o Al R 2 2026,31(12):267-285
Journal of China Agricultural University http: /zgnydxxb. ijournals. cn

BHE,TEW BBEIR, EXR,BR. AN . ZEFTDEM-CFDBEHTZWSRADSMEENRITSSHMULI]. FERLRZRIER, 2026,31012)
267-285.

MENG Xiangle, YU Huali, ZHAO Xiaoshun, WANG Jiazhong, GAO Zhen, BIAN Shuangyin. Design and parameter optimization of an airflow-assisted seed
guiding device based on the DEM-CFD coupling method[J]. Journal of China Agricultural University,2026,31(12) :267-285.

DOI: 10. 11841/j. issn. 1007-4333. 2026. 12. 20

EFDEM-CFDHESAFENSAEHEFHEEZN
Bt 5SHMKL

FHES THEW' RBER" EXE B k' #ZHH?
(L. dArdegelr k2 ML TR 22 B, il db 7€ 071001 ;
2. b A HLAT FR 2 /L il dE 4F 2 062550)

W E HASERAGHGEAFLESATFRAREIIRGEEYGRELZ REREAXFAE AT LEZHBE
WT —MEELAIN B GFHARE AATREG I RN E XSG RABRAKM S RED A F
# 4+ (Computational fluid dynamics-discrete element method, EDEM-Fluent) #8475 & *F § 4 K & T /Fd f2 3t 4745
L A ANFAEFmAAD A FHRBd @ ERALLAMY FHEELEMAR, AT FH R
0 F 3 KR ik AR A RN AR R AR R A A 2 B 2 30 mm KR - I IR A 80T B AL A E 5 R AT AR
REFEHATI37.5mm; FRAAUAIAN 5 RAUAIA G AT oM, 2R AN DAAR I E KA F
KR i AR R AR T OULAR S 78. 5005 20 A F 15 h Sk ag R AL 2 AR i R AT M RIF R DAAMERS
HeZAERARBEHTEEREARERE EHA TR REFEHIT W, FAEREN, TR LRHEY
FARETHREFHNEAN TR v B R0, ThHE SRS 6 RERBRBEMEKSS .

KEEWR FHEAEA; AR T, LE 2 E; DEM-CFD; £ KA T

FESES S24 XEHS 1007-4333(2026)12-0267-19 XERERL A

Design and parameter optimization of an airflow—assisted
seed guiding device based on the DEM-CFD
coupling method
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(1. College of Mechanical and Electrical Engineering, Hebei Agricultural University, Baoding 071001, China;
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Abstract To address the issues of poor seed spacing uniformity and significant energy loss caused by intense
seed collisions during high-speed maize planting, a seed guiding device using positive pressure airflow induction
was designed based on the Venturi principle. The main structure and key parameters were determined. The
gas-solid two-phase flow dynamics inside the device were investigated via EDEM-Fluent coupled simulations.
Response surface methodology was employed to optimize the structural parameters, with the average number

of seed collisions and mean horizontal outlet velocity serving as evaluation indicators. The optimal parameters
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were identified as: seed outlet bend radius of 30 mm, contraction-expansion angle of 80°, and distance from

the intersection of the vertical seed tube and the inclined airflow tube to the seed outlet of 137.5 mm.

A comparative simulation between “airflow” and “no-airflow” conditions showed that: 1) the horizontal outlet

velocity of seeds increased by 78. 5% under airflow assistance; 2) the randomness of seed trajectories was

reduced and velocity stability was enhanced; 3) the drag and propulsion of the airflow mitigated collision losses

with the tube wall, resulting in more stable outlet velocity and trajectories. The simulation results demonstrate

that the proposed device improves seed outlet motion characteristics during the guiding stage, providing

structural parameter references for subsequent prototype fabrication and bench tests.

