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Research on aerodynamic characteristics of walnut materials and
optimization of shell — kernel air separation device
QU Shuhe', ZHU Zhanjiang'*>, MAO Wulan®,
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(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University,
Urumqi 830052, China; 2. Agricultural Mechanization Institute, Xinjiang
Academy of Agricultural Sciences, Urumqi 830091 ,China)
Abstract; Shell — kernel sorting constitutes an essential link in the process of cracking walnuts to retrieve
the kernels and serves as the foundation for the in — depth processing of walnuts. To investigate the
feasibility of air separation technology in the domain of walnut shell — kernel sorting, the aerodynamic
characteristics of walnut materials was explored by theoretical calculations and experimental research, and
on this foundation, a walnut shell — kernel air separation device was designed. The working parameters of
this device were optimized by single factor experiment and response surface methodology. The results
indicated that within the mixed material of walnut shells and kernels, there was only a minor overlap in
the suspension speed range between crushed kernels and 1/2 shells. Walnut kernels and shells of the
same grade exhibited varying ranges of suspension speeds. By regulating the airflow speed, separation of

walnut kernels from shells could be achieved. The influence of the operational parameters of the walnut

shell — kernel air separation device on the
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cleaning rate was ranked in descending order as
follows: height of the input port, feed rate, and

fan frequency. The optimal operational parameter

(2022802048 ) ; 5 [ AARH 2254 (51865059) combination was obtained as follows: feed rate 5
VEERA IEARM (1999) I B BF58 4k L BR5E 7 1ol o el kg/min, fan frequency 46 Hz, and input port
B A2 £ (E-mail ) 2744497457 @ qq. com,, height 34 mm. Under these conditions, the

BIEIEE AR 5L, WF5 61 (E-mail ) 807305760@ qq. com, cleaning rate and the loss rate were 99.32% and
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1.03% ,

separation is feasible,

respectively. In conclusion,

optimizing parameters.

using the air separation method for walnut shell and kernel

and the sorting efficiency of the air separation device can be enhanced by

Key words: walnut; suspension speed; shell — kernel sorting; air separation method
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Fig. 2 Experimental device for suspension

speed determination
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Fig. 4 Location of the test points

Fig. 5 Suspension speed test diagram
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Table 1 Material density of walnut g/cm’
FEA 112 HfH
1724- 1/4 1= 0.93 ~0.96 0.95
1/8 4= W4~ 0.95 ~0.98 0.97
Bibke 0.82~0.92 0.88
VARl N 0.52 ~0.68 0.59

R2 BHRIEKE

Table 2 Water content of walnut materials %

FEA L ¥ifE
%5 - 3.75~4.28 3.93
Btk 7.46 ~8.13 7.84
SR 11.26 ~12.06 11.64
=3 EkHRRE
Table 3 Mass of walnut materials g
FEA Y ¥IH
1721~ 3.02 ~5.97 4.44
1/4 1= 1.44 ~3.04 2.20
1/8 1~ 0.36 ~1.56 0.76
= 0.13 ~0.39 0.24
1/2 5% 1.27 ~2.67 2.03
1/4 5% 0.88~1.70 1.20
1/8 5% 0.33~0.97 0.64
s 0.15~0.59 0.35
At 0.05 ~0.41 0.22
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Table 4 Theoretical value of suspension speed of

walnut kernel and shell of each grade m/s
A I3 X[ I
17212 10.56 ~11.61 11.12
1/4 1= 9.47 ~10.57 10.05
1/8 1= 8.90 ~10. 56 9.71
R 8.52 ~10.17 9.39
1/2 58 7.03 ~7.84 7.51
1/4 5% 6.64 ~7.34 6.96
1/8 7 5.71 ~6.75 6.29
7 5.03 ~6.25 5.71
AF AR 3.69 ~5.15 4.57
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11.61.9.47 ~10.57.,8.90 ~ 10. 56 8. 52 ~ 10. 17,
7.03 ~7.84.6.64 ~7.34.5.71 ~6.75.5.03 ~6.25
3.69 ~5.15 m/s, M5e 5 B IR & Pt P pk
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Table 5 Three — axis geometric average diameter of

walnut kernel and shell of each grade mm
A S35 X 18] MfE
1721~ 22.53 ~28.45 25.45
/41~ 17.98 ~23.49 20.59
/81 9.61 ~15.22 12.18
Y 6.76 ~11.90 9.24
172 7 25.51 ~31.53 29.04
1/4 5¢ 21.45 ~28.73 25.29
1/8 5¢ 13.94 ~22.53 18.95
Wt 7.98 ~19.52 15.12
FARTIY/N 8.95 ~26.65 17.87

HiZR 6 R, Bk kb 172 {2174 12 1/8
{2172 58 1/4 58 1/8 58 5T 3O R
VP IR 06 {1 W B 4 T 10,95 ~ 11.90.9. 83 ~
11.47 9.49 ~ 11.11 8. 94 ~10.33.7. 19 ~9. 04,
6.45~8.27.5.77 ~7.85.5.32 ~6.83 2.58 ~5.77
m/s, HHCERCY 172 eRif i A R EE
DI, PRI ER S 5 7 AR R D IR L IR

