparison of metering performance between bench test and simulation test
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