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Fig.1 Mixed material diagram of almond shell and kernel
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Table 1 Material density and moisture content of almond

FEZAR Sample [ Density/(kg'm®) 5 7KZ Moisture content/%
K5% Big shell 449 10.2240.05
5% Medium shell 450 10.27£0.05
/N5 Small shell 451 10.1840.05
1= Kernel 778 12.4540.05
1.1.2 A &% KHA)

TETAR 7252 R I ) R 550 4 Stokes X Allen [X .
Newton [X, Tjix 3 NMXMIBH ) REPMESAMHEE.. AT
W7 BRI EHE R i3, B /e 2t kit
IR L BRI R R B o X RARTEE IR T
ZAsu/ Il

1
2

3
7*:[———li————} =6.175x10” mm (1
L. —p.)

b u NERENNFE, 1 =18.1x10"Pas; p, NZHEH
£, p,=129 kg/m’s T HIFHEFT, mm: p NI
B, kg/m’.

3 AN DX TR URE 1) R AR A AN TR 1 B3R

Stokes [X . Allen [X . Newton X 773 F 4 EHRIAR MK IR N -
d, <227 2.27<d, <204T. 2047<d,<1100T (d A
PIRRLAR, mm) o ISR AT AT A B ER SRR
53 FH 1 ZH05 X B9 Newton [X, B 240 C {45 0.44.
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1.0Observation tube 2.Wind speed test hole 3.Feeding port 4.Test bench
5.Frequency converter 6.Fan

B2 &FEREEE
Fig.2 Suspension speed test device
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U P X327 1 B2 EOR SR S ik B LU R I BOR, X
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Table 2 Theoretical calculation and experimental results of

suspension velocity of almond shell and kernel material

R g 0 LR e
H o 4R FARIE Theoretical mean 4 EX 4
Component Average particle value of suspension Teslt mee}n Shape
name size of different VelOCiEy SJ;):ES?OH correction
grades/ mm /(m's™) speed /(m-s'l) coefficient
16.65 11.975 9.92 1.74
17.55 12.295 10.17 1.75
N 18.45 12.606 10.33 1.79
19.35 12.910 10.88 1.87
20.25 13.206 11.03 1.72
13.15 10.642 8.86 1.73
13.82 10.910 9.13 1.73
1 5E 14.49 11.171 9.40 1.71
15.16 11.427 9.51 1.75
15.83 11.677 9.66 1.72
9.50 9.046 8.27 1.70
10.00 9.281 8.36 1.69
MR 10.50 9.510 8.47 1.69
11.00 9.734 8.76 1.71
11.50 9.952 8.85 1.70
15.35 15.147 13.10 1.60
15.90 15.416 13.23 1.63
= 16.45 15.681 13.42 1.64
17.01 15.945 13.78 1.61
17.55 16.196 13.96 1.62
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1.Air inlet 2.Three phase asynchronous motor 3.Feeding port 4.Shell outlet I
5.Baffle plate 6.Corrugated screen 7.Pressure relief port 8.Kernel outlet
9.Waste outlet 10.Regulating runner 11.Frequency converter 12.Large
conveyor belt 13.Motor 14.Separation box 15.Air closer 16.Shell outlet IT
17.Vibrating feeder 18.Small conveyor belt II 19.Air  chamber
20.Centrifugal fan pipe 21.Fan outlet 22.Centrifugal fan
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Fig.3 Schematic diagram of shell and kernel air separation device
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Bl dc FoR,  ATTARIR AR BRI SHEIE 2 ALK,
PRENHANT 47 Hz BHEE R M ZE P4, JiikdRshii
BRI N . WK 4d FiR, TEkR A
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Cleaning fan speed/(r'min™)
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b. Cleaning fan speed
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Vibration frequency of vibrating screen/Hz

c. FRPRIRBIHIR

c. Vibration frequency of vibrating screen

LR

Inclined angle of corrugated screen/(°)

d. P
d. Inclined angle of corrugated screen

T OTmLRbEE T T
Speed of centrifugal fan/(r'min™)
e. L ANLEEH
e. Speed of centrifugal fan

T BERZEAT: HEMHUEE 1160 rmin”, Kk EWAR S kemin', FIEIREINZEN 47 Hz, WHIHHfMH 3°, B0 RAHLFE 1275 rmin’.
Note: Fixed factors: the speed of cleaning fan is 1160 r-min™, the feeding quantity of air separator is 5 kg-min™, the vibration frequency of vibrating screen is 47 Hz, the
inclination angle of corrugated screen is 3 ° and the speed of centrifugal fan is 1 275 r'min™.

