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Abstract: Aiming at the problem of mixture separation with significant differences in various shapes after
the Potosia brevitarsis larva biotransformation the residual film mixture to meet the premise of biological
activity, a segmented drum type pneumatically assisted Potosia brevitarsis larva biotransformation mixture
separation device was designed. Through physical experiments and theoretical calculations, the resistance
coefficient partitions and theoretical suspension speeds of Potosia brevitarsis larva, frass, and residual
films were determined. Its accuracy was verified by using a suspension speed bench test, which can
provide data basis for subsequent fluid-structure interaction simulations. Through theoretical analysis and
EDEM — Fluent coupling method, the screening process of residual film, larvae and frass was simulated
and the main structural parameters and working parameters of the device were determined. The rotation
speed of the drum screen, the inclination angle of the drum screen and the fan wind speed were selected
as test factors. The residual film impurity content rate and the frass film content rate were tested as test

indicators. A single factor test was conducted to determine the reasonable range of the levels of each
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factor. Based on the results of the single factor test, a three-factor and three-level quadratic regression
response surface test was designed and a regression model was established. The test results showed that
the order of factors affecting the impurity content of the residual film was fan speed, drum screen
inclination angle, and drum screen speed. The order of factors affecting the film content of frass was drum
screen rotation speed, drum screen inclination angle, and fan wind speed. After optimization, the
optimal working parameter combination was drum screen rotation speed of 21.79 r/min, drum screen
inclination angle of 3. 58°, and fan wind speed of 5. 52 m/s. The material screening test was carried out
with this parameter combination, and the average impurity content rate of the residual film and the film
content rate of the frass were 8.96% and 1.52% , respectively. The relative errors with the theoretical
optimization values were less than 5% . The research can provide a reference for the design of separation
devices for mixtures containing biological activity and significant differences in shape.

Key words: residual film mixtures; Potosia brevitarsis larva; segmented drum screen; wind screening;

2024 4

gas-solid coupling; parameter optimization
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Tab.1 Mixed material physical parameters
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Fig.2 Suspension speed test device
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Tab.2 Comparison between theory and experiment

of material suspension speed

BIFEE O BREE

BRI, TR E/

o 2 e/ e/
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2.52 7.37 7.75
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Fig.6 Force analysis of materials under action of air flow
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Tab.3 Contact parameters between materials

4k BRI R R B 8 R AR
4y -4l Hy 0.185 0. 500 0. 400
4y s — s b 0. 250 0. 600 0. 500
4y H -3 I 0. 860 0. 500 0. 400
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LR iy 0. 350 0. 550 0.226
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Hb—RE ] 0.387 0. 625 0.167
Bk Tk JEE 0. 000 0.520 0. 430
Bk R —RE T 0. 200 0. 500 0.220

x4 URYERESH

Tab.4 Physical characteristic parameters of materials
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Fig. 10  Screening process simulation model
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Tab.5 Result of simulation test

b aes A (°) R %
1 0 8.5
2 2 6.7
3 4 5.2
4 6 2.6
5 8 4.3
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Fig. 12 Effect of drum screen speed on screening effect
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Tab.6 Test factors and codes

I TR 1 7 e i/ TR TR O A A/ U R/
(remin~") () (m-s™")

-1 10. 500 2 4.330

0 20. 625 4 5.455

1 30. 750 6 6. 580

) x®7T RRAFAREER
Vel 13 5 AT 050 4 X 5 5 2 1 2 Tab.7 Test plan and result
Fig. 13 Effect of drum screen inclination angle on 5 K% BRBE G AR b A R

screening effect R X, X, X5 Y,/ % Yy /%
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Fig. 14 Effect of fan speed on screening effect
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x8 MPAEBRFENSN & 15a ., 15b w1, bl 2 RS UG 388 i, 53 Jes &
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Fig. 15 Response surfaces of influence of experimental factor interaction on indicators



340 & ok L

L

2024 4

5.6 XIGIIE

g R A SR B TSR R IE LR S i e 2
BOHAT YR 0 . SRR B AT R ik
50 ] (B % e A0 2 B 5 O < VR 1 0 A 3R 22 o/ min (TR
AT A 4° KU XU 5.5 m/s 5 25 JRAF 72 B AL 252
22, ILFEAT 5 W R 43 12 5 BOF S E 1 A 52 B
P25 R PSPk a5 R UL Rl s e A5 R sk 9
No HIFR O AT BRI G e R ORI S
IR 2 ) AR 252 22 BN T 5% AL S Rl 5

®9 ERRASRBRIEL R

Tab.9 Comparison of theoretical optimization
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