Keywords high-speed seeding; air-assisted seed guidance; venturi effect; DEM-CFD; maize seeds
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1. Air-blowing seed metering device; 2. Fan; 3. Airflow-assisted seed guiding device; I. Seed filling area; II. Seed cleaning area;

III. Seed transportation area; IV. Seed unloading area
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Fig. 1 Overall structure diagram

1.2 ZCAERSH

FRAGHT RN AL E I8 SRR PE W 28X
Ft - HEAT T2 15007 R AR X E=Z
P2 7R o AR AR S5 A R B, 76 AR5 1, TR — 3
AR — A AR R AR I B AR e 5 R T g
ZRMRRAEE . TS, B T iR R b A
TR BRARUE U Sl BLMRE AT RSP TS
th L R AU Bl 2R KUY g Sy 4 000 Pali,
FE U T R A 5 RO A 19 38T A 23T 1 400 Pa
B2, AR IBA T 11 mm, 58 9 mm, it B30 X%
A A,A~99 mm?, TR0, 25 g, W 2548 H )
F,=ApXA=~3.96X10"° N, f + 0 &5 & J1 N
G=mg=2.5X10 *X9.81=2.45X10 * N, i 1}
SRS IAE 1 R T okiFh 5 ), AR 5
B LA HEABURE A IR I LG B

il 30 5 SV AL S AR ABAR L A N 4k 2L 32 |
U R S B S HER L Ry 4 BT Rl T ORE Bl ) 2
FEPE R R WAL o SR B, 2
ooz WK o2, B olERKET,E R
B o R 1,225 kg/m®, S AR L # v,=15 m/s,
Wk HBEd=11l mm, =SS W W ERu=
1.81X10 "kg/(m+s) . BWIHEAXILA D
_ pud
o
AP Re BB IEE; 0 N ZEEE  kg/m?, AWFFE IR
p=1.225kg/m’; v, W2 W H , m/s;d N PR H
L myp WS R kg/ (mes) |, A F 58 ML
p=1.81X10 "kg/(m+s), F [,

TR S S HE W Re=11 167, B 1% T
DU N7 8 3 @ I A S /W) L R A N 5 . Lo [ =

Re 1



270 0 LN ES I Y NS S 4

2026 4F 55 31 %

SIE PR

Gas-solid two-phase flow
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G is gravity ; Fp is static pressure difference; Fy, is aerodynamic force; v, is the initial speed of the maize seed entering the inclined airflow tube.
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Fig. 2 Force analysis of seed
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B: Gas-seed mixing zone and seed discharge transition section
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D, is the inlet diameter of the Venturi tube; D, is the throat diameter of the Venturi tube; L is the throat length; « is the angle of the converging

and diverging sections relative to the cross-section of the Venturi tube; R is the bending radius of the outlet; £ is the angle between the two tubes; ¢

is the angle between the slanted airflow tube and the horizontal line.
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Fig. 3 Schematic diagram of an airflow-assisted seed guiding device
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(a) Ellipsoidal particle (b) Round particle

(c) Triangular particle

(d) Rectangular particle (e) Spherical particle
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Fig. 4 EDEM multi-sphere modeled maize seeds
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Table 1 Seed size mm
P43 2% X4 K i B JEL B
Seed classification Parameter Length Width Thickness

1o R RN 11.48 9.12 5.23
Ellipsoidal particle P o 2 0. 66 0.62 0.65
I8 T L 2 {H 10.78 7.92 5.65
Round particle P o 2 0.56 0.31 0. 62
=R Rk 11.23 8.89 5.78
Triangular particle P o 2 0.51 0.51 0.61
R IV ¥ 10. 27 8.83 6.87
Rectangular particle B 2 0.72 0.56 0.69
BRIE ki - 2 K 8.30 8. 60 7.50
Spherical particle s ofiE 22 0.61 0.59 0.61
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Table 2 DEM material and contact parameters
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S B R R . 3
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S E Y 0.39
T 5T e
R SR R R A 0.286
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RN EE R 0.056
LR 18 0.621
Bl 55 P .
5 R % 0.459
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R PR R 0.093
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Geometry and mesh
+ HEN PRI = A
+ Build 3D model
- XI5 CFDIY A R4

+ Generate CFD tetrahedral mesh

7

- EDEMAI-FRE S5, #h ,r5*|.;r.\
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SRR SR ()
DEM S8 B SRS RO R (R2)

DEM properties + EDEM seed material parameters, and

the settings for seed-to-seed contact;
EDEM seed guide tube, and the settings

for guide tube-to-seed contact.

s ¥

/ CFD #fFi & \
CFD condition settings

+ AFEFE R4 000 Pa, IR0 Pa,
Tt VLR LT 5%, /K F) HAR 20 mm,  BET bR
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+ Set the inlet pressure to 4 000 Pa, the outlet pressure|
to 0 Pa, the turbulence intensity to 5%, the hydraulic
diameter to 20 mm, use the standard wall function,
choose the realizable k-epsilon model, and select the

