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Simulation Analysis and Optimization of Flow Field in Metering mechanism
for Tomato Seedling Raising

ZHANG Haidong, ZHENG Anqi, YU Qi, LIU Jiapeng, YANG Wencai

(College of Mechanical and Electrical Engineering, Yunnan Agricultural University, Kunming 650201, China)

Abstract: [Objective]Seedling raising is a critical step in tomato production. However, the irregular shape and light weight of tomato
seeds make high—performance seedling raising a difficulty in the industry. This study aims to identify the optimal structural and
operational parameters of metering mechanism of a tomato seedling raising seeder through simulation and bench tests, with the
expectation of providing key technical support for high tomato yields. [Methods]First, single—factor experiments were conducted to
determine the influence of three factors—negative pressure air chamber diameter, fan blade thickness, and number of fan blades—on
the negative pressure at the suction tube inlet. Then, an orthogonal experimental design was used to optimize the structural parameters
of the metering mechanism of the seeder, and the optimal structural parameters combination was obtained. Finally, the optimized
design was 3D-printed into a physical prototype and installed on a test bench for bench trials. These trials further verified the
performance of the metering mechanism after structural optimization, and an orthogonal experiment was carried out to determine the
optimal operational parameters. [Results]The simulation validation test showed that with 9 fan blades, a negative pressure chamber
diameter of 66 mm, and a fan blade thickness of 2.1 mm, the negative pressure at the suction tube inlet reached 143.32 Pa. The error

between the response surface methodology prediction and the CFD numerical simulation was 2.19%. Bench validation test results
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indicated that the negative pressure at the orifice inlet was 137.79 Pa, at a fan speed of 1 500 r-min”', the error is 4.01% between the
bench test results and the numerical simulation results for orifice negative pressure. [Conclusion]The operational parameter
optimization experiment demonstrated that the optimal parameter combination is a roller speed of 8.5 r+min™ and a fan speed of
2 400 r-min"'. Under these conditions, the qualified seeding rate, multiple suction rate, and missed seeding rate are 93.92%, 5.66%,

and 0.42%, respectively, meeting the requirements for tomato seedling raising seeding.

Key words: tomato seedling raising; air—suction type; axial-flow; CFD; parameter optimization
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1.Seed metering roller baffle; 2.Bearing; 3.Seed metering roller;4.Negative pressure chamber;5.Chamber baffle;6.Fan plenum;7.Drive shaft;8.Fan blade;9.Fan baffle;10.Seed cap;
11.Seed scraper baffle;12.Seed box partition;13.Seed box
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Figure 1 Structural diagram of metering mechanism of tomato seedling raising device
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Figure 2 Seed metering device flow field simulation model
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Figure 3 Schematic diagram of the computational domain for the seed metering device model
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Table 2 Selection of values for the single-factor experiment

%% Number X,/mm X,/mm X,
1 30 1 5
2 50 2 7
3 70 3 9
4 90 4 11
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Figure 5 Contour plot of airflow velocity for various negative pressure chamber diameters
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Figure 6 Negative pressure at the nozzle inlet under differ-

ent impeller blade thicknesses
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Figure 7 Contour plot of airflow velocity with different impeller blade thicknesses

3113 PEAHBAAS AR TERESRE AR 60 mm, 5 RS 82,5 mmAg 5T 5% R A
Bt 5, 7,9, 11,13 mmiEA7 B 2300, AFR ST bt i 1 500 X6 W A A 1 B 52 . Pl I8RO m 01,
M0 S 36 E9 Rt i A A B /N AR (BB B R TS A RIVE i R R AR B 2 R
R R B LR AR A SRR A T I BRI BILA , Ry B R A RS SRl . SRS A DY



-6 - domoOR L kK % % R %57 %
TR0 i B 40 BB, 5 1) — B 1 S0 FE I T M _
SE W T 53 L 3 PR K T4 SO R L S RIS £5
SR S B R G O B W2 13 BN ok A 23
F B P 810 K 5 400 2 A A R LS
i B 224 35 R BELA RO , (R 2 3 £o
(I AU RE R L F5 20 55 T KU 70 2B B RE 7 FLw
3.2 R B ER I ASHFGER I T " os : : .

Box—Behnken Design (BBD ) i X} #5 & 11748 1t #4743 7
WFSE B AR S B 2 e 202 AR - 3 B PR 2Kk
Brai R, e I N R E X, (R EER)
50 ~ 90 mm; X, (53 it 7 JZREE ) < 1 ~ 3 mm; X, (i i
NE 6~ 120 PR A AR S g BEE Y, R

L R i

Number of fan blades

B8 AEBMHHAEMHETRENOLNGE

Figure 8 Negative pressure at the nozzle inlet with differ-

ent numbers of impeller blades
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Table 3 Coding table of factor and levels for orthogonal experiment
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-1 50 1 6
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Table 4 Orthogonal experimental design and results
745
Serial number X,/mm X,/mm X Y/Pa
1 70 2 9 139.25
2 70 2 9 139.56
3 50 2 12 120.75
4 90 2 12 115.81
5 50 3 9 128.57
6 50 1 9 127.64
7 90 3 9 125.18
8 70 2 9 140.79
9 70 3 6 125.92
10 90 2 6 124.62
11 70 3 12 115.88
12 90 1 9 122.46
13 70 1 6 119.12
14 70 2 9 138.27
15 70 2 9 140.21
16 50 2 6 127.67
17 70 1 12 114.34
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Table 5 Analysis of variance for regression equation

