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Parameter Optimization of Vertical Screw Mixing for Tomato Straw
and Fermentation Strains
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Abstract ; Straw debris and fermentation strains are difficult to mix together in the fertilizer manufacturing
process of tomato stalks. In order to solve the problem, a vertical screw mixer was put forward and the
kinetics analysis of stuffing material was carried out, and the mixing process in the mixer was analyzed
numerically by DEM simulation and measurement. The results showed that the variation coefficient of
mixing was less than 10% and the average power consumption was less than 0. 078 1 kW after stirring for
3 min, confirming the feasibility of the mixer in fertilizer manufacturing process of tomato stalks. The
variation coefficient of mixing was decreased with the increase of pitch of blade, but the power
consumption achieved the maximum at a medium pitch. With the increase of rotational speed, the
variation coefficient of mixing was decreased as well, but the power consumption was increased
substantially. With the increase of stuffing material height, variation coefficient of mixing and the power
consumption were increased. The rank order for the effect on the variation coefficient of mixing from the

most important to the least important was pitch of blade, rotational speed and stuffing material height.
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A mathematical model of variation coefficient of mixing with mixer geometrical variables and work

parameters was built and optimized. The optimum variation coefficient for mixing was 4. 3% when stuffing

material height was 440 mm,

simulated results were compared with the tested data,

observation.

rotational speed was 30 r/min and pitch of blade was 400 mm. The

showing a 13.5% error between simulation and

This suggested that the simulated results were correct and revealed efficient mixing

mechanism of the mixer. The study provides a theoretical basis for research and development of efficient

and specific equipment in tomato straw and fermentation strains mixing.

Key words: tomato straw; fermentation strains; substrate ; mixed stirring device ; parameter optimization
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Fig.4 Force analysis of material
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Tab.2 Orthogonal experiment design and results

R TS X,/mm  X,/(remin~") X;/mm Roy/ %
1 440 90 400 7.8
2 440 90 150 16.3
3 360 90 400 6.8
4 360 90 150 6.5
5 440 30 400 11.4
6 440 30 150 17.5
7 360 30 400 10. 3
8 360 30 150 15.1
9 400 60 275 9.2
10 400 60 275 8.5
11 400 60 275 7.5
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Fig. 13 Mixing blade with different leads
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Tab.3 Variance analysis
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Tab.4 Comparison of simulated and tested

power consumption

WS AR EE/KW  IFEIRRE/ KW BRE/ %
1 0.009 1 0.0114 20. 20
2 0.029 8 0.035 1 15.10
3 0.078 1 0. 086 8 10. 00
4 0.0184 0.021 2 13.21
5 0.0193 0.023 3 17.17
6 0.0189 0.020 6 8.25
7 0.046 8 0.0524 10. 68
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