@pherical drag model. /
A
/ Il S E0 \

Time steps and interfaces
- EDEMI ALK R 1x10¢ s, Fluentfi ] 254
B 40.000 1s, IEEECR 16 00025,
W AR NS
+ The EDEM time step is 1x10° s, the Fluent time
step is set to 0.000 1 s, the number of time steps is

16 000, and the maximum number of iterations

is set to 5. /

EDEM. CFDIFHKf%
EDEM and CFD
startsolving

E5 DEM-CFD W [miE&iRER

Fig. 5 DEM-CFD bidirectional coupling flowchart
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Table 3 Table of experimental factor levels

KA H&EA H&EB HZEC H#&ED HEKE
Level Factor A Factor B Factor C Factor D Factor E
—1 25 45 15 —1 10
1 45 80 30 1 40

T A B BT S5 R TR AT T A, (O s B KA I K A, ()5 C O A0 1 25 i 2 A8, mm D Oy 5 ELRR A 5 R A
A2 5 BE R R 07 B 2 AT (B 5 B O W A mme AR D SRR U BRSO L 2T T Hh R A ) 3 R
T 0 A5 % e BE B PB S P DR G 5 (E R, — LA 143 AR SRR IR 2R A9 IR K S (135 mm) i oK P

(140 mm) . R,

Note: A is the angle between the vertical seed tube and the inclined airflow tube, B is the contraction-expansion angle, C is

the bending radius of the seed outlet, D is the distance from the intersection of the vertical seed tube and the inclined

airflow tube to the seed outlet, and E is the length of the throat. Among them, D represents the axial distance

measured along the centerline of the inclined airflow tube from the seed outlet cross-section to the upstream

intersection point; in the PB test, D is represented by coded values, with — 1 and 1 representing the low level

(135 mm) and high level (140 mm) of this factor, respectively. The same below.

x4 PBIRELRE
Table 4 PB test results table

T H HZEA HZEB HZEC Y HEE f8hr 1/ $8h5 2/(m/s)

Test project Factor A Factor B Factor C Factor D Factor E Metric 1 Metric 2
1 1 1 —1 1 1 2.00 1.37
2 —1 1 1 —1 1 1.40 1.51
3 1 —1 1 1 —1 1.90 1.07
4 —1 1 —1 1 1 2.10 1.26
5 —1 —1 1 —1 1 1.00 1.06
6 —1 —1 —1 1 —1 2.40 1.02
7 1 —1 —1 —1 1 2.30 0.88
8 1 1 —1 —1 —1 1.82 1.16
9 1 1 1 —1 —1 1.10 1.30
10 —1 1 1 1 —1 0.90 1.76
11 1 —1 1 1 1 1.83 1.13
12 —1 —1 —1 —1 —1 2.50 0.87

T A8 AR AR 778 S Pl A2 P 4 Bl 1 B, 8 4 2 AR A 7 7 R 2 o 11 A P 249K P B 5 38 100 i 1~ 1240 PB AR 86 Y 3K

BT R 124 A RS EA S B . .

Note: Metric 1 represents the average number of collisions the seed experiences during the seeding process, and Metric 2 represents the average

horizontal velocity of the seed at the outlet of the seeding device. In the test items, 1-12 represent the test numbers of the PB

experiments, which are 12 sets of simulation tests with different parameter combinations. The same below.
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®5 BBDRHBETFKER
Table 5 BBD experimental factor level table

D M . B L
KA Wi -l ik /D .
Level Factor B Ij‘actor ( ' I?‘actor D
Contraction-expansion angle Bending radius of Intersection dlstance‘f'rom the seed
the seed outlet outlet position
—1 45.0 15.0 135.0
0 62.5 22.5 137.5
1 80.0 30.0 140.0
#®6 BBDIHRZRE
Table 6 BBD test results table
12 5% 0 H R =B HEC =D s 1/ fits 2/ (m/s)
Test project Factor B Factor C Factor D Metric 1 Metric 2
1 —1 —1 0 1.70 0.95
2 1 —1 0 1.56 1.08
3 —1 1 0 1.00 1.42
4 1 1 0 0.56 1.61
5 —1 0 —1 2.72 1.17
6 1 0 —1 1.56 1. 37
7 —1 0 1 2.30 1.20
8 1 0 1 1.11 1.47
9 0 —1 —1 1.50 1.03
10 0 1 —1 0. 60 1.42
11 0 —1 1 1.00 1.18
12 0 1 1 0. 50 1.47
13 0 0 0 0.80 1.25
14 0 0 0 1.01 1.31
15 0 0 0 0.96 1.17