B4 2RERBLER

Fig.4 Single factor experiment results
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b. Kernel sampling diagram
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a. Shell sampling diagram

Fig.5 Sampling diagram of test process
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Table 3 Calibration relationship between cleaning fan speed and
screen surface air velocity

T LA E RF T AL
Cleaning fan speed/(r-min™) Air velocity of screen surface/(m's™)

1140 9.035~10.182

1160 10.343~11.102

1180 11.417~12.719

F4 REREREEERRKFRIT

Table4 Levels design of factors of shell and kernel separation test

T LN T I i

iR . Ty

sz Feeding TR ,ij i Inclined ek
KA ity of ai ; Vibration anele of Speed of
Levels ~ quantity ofair - Cleaning frequency of & centrifugal

separator fan speed ao corrugated

a/(kg'min™) b/(rmin™) vibrating screen d/ (°) fan e/l
scree ¢/Hz (r'min™)

-1 4 1140 44 2.0 1225

5 1160 47 3.0 1250

1 6 1180 50 4.0 1275

®5 MEERAEER

Table 5 Response surface test results

SERTREN 5
PR ER RN ik - BB i

faifl ik S

Hiks) N ¥i#E  Vibration Inclined
Group Feeding Cleaning frequency ne lme P Speed of  Clean-
number  quantity of fan speed of angic 0 d centrifugal  ing
air separator 4 B vibrating ng:eg;tg fanE  rate/%
scree C
1 1 1 0 0 0 98.256
2 0 0 1 0 -1 98.966
3 -1 0 1 0 0 98.719
4 0 -1 0 1 0 97.446
5 0 1 0 -1 0 96.847
6 1 -1 0 0 0 96.536
7 -1 0 0 1 0 98.567
8 0 0 0 -1 -1 97.696
9 0 0 1 0 1 98.725
10 1 0 1 0 0 97.984
11 0 1 -1 0 0 96.745
12 1 0 0 1 0 98.023
13 0 -1 0 0 1 97.607
14 0 0 0 0 0 97.977
15 0 0 1 -1 0 97.867
16 0 -1 0 -1 0 96.998
17 0 1 0 1 0 97.675
18 0 0 0 1 1 98.998
19 0 0 0 0 0 98.201
20 0 0 0 1 -1 97.971
21 -1 0 0 -1 0 97.751
22 1 0 0 -1 0 97.367
23 0 1 1 0 0 97.743
24 0 0 0 0 0 98.918
25 0 -1 1 0 0 96.578
26 0 0 0 0 0 98.446
27 0 0 0 0 0 98.511
28 0 -1 -1 0 0 96.576
29 0 -1 0 0 -1 97.109
30 0 1 0 0 1 98.682
31 0 0 -1 0 1 97.871
32 -1 0 -1 0 0 97.375
33 1 0 -1 0 0 96.879
34 -1 0 0 0 -1 98.495
35 -1 0 0 0 1 98.778
36 0 0 -1 -1 0 97.008
37 0 0 0 0 0 98.711
38 1 0 0 0 1 98.578
39 0 1 0 0 -1 97.849
40 -1 -1 0 0 0 97.546
41 0 0 -1 0 -1 97.192
42 1 0 0 0 -1 97.549
43 0 0 1 1 0 98.001
44 -1 1 0 0 0 98.169
45 0 0 0 -1 1 98.661
46 0 0 -1 1 0 98.242

3 RENERETFSHMNEMRILD R

3.1 BEERMIARBETSEEMRL
MAEER 5 P HIBIRNE R R IGARAEAT T Z M, 4
R 6 s
Fo FBERZRSMAREMBED
Table 6 Variance analysis of quadratic polynomial model of
the cleaning rate