KU I FI ¥5 F p
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Note : “**” means that the term is extremely significant(P < 0.01), “*” means that the term is significant(P < 0.05).
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Figure 10 Response surface of the experimental factor to response Y
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Figure 11 Flow field simulation results at the optimal parameters
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1.PUS speed regulation motor; 2. Test bench; 3. Metering mechanism for tomato seed-
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o Q RIS A% 5 R IR P A F R 5 LR G P B R 5 ny A R 0 BRI n, RS R Y 22
KB sy ARG P R TR IR s N A6 1 b B8, ARG B V=360,

B UE £5 200 5045 UL 2% 6, 26 3 I 1 500 e min™' B LA HEFD E5 5 T Y38 Fh 546 508 75.22% , P ERE R
H4.41% , TR IHEFE R 20.37% AL S5 HERP 88 38 Rl B8 Fh G A% 228 90.52% , P ¥ HHE 8 1.33% ,~F- i
&N 8.15% , AHAS T4 BA HERD 28 A& b A% RIZTF 15.30% , V- 4% RIRAK 3.08% , T 1% F A 12.22% . M
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Table 6 Sowing performance test results

WG AR &% ARG HERP
T Initial seed metering device Optimized seed metering device
Index ¥IME/% brifE 22 Y{H 1% brifE 22
Mean value Standard deviation Mean value Standard deviation

PAN &

GG 75.22 1.19 90.52 1.28
Pass rate

ij%% 441 0.87 1.33 1.31

Re-seeding rate
iR 20.37 0.54 8.15 0.39

Missseeding rate

322 IAEAHMKACKE LT E AR 05 55 WA A R S AT I SR IS < 5 e HERR 28 Al
REMYI D N R EA S SES TAES B REAL, HEFhZR A R B S5 L —TE 25l itie, Xt T
VES B TS, IR I HERR 28 00 e U TAES B, 598 TAES BOGHER 2R VAL M RE A 20

VEIHERN R 355 A 2 5~12 remin™, B33 B 1 500 ~ 2 400 r-min™' . PLAAR R TR AR R 15
b, EAT R =K IE SRR, 0 A 7.

xR7 HEEKTE
Table 7 Factor and level

IKF- X Z Factor

Level A/(r-min™) B/(r+min™")
1 5 1 500
2 8.5 1950
3 12 2400

FH 2 8 T O M AT, T f6 g sk 6T A 23R RV W 23R 114 5 ) 5 Ay S 3, T Bt P 3k %o WA 36 A9 S92 i 68y Bl 25
TR 5L N 8.5 romin™ M5 R 1 950 remin' BF(A2B2), 4% R  EWCR FIS RSN M7 MR TR
8.5 remin™' 5 %3 4 2 400 r-min' B (A2B3) , H4% i iy H IR ORI, 2008 5 s T A2B2 (B4 AL F A%
KV o LRE 5 BN E L HEFN SR 0 e tE TAES O R A %32 8.5 v min™ 3 FHHE 3 2 400 v min™', PLAS G 4% %
W R R 5350 M 93.92% .5.66% F10.42% .,

=8 HAWER
Table 8 Test results

Fe5

Serial number A B (AxB), (AxB), Q1% RI% L%
1 1 1 1 1 83.32 4.52 12.16

1 2 2 2 87.81 5.30 6.89

3 1 3 3 3 84.31 9.65 6.04

4 2 1 2 3 90.37 1.36 8.27

5 2 2 3 1 91.53 3.96 451

6 2 3 1 2 93.92 5.66 0.42

7 3 1 3 2 84.11 3.73 12.16

8 3 2 1 3 84.59 5.07 10.34

9 3 3 2 1 81.88 8.29 9.83
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Table 9 Results of range analysis

PP A B (AXB), (AXB),
Evaluation metrics

ky 85.15 85.93 87.28 85.58

k2 91.94 87.98 86.69 88.61

0 k3 83.53 86.70 86.65 86.42
R 8.41 2.04 0.63 3.04

ky 6.49 3.20 5.08 5.59

k2 3.66 4.78 4.98 4.90

k k3 5.70 7.87 5.78 5.36
R 2.83 4.66 0.80 0.69

ki 8.36 10.86 7.64 8.83

. k> 4.40 7.25 8.33 6.49
k3 10.78 5.43 7.57 8.22

R 6.38 5.43 0.76 2.34

22 RIBOR, DLW B 3R AR RSP AR X 5 S B M K

Note: The larger the range R is, the greater the influence of the factor’s level change on the experimental results.

4 iES%®
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IEAS AR T, 15 52 M W A 10 FR 9 32 R 38 DA R B/ Ay Bt i AL B AU AR R P R
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AHIE 5T R A9 CFD 15 B e 37 11 25 5 5 4200 AR 25 A B9 BEOR B A, Wik B v BE T & . i o T A 78 55 CFD
PR 224 2.19% , BEA RIS 25 B 5 G 20 25 AR 22 8 4.01%, 40T TR T2 & FE . X Ah
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