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Multi-aspirator Device for Collecting Eggshells and Eggshell
Membranes Separately from Eggshells Mixture

CHI Yuan' WANG Mingjiu' CHEN Bochao' LIN Mengmeng' CHI Yujie®
(1. College of Engineering, Northeast Agricultural University, Harbin 150030, China
2. College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract; Aiming at the problems of low cleaning rate of eggshell membranes, high energy loss and
complex structure of device for collecting the eggshell membranes and eggshells in the current research,
multi-aspirator device was designed. The influence of particle collision on the movement of eggshells and
eggshell membranes particles was analyzed. Under the condition of different number of inlet baffles in the
cleaning chamber, the motion trajectories of eggshells and eggshell membranes and the characteristics of
flow field inside the multi-aspirator device were analyzed by using the method of CFD — DEM coupling.
The analysis results showed that with the increase of air inlet baffles’ numbers, the airflow velocity of
cross flow area in the cleaning chamber was increased, and the loss rate of eggshell membranes was
decreased. There was no vortex in the outlet of the cleaning chamber, so as that the cleaning rate of
eggshell membranes decreases caused by airflow hindering the falling eggshells was avoided. The
orthogonal test method of two factors and three levels was applied, feeding flow rate and airflow velocity at
the interface of the sucking fan were taken as test factors, and the loss rate and the cleaning rate of
eggshell membranes were taken as evaluation indexes. The parameters of influencing factors were
optimized and verified by tests. The results of tests were that when the feeding flow rate was 200 g/s, the
airflow velocity at the interface of the sucking fan was 5.5 m/s, the loss rate of eggshell membranes was
9.4% , the cleaning rate of eggshell membranes was 96. 3% , and the power of sucking fan was 330 W.
The results could provide foundations for the application of multi-aspirator device for collecting eggshells
and eggshell membranes.
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Fig. 1  Structure sketches of multi-aspirator device
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Fig.2 Diagram of collision between eggshells and

eggshell membranes particles
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Fig.4 Particle trajectories extracted by high-speed

camera compared with those simulated by Stokes model
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iR e R B R AR A R R T R O IR R A
Xof 5 e A K 2 G 1 B B ) T AE S BT LAk 4y
Bro @& BUE A 5 B Rl 45 51, BOR A
o 100 ~ 300 g/s, W WKUAL % $ 11 XUE Ry 4.5 ~
6.5 m/s, F 20 45 IR K-SR 2 Fioi .
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Tab.2 Factors and levels of orthogonal test

RS
K
WEAR (57" WAL DA/ (mes ™)
1 100 4.5
2 200 5.5
3 300 6.5

WG EE R G2 Hrin gk 3 FiR,A B 53
WA B W UM% 2 11 RGH K P . 350 R 2 %) 2R
AR 2 Y, e FERF A B A BRI 2R K4
B A By B A 100 g/s W KUAIL % 45 1 XL 3
6.5 m/s 5 i g PR X A IR U R Y, 5 32 I
JFh AB, AR R AK-HEG N A B, , BIH A &
300 g/s W AL 422 1T XUE A 4.5 m/s,
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Tab.3 Test results and range analysis

ML EEE

BEF S A Y, /% EY,/%

1 1 1 16.3 95.9

2 1 2 8.0 94.8

3 1 3 5.7 93. 1

4 2 1 17.5 97.0

5 2 2 9.3 96.3

6 2 3 8.8 95. 1

7 3 1 20.7 97. 4

8 3 2 11.3 96. 7

9 3 3 10.2 95.8
ky, 10. 0 18.2
. ky, 11.9 9.5
! ks 14.1 8.2
R 4.1 10.0
by, 94.6 96. 8
k,, 96. 1 95.9
Y, kyy 96. 6 94.7
R 2.0 2.1
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R Design-Expert 8. 0. 6 %f iz 4 45 5 ik 47 )7 22
ST ERANGR 4 Fir s o MR BRI UL % 42 11X
A E R R Y, HIER Y, R EE (P <
0.01) ,3xX /& A 7¢Iz 30 B30 i 4 i XU
A ST JEURE 8] 1) AH B AR SR R E . B N E
7 ) AH B AR FH 8 B R, ) R = S sl I R T
HEAZ 3] 0] T 32 B R SE Y BELASAE R e B N B
I8 R EL A 5 B8 /NI ) 6 T 3 08 Bl i dR 5T R A )
] T 3z B A 5 5€ B BELAG 11 1 355 5 8 O KURUTE R I, <
A B EE 5T B B p0 BE 1 R A U XUKGE N, R
T AESh HE e RS S R BE T 55 o R s A i XU
5 R 5E B 1 RH B AR ] B A 2 i 3 B 4 &, ik
ee AV R A 2 3, A U XU XL B 5 g R ) A LA
FHAT LAt /b 45 52 52 2l 3 5715 % i B, o T4 s 2R
JEIE A, AR S B ASORE 1] (% AH EL AR ] 9l B2 5 R
R TERH G, B U KORG8 UL 42 10 X3 I AR
O, JIr DA MR £ R JRUAIL 342 422 101 XU 0t 2 R4 2 3%
IERGES AU E