B H Y 1~15 24 BBD IR Z 4775, T X 48 IS 405 B Jr &, Hoh 1~ 12 3R [ R R K AL G 19 05 Bk 5 , 13~15 R

Note: In the experimental items, numbers 1 to 15 are the BBD experiment run numbers, used to distinguish the 15 sets of simulation

schemes. Numbers 1 to 12 are simulation tests with different factor level combinations, and 13 to 15 are repeated tests at the

central points.

3 ZR5HHR

3.1 MmEEERKEITiE
3.1.1 PBiX¥ 4R Ao

B IO - - X Al 48 RO S 1T S 28 K R
YEN A PEREFE B o 1 1 lf 438 Y ER QOO Sy

AU R DN R TR R R S
FH LA ZRAE S Foft ik 7 A4l 488 4504 5 1 11 SF 2 0 3 2
(m/s) [ B Fift 5 85 I S Ff e B I A9 K P38 SR 2
B2 e ELAG 2 B9 Y 10 7P 38 B A M) T (] 7% b BIL Al 2k
AT LR B RN T A B SEBRiz sz A
FARE B M B b AR RO R R E M AR TR R
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), D] Ik S BAF 5 (S0 0 B0 2 T AR 1) 3 P e A s 1
1z B R E N B DL VT ) )R R T R AR

PB i 56 1 14 F 7 51 249 il 48 7 B0ORT B 7 OF- 24 7K
AT 2E AT AN T R S s . 7 AR Y
P=0.026 5(P<C0.05) , B AU & A & 25 th Fh 1 25 iy
A8 (CO R 4i5 - 182 K 1 (B X6 il 7 SF- 247 flf 48 vk B0A
R, AR A D BRI E, £

R P=0.004 5, B & B 2, AP A il B R (O
AU 45 - B2 K A (BD X Bl 7S 249 7K OF 3R AT 8 35 5%
M) 5 " EL RIS 5 R I A 22 s R L A T B (DD Y
P=0.064 7, B 4% P<<0. 05 hp i K ik W /K F {2 H
PEIT B KO H B A RS S L. LA 8 he 1,38
i 2 RS Pl 45 4 A B ESR , PB 6 S A 4 - B
it R T g 2 AR R R R A R 5C
SR A 3 PR A G 2k BBD Wi b A

7 PBREGIERIFEFHR
Table 7 ANOVA table for PB test index 1

AR S O 1R 7 A H ¥ 7 F 18 P{H I
Source Sum of squares Degree of freedom Mean square F value P-value Significance
5 1)

Bl 2.760 5 0. 550 5.84 0.026 5 *
Model
A-A 0.035 1 0.035 0.37 0.564 4 ns
B-B 0. 570 1 0.570 5.99 0.049 9 *
C-C 2.080 1 2.080 21.91 0.003 4 ok
D-D 0. 085 1 0. 085 0.90 0.380 0 ns
E-E 8.333X107° 1 8.333X107°% 8.80X107°  0.9928 ns
B 7

0. 570 6 0. 095 —

Residual
CIE KA
. 3.330 11 —
Cor total

TE : Model 378 K [l A H 8 ; A-A (B-B .C-C .D-D fl E-E 435l 3878 [ % A (B .C.D HlE 1 32 200 ; Residual 675 48 22 , IR K BE i
T A8 S8 43, T Sz e B AL 158 22 R 2% 18 TR 3R sl A8 AL 40045 AN 2 38 A A 152 22 5 Coor total 7R 1 1E SORT, BIVH B 34 (8 52 i) S 114 728 5
i, BRI Bk 25 TF- 5 RN Z R, AT T T A R A R R S 0 i R R L+ SRR R B 3E (P<T0. 05) , ** 3K OR 5 A iR 3
(P<C0.01),“ns" TR AR ik 3 (P=0. 05) 3 “—"FoR IZ A AT W M FIWT . FIF .

