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Bagnold (Proc. R. Soc. Lond. A 1954)

Origin of stresses for granular gases:
transfer of momentum associated with velocity
fluctuations

momentum x frequency _ mdy xj p="f(v)p,d*y’

stresses oc - )
area d s=tanayp=tana,f(v)p,d’y

Before collision vV,

Inertial («-1) rheology (GdR MiDi EPJE 2004; da Cruz et al. 2005; Jop et al. JFM 2005)

Granular temperature T
one third of the mean square of velocity fluctuations (Ogawa 1978)

®
After collision f/j
V',

Collisions can be sticking or sliding

y = f**(l = 7/7 ](compressible)
%

p="f'(v)p,d*y

momentumx frequency mT"2xT"?/d

pressure oc . o p,T
area d
e, £ 1 normal coefficient of restitution momentumx frequency mdy xT"2/d 1 -
e, < 1 tangential coefficient of restitution shear stress o« - 2 = ppdT 7
t= g Ic area d p=f,(v)p,T
n 2 0 surface friction s=1,(v)p,dT"?y Steady, no diffusion
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MOMENTUM EXCHANGE AND ORIGIN
OF RATE-INDEPENDENT BEHAVIOUR

MEASURING THE CRITICAL POINT (b)
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V STEADY, HOMOGENEOUS FLOWS
Discrete simulations of Chialvo et al PRE 2012, Chialvo and Sundaresan PHF 2013, Vescovi and Luding SM 2016
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STEADY, HETEROGENEOUS FLOWS
Energy balance of Kinetic Theory Cooperativity length measured In
discrete simulations (inclined flows
LSV Cranular Fluidity over erodible bedS)
PR  (Kinetic Theory) (b)
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