AT DA 0 9 B AT 58 A XU3E , DT s G 42 B
oyt R b s AR
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Table 6 Experimental results on the suspension speed

of walnut kernel and shell of each grade m/s

FEAS S X [H] A
1724~ 10.95 ~11.90 11.49
1/4 4~ 9.83 ~11.47 10.57
1/8 1~ 9.49 ~11.11 10.29
oY 8.94 ~10.33 9.54
1/2 5% 7.19 ~9.04 8.13
1/4 7 6.45 ~8.27 7.41
1/8 7= 5.77 ~7.85 6.83
W 5.32~6.83 5.94
VAYRY N 2.58 ~5.77 4.50
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Table 7 Shape correction coefficient of walnut

kernel and shell after correction

FEA UZINCNEY
172 1~ 2.82
1/4 1= 2.71
1/8 1= 2.02
Y 1.72
1/2 3% 4.34
1/4 3% 4.48
1/8 3% 4.31
[ 4.67
ZRY 6.17
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Note: 1. Vibration feeding device I; 2. Regulating mechanism;
3. Separation chamber I; 4. Deposit chamber I; 5. Separation
chamber II; 6. Deposit chamberll; 7. Frequency conversion fan I;
8. Frequency conversion fan[l; 9. Frame; 10. Closed fanll; 11.
Vibration shell device; 12. Closed fan I; 13. Motor; 14. Vibration
feeding devicell
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Fig. 6 Structure of walnut shell — kernel air separation device
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Fig. 7 Results of the single factor test
2.4.3  TAESEAA i L TR 10 FEI
22 M BRI A S, VOB AL Table 10 Analysis of variance
AR SRR, EER(P) W, s F2RR P Al 3y F p
Design — Expert 10. 0 T = R 2 = A Fmy i 8 13.66 9 .52 51.91 < 0.000 1
AT . S — A ) 1 . 29. .
BRI Wi LT A R 2K 2 8 R o o 087 280 0.0009
. B 0.23 1 0.23 8.03 0.0253
NI BT A FANZR 9 Fis, T 224 n< 10
- St RAAR IR s AR C 7.32 1 7.32 250.22  <0.000 I
i AB 0.08 1 0.08 2.68 0.1455
\Y 17 ﬁ' A
8 MR ERMERAE AC 0.79 1 0.79  27.09  0.0012
Table 8 Test factor level of the response surface methodology BC 0.04 1 0.04 1.30 0.291 6
A W)k g/ B KHL C Aka A 1.29 1 1.29  44.08  0.0003
7J(%Z 3 ﬁ‘ 7 =aee
(kg/min) WA/ Ha R/ mm B 1.84 1 1.84  62.88 <0.000 1
-1 4 45 34 c? 0.76 1 0.76 26.11 0.001 4
0 5 46 37 R 0.20 7 0.03
1 6 47 40 He 35 0.11 3 0.04 1.59 0.324 3
%0 IEELBEH RS W 0.09 4 0.02
M Bz B B it R 4 R S 13.86 16

Table 9 Response surface test design and results

R A B c LR/ %
1 0 0 0 99.07
2 0 -1 1 97.05
3 0 1 1 96.97
4 0 0 98.99
5 1 -1 99.12
6 -1 - 0 97.98
7 0 0 0 98.89
8 1 1 0 97.94
9 1 -1 0 97.09

10 1 1 96. 28
11 0 0 0 99.28
12 -1 0 -1 98.94
13 0 -1 -1 98.73
14 -1 0 1 97.88
15 -1 1 0 98.27
16 0 0 98.94
17 0 1 -1 99.04

iz Ji] Design — Expert 10. 0 Z 0018090 40408 47
ZRZIA RS SR S R P o= 98.46 -
0.334 + 0.17B - 0.96C + 0. 14AB - 0.45AC -
0. 10BC - 0.554> - 0. 66B> - 0.43C",

H1& 10 A0, B p (/N T 0. 01, W] ik %
] AR TR AR ik 2, R FULI0T 1Y p {H K F 0. 05, Ui B 2%
FORTGUAN d =5, 1] U A AR 7 3 31 B PN L R e
BRI A S R B(R®) O 0. 985 2, K W% A B A7
R AT SN REM R 98% LA I iy W (AR fk .
I, AR AT DU T TAES A e R F(E
R/INRT T, X 6 2853 e 5 K 1 PR 3R 2 AUBE T i
YA WL B, KL R 52 e fe /N 22 R I rh
ACLAC A B, C* %} [m] T #5052 i) A S 3%
(p <0.01),B 50 % (p <0.05) , HARTUEZ I A 2
Fo HIBRFMAN R B [BH 00 [mIE AR F A 01,
BRSBTS FE: P = 98.46 —0.334 +0. 17B -
0.96C - 0.45AC - 0.554> - 0. 668> — 0.43C",
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3 25 7K -0 Bl A B e AR S HA A sk

B 4.50 kg/min XU HLSR % 46. 07 Hz AR} 1 55

34.50 mm, JbZHCT B PG N 99.39% .
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10.57 .8.90 ~ 10. 56 .8.52 ~10. 17 7. 03 ~ 7. 84,

6.64~7.34.5.71 ~6.75.5.03 ~6.25.3.69 ~5. 15

m/s G0 (28 AL L5350 10.95 ~11.90 9. 83 ~

11.47 .9.49 ~11.11 .8.94 ~10.33.7.19 ~9. 04,

6.45~8.27.5.77 ~7.85.5.32 ~6.83.2.58 ~5.77
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X3k, R FE R e Je P AR A R L LIRS
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