Note: Model refers to the overall regression model; A-A, B-B, C-C, D-D, and E-E represent the main effects of factors A, B, C, D,

and E, respectively; Residual refers to the residual, which is the part of the variation that the model fails to explain, reflecting

random error, unconsidered factors, or model fit issues; Cor total refers to the corrected total, which is the total variation after

removing the effect of the mean, equal to the sum of squares of the model and residual terms, and can be used to gauge how much

of the total variation the model explains. “*” indicates a significant effect (P<Z0.05), “**” indicates a highly significant effect

(P<<0.01), and “ns” indicates a non-significant effect (P==0.05) ; “—" means no significance test is conducted for that item.

The same below.

3.1.2 BBDREZR L 54

PB i 56 25 5 3 B, e 4 - B Tk AR Rl T2 i
HAEXF 2 A AR A R, 38 S R A B
XS KO 5 B S PR sg . L R R A S
i &S T AR R 257 MR R K E N
40 mm 8RB [ E Ry 400 mm, i 1SR
WAE N 4000 Pa, i H E J1 28 0 Pa, BBD i 5 17 HL
W4 - B Bk i (B L R Sl AR (OO RN S B R A
SR s BE R O B (D3R S
5 A1 5 52 BR B % xi= (Xi-X0)/AXi . 54, B 1 .0
i X0=62.5" K AX=17.5"; C fJ ff 0> {H X0=

22.5 mm. # K AX=7.5 mm; D fJ # 0> {f X0=
137.5 mm K AX=2. 5 mm. A5 LhFP 5 2 hilf 4
YBUR S 11 7K 3 B2 VR S PE BB R A o

BBD #4045 R R W, RN W 450 S 85T
SO B S R B R R O R R AR 2 R
Pl 6 Ry Ao 2 B A R T a3 A L BT 7 S A R
S AMEL. HE 6T, SRR E N A
A B MEER R A, 7 I ik B ALK SR Jmy 6 e 0 2k
F2 AR TP LR WA - R e DR Wi - ik
5 SN 5 R A AR R O e AR
) 25 i B SRy S U 2 451 2k RN b lE 4 A R 22 S
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Table 8 ANOVA table for PB test index 2

A S Ok IR - J7 Al H i ¥ 7 F 14 P w3 T
Source Sum of squares  Degree of freedom  Mean square F value P-value Significance
25 )
ok 0.670 5 0.130 11. 930 0.004 5 *x
Model
A-A 0.027 1 0.027 2.410 0.171 8 ns
B-B 0.450 1 0.450 40. 200 0.000 7 *
C-C 0.130 1 0.130 11. 940 0.013 5 *
D-D 0.057 1 0.057 5.100 0.064 7 ns
E-E 7.500<10 ° 1 7.500X10°  6.665X10 ° 0.937 6 ns
ﬁ)%% 0.068 6 0.011 —
Residual
He ik £ A 0. 740 11 —
Cor total
3 750.0 3382.1 3382.1
(a) 1175.0 5 (d) -664.3
1542.9 1910.7
4393 4393
71.4
3382.1 3 382.1
(H) -664.3 (h) -1032.1
1910.7 1910.7
807.1 4393 439.3
_ 71.4 i 714
3382.1 3 382.1 3382.1 3382.1
() 71.4 ) 71.4 (k) -296.4 M -296.4
15429 15429 15429 15429
4393 4393 4393 4393
71.4 71.4 71.4 71.4
3382.1 J&J3/Pa
(m)
The Pressure
15429
’ -1400.0 -6643 714 4393 11750 1910.7 26464 3382.1
439.3
71.4

() ~(m) N AR BBD KB SHH S FHE T = /L )y hb i 284G TR,

(a)-(m) are pressure contours under different BBD experimental parameter combinations, among which (m) represents

the center-point parameter combination. The same below.

& 6

AE BBD R SHASTHENZE

Fig. 6 Pressure contours under different BBD experimental parameter combinations

B DR E b T R A AL DX R IR BIL A A2 i R
TP 7T R S DX sl T R Tk ) U (L M Ak B
JEE I a5 ok U A B R 2 R R VS R
JEE 0 [0 30 RS, ) o 5~ 5 B T ik o £ Ty 3

