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Parameter optimization of pneumatic conveying air inlet device in apple
picking pipeline
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(College of Mechanical and Electrical Engineering, Hebei Agricultural University, Baoding 071000, Hebei, China)

Abstract: [Objective] China is the largest apple producing country in the world. Pcking is the most
time-consuming work in apple production and labor cost for apple harvesting would account for 40% of
the whole operation spending. Unreasonable picking and conveying methods would cause apple dam-
age, and the quality of picking operation also could directly affect the transportation, processing and
sales of apples. The labor force engaged in orchard operations had gradually decreased as the accelera-
tion of urbanization. In addition, the traditional manual picking has low working efficiency, high labor
intensity and high cost. Therefore, mechanical picking is urgently needed for modern apple industry in
China. Pneumatic conveying device for convey apples after picking is necessary for mechanical pick-
ing. Ventilation in the conveying pipeline could reduce the bumping damage of apples and realize con-
tinuous picking and low-loss conveying of apples. The air inlet device could have great influence on the
distribution of wind field and the change of wind pressure in the pipeline, so it is of great significance to
study the air inlet device. [Methods]In this experiment, high-quality Fuji fresh fruits were used as raw
materials, and a self-built pneumatic conveying device test-bed for apples was tested. The number of air
inlets, the distance between pipe outlet and air inlet, the inclination angle of the air inlet and the inner di-

ameter of the air inlet were taken as test factors, and the pressure difference between fan and pipe inlet
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and apple damage volume were taken as evaluation indexes. In the single factor test, we analyzed the in-
fluence of the number of the air inlets and the distance between the outlet and the air inlet on the air
pressure in the conveying pipeline by simulation method. We analyzed the influence law of the inclina-
tion angle of the air inlet and the inner diameter of the air inlet on the pressure difference and damage
volume by the bench test method. Based on the results of a single factor experiment, the orthogonal ex-
periment of four factors and three levels were carried out. The range analysis method was used to deter-
mine the primary and secondary relationship of each factor, the variance analysis method was used to
judge the significance of each factor, and then the SPSS software was used to analyze the interaction of
each factor, so as to obtain the optimized structural parameter combination of the air intake device, and
carry out the verification test. [Results] The single factor experiment showed that the maximum pres-
sure decreased when the number of the air intakes increased. And as the pipe length increased, the wind
pressure in the pipe increased first and then decreased. The orthogonal test results showed that the pri-
mary and secondary order of the factors affecting the mechanical damage of apples transported by pipe-
line were the number of the air inlets > the inner diameter of the air inlets > the inclination angle of
the air inlets > the distance between the outlet of pipeline and the air inlets, and each factor had signifi-
cant influence on the test indexes, and there was interaction between each factor. The optimized parame-
ter combination should be that the number of air inlets was 1, the distance between the fan and pipe in-
let was 50 mm, the inclination angle of the air inlet was 30, and the inner diameter of the air inlet was
44 mm. Through the verification test, the pressure difference and damage volume under the optimized
combination would be 82.341 6 Pa and 85.670 2 mm’, and the test results were better than the index val-
ues in the orthogonal test. [Conclusion] The parameter optimization method of the air inlet device of
the apple pipeline pneumatic conveying proposed in this study is reliable, The optimization effect is ob-
vious, and the test steps are controllable, which would provide a reference for the pipeline pneumatic de-
vice to convey apples with high efficiency and low consumption.

Key words:Apple; Pipeline transportation; Inlet device; Pressure drop; Damage volume; Experimental
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A. Three-dimensional diagram of the test bench; B. Physical map of the test bench. 1. Fruit basket; 2. Centrifugal fan; 3. Air inlet pipe; 4. Convey-

ing pipe; 5. Bench; 6. Anemometer; 7. Hand lifting device; 8. Apple damage observation platform; 9. Fuji apple; 10. Speed governor.
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Fig. 1 Apple pipeline pneumatic conveying device test bench
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Table 1 Main technical parameters of Apple pipeline pneumatic conveying device

Z4 Parameter & Numerical value Z4 Parameter #{H Numerical value
Kex B x5 2.0%0.5x2.0 AL KT A 42 68
LengthxWidthxHeight /(mxmxm) Inner diameter of fan outlet/mm

ik AR 90 KL R i 630

Inner diameter of conveying pipe /mm Maximum fan flow/(m’-h™)

A IESME 98 KL e ik 2820

Outer diameter of conveying pipe /mm Rated fan speed/(r-min™)

