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Design and Experiment of Pneumatic Conveying Device for
Seedlings of Peanut Harvester
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2. Sino — US Peanut Production Engineering Technology Union Laboratory, Nanjing 210014, China)

Abstract ; Peanut is rich in nutrition, which is a high-quality feed resource and plays an important role in
increasing the economic added value of peanut industry. The annual output of peanut seedlings in China
is huge. However, there are some problems in the operation of peanut pickers in the main peanut
producing areas in China, such as low efficiency and poor reliability in transporting and collecting
residual seedlings, which leads to a large number of residual seedlings being left in the fields, which not
only wastes resources, but also increases the post-treatment cost. Therefore, it is of great significance to
improve the quality and effect of transporting residual seedlings of the pickup harvester for increasing the
added value of peanut production. Aiming at the practical problem of peanut seedling waste caused by the
lack of efficient and smooth residual seedling conveying and collecting device in peanut picker operation,
in order to improve residual seedling conveying efficiency and reduce residual seedling waste, a residual
seedling pneumatic conveying device was designed. The working principle of pneumatic conveying device
for residual seedlings was expounded, the relationship between equations and key parameters of
pneumatic conveying device for residual seedlings was determined, and the influence of conveying airflow
and key structure on the speed of residual seedlings was analyzed. Through Box — Behnken experimental
design and DEM — CFD gas-solid coupling simulation, the effects of left fan speed, main conveying pipe
height and right fan speed on the conveying efficiency of residual seedlings were analyzed. The results
showed that the order of influence of conveying efficiency was left fan speed, right fan speed and main

conveying pipe height, and the optimal combination was as follows; left fan speed of 1 550 r/min, right
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fan speed of 1 200 r/min and main conveying pipe height of 2. 08 m. Under the optimal parameter

combination, in the main conveying pipe of the pneumatic conveying device for residual seedlings, even

mixing and efficient conveying of residual seedlings and airflow can be effectively realized,

and the

corresponding average conveying efficiencies of Qinghua No. 6 and Zhuhua No.2 were 1 533. 56 kg/h and
1451.52 kg/h, respectively, which were 9.57% and 8. 61% higher than those before optimization.

Key words: peanut harvester; pneumatic conveying device for seedlings; fan; pneumatic conveying
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SIEHIE 0.8 m/s IR LI 46 6 5 RBUGBE AR Y,
B4 2 SR BBEACR Y, R AR, TR I % =
KT IEZSR IR % 5 T % 4

34.2X,X, —10.3X,X, —134.7X; -211.5X; +42.3X;
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Tab.5 Experiment design and response values

o S HAL 6 SRR HEAE 2 SR %
X, X, X, BCRY,/(kgrh') Y,/ (kgh )
1 1 0 1 1406.3 1392.6
2 1 1 0 1158.2 1094.8
3 0 1 1 1297.7 1262.2
4 1 -1 0 1126.3 1056.6
5 0 -1 -1 1115.4 1043.5
6 0 -1 1 1262.9 1220.5
7 0 0 0 1353.4 1329.1
8 -1 -1 0 971.2 870. 4
9 -1 1 0 998. 4 923.1
10 -1 0 -1 1094.9 1018.9
11 0 1 -1 1178.6 1126.3
12 0 0 1 1348.6 1323.3
13 0 0 0 1358.9 1347.7
14 -1 0 1 1258.3 1215.0
15 0 0 0 1376.3 1351.6
16 0 0 0 1352.7 1310.2
17 1 0 -1 1364.7 1333.4

WH AR Za g6 iR, mE 6

HLEAE 6 S HR B R BOR Y, AR 2 5 R B %
ROR Y, PAEYY/NT 0.001, 3B 2 SRR &2
Hipe 250 R*43 51/ 0.992 0 .0. 990 6, 3 B 99% L)
b By e AR 28 AT LA R O 2 AR R iR LUt TR AR
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Tab.6 Variance analysis of regression equation
s FHAL 6 SHRBU IR AR Y, BEAE 2 SRR IR AR Y,