JE o3 Aii B b ¥ iz gy g, w] Bk — 5 I AE 5 b 2 B A
A (0 ok o VA AR R 2K

HI 32 6 1A, 55 4 4107 HJ7 58 00 B RIE 48 T8
{(NEREAE L N S0 R i R W A P (SR I BU S

=X
H
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16.2 275 16.2 16.2
16.2 16.2 16.2 16.2
27.5 27.5 27.5
© 725 ® 838 (® o (h) 95.0
16.2 27.5 16.2 16.2
16.2 16.2 16.2 16.2
. 27.5 . 27.5 27.5 27.5
@) 72.5 (0] 83.8 (k) 72.5 0 83.8
16.2 27.5 16.2 16.2
16.2 16.2 16.2 16.2
27.5
(m) o2 W E/(m/s)
16.2 Velocity magnitude
: e | — —— |

5.00 16.25 27.50 38.75 50.00 61.25 72.50 83.75 95.00
16.2

BE7 AEBBDIXESHAS TH FluentizE = E

Fig. 7 Fluent velocity contours under different BBD experimental parameter combinations

FnE 8 ffim o %4 S5 h U 4 - Bk £ 80° | i Fib
M1 il 2 42 30 mm B H RS S5 AR 38 S R
A 137.5 mm, B 8(a) S E s =K,

SCFr B S D B A AR IR R R, 5 4 8% R R
FRARAY . FE 1 A 2R R =S, 20 1 K B i
Wil 7, 25 B N R e B 4 —1 340~3 750 Pa, X #

@ © S/ ss)
/ Velocity magnitude

J&F1/Pa l 2(5)
Pressure 75
13000 =70
12500 {65
2 000 — 60
1500 — 55
1 000 50
500 45
0 40
~500 35
—1 000 30
. 05
20

(b) B 5 U IR 1R
(b) Speed and speed trace chart

(a) JEJ11H
(a) Pressure chart
P Ca) g JE 3 50 A1 2 PR T S WA A ) 52 ALk ) T 0 2 5 11 (o) kg i B /N A R 2 1T, P B It (A7 A DA )t 8l 1) R S A A
Figure (a) is a pressure distribution contour map, showing how pressure changes at different points in the pipe; Figure (b) shows the speed
distribution and streamlines, showing the direction and speed changes of the fluid flow inside the pipe.

8 RIMERE

Fig. 8 Contour plots of the optimal configuration
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WA mMERX., IS EERLEL DA B RNTE
N AT I A R B A Al o A I X T ARG, TR A
M%%Bﬁﬁ%iﬁ,ﬂﬁﬁﬂﬁﬁﬁﬁﬁﬁfﬁﬁ%ﬁ,ﬁﬂ?}i

JVIRE R AHREE . SAGHSEAH G HIL %S
ey T 1) 535 Je 0 [ - R 95 8l AU 4 ABRE
BBD J5 22 73 Hr 4 R WA 9 M 10, & 9,48

S A B s BORCSR -BE Kk /D (C O R 28 il 2 18D K
B2 PAE Y /NF 0. 05, J2& 52 Wi Rl 48 v 50 2 395 D
CAZ A D D47 8D (& B I, K& CF DA |
F R PLIH P=0.081 6(P>>0.05), A i 3 , # & ]
T R B AR AL . AR L Ty R R
Y,=0.92— 0.37B — 0.39C — 0.18D —

0.075BC — 0.007 5BD + 0.100CD +
0.65B* — 0.37C* + 0.35D”

Fr 1A AL F=6. 67, P=0. 025 1(P<<0.05), [l 9 QD)
®9 BBDHRIERIFESHE
Table 9 BBD test indicator 1 variance analysis table
45 5K W ¥ A fr 1 ¥y F P P
Source Sum of squares Degree of freedom Mean squares F value P-value Significance

]

5.230 9 0. 580 6.67 0.0251 *
Model
B-B 1. 070 1 1.070 12.31 0.017 1 *
C-C 1. 200 1 1. 200 13.77 0.013 8 *
D-D 0.270 1 0.270 3.10 0.138 7 ns
BC 0.022 1 0.022 0.26 0.633 1 ns
BD 2.250Xx10°* 1 2.250X10°*  2.58X10"° 0.9615 ns
CD 0. 040 1 0. 040 0.46 0.528 3 ns
B’ 1.570 1 1.570 18.00 0.008 1 *k
c’ 0.510 1 0.510 5.81 0.060 8 ns
D’ 0.440 1 0.440 5.10 0.073 5 ns
B 2

