
Table 1 A summary of equations of Euler gas and granular phases and discrete particles

(I) Constitutive equations of Euler gas phase

              (T1)

(a) Effective viscosity of Euler gas phase

                      (T2)

(b) Turbulence interactions of Euler gas phase and Euler granular phase
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(II) Constitutive equations of Euler granular phase
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(a) Granular pressure
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(b) Granular shear viscosity



                            (T9)

        (T10)

                          (T11)

(c) Granular bulk viscosity
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(d) Collisional dissipation of Euler granular phase
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(e) Conductivity of the fluctuating energy of Euler granular phase
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(III) Contact forces of Lagrangian discrete particles 
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(a) Relative velocity of Lagrangian discrete particles
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(b) Spring and damping coefficients of Lagrangian discrete particles 
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(c) Elastic potential energy of discrete particles and particles-wall
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(d) Impact energy dissipations of discrete particles and particles-wall
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(e) Friction energy dissipation of discrete particles and particles-wall

                        (T27)
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(f) Rolling energy dissipation of discrete particles and particles-wall
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Table 2 Simulation parameters of spout fluidized bed

Parameter Value Parameter Value

Bed width (m) 0.145 Bed transverse thickness (m) 0.02 

Bed height (m) 1.0 Spout inlet width(m) 0.05

Spout inlet depth(m) 0.02 Background velocity (Ubg),  2.4

Spouting velocity (m/s) 43.5 Particle number 12000

Particles diameter (mm) 3 Particles density (kg/m3) 2505

Elastic modulus of particle (Pa) 7×1010 Poisson's ratio of particle 0.33

Elastic modulus of wall (Pa) 7×1010 Poisson's ratio of wall 0.3

Friction coefficient of particles 0.1 Friction coefficient of wall 0.1

Yield stress of particles (MPa) 280 Specularity coefficient 0.1

Air temperature (K) 298 Gas viscosity (kg/(m s)) 1.8×10−5 


