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Development and validation of cluster and EMMS drag model

CHEN Cheng, QI Haiying
(Key Laboratory for Thermal Science & Power Engineering of Ministry of Education, Tsinghua University, Beijing 100084, China)

Abstract: Reasonable description of cluster parameters is significant for the development of drag model for
heterogeneous gas-solids flows. This study proposed the cluster model for solids concentration in clusters and the
cluster size based on theoretical analysis. The profile of cluster parameters with solids concentration had a peak
locating between local solids concentration of 0.1 and 0.15, indicating largest heterogeneity there. The cluster
model was validated directly by experimental data. Energy minimum multiscale method (EMMS) was improved
by introducing the cluster model. The improved drag model agreed well with the experiment-based empirical
model. Drag correction factors of both models first decreased and then increased with increasing solids
concentration, and tended to unity at extremely small solids concentration close to zero and solids concentration at
minimum fluidization. The improved drag model was coupled with the two-fluid model for simulations of
gas-solids flows in CFB risers containing Geldart A and B particles. Heterogeneous solids distributions, local slip
velocity, local heterogeneity and choking state were predicted and agreed well with experimental results,
indicating the reasonability of the cluster and drag models.
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Table 1 Simulation conditions

Value
Parameter Case A Case B

solid density, p/kg * m™ 930 2500
solid diameter, dy/pum 54 300
riser height, //mm 10500 8500
riser diameter, Dyjse/mm 90 411
height, L;/mm 350 342
side-inlet width, L,/mm 140 411
superficial gas velocity, Uy/m * s 1.52;2.1 7.76
initial packing height, #o/m 3.09;2.04,2.87,3.23 2.16
initial packing concentration 0.3
solids external circulating mass flux, G,/kg * m ™= « s computed
pressure at outlet/Pa 1.013x10°
gas density, pg /kg * m” 1.225
gas viscosity, g /Pa * s 1.789x107
solid concentration at minimum fluidization, &gy,¢ 0.6
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Table 2  Solids external circulating mass flux
U,=152m+s")

1 Measured
b result
number - Gidaspow” EMMS/matrix” Improved EMMS /kgem?2es

Mesh Calculated results/kg * m™ * s~

20x150 161.31 73.77 22.5 14.3
40x300 167.16 28.04 18.6
60x450 169.00 19.73 17.7
80x600 173.33 19.04 17.1
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Table 3  Solids external circulating mass flux
(Uy=21m=s")

[26]

Initial packing Calculated result ~ Measured result

height/m /kgem?es! Kkgem2es! Error/%
323 227 24.1 58
2.87 222 24.1 78
2.04 22.6 24.1 62
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