0.440 5 0. 087 —
Residual

3%
X7 . 0.410 3 0. 140 11.41 0. 0816 ns
Lack of fit
S 0.024 2 0.012 —
Pure error
CIE BF

Fe Ik A5 A 5.670 14 —

Cor total

T B AW -2 K A, C o ARl 02 i 2l 4%, D Sy e EURD A 5 f00R) <D

RE A O E, B-B.C-CMD-DARIZFE/RHFEB.CHMDARE

A BC . BD AL CD 43 51 7 X 1w 99 B 3% 1] 1) 28 BAT 3 B2 L C2 D243 i) 26 7 % g B3R 19 W00 ; Lack of fit 87m & L0046 56 ml 15
5570 5 5056 B0 =2 I 1 40045 B2 B 5 Pure error R glii 25, FEORIE TS B . T,

Note: B is the contraction-expansion angle, C is the bending radius of the seed outlet, and D is the distance from the intersection of the vertical seed

tube and the inclined airflow tube to the seed outlet. B-B, C-C,

BD, and CD represent the interactions between the corresponding two factors; B?, C?,

and D-D represent the main effects of factors B, C, and D, respectively; BC,

and D’ represent the quadratic terms of the

corresponding factors; Lack of fit represents the lack-of-fit term, used to check how well the regression model fits the experimental data; Pure

error represents the pure error, mainly coming from repeated experiments at the center points. The same below.

A Y A R G B .C LD 4l
IR A S N A R SR R = R (TR
PITAR= aa W EA  B  A  [

H 10, #8 45 2 BE () F=9.70, P=0.011 1
(P<<0.05), MHXRZEZE;BMCHPEY/NT

0.05, J& 5% M H 1K S 3 B i g R &, Hop
C Y FE B A, 26 W HE b 101257 il 2 42 ) B 114 5% i)
S T U4 - I K 5 D e 4% 38 BT R IR 3
PRI P=0.509 6(P=>0.05) , A g # , A R A5 %% .
mlH 75 F2 28
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Table 10 BBD test indicator 2 variance analysis table

2 5 R - J5 A R ¥107 F1{d P{A B

Source Sum of squares  Degree of freedom  Mean squares F value P-value Significance
5 Y

0.460 9 0.051 9.700 0.0111 *
Model
B-B 0.078 1 0.078 14. 950 0.011 8 *
C-C 0. 350 1 0.350 67.610 0.000 4 *k
D-D 0.014 1 0.014 2.610 0.167 2 ns
BC 9.000Xx10* 1 9.000x10* 0.170 0.695 1 ns
BD 1.225x10°° 1 1.225x10° 0.230 0.648 5 ns
CD 2.500x10 * 1 2.500X10° 0.480 0.5197 ns
B* 2.231X10°° 1 2.231x10°° 0.430 0.542 0 ns
C? 3.141x10°° 1 3.141x10°° 6.019x10° 0.941 2 ns
D* 4.416x<10° 1 4.416x<10° 0. 850 0.399 8 ns
@%gg 0.026 5 5.218x10°° —
Residual
1] 15 .

x0T . 0.016 3 5.408 %107 1.100 0.509 6 ns
Lack of fit
7 3
Ao 9.867X 10" 2 4.933X10°° —
Pure error

T
?‘E‘“ Al 0.480 14 —
Cor total

Y,=1.24+0.099B + 0.21C + e

0.041D +0.015BC +0.017BD — 4 BIZSFATEI L3

0.025CD + 0.025B* —
2.917 X 10 °C*+ 0.035D°

A Y, R O m/ s,

AT NS RN N R S 1 8/ I AT
B, BRI C i R0 BB 8, Bl B L C K38 R, P
ilf 48 VR R AR B IS 5 FLFR 3R 9 AT N BC 22 BT P=
0.633 1,38 HAEH A&, D 76 % 523 [l P9 52 i 42
NG M T ROT SR o T B, BRI C 2 AR
C X - 7K 7 2 B2 /9 82 7+ 3 T B BC 3¢ B3
P=0.695 1,0 ARE. R6PHLHAB=80".C=
30 mm \D=137. 5 mm ) & B g { filf 18 Y KO0 155 7K -
R B LG E S R R/ B=78".C=
30 mm . D=135 mm, 15 I V- ¥ filf: 48 ¥k % 0. 60 ¥, °F-
BIKV-H B 1.58 m/s. 7 A % 8 C 7 H 8 HUOK P
TP IR i O 2H S B HG o 97 A5 T A %) 4 3 R B, AR
TF 9 77 e 2 4540 2 B0 W4 - T ik £ 80° L i b 1
AP AR 30 mm | ELRR A R AU A AE AR
Ff 1 1375 mm.