R4 FAEDWER

Tab.4 Results of variance analysis

wigwls . wem 07 e
Fe U -3 2
A 24.86 2 12.43  30.74 0.0037
) . B 174.90 2 87.45 216.22 <0.001
ERBURE v e 4 040
S 201. 38 8
A 6.74 2 3.37 33.31 0.0032
B 6.71 2 3.35 33.18 0.0032
EILiH 1% 3= 0.40 4 0.10
BRI 13,85 8

T4 100 32 0 2 O B e O
LA — B0 T R 2405 R R 24
SIS BT U S S HE W, T8 55 U
W, LE A AP HH B A R

w U- Umin ( 10)
- Umdx - Umin
H=0.5W, -0.5W, (11)
X W——a8hnsk
U fEPRIE
U, 5@%%4\{5
Ui & b e R AE

LR N B T e MR RE L th R S AT,
T PR 280 25 5 0 B R W e R B /N Oy s e XUATL B
P 1 RGE PRACEE BRI ROKF 4B A, B, BIIR
AT 200 g/s W XUHLIE 45 TR 5.5 m/s, fE
M L HE T Wi 4 21 (Y SRR AN AT 11 iR o

RS ZESBHIWER

Tab.5 Analysis results of comprehensive scores

ﬁt%ﬁz 5 A B Wl Wz H
1 1 1 0.67 0.71 -0.02
2 1 2 0.41 0.15 0.13
3 1 3 0 0 0
4 2 1 0.93 0.79 0.07
5 2 2 0.76 0.24 0.26
6 2 3 0.48 0.21 0.14
7 3 1 1. 00 1.00 0
8 3 2 0. 86 0.37 0.25
9 3 3 0. 64 0.30 0.17
k, 0. 04 0.02
- k, 0.16 0.21
LR ks 0.13 0.10
R 0.12 0.19

FLL R B 0

Collected eggshell membranes

Fig. 11

T2 0 3 e A A 2 R 5 I IXUAIL B ek 3 T 9 R
BILE 42 10 KU, > W IXUHIL A 3 /)N T 4 Bz 3 I Dy
B A T, AT 3 O AR A R I XUHIL T R R XL
BLI IR AKX R

P:95501 (12)
n
K P—R XL H W
T—%65E ,N-m

n M K ALEE 3, v/ min
M T AL AR E , 13X (12) i A5
P, P,
P (13)
n, n,
A P —WRHLBUE R, W
P,—— 5 e I XL 3, W

n, Wz ML R %% 38, v/ min
n, iﬁﬁﬁﬁwmm%ﬁ,r/min

W KL HIL A S B % 1500 W, B e B R
2 850 r/min, ¥ % 5 W KWL 5% 3 B 627 v/min, ¥ |
WA HE AU A (13) 15 2 % ik o )P ) R
A 330 W,
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3.5 XIRIiE

T 50 96 A A 30 2% 1 AN 3y vk 5 O S I 58
S ME B N R ACFH S A, B, #E 75, /Y
IR 200 ¢/s W RUHLIE 32 I XGE 4 5.5 m/s, 5
S 3 YRR O B {H, g 45 R Nk 6 o,
BRI 9. 4% , EIFERE TR 96. 3% ,UEW] T 54
L5 PR IR 5 B , L T A e R R i K
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Tab.6 Test results of verification %
W75 EYLETPES B N T
1 9.2 96.3
2 9.7 96. 4
3 9.3 96. 1
S H A 9.4 96.3

1 &

(1) Xof 2 7€ JE PR il fik 4SS 280 0 A5 (A5, i T
KL A8 X 2 e IR BORLZ ) Y52 e R A < 3 25 80/ R
R AURE 5 2 e URE B9 5t S LU, el B 5 | I BORY. il £
I TE 2 Jalt b 50 R OGS 382, A R T R R URY 1] 97 A

S N =g U A B N ) R T A Ry €

(2) MR 5 B 22 900 0 5 110 U 3 e At
PG5 JE R, W 2k & S0 A P AR L TP AR I Y R
JFEAE R /0N 5 35 18 4 R T O H R SR, A I XL IX
UL LR AT A TR OB RO R B, Tkl R
I3 M 1 25 32 8l B 97 T 48 1 0k A R T H
B, A 3 R 2 SR AR T B 5 1 TR IR, B
T 73 2 A A DT 1 2 02 2l B 671 TR % 5 T Ok
PEACFSCPSARIRE  T7 PYBE £ A 17 L a2 g A 0
O3 A B TR R LU R B, AR T R
WeE s R

(3) M I 22 900 vk 3 B AR AR L
ISEREES I Ak ST SIS EN NI
U = W AL 3 100 DR | IR 5 52 0 I 1 ¢
AT 2 P RN/ IMIRUCA < IR B IR AUATL 32 422 XU

(4) Bt By UM 30 2 G0 183 B, 7 B 50 Uk
Kitel 0.4 ~2.4 mm FEBEPORORAE N7 ~4.0 mm
A OL T, 24 TAE S BN R AR 200 ¢/s W KUBL %
TR 5.5 m/s i SR RN 9. 4% , HIETE
RN 96.3% , AL 330 W
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