TR 7 Al Fl B F P 7 R F P
FEAR 3.054 x 10° 9 96. 55 <0.000 1 4.220 x 10° 9 82. 14 <0.000 1
A 67 106. 16 1 190. 93 <0.000 1 90 308. 25 1 158.22 <0.000 1
B 3085.05 1 8.78 0.0210 5799. 65 1 10. 16 0.0153
c 27 800. 82 1 79. 10 <0.000 1 40 359. 25 1 70.71 <0.000 1
AB 5.52 1 0.0157 0.903 8 52.56 1 0. 0921 0.770 4
AC 3708. 81 1 10. 55 0.014 1 4 684.03 1 8.21 0.0242
BC 201. 64 1 0. 5737 0.473 5 422.30 1 0. 7399 0.4182
A? 54267.34 1 154. 40 <0.000 1 76 345. 13 1 133. 76 <0.000 1
B? 1.378 x 10° 1 392. 15 <0.000 1 1.883 x 10° 1 329.99 <0.000 1
c? 5639. 48 1 16. 05 0. 005 2 7514.27 1 13. 17 0. 008 4
B 2% 2 460. 33 7 3995.35 7

31! 1987.02 3 5.6 0.064 8 2 806. 09 3 3.15 0.1486
2% 473.31 4 1189.27 4

Jegill 3.079 x 10° 16 4.259 x 10° 16

AL DL R & S ke w0 TAE S

H A PR A 78 2% R 2% Iml 0 R 4, T A R A% IR
XFHAE 6 FFR B BE AL 2 5 R B 8 0 By 52 e Bl
KBNS A2 AL e 0 A UL 5% R 32 % ik
=
3.5 BEMRUSSW

He T IR AT 5 45 R T, A KL |
By 505 R B A UBIL B S ) R B 2 SR B
o, Hrh e HL A% S 52 e B W 35 . DABEAE 2 Bk
Pk 3% % 2% B 5 O PE A 48 bR, 8 b Design-Expert
12. 0 SRR, ZE XHLEE 3 4 1 551, 45 r/min , £y ik &
EEE R 2,084 m A7 RUHLEL 3 1 200 r/min, 3 4E 2
SRR KA KRR R 1 468. 36 kg/h, LR G H SRR
ERWMEEELREE, D ERRESER
2.08 m A7 AL K 1200 v/min, 3 f§ DEM — CFD
G A BN EE 3 B 22 UHIL 3G 3 43 591 2 1 400 r/min
(I3 7K - fe /MED) 1500 v/min (5 56 7K SF- b [A]
{E) 1551 /min( [8] 5B AL B AL A ) (1 600 r/min (2
5 7K V- B KAB) % Bk BAURI i 326 L 1 52 T

PlLds 07 ok e T R A N AR B 4 n (5] 10
fiizs o B 10a v, g (0,0 2y 5B iy W Bk 11 3 A A2
WAL N B 3R BRIz 3l B3, B8 (5 3 e R Bl B il 22 IKUAIL
A ERLE NS, R (17) R A
KUHLES 3 43 5024 1400 .1 500 .1 551 .1 600 r/min B,
FRFILIR % ROR A R 1178, 64 1 340. 52 .1 468. 36,
1416. 37 kg/h, 3] 52 B 5% Bt 5 4 % <3t 09 I TR
B ZERBLE 3R 1551 x/min B, 5% Bt 1) i 3% 200 %
T A NP H R 1400, 1 500.1 600 r/min A,
£ 10a . 10b v FRBR L > B gk g, 32 B aR B

(i o 6 30 3 AR AA 5 1&] 10¢,10d 1 3R B 4k &
FLH E R R K, 352 I 5% Tl A B 306l R B 5
% A A RS R AR PR 10 R, PR 1L
= A 16 B A 1 U L v T T KR B R %R
VLT BE BRI B 1 M 2 R A KT BHE
B 11a 11b 11w, ik 5 16 T B i 36 A0 o JEE ol
72 WKL S S T TH 5, 5 e 6 % SR R BT R
B 1 e TRk 45 bk P BeAOW ™ el X 82 8 11d 8
SIRASE ORI B/, HAR LS R B R A R
U, HE AT T 4 R B 2
3.6 SHFHIKBIIE

