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Optimal Design and Experiment of Screw Extrusion

Solid-liquid Separator for Cow Manure

Guan Zhengjun' Wang Xinzhi' Zhang Xu' Wang Weidong’
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Abstract; Solid-liquid separating is an effective way to pre-treat dairy manure. In order to further reduce
the moisture content of separated solid and improve the efficiency of solid-liquid separation, a new screw
extrusion separator was designed based on the theory of changing diameter screw compression and material
characteristics of cow manure. The screw extrusion separator was constituted by feed hopper, feed sleeve,
separation sleeve, separation screen, screw axis, discharge device with press-adjusting spring, three-
phase motor and so on. Both the diameter of axis and the pitch of screw blade were changed in a linear
fashion. The design equations of diameter and blade pitch were elaborated. The paper studied the
relationship between separation performance and structure of screw axis, structure of separation screen,
rotational speed of screw axis, press of discharge end. The separation performance was expressed in two
main following aspects: separation efficiency and solid removal rate. An orthogonal experiment was done,
which took taper of screw axis, clearance size of separation screen, rotational speed of screw axis and
press of discharge end as factors. The experiment results indicated that the optimal condition for the
separator was as follows: the taper of screw axis was 2. 68°,the clearance size of separation screen was
1 mm, the rotational speed of screw axis was 60 r/min, and the press of discharge end was 3 250 N.
Validation test showed that the separation efficiency was 746. 18 kg/h, the solid removal rate was
49. 84% and the moisture content of separated solid was 61% . The results showed that the separator met
the expected requirements and achieved running well. Compared with original separator, DN140 screw
ertrusion solid-liquid separators was more efficient, its solid removal rate was lower and power was
higher. Tt would be an promising approach for pretreatment of cow manure by using the new machine.
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Fig.1 Structure diagram of solid-liquid separator
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Fig.2 Diagram of discharge end
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Fig.3 Screw axis with variable diameter and pitch
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Tab.1 Experimental apparatus equipments
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Tab.2 Orthogonal test arrangements
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1 0 1.0 40 2 500
2 0 1.5 60 3250
3 0 2.0 80 4 000
4 2.68 1.0 60 4 000
5 2.68 1.5 80 2500
6 2.68 2.0 40 3250
7 5.36 1.0 80 3250
8 5.36 1.5 40 4 000
9 5.36 2.0 60 2 500
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Fig.5 Test apparatus of solid-liquid separator
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Tab.3 Test results and range analysis
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9 5.36 2.0 60 2500 618. 03 41.46 3.65
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Tab.4 Variance analysis
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Tab.5 Results of replicate test in combination scheme with optimal factors

. R N S RO i £ 5 B % o
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P& : 1 SO M/ R/ WS MIRTEE SEMME MR
BE#EEF A/(°)  B/mm C/(remin”') D/kg

(kg-h']) % N/ % 22/ % W/kW 2/ %

1 2.68 1 60 325 769. 26 1.91 49. 45 1.12 2.70 7.22

2 2.68 1 60 325 723.56 4.23 50. 95 2.00 2.85 2.06

3 2.68 1 60 325 745.71 1.28 49. 13 1. 64 2.80 3.78
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Tab.6 Water content of solid
T AEEEREKE % THE/ % FEEGTKE %
1 62.42
2 61.02 61.01 84.00
3 59.59
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