TR B A R Pl
variance squares Freedom  Fvalue P value
i) 19.59 20 8.31 <0.000 1
A 1.12 1 9.48 0.005 0
B 1.94 1 16.46 0.000 4
C 2.80 1 23.78 <0.000 1
D 1.40 1 11.86 0.002 0
E 1.61 1 13.65 0.001 1
AB 0.30 1 2.55 0.122 6
AC 0.014 1 0.12 0.730 6
AD 6.4x107 1 0.054 0.817 6
AE 0.14 1 1.18 0.287 5
BC 0.25 1 2.10 0.159 3
BD 0.036 1 0.31 0.584 8
BE 0.028 1 0.24 0.629 8
CD 0.30 1 257 0.121 6
CE 0.21 1 1.80 0.1923
DE 9.61x10™* 1 8.16x10° 09288
A 0.27 1 2.26 0.1449
B’ 6.44 1 54.66 <0.000 1
c 233 1 19.77 0.000 2
D’ 0.76 1 6.49 0.017 4
E? 0.26 1 2.18 0.1527
B 7% 2.95 25

JAU T 2.37 20 1.03 0.541 6
ARz 0.58 5

SR 22.53 45

R 0.8693

E: P<0.01 FoRZIURIE % P<0.05 FoRiZI#
Note: P<0.01 means the item is extremely significant; P<0.05 means the item is
significant.

S T R
P'=98.46-0.264+0.358+0.42C+0.3D +
0.32E+0.274B—-0.064C —0.04 4D +
0.194E +0.25BC +0.095BD +0.084BE — (6)
0.28CD—0.23CE +0.015DE —0.174* -

0.86B%> —0.52C* -0.3D* +0.17E>

K 4 NRIRZEE RN E, B NHEIEXNLELE, C N
IRSINZE, D NSO,  E N OB

TR 6 TIA, JHIEFREIA P<0.01, BLAATEER A
ARBTG5 2 , s R B RPE N 0.869 3 N33t B i ik 3R (1]
VAT7 FEAUA RORF, (AR B S 86.93% )M J3i
1284k J7ZEKPEH AL B. C. D. E H3irh P<0.01, £
B i R R AR R Soma i 2 %, HAh TR P>0.05, i BH
XoF 73 3R [ YA AR B i AR I 2512700,
3.2 FLENEEKESHMMK

2 R 52 A7 e BRI e B AR bl imy B i, 5 AN R2 )
RERWTER 4 FosiAKCHER EUE, RIREER R
ML A A H AR KA S S T
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max P’
4 kg/min < a < 6 kg/min
1140 r/min < b <1180 r/min
44 Hz < ¢ <50Hz
20<d < 4°
1225 r/min < e <1275 r/min

i} Design Expert 10.0 {4 Optimization {3k
flDIRE, 1 DRI ZR KPP SRR A2 EOR 2 3 S A 1 B
MBSEAEN: NikdE BN E 5 kg/min. ik KB HE
1 161.73 r/min. FHAEIRSIINE S 47.32 Hz. ST
3.399° . B MMLEEHE | 274.87 t/min, MLSEHE T
IEZN 98.928%
3.3 FRIECXIEMISHES SHIIIE

NARIE S S50 Ak ae i T S, IR A H
RIS R A R SR A RE . AR KOG
RGBT as 3, ARl O O B . 23
TR EERR S, A ETCE AR NS 1
fr, REERFERNSHAET 1 A5 TR %,
PERARREGAERIE R RIES A G KIEZEE RN
8 5 kg/min. J5 & XHLEEE 1 160 r/min. FHAIRSIR N
47 Hz. JEE0HMIH 3° « B0 XALEEE 1275 r/min. H A,
NTHREIZRERE MBS, BRANEIREN
6 kg/min, 3 AMES O ML 1 275 t/min, —J7H2A
T AR RN B R v R BT I (R ] A EBE RS
— 7T, SRS RIS B O AL 1 275 t/min B, W
KIETE 10.55~11.05 m/s JEFEI LAY, 183 T 207 E R
BB B ERB A E . BT 5 RIS G50 E R
5, iSRRI E kR, &G RIFFIWER
99.144%. 5 3.2 AT S BT 2 E T, B
SHE, BENEERAFRZERN 0.216%, RZEAITEN,

4 % i

D ST ERE T EEARYEBL 7143 X N Newton
X, B FE TR R ER SRS R B
ARG N KFEN 11.975~13.206 m/s; 175K
10.642~11.677 m/s; /M52 N 9.046~9.952 m/s; {~A
15.147~16.196 m/s.