Sy 5 S A48 A5 ) A U R A A LR B S
M {8, 8 1 DP3000 4% 38 JXL B I 43 ( 43 B %
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G BEJT 16 o B, BRI EK PR E R LL R
y i, A B B T 2 . 12 R U
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(a) A=1 400 r/min (b) A=1 500 r/min

(e) A=1551 r/min (d) A=1 600 r/min
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Fig. 10  Streamline diagrams of residual seedlings in main conveying pipe

(a) A=1 400 r/min (b) A=1 500 r/min

(¢) A=1 551 r/min (d) A=1 600 r/min
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Velocity distribution diagrams of conveying air flow in main conveying pipe
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Fig. 12 Layouts of air flow measurement points
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Fig. 13

- m- 2=0 mm , XU

e 220 mm , SR
39r * z=170 mm , K37 S
—— 2=170 mm, KUZE Lk 2
35) ¢ =340 mm, KUIZSTIELE

—o— =340 mm , KIZHITHE

- 77

P R (-7
[

i
19+ |

1

)
i L
1 , : : il
-150 -100 =50 0 50 100 150

x/mm

PR 14 S0 A T S ] 00 Ak R A
Fig. 14 Comparison of wind speed at different

measuring points on front measuring surface
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Fig. 15 Comparison of wind speed at different

measuring points in middle measuring plane
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Fig. 16  Comparison of wind speed at different

measuring points on back measuring surface
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Fig. 17  Field test site
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Tab.7 Each evaluation index under optimized conditions

T HAE 6 5 HR Bk % BEAE 2 5 AR %
2R/ (kgh ") R/ (kg-h ")
SR I B 1 1523.49 1437.68
AL lE 1589.28 1468. 36
AHX 15 22/ % 4.14 2.10

% 3 1200 /min | F 5265 = BN 2. 08 m, G E G
b 5% L 26 R0 43 ) A 1523, 49 1 437. 68 kg/h,
3.8 xfbbike

T 7] — Ml He A7 00 A w5 6 b, 78 A= il ik
WREN 12,4 Fk/m® K K 3R 20. 5% M AR TS
PRI & 0 s o X LA Ry 0.7 .0, 8
0.9 m/s JF & FR Bk 16 %t L i85, Pk 5 5 46 6 5 il
TEAE 2 SO L RCE R 1 533,561 451.52 kg/h,
HEAR AT 43 5 82 755 9. 57% 8. 61% , X 55 45 L i 3k 8
F 7R o

F8 MUBETEITILIXWER
Tab.8 Contrast experiment result before and

after optimization

" FHAL 6 5 5B BEAE 2 SR
) i B/ . o
i (mes—) ik ROR/ iR/
m-+s
(kg-h™") (kg-h™")
0.7 1225.68 1175.04
Ak i 0.8 1423.25 1398.51
0.9 1549.71 1435.79
0.7 1343.82 1256.71
itk )E 0.8 1535.23 1 480. 30
0.9 1721. 64 1617.54
R 9.57 8.61
B R/ % ' ]
A
4 ZEig

(1) Bt — il A7l o =X A8 AR 42 R WOIR B
R & S R 2, BT AR AR AR R AL 1
AR E BB ST K 6 5 Bk B 18 AR R BE AR
2 GELPR IR AR

(2) e il g6 & A I3 A B Al |, kA7 B
£ w6 O B A 1 S A BT S S U E
IR AL A FR B B9 W BRRR R S S ) e R R X
BRAAEAE TE 038 SR S AT 20 B, B 8 20 KL
B A KUBIL A S = A R 4 o B A D 52 ol 4B 2 B B
ERCEN EENER,

(3) 3L T Box — Behnken {5 1% i+ 328 , A ZE X
BUHG | 3 8 48 s B2 A XUHIL e Sl A Ry 2 i R 1
TFIEA; FOR BT 5T o 45 R W, i 18 R0 52 i It
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H1 R BN /N 70 KUBIL A 3 A7 UL B k| 3= i ik 4 s (4) 8] G M i 6 %o e 1 22 B DAL IS 75 4E 6
B AR BB 4 ZEABLEE B 1550 /min 47K BAIUBE 2 2 5T B H % AR 4 K 1 533,56,
MLEE T 1200 r/min , E kS = 2.08 m, 1451.52 kg/h, et Ab g0 34255 9. 57% 8. 61%
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