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Grinding Performance of Vertical Spiral Stirred Mill Based on DEM-CFD Coupling
Z0U Defang' s HE Zihan', YU Wenda', QU Di*, LU Shebin*
(1.School of Mechanical Engineering, Shenyang Jianzhu University, Shenyang, Liaoning 110168, China;
2.Northern Heavy Industry Fuller (Shenyang) Mining Co., Ltd., Shenyang, Liaoning 110027, China)

Abstract:In order to explore the influence mechanism of structural parameters of vertical spiral stirred mill on grinding
performance, the coupling method of discrete element method (DEM) and computational fluid dynamics (CFD) was used to
systematically analyze the effects of mill bottom gap, side gap and helical lift angle on grinding performance. Firstly, the
numerical model of the vertical spiral stirred mill was constructed, and the dynamic characteristics of the medium in the
grinding process were revealed by simulation. Secondly, the grinding test was carried out based on the test bench, and the
accuracy of the simulation model was verified by the driving torque of the spiral agitator. The results show that the maximum
error is only 3.85%. Finally, through multi-parameter simulation and orthogonal test, the influence degree of each structural
parameter on grinding performance was quantified, and a comprehensive evaluation method based on energy utilization rate,
torque, average normal force and tangential force was proposed. The results show that the side gap of the mill has the most
significant effect on the grinding performance, followed by the bottom gap and the helical lift angle. The optimal parameter
combination is the ratio of the bottom gap to the medium sphere diameter A =4.0, the ratio of the side gap to the sphere
diameter B=3.0 and the helical lift angle C =0.61.The research can provide a reference for the structural optimization and
performance improvement of vertical spiral stirred mill.
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Fig.1 Simplified model of mill
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Table 1 Structural parameters of the model
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Table 2 Simulation parameters setting
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Fig.3 Comparison of torque between test and simulation
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Fig.4 Stirred torque under the influence of

different bottom gaps
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Fig.5 Total collision energy and energy utilisation of the

dielectric sphere under the influence of different bottom gaps
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Fig.6 Dielectric ball force under the influence

of different bottom gaps
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utilisation of the dielectric sphere under

the influence of different side gaps
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Fig.9 Dielectric ball force under the

influence of different side gaps
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Table 3 Test factors and levels
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Table 4 Simulation test programmes and results

R

it = A B T4 C T1.i T2.i T3.i Ta,i Q;
1 3.0 2.0 0.56 1.236 0.701 1.194 1.026 1.038
2 3.0 2.5 0.61 0.970 0.970 0.946 0.983 0.965
3 3.0 3.0 0.67 0.917 0.805 0.962 0.994 0.902
4 3.0 3.5 0.72 0.753 0.866 0.913 0.973 0.844
5 4.0 2.0 0.61 0.969 1.192 1.013 1.100 1.062
6 4.0 2.5 0.56  0.656 1.401 0.983 1.110 0.997
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8 4.0 3.5 0.67 0.863 1.504 1.076 1.132 1.128

9 5.0 2.0 0.67 0.909 1.023 0.975 1.026 0.971
10 5.0 2.5 0.72 1.201 0.651 0.891 0.867 0.939
11 5.0 3.0 0.56 1.369 0.727 1.129 0.983 1.083
12 5.0 3.5 0.61 1.006 0.733 0.834 0.857 0.876
13 6.0 2.0 0.72 0.924 1.304 1.012 1.047 1.069
14 6.0 2.5 0.67 0.970 0.966 0.885 0.931 0.950
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Table 5 Analysis results of influence degrees

A B C
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