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Fig.1 Granules flowing down along a rough inclined chute
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Table 1 Measurements and calculation of the yield stress of
wheat granules

Inclined angle, Thickness, Bulk density, Yield stress,
a () be (M) p (kg/m®) 7 (Pa)
35 0.013 696.5 50.90
38 0.012 696.5 50.42
Average 50.7
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Fig.2 Velocity profile with inclined angle of 35° and total flow
layer thickness of 0.045 m
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Fig.3 Relative velocity profile vs. relative layer thickness with
inclined angle of 35° and total layer thickness of 0.045 m
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Table 2 Calculated coefficient of constitutive equation
for wheat granules
Bulk density,  Inclined angle,
p (kg/m’) a ()
696.5 35
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Table 3 Volume flow rates calculated from mathematical model compared with corresponding experimental data

k Total thickness,  Inclined angle, Bulk density, Volume flow rate, g, [m*/(s-m)] Relative error
[kg/(m-s* "] " b (m) a() p (kg/m®) Exp. Cal. (%)
1.089 1.95 0.038 35 696.5 0.00553 0.00498 9.9
1.089 1.95 0.043 35 696.5 0.00806 0.00712 11.6
1.089 1.95 0.031 31 696.5 0.00312 0.00270 13.6
1.089 1.95 0.035 31 696.5 0.00377 0.00353 6.4
1.089 1.95 0.038 31 696.5 0.004 97 0.00451 9.3
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Constitutive Relation of Pseudo-fluid Granular Flow

BIAN Lin, WANG Li, LIU Chuan-ping

(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: For the slow intensive granular flow, the method of describing the granular flow as a pseudo-fluid flow is employed in this
work. By analogy with non-Newton fluid with yield stress, a constitutive equation is put forward for slow intensive granular flow, and a
mathematical model of testing granular equivalent viscosity is presented. Based on the experiment of wheat granules flowing down a
rough inclined chute, the yield stress and the key coefficients of constitutive equation of the wheat granule flow are calculated. From
theoretical analysis of wheat granule chute flow using the coefficients of the constitutive relation from experiment, the relative error of
the prediction of the volume flow rate compared with corresponding experimental data is less than 15%.

Key words: pseudo-fluid; granular flow; constitutive equation; equivalent viscosity