R R W ST Bl B R 5 A R Y A 2 B R
JEEAME R 2R FH EDEM-F luent § 4 77 3% , 7640 7] 25 44
SRR R A SRS JC AR W R T 5 LA AR
2 LO0E S A L AR BT SR AREAR BEAIL 12 2%

A S R TR S TR A,
A3 TS Sl B R b T O T R s sl s Al
FERYSZ IR . K10 S 2 Fp T80 F Fp N S RPAE B 0
SFF R R A R RS o SR S A B A i B
B, A A T A0 R B B KR R R
1.96 m/s, LA W T 0K 1.03 m/s, — & # 22
0.93m/s. W LHA, BT REAKSEER ST,
A8 RE % W A O RE R B B, S B0 1 R A
ik e e v 22 s A S0 T b, S B 4 BEfdi <
i) | BN I S A A R - B3 e S NG W 1
Yy, RS0 A0 S e A R TR T Al A B
RETRAE , fe &Ml Fh 1 M 1K P B R

112 280 T 00N B 1K - S i B X 1
TR LA T 4k 8 5 AT 3 (17 B 7K V- 8 B TE



282

IS [ N SR S 2026 4F 55 31 %

(a) Y1=f(X17X2,0)

Y, /(m/s)

(d) H5AX.X,.0)

(b) Y =AX),0.45)

Y,/(m/s)

(e) Y,5AX,,0,X;) () H50.X,.5)

X1, X, Xo 20 50 WA - A A ) LR Tl 2 A G 8 R A 5 B 0 S A B R 1B Cmm) 5 Y S TP B S R Y,

HY P 24K 3R (m/s) o

X, X,, and X; are the contraction-expansion angle (*), the bending radius at the seed outlet (mm), and the distance from the intersection of the

vertical seed tube and the inclined airflow tube to the seed outlet (mm) , respectively; Y, is the average number of seed collisions, and Y, is the

average horizontal speed at the outlet (m/s).

9 Mg Jiz TE [
Fig. 9 Response surface plot

(4

//

L: J/1.034 24 m/s

(b) T
(b) Condition without airflow

10 EXMFHEEREE

Fig. 10  Simulated velocity distribution of maize seeds

(a) AT
(a) Condition with airflow
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Fig. 11 Comparison of mean horizontal velocity under
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Ho, FEAERUT

DFE LS Fh A a3 3% SC e LAY T T
AT B SR B . PR 6 0 e R W W48 -1 Rk
i1 Rl 2 AR R T R A S AR A A A
B HR Al 1A R R o R SF- 349 G 4 U B8ORS 11K
Tl B E B R . RA DEM-CFD # & 77 %4
BT E KRB 78 AR T 1938 s e 9 48 Box-
Behnken design (BBD) i % fIt fk 3K 15 4 772 = % 41
B R 5 WA e M 257 ik K
40 mm |t E1AS A AR 30 mm | I 4 - i K fR 80°
2R 137, 5 mm. 241 T AT R
S E T 1B & S TE

DS A G HIT TG 5. 45 RE
W, S Fr B OB ST AR L o S X, A R T R
HEAAG AW IE I is B s K B IR E L SR

5 [0 3 U6k 55, U S AR X R E o AEHE HRUE 4 kPa 5%
ER, SR & O AR 2 27 m/s, F 771
KR E L 1. 56 m/s.

VAT S TG AR TR e 2 B R TR 4 A%
G N W ) T el VR ) O 42 7 )
1.5m/sPh b B S TR 78. 5% , f 7L ik
e, MR EMm RS G GRS
(i) 32 36 14— 20 B iE

A 5T I F DEM-CFD #8415 B4 <3 4l Bh
SR BT T A5 R SR AL AR S5 AL AT S R AL
W RIS %, 25 B8] 50 BR 6 Fh o 2 22 HeFh AR
PE VR R b R R AR R R
Ja SENG S5 A RERLIN T | SR I | 5 2R 3 56 R
FEI () 356, %o R BB 5 A% 48 250 b R AR S R R T H 4
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