ALY s 0 R AHLAE 1600

Fan type Medium pressure centrifugal fan Fan pressure/Pa

R T < 340x231%373 AL FEL 220

Fan lengthxwidthxheight /(mmxmm>mm) Fan voltage/V

ABLH A T SRME 105 RGH A A Hr A
Outer diameter of fan /mm Anemometer type Digital anemometer
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browned area; D. Average diameter of the apple; ;. Damaged surface long
axis; b,. Damaged surface short axis; 4. Damaged depth. The same below.
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Fig.3 Cross-sectional view of apple damage

b

7

<

B4 FERBBGAIE
Fig. 4 Apple injury longitudinal section
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Fig. 5 Local grid division of transmission pipeline
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Table 2 Mesh division and iteration values

HEJR I £ o 1% £ AR

Number of air inlets Number of grids Number of iterations
1 143 161 303

2 277 130 263

3 313268 237
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Fig. 6 The influence of the number of air inlets on the relative pressure in the pipeline
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Fig. 7 Cross-sectional view of the number of air inlets

versus the pressure change in the pipeline
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Fig. 8 Influence of four air inlet schemes on relative pressure in pipeline
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Fig. 9 A partial view of the influence of the four air inlet schemes on the relative pressure in the pipeline
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Table 3 The effect of the inclination angle of

the air inlet on each index
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Table 4 The results of the influence of the inner diameter

of the air inlet on each index

HER 5 £ 7 iR HERT A1 E# T RIR
Ailr inlet inclination/°  Pressure drop/Pa Damage volume/mm’ Inlet diameter /mm  Pressure drop/Pa Damage volume/mm’
20 111.261 1 407.045 8 21 135.661 2 483.884 6
30 100.169 4 206.006 6 28 114.622 7 361.083 9
40 106.261 7 309.277 3 36 105.447 1 261.0572
50 109.739 6 360.863 5 44 100.673 7 102.9390
60 114.947 1 4443973 57 118.229 4 405.5753
F 279.3382 201.490 7 F 1116.648 41 46.791 51
<0.001 <0.001 < 0.001 < 0.001

Hip <001 (B, *%;0.01 <p < 0.05(83F,*);p > 0.05
CREF). F ISR F AR, MREYE. FH. P08 =R Pressure drop 149

Note: p < 0.01(very significant, **); 0.01 < p < 0.05(significant, 140 '+ \\\ - ~$ET#HR Damage vohume . 1420 ME
*); p > 0.05 (not significant). F is the statistic of variance, the larger D\Gj B L : E
the F value, the more obvious the effect. The same below. § 130 ¢ 1330 g
= T N ) % 120 ' 1280 ED
SR 2 2, FAH o 279.338 2. p fE /T 0.001 ; HE X 3 g
CUG ff S R B R BB F O & o g
201.490 7 p fE/NF0.001, 338 X 60 A X6 I 22 K% 45 ﬁmow ;m§
{45 AR RO 0 4 PR 10 % T 22 B354 1A I R A

o) B8 26 1E X A6 A 10 48 i 52 S 08/ i 1 K ke 3
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Fig. 10 The influence of the inclination angle of the air

inlet on each index
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Fig. 11 The influence of the inner diameter of the air inlet

on each index
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Table 5 Orthogonal test factors and levels

. - SRR EST . . ,
s R SR s ke
oG PR T 2 125 -
/K*F Number of ) Air inlet Inlet
.. Distance between . . .
Level air inlets ine outlet and air inclination  diameter
A Pip e D/mm
inlet B/mm
1 1 50 30 28
2 2 100 40 36
3 3 150 50 44

LR IGHET 2 0, 35 18 LA, I35
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Table 6 Orthogonal test results

stig e I Factor 4845 Index

Test Y, Y

number 4 B € D I I I I

1 I 1 1 1 1038794 100.6026 259.6276 210.2812
2 I 2 2 2 1069321 102.0978 307.3138 270.6548
3 I 3 3 3 1043962 103.9830 226.6317 194.3278
4 2 1 2 3 1052165 1049099 300.5698 331.2727
5 2 2 3 1 1313026 131.6633 694.3594 7123617
6 2 3 1 2 1144144 116.7004 482.6942 500.716 1
7 3 1 3 2 1298131 127.7789 789.576 6 750.992 1
8 3 2 1 3 113.6027 114.1450 5154909 481.6942
9 3 3 2 1 1381203 136.8022 926.5033 900.486 1

24 EXRILERDTHT

241 EZURIBHE S ONRE & BRI ER
KZ N IEAZ I 4 AT 22 o3 b, I ZE e i 45 2R
WIER T FToR , B 22 3 AT 5 4% TR 22 52 1 2 38 10 P A
bR A S5 R 2 (A 25 (8, A 22 AR , 15 I L IR 2 0t

IR NI AR iy R

& 22 510 AR PP B AR N TR AR E R /)N

HERCE: B R . X R 7 S5 IR T T, IR &R
(W 22 J K, o B 12% DR 2% 0o S B 48 A P S Tk 2 5
5 R 25 s 22 B 52 2 32 k7 A > D > C >
B, AN ABICDs s 5 TR 2 5% 45345 7 R ) 5 il
FEFEWRINFNA>D>C>B, HMLAHAAEN
A,B.C\Ds.
242 ERBEHESH TR ZEST, TE
3BT AT DAHERR 1050 1% 22 R, HL o] DA W %% R 3R
() 52 25 7K SR, i SPSS 26.0 B4 %o 1k B 45 B 33t
1775 2500, 3R 8 Fra , ARG (R R I A | B S 22
TiH A F A R 0] 5009, F I FHE : Foo (2,
9)=8.02, [ ZH W FAE KT FRIlE FHER, £ox
HEBEAEBEE.

