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Rotary Cycle of Crushed Straw Material Bed and Complete
Mixing Time of Layers in Rotary Cylinder
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Abstract: Cylinder is used for solid-state fermentation, and the lower crushed straw material layer in the
cylinder is lack of oxygen which leads to higher layer temperature, death of yeast and the decrease of
fermentation efficiency. Rotating the cylinder will mix the material layers to balance temperature. It needs
to forecast the complete mixing time of layers. Firstly, a rotary cylinder was built to analyze the mode of
material bed’ s rotation, and a model to describe the rotary cycle (T') of material bed was built. As there
were too many variables need to be measured, height difference and length of bed’ s arc edge which were
hard to measure were replaced with easily measured cylinder rotary speed and material volume filling rate
based on regression and error analysis. The calculation accuracy of the simplified formula was higher than
95% . Secondly, based on image analysis method and VB programming, complete tests were done to get
the complete mixing time (7,) of upper and lower layers at different filling rates (0.2, 0.4, 0.6) and
rotary speeds of cylinder (0.9, 4.5, 8.01/min). 7, was divided by T to get rotation number of material
bed (N,) when two layers were completely mixed. The results showed that N, had little relationship with
rotary speed of cylinder and had linear relationship with filling rate. Based on regression and error
analysis, a formula was built to calculate N, at different filling rates. Multiplying 7' by N, can derive a
formula which was used to forecast 7 of upper and lower layers. The calculation accuracy of the formula
was higher than 90% . The way to get such a formula on other cylinders was also introduced. The result
is helpful on designing and operating of cylinder in order to improve fermentation efficiency.
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Tab.1 Experimental results and calculated results

with formula (2)

e Wﬁw ik 5;; e W ;f;
(r-min~!) L/m h/m 17 r/s %
0.9 0. 54 0.24 29.10 29.53 -1.44
0.2 4.5 0.55 0.26 6. 30 6.21 1.43
8.0 0.53 0.25 3.62 3.65 -0.92
0.9 0.59 0.27 31.79 32.15 -1.13
0.4 4.5 0.61 0.29 6.96 7.03 -0.97
8.0 0.60 0.28 4. 06 3.97 2.28
0.9 0.79 0.29 42.42  43.03 -1.42
0.6 4.5 0.79 0.29 8.87 8. 81 0.71
8.0 0.78 0.29 5.14 5.23 —-1.65
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Tab.2 Experimental results and calculated results

with formula (4)

Wz fEREEE, 3 (4) 315 Uk AHXS
(r-min~") fH/s {B/s W72/ Yo
0.9 29.47 29.53 -0.20
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0.9 33.06 32.15 2.84
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0.9 42.53 43.03 -1.17
0.6 4.5 8.88 8. 81 0. 81
8.0 5.20 5.23 -0.56

&3 BX(4) TNEEKLDEERSNEER
Tab.3 Comparison of calculated material layer rotary

cycle with formula (4) and measured value
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Tab.4 Experimental results and calculated results
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