2) A R R A B AT B B RS RL BT
R, HEIRF. e, NSRRI E AL
YB35 N:9.92~11.03.8.86~9.66.8.27~8.85.13.10~
13.96 m/s. 50K, B HARFA BT EEAF/EH
ZESp, ALK R VR4 B B EOR SRR, KRS IR
EHE 8.27~11.03 m/s BRI NI AIE. Hob, FHEF
A RIS 2 1 4 S B T S R B IR R BT
THEIE,

3) R RIRLE, AR RA R K RHE
RIS ; {8 Design Expert 10.0 #02EX} IEAS i 562
ATW NI A0, SRR, TR IREDANZE R B e
sz 2 2 Mt s 45 A s MU IR I8 K da F 20 3R
SRR AR T R KUELE B SR G Rk E

7

M 6 kg/min. 7EIEXHLFEE 1160 r/min. FEfAIRS)50
HON 47 Hzo WSHMIA 3° . B0 RHLEESH 1275 t/min.
MG IS B & UL B AT e, 153071y
THILEHN 99.144%.
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Experiments and parameter optimization of almond shell and kernel air

separation device

Wang Xuenong'?, Bian Bo?, Tuluhong Turdi?, Zhang Li?

(1. School of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumqi 830052, China; 2. Institute of Agricultural
Mechanization, Xinjiang Academy of Agricultural Sciences, Urumgqi 830091, China)

Abstract: This study aims to explore the aerodynamic characteristics of almond shells, thereby optimizing the structure
parameters in an air separation device. The finite element (FE) simulation was also performed on ANSYS 16.0-fluent flow
field platform. A single-factor orthogonal test was selected to determine the optimal parameters for better performance of air
separation and higher index of cleaning rate. Taking the Shache No.18 as the research object, the density and moisture content
of almond shells and kernels were measured in a field test. A suspension speed test bed was used to optimize the aerodynamic
characteristics of almond shells and kernels at the Agricultural Mechanization Research Institute of Xinjiang Academy of
Agricultural Sciences, China. A field test was also performed on the mixture of cracked shell kernels in an air separation device
with an optimized structure. A Design Expert 10.0 software was used to calculate for a better parameter combination of the air
separation device. The results showed that there was a great variation in the suspension velocities of a large shell, medium shell,
small shell and kernel of Shache 18 almond, ranging from 9.92 to 11.03, 8.86 to 9.66, 8.27 to 8.85, and 13.10 to 13.96 m/s,
respectively. The flow field simulation showed that the distribution of air velocity was higher on the vibrating screen surface of
the air separation device, particularly in the center and low around. Subsequently, a systematic optimization was made on the
feeding and discharging ports of the air separation device after the simulation. The single factor test showed that there was a
great influence of feed rate and cleaning fan speed on the loss rate of the material. Additionally, since the loss rate of the
material under each factor was within the acceptable range during the test, the orthogonal test did not consider the loss rate so
far. Correspondingly, the orthogonal test demonstrated that the influence of working parameters on the cleaning rate was
ranked in order from large to small: screen vibration frequency, cleaning fan speed, corrugated screen inclination angle, and
feeding amount in the air separation device. Consequently, an optimal parameter combination of high cleaning rate was also
calculated as follows: the feeding amount of 6 kg/min, cleaning fan speed of 1 160 r/min, screen vibration frequency of 47 Hz,
inclination angle of 3° for the vibrating screen, and the speed of centrifugal fan was 1 275 r/min, particularly combining with
the orthogonal test and optimization function of shell kernels in an air separation device. A verification test was then conducted
to calculate the average of parameters in the optimal combination under the same test environment and conditions. It was
found that the cleaning rate reached 99.144%. The findings can provide sound theoretical support to the development and
optimization of air separation equipment for the shell and kernel of almond.

Keywords: mechanization; optimization; suspension velocity; shell and kernel air separation; cleaning rate
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