T RML S s BN DA E 2 F> Fr>
Fe> Fy> Fon(2,9), H &2 IUH p {E35/ T 0.01,
M A.B.C.D AWM R ZERZ, EIRIT N A> D>
C> B, RIS p (i< 0.01, BARFEAY 5 2 0 T35 R
(RGN : Fi> Fp> Fe> Fy> Fop(2,9), H& &
T p (/8T 0.01, W 4 B.C DA BE N K,

*7 EXRBRESFR
Table 7 Orthogonal test range analysis table

Eiztan TiH
Index Project B ¢ b
5% ki 103.648 5 112.0334 110.5574 123.728 4
Pressure ;. 117.3679 116.6239 115.6798 116.289 4
drop Y,
ks 126.7104 119.0694 121.4895 107.708 9
R 23.0618  7.0361 109321 16.0195
'UI:JJ(%Z A, B, C, D;
Better levels
R/ S| D C B

Primary- sec-
ondary factors

WA K 244.8062 440.3867 408.4174 617.2699

Damage ;. 503.6623 496.9791 506.1334 516.9913

volume

Y, ks 7274572 5385599 561.3749 341.6645
R 482.6510 98.1732 152.9575 275.605 4
LK1 4, B C D;
Better levels
ERHEE 4 D C B

Primary- sec-
ondary factors

T < ks 53 2R TR 2 B 35 KP R AR A I8 R bl .
GE

Note: ki-k; respectively represent the mean value of the sum of indi-

cators at each level of each factor; R is the range. The same below.

FRIFFE AN A> D> C> B, iR g7 p {f < 0.01, 3%
AR Y S 2, 2 BT ) & R = 3
243 REAERAESA EIEZREH, TEE
REEEAFKFRPERRR, U—PNFERPIK
SLE R — MR R R K EAR AR — ),
T R 2R A7 FEAS EARE T, BAFER BAE B2 4
AR R B A28 e 2 AN R (R (1048 BLAF
RN —RZBHAER 3R R BEAERKRA
TR HARM, A R UL BRI BAE RN
WA HAER , B BAE RS AR /N 38 A N5
FEPT, ARG RN — a8 BAE R TR . 25 1A
FIAIAE BAE X R 22 i i B 12 B, % R &R
()42 FLAE FOH5 5 AR AR s i a1 13 Bl

B 12 w150, 00 T XL S & N D Ab B & 2%,
Bl 12 P il 2R3 A7 AE 28 R, & DR 36 TR) 35047 76 22 BLAR:
F 5 BB 12-A~C W] AT, B R At 3 N PR 3R 2
ELA PP s 22 B AR I, P b I T DAy XL T 2 R )
AR s B 12-A \D~E a] &1, 53 533k X 0 ) R
B9850 mm 5 HAth 34N R 5 A8 BRI 22 {8 &
i, 50 mm A7 18 5330 R R) B S B /KT 5
12-BD.F 0] %1, #F KB 9 30 ©5 FHA 3 4N PR 3%
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Table 8 Orthogonal test variance analysis table
Eifan PRI 7R H R A Ft plE
Index Sources Sum of squares Degree of freedom Mean square F values p values
JE 2 A 1614.703 2 807.352 316.623 <0.01%*
Pressure drop Y, B 153.118 2 76.559 30.024 <0.01%*
C 359.005 2 179.502 70.396 <0.01%*
D 771.178 2 385.589 151.218 <0.01%*
%7 Error 22.949 9 2.550
JSA Total 244 748.715 18
FE 7 Model <0.01%*
A AR A 700 085.402 2 350 042.701 648.100 <0.01%*
Damage volume Y: B 29 139.284 2 14 569.642 26.976 <0.01%*
C 71 992.096 2 35996.048 66.646 <0.01%*
D 233 507.177 2 116 753.588 216.168 <0.01%*
%% Error 4 860.953 9 540.106
JAAT Total 5396 298.058 18
FE T Model <0.01%*
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Fig. 12 The influence of the interaction of various factors on the differential pressure value
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Fig. 13 The influence of the interaction of various factors on the damage volume value
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Fig. 14 Damage of the apple after pneumatic conveying
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Fig. 15 Damage of an apple after pneumatic conveying
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