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Gas — Solid Coupling Simulation and Experimental Optimization of
Throwing Device of Sweet Potato Seedling Recycling Machine

MU Guizhi'> LU Haoyu' ZHANG Tingting'> ZHENG Wenxiu'> ZHANG Wanzhi'®> LU Zhaogin'"?
(1. College of Mechanical and Electrical Engineering, Shandong Agricultural University, Taian 271018, China
2. Shandong Provincial Key Laboratory of Horticultural Machineries and Equipments, Taian 271018, China)

Abstract: Sweet potato seedling recycling machine can realize sweet potato seedling recycling for
feeding, avoid the waste of resources. Throwing device is an important component of sweet potato seedling
recycling machine. However, throwing sweet potato seedlings has high power consumption. The dynamic
analysis of sweet potato seedling in the throwing device shows that the fan blade backward tilt is more
conducive to throwing than forward tilt. The power consumption analysis of the throwing device shows that
when the structural parameters of the fan are fixed, the specific power consumption is high as the speed is
increased. The gas-solid coupling method was applied to simulate the conveying process of the throwing
device. It was found that as the speed increased, the average flow velocity in the recovery machine was
gradually increased. The blade number and blade inclination had a great influence on the performance of
the throwing device. Then the fan speed, blade number and blade inclination angle were taken as the
experiment factors, and the specific power consumption, recovery rate and throwing speed were taken as
the experiment indexes, the center combination experiment with three factors and three levels was carried
out. The results showed that the influence of factors on the specific power consumption from large to small
were fan speed, blade inclination, blade number; the influence of factors on the recovery from large to
small were fan speed, blade number and blade inclination; the influence of factors on the throwing speed
from large to small were fan speed, blade number and blade inclination; when fan speed was 880 r/min,
blade number was 3 and blade inclination angle was 7°, the specific power consumption of throwing
device was 718 m*/s>, and sweet potato seedling recovery rate was 92.79% , the throwing speed was
5.96 m/s. Comparative experiments showed that after the optimization and improvement of the throwing
device, the specific power consumption was reduced by 15.83% , the recovery rate of sweet potato
seedlings was increased by 1. 75% and the throwing speed was increased by 5. 49% .
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Fig. 1  Structure diagram of sweet potato seedling

recycling machine
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Fig.2  Stress analysis diagrams of broken sweet potato seedlings
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Tab.2 Simulation test factors codes

SES
ity WL %, / LR ROV s SV
(remin~") ) i
-1 600 0
0 1 000 5 3
1 1400 10 4

AR 3 bl g, r Ly, Y, Yo A
A X X, X, R R e T [ 7 A
Y, =731.4 +386X, 41X, +41X, -
17X, X, -4X,X, -0. 25X, X, +
156X7 +31X; -1.3X;

Y, =96.25 +2. 14X, +0.014X, +1. 06X, —
0.35X,X, - 1. 44X, X, +0. 17X,X, -
4.53X; -0.53X; -0.57X;

Y, =6.57 +0. 84X, +0. 062X, +0. 12X, +
0.09X,X, —-0. 015X, X, —0. 015X, X, +
0. 008X: - 0. 13X; - 0. 28X’

(22)

(23)

(24)

®3 HEAEITEER

Tab.3 Simulation test design scheme and response value

. K% Y,/ Vo Y,/
X, X, X (m?+s72) (m-s™1)
1 -1 -1 765 94. 62 6.01
2 1 -1 1360 93.41 7.11
3 -1 -1 569 88. 34 5.55
4 -1 0 1 547 91.63 5.60
5 0 0 0 745 96. 56 6.62
6 0 1 -1 693 93.71 6.09
7 0 1 1 758 96. 02 6.28
8 0 -1 1 829 96. 26 6.26
9 1 1 0 1240 93.34 7.49
10 -1 0 -1 441 86. 47 5.33
11 1 0 1 1320 92.93 7.20
12 -1 1 0 508 89. 67 5.57
13 1 0 -1 1230 93.55 6.99
14 0 0 0 749 95.78 6.39
15 0 0 0 719 97. 05 6.56
16 0 0 0 706 96. 36 6.69
17 0 0 0 738 95.51 6.57
2.6.2 ISR WEH T

Xt 3 AR IEAT Oy 2200 B, AR IR 4 Frow
XM 4 AT e R TS TR Y 5 25K (P AL AT I

x4 ORFBRFESN

Tab.4 Analysis of variance of regression equation

J5 % Y, Y, Y,

ki M HBE F P SFITEL HE F P SERFR HEE F P
R 1.3 x10° 9 425.02 <0.0001™  146.75 9 49.57 <0.0001*  6.26 9 72.92  <0.0001**
X, 1.2 x10° 1 3429.2 <0.0001*  36.64 1 111.39 <0.0001*  5.68 1 594.87 <0.0001*
X, 1.37 x 10* 1 39.30  0.0004*  0.0015 1 0.0046 0.9478 0.031 1 3.27  0.1133
X3 1.32 x10* 1 37.89  0.0005** 9.01 1 27.39  0.0012** 0. 11 1 11.08  0.0126"
XX, 1.1x10° 1 312 0.1204 0.49 1 1.49  0.2618 0. 032 1 3.39  0.1080
X X; 64 1 0.18  0.6811 8.35 1 25.39  0.0015*  0.0009 1 0.094  0.7677
X, X, 0.25 1 0.0007 0.9794 0.11 1 0.34  0.5775 0.000 9 1 0.094  0.7677
X2 1.03 x10° 1 295.63 <0.0001*  86.59 1 263.24 <0.0001* 0.00027 1 0.028  0.8713
X2 4.1x10° 1 11.74  o.011" 1.17 1 3.56  0.1012 0. 069 1 7.23 0.0312°
X3 7.39 1 0.021  0.8883 1.38 1 419  0.0798 0.33 1 34.09  0.0006*
7 2.4x10° 7 2.3 7 0. 067 7
AT 1.1 x10° 3 .10 0.4465 0.79 3 0. 69 0.603 7 0.96 3 5.35 0. 069 4
®E  1.3x10° 4 1.52 4 0.24 4
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