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Numerical Simulation and Experiment of Flow Field in Three Air
Systems of Air Separation System of Peanut Pickup Harvester

WANG Bokai'? YU Zhaoyang'®> HU Zhichao'> CAO Mingzhu'? ZHANG Peng'® WANG Bing'*
(1. Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China
2. Key Laboratory of Modern Agricultural Equipment, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract; There were some problems during peanut picking and harvesting, such as high loss rate and
high impurity rate, which affected the harvest quality and increased the harvest cost. In view of the
problems of high loss rate and high impurity content in process of axial peanut harvester, according to the
physical characteristics and air flow characteristics of various types of particles in peanut pod mixture, a
winnowing system was designed. The motion state of four kinds of particles in air separation space were
simulated and analyzed by Fluent — EDEM coupling analysis. Through numerical simulation experiments
under different conditions, the working parameters and scope of winnowing system were established.
Based on Box — Behnken’s central combination design theory, response surface experiment was carried out
to analyze the influence of various factors on winnowing loss rate and impurity rate and influencing
factors. The experimental results showed that the significant order of influence of air separation loss rate
was Impurity suction height, cross-flow fan speed and seedling suction height. The remarkable order of
impurity content was cross-flow fan speed, impurity suction height and seedling suction height. The
optimal parameter combination was as follows; cross-flow fan speed of 1 508 r/min, seedling suction
height of 181 mm and impurity suction height of 211 mm, and the corresponding air separation loss rate
and impurity content were 1.52% and 1. 01% . Compared with that before optimization, it was decreased
by 1. 42 percentage points and 1. 26 percentage points, respectively. The research results could provide
reference for the research of air separation system of peanut picking and harvesting machine. This
experiment was based on the air separation system of axial-flow peanut full-feeding harvester, and the
experiment object was only “Shanhua 97. It was suggested that the performance of different peanut
varieties and harvesting equipment with different structures should be discussed in depth.

Key words: peanut harvester; multi-fan air separation system; numerical simulation
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Tab.1 Basic physical properties of various types

of particles
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Fig. 1  General structure diagram of multi-fan air
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Fig.3 Schematic of air separation system
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Tab.3 Basic structural parameters of each particle

kL 25 Y INER B Kz BRIY JiE
JE R 9 2.13 0. 69
K 30 15.32 0.32
w0 ZEFE 17 10.79 0.40
B 8 1.54 0.57
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Tab.4 Friction coefficient between various types of

particles
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Fig. 14  Layout of measuring points of airflow field
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Tab.6 Airflow velocity of measuring points m/s
x/mm
z/mm y/mm

-400 -200 0 200 400

200 1. 14 1.16 1.40 1.37 1.18

400 1.84 4.94 6.01 4.71 3.22

150 600 1.42 5.15 5.74 5.32 3.41
800 1.63 3.53 3.37 3.96 1.74

1 000 1.07 1.82 1.26 1.88 1.77

200 1. 06 1. 14 1.34 1.26 1.12

400 1.72 3.93 4.12 4.32 2.85

180 600 1.82 3.75 3.91 4.62 3.11
800 0.91 3.83 4.02 3.95 1. 63

1 000 1.73 1.85 1. 14 3.41 2.01

200 0.82 0.79 1.33 1. 15 1.12

400 1. 64 3.28 3.68 3.34 2.26

210 600 0.72 3.35 4.22 4.22 1.92
800 0.72 3.22 3.13 3.41 0.62

1.

1 000 2.33 2.12 01 2.62 2.45

3 A I T A B B WA B X PR 5 4y
A, TR Iy b5 ro) S A 22 T Xt il ) 72 A

£ 2 =150 mm P[4k, y 77 16 400 ~ 800 mm 4k 77
TE— W E 4 ~6 m/s (&5 R X, 7] i y =
200 mm bR 20 AR 3 A0 E Y y B RR S
] 10a () U 38 B 40 A5 ML — 352 = 180 mm ]
T AL KU X f B A ORT R M, RO AR
BB TR S A, KU 5 10D O 3 S A
B — 552 =210 mm 0 G AL, 25 KU X ) 3
HE— 25 F W, TR B S 075 L X SO0 T Y 5 ) B B
BN — 2P B, 5 10e B9 SO 4 A
MR —3,

X B KSR A 480 A 3 1K 6 5 L T A ) T A
BT U A A A — R, AT L) T (A
FUSCUHER o FL IR R S AT 25 5, 7 AR 25 R
5 PR 7 T RO 00 3o 2 7 A % T8 A 4 IR
R 7 L T A1 % A G 5 P Y A 1F R SRR Y, %
RS TR 0 R R L B R e N

4 HEKE

FH XUIE 2R S8 S0 o 118 B0 1 A 400 S ik 3K g 1 )
A [ TS R R A A A R, R R T RE S
FAERAR S SBGEE . AR B R e B X
i b7 A AT R A RS TN R T B A
— 2 Je PR, PR L 0 — 2 3 3k F (] 56 % i 8 A 5
PEATANFE o X FEAS TR R K T 9 T e R, R 5T
BURE Bl 2T B S B 2 580, DAAS 31 XU &R 58 19
HETIESHAE .

