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Abstract; The method of mechanical stirring to separate egg membrane from eggshell has the advantages
of high separating efficiency, bulk processing and no pollution to the environment. Fluent 6.3 was used
to explore the effects of different stirring rotational velocities, particle diameter sizes and solid-liquid
ratios on the flow field characteristics of the particle suspension state, solid holdup distribution, solid-
phase velocity and stirring power consumption. Simulation results showed that the scope of particle
accumulation at the bottom would be decreased while the solid-liquid ratio was decreased and the solid-
liquid ratio should be reduced properly. Particles accumulation was decreased while stirring rotational
velocity was increased, but power consumption would be increased dramatically, in order to ensure most
particles suspension and reduce power consumption, the stirring rotational velocity should be set as 300 ~
350 r/min in experiment. Enlarging particles diameter size can reduce particle accumulation at bottom,
lower particles suspension height, and increase the moving resistance of particles along the axial direction
in the flow field, so the particles size of 1.5 ~2.5 mm can be chosen for eggshell separation experiment.
Therefore, appropriate conditions were obtained for the experiment of separating membrane from eggshell
according to the simulation results. Moreover, quadratic orthogonal rotary combination experiments were
carried out with factors of stirring rotational velocity, stirring time, solid-liquid ratio and separating
medium temperature. The experimental data was optimized and analyzed by Design-Expert 8. 0. 6. The
regression model between the experiment index and the factors was obtained. Meanwhile, the response
surfaces were established between membrane recovery and experiment factors in order to obtain the
relationship intuitively. The experiment result showed that the importance of stirring rotational velocity to
egg membrane recovery was the most, and then the stirring time, separation medium temperature and
solid-liquid ratio. The interaction between stirring time and stirring rotational velocity to separation effect
was the most significant. Optimization results showed that the membrane recovery rate reached 88. 58%

while the stirring time was 18. 57 min, stirring rotational velocity was 337. 68 r/min, solid-liquid ratio
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was 0. 07 g¢/mL, and the separation medium temperature was 20°C , and the separation effect of egg

membrane from eggshell was perfect. Conclusions of numerical simulation and experiment would improve

the membrane recovery and utilization of discarded eggshell, and provide a reference for the solid-liquid

two-phase flow and related study.

Key words: liquid-solid two-phase flow; particles suspension; numerical simulation; eggshell membrane

separation
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Fig.2 Schematic drawings of stirred vessel and impeller
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Tab.3 Torque and power at different solid volume fractions
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Fig.5 Axial distribution curves of solid holdup and solid phase velocity at different solid-liquid ratios
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Fig.7 Axial distribution curves of solid holdup and solid phase velocity at different stirring rotational velocities
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Tab.4 Torque and power at different stirring rotations
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Fig. 8 Solid holdup distribution contours of bottom at different stirring rotational velocities
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Fig.9 Axial distribution curves of solid holdup and solid phase velocity for different particle diameters
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Tab.5 Torque and power for different particle diameters

UKL B A%/ mm 4/ (N-m) W
0.5 2.057 85. 86
1.0 2.029 84. 98
1.5 2.017 84. 48
2.0 2.032 85. 11
2.5 2.036 85. 28
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Fig. 10 Solid holdup distribution contours of bottom for different particle diameters
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Tab.6 Experimental factors levels

WX S
PG v/ ORI xR

Gifth  BEEERd )

x,/min (remin~!) (gemL™") %,/ C
2 25 400 0.07 50.0
1 21 350 0. 06 42.5
0 17 300 0. 05 35.0
-1 13 250 0. 04 27.5
-2 9 200 0.03 20.0
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Tab.7 Results of orthogonal experiment

X 5 S N [a]
i X, X, X5 Xy W Y/ %
1 -1 -1 -1 -1 82.2
2 1 -1 -1 -1 85.1
3 -1 1 -1 -1 85.3
4 1 1 -1 -1 90.2
5 -1 -1 1 -1 83. 1
6 1 -1 1 -1 85.7
7 -1 1 1 -1 86.5
8 1 1 1 -1 90.7
9 -1 -1 -1 1 82.2
10 1 -1 -1 1 84.9
11 -1 1 -1 1 84.6
12 1 1 -1 1 90. 1
13 -1 -1 1 1 81.7
14 1 -1 1 1 84.2
15 -1 1 1 1 85.3
16 1 1 1 1 90. 1
17 -2 0 0 0 82.3
18 2 0 0 0 89.7
19 0 -2 0 0 82. 1
20 0 2 0 0 90. 8
21 0 0 -2 0 85.6
22 0 0 2 0 85.9
23 0 0 0 -2 86. 1
24 0 0 0 2 84.3
25 0 0 0 0 86.3
26 0 0 0 0 86. 1
27 0 0 0 0 86.2
28 0 0 0 0 86.3
29 0 0 0 0 86.3
30 0 0 0 0 86. 1
31 0 0 0 0 86.2
32 0 0 0 0 85.8
33 0 0 0 0 86.3
34 0 0 0 0 86. 4
35 0 0 0 0 85.9
36 0 0 0 0 85.7
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Tab.8 Variance analysis of test results

BRRIE CEM AEE B F P

[ 205. 65 14 14.69  279.37  <0.0001***
X 84.00 1 84.00 1597.59 <0.0001**
x, 108. 80 1 108.80 2069.26 <0.000 1 ***
I 0.45 1 0. 45 8.63 0.007 9 ***
x 3.60 1 3.60  68.54  <0.0001 "
X, %, 4.73 1 4.73  89.97  <0.0001**
X, %3 0.23 1 0.23 4.29 0.050 8 *
X, %, 0.051 1 0.051  0.96 0.3376

Xy %3 0.28 1 0.28 5.24 0.0325*
Xy %, 0.016 1 0.016  0.30 0.591 4
X3%, 0. 86 1 0.86  16.27 0. 000 6 ***
x} 0. 083 1 0.083  1.59 0.2218
X2 0.12 1 0.12 2.30 0.144 4
“ 0.41 1 0.41 7.85 0.0107
x; 2.02 1 2.02  38.36 <0.000 1 ***
5% 2% 1.10 21 0. 053

Fe 2 0.56 10 0.056  1.12 0.4240
PR 0.55 11 0. 050

A 206. 75 35 14.69  279.37 <0.000 1
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