


Table.1 Scaling laws for coarse-grained models in literature
	author
	gravity
	pressure drop
	drag
	inter-particle

	[bookmark: _Hlk59542380]Andrew and O’Rourke, 1996
	k3
	k3
	k3
	k3

	Sakai and Koshizuka, 2009
	k3
	k3
	k3
	k3

	Wang et al, 2020
	k3
	k3
	k3
	k3

	Mokhtar et al, 2011
	k3
	—
	k3
	k3

	Feng and Owen, 2014
	k2
	k2
	k2
	k2

	Liu et al, 2013
	k3
	—
	k3
	—

	Hilton and Cleary, 2014
	k3
	k3
	k2
	k3

	Mu et al, 2020
	k2
	k2
	k2
	k2

	Washino et al, 2020
	k3
	k3
	k3
	k2

	Bierwisch et al, 2009
	—
	—
	—
	k2

	Chu et al, 2016
	k3
	k3
	k3
	k2

	Lu et al, 2014
	k3
	k3
	k3
	derived