4.1 RBEH5IER
4.1.1 R &AM

T 2020 4F 9 H 7E 1l AR A8 e R Bl g 2
AT (B 15) o W AEE SR o <L qE 9 5,
PAZEN AT R, 2B HE 800 mm, £k EE 275 mm, 1
JER R 0.45 kg/m® o 56 AT 2 9 LK IR G
g T B ML B 3 d J5 B E &K KR
22.67% ,JE R T IKFE N 19.82% , B & KFE N
20.25% i R BE S K B 40 mm, &R
PR 10 kg/m® BRI N 1. 201K 5
Mo H AL 15 000 m* (100 m x 150 m) , + g%
Rt AT N 1.4 g/em’,

4.1.2 B4R bR B Uy ik

W7 4% [E bR GB/T 5262—2008 #E47, it
Z I E Z AR E GB/T 5667—2008 { Al LA A= 7~ ik
557 ) AR AT ML AR HE NY/T 502—2016 (44 A= 4K
BLAE D B 5E) Fl NY /T 2204—2012 ¢ 48 A4 e 35 HLAK
VPP HORBLIAE ) |, I3 P 2 T A A KU R

AR



11

EARBL & BRI WOl = XA K & S8 I B BUE R S 111

15 WA
Fig. 15 Field test site

4.2 ik

4.2.1 PEREAR IS0k

5 1 39 5 PR 2R U A e o A BE A 2 IR
TNALEE A B B 2R C A il
o ME B, 3 RO KL A 5% 3 5 8
BRADL R A EE I A 3 36 A [R], 23 l Ch 1 450
1250 v/min, B8 PUXGESHUR R Y, 5 28R YV 4E N
fobr PN E =K FIESGRE ™ IKBNE Y
Gty WL 7 o

x7 ABEEEREHD

Tab.7 Factors and codes of experiment

i3S
i iy U RUHIL % 3 W, ol g WY % e BE
A/(r-min ') B/mm C/mm
-1 1 400 150 170
0 1 500 180 200
1 1 600 210 230
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Y, =1.64 +0.1X, -0.1X, -0.6X, -0. 03X, X, -
0.05X,X, —0.48X; +0.29X> +0.1X:  (8)
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Tab.8 Experiment design scheme and response values

o I WEBUR®  iAF
g X, X, X, Y, /% Y, /%
1 0 1 -1 2.53 1.73
2 0 1 1 1.24 1.98
3 1 0 iy 1.93 1.95
4 1 ! 0 1.25 2.17
5 0 -1 1 1.53 .82
6 -1 0 1 0.70 2.37
7 1 0 I 0.83 2.13
8 1 1 0 .41 1.87
9 0 0 0 1.60 0.93
10 0 0 0 1.67 0.94
1 0 -1 -1 2.82 1.61
12 0 0 0 1.77 0.88
13 1 0 -1 1. 61 2.22
14 1 -1 0 1. 68 1.75
15 1 -1 0 1.39 2.02
16 0 0 0 1.59 0.81
17 0 0 1 1.56 0.79

Y, =0.87 —1.35X, +0.07X, -0. 1X, -
0.008X,X, +0. 008X X, +0.01X,X, +
0.73X +0.35X; +0.57X (9)
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Tab.9 Variance analysis of regression equation
. Rk E Y, TR Y,
A i g F i g F P
i 4.17 9 44.75 <0.000 1 4.81 9 176. 83 <0.000 1
A 0.1013 1 9.78 0.0167 0.1458 1 48.20 0. 000 2
B 0.1225 1 11.83 0.0108 0.037 8 1 12. 50 0.009 5
C 2.63 1 254.25 <0.000 1 0.078 0 1 25.79 0.001 4
AB 0.004 2 1 0.4079 0.543 4 0. 000 2 1 0.074 4 0.7929
AC 0.009 0 1 0.8713 0.3817 0. 000 2 1 0.074 4 0.7929
BC 0.000 1 1 0.000 1 1.000 0 0. 000 4 1 0.1322 0.7269
A? 0.9863 1 95.23 <0.000 1 2.26 1 746. 84 <0.000 1
B? 0.3266 1 31.53 0.000 8 0.5158 1 170.51 <0.000 1
c? 0.054 2 1 5.24 0.0559 1.34 1 444.33 <0.000 1
%95 0.0725 7 0.0212 7
K 0.044 2 3 2.09 0.2449 0.002 6 3 0.184 6 0.9017
iR 0.028 3 4 0.018 6 4
A 4.84 16 0. 04 16
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Fig. 16 Response surface of interactive factors to loss rate of air separation
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