Abbreviations and symbols 




Abbreviations

	Computational fluid dynamics 
	CFD

	Rare earth elements
	REE

	Discrete element methods
	DEM

	Response surface methodology 
	RSM

	Reynolds Stress Model
	RSM

	Design of Experiments
	DOE

	Positron Emission Particle Tracking
	PEPT

	Volume of Fluid
	VOF

	RNG
	Renormalization Group

	SST
	Shear Stress Transport

	HSC
	Humphrey spiral concentrator

	SPH
	Smoothed particle hydrodynamics

	CSC
	Gravity closed spiral classifier

	DPM
	Discrete phase model

	RANS
	Reynolds-averaged Navier-Stokes

	QUICK
	Quadratic Upwind Interpolation scheme

	PISO
	Pressure-Implicit with Splitting of Operators scheme 

	PRESTO
	Pressure Staggering Option scheme

	ASM
	Algebraic Slip Mixture 

	SIMPLE
	Semi-implicit method

	DRW
	Discrete random walk

	MRP
	Mean radial position

	LDA
	Laser–Doppler Anemometer

	EARSM
	Wallin-Johansson Explicit Algebraic Reynolds Stress Model

	TFM
	Two-fluid Model

	RANS
	Reynolds-Averaged Navier-Stokes

	SG
	Specific Gravity

	LoR
	line of response

	RMSE
	Root mean square error

	THM
	Total heavy metal

	SN
	signal-to-noise

	MSNR
	multiple signal-to-noise ration




Symbols
	α
	Primary slope of spiral or angle of descent

	β
	Secondary slope of spiral 

	H
	Height of spiral

	r 
	Radius of spiral

	W
	Trough width

	W(Holland-Batt spline-based model)
	fraction feed slurry recovery

	ri 
	Inner radius

	r0
	Outer radius

	
	Radial distance on trough from inner edge

	P
	Pitch of spiral helix

	P
	Pressure

	s 
	Forward tangential slope of spiral

	S
	mean rate of strain tensor

	Fp
	Secondary component of gravitational force along the primary slope

	Fi
	Inward component of the gravitational force

	Fc
	Component of the centrifugal force

	Fb
	Bagnold force

	
	Component of gravitational force

	Ff
	Friction force between fluid layers

	µ
	Co-efficient of friction

	Μm
	Micro-meter

	Mm
	Milli-meter

	Fe
	Iron

	L/min
	Litre per minute

	 or 
	Density (of phase p, q, m)

	P
	Static pressure

	
	Effective viscosity

	
	Mean velocity

	 
	Hindered terminal settling velocity

	
	Speed

	
	Settling velocity

	
	Gravitation acceleration

	
	Diameter of particle

	Rep
	Reynolds number

	
	Strain rate

	 
	Low Reynolds number


	CD 
	Drag coefficient


	
	Trough width

	 
	Effective diffusivity

	
	Dissipation

	k `
	Turbulence Kinetic Energy 

	K
	Drag factor

	K (in SG50 linear equation)
	Gradient 

	M
	Mass flow rate of slurry

	Ε
	Turbulent Dissipation Rate

	
	Curvature

	
	Volume fraction of phase q

	
	Velocity vector of phase q or m

	
	Particle velovity

	
	Force vector

	
	Turbulence velocity

	Gk,b/ Pk
	Kinetic energy generation

	 
	Fluctuation dilatation

	 and  
	turbulent Prandtl numbers

	G
	Drop in pressure per unit arclength

	 
	Fluid velocity

	 
	axial flow velocity

	
	Radial velocity component of secondary flow

	
	Velocity component of secondary flow

	 
	Fluid pressure

	, 
	viscous stress tensor

	Fx 
	Saffman lift force

	λ(in Bagnold force)
	linear concentration

	λ
	down-channel slope

	(in Bagnold force)
	Shear rate

	(in Bagnold force)
	volume flux through the face at moment of time n

	V (in Bagnold force)
	cell volume.

	 
	mass concentration

	Q
	Flow rate

	Q(x)
	Cumulative flow rate

	
	Mean flow depth

	C 
	Courant number

	J 
	particle-flux vector

	
	Unit vector in vertical direction

	
	Shape function

	
	maximum flow rate that can be delivered through fully open spigot

	
	maximum waster wash flow rate

	
	thickness of the slurry flow profile at the relative position  along the horizontal length

	
	slurry volumetric flow rate at half turn h.

	 
	horizontal position of the particle at the beginning of the half turn

	 
	displacement rate constant 

	 
	residence time

	
	relative change in the feed rate (t/h)

	
	feed slurry density





Table 
	
	Fluid 
	Particle flow
	Turbulence model

	Matthews et al. 1998 [58]
	CFD Volume-of-Fluid (VOF) as modelling method
	Lagrangian method
	(RNG) based k±e turbulence model

	Doheim et al. 2008 [59]
	CFD Volume-of-Fluid (VOF) as modelling method
	Eulerian-based
	Standard k–ε; RNG k– ε; SST k–; and the Reynolds-Stress Model (RSM)

	Mahran et al. 2015 [60]
	CFD,
Finite volume method
	Eulerian based
	renormalization group k-∊ turbulence modeling.

	Kwon et al. 2017 [60]
	CFD model
	particle-based Lagrangian 
	

	Harding et al. 2019 [61]
	CFD
	Navier-stokes equation
	

	Pukkella et al. 2019 [62]
	
	
	realizable k—ε model:


	Meng et al. 2021 [63]
	CFD VOF
	--
	RNG k-ε model

	Sudikondala et al. 2022 [64]
	CFD VOF scheme
	Langrangian
	Renormalization Group k-ɛ (RNG k-ɛ) and Reynold stress models (RSM)

	Gao et al. 2022 [65]
	CFD VOF
	Eulerian multi-fluid VOF model, coupling of VOF and Euler–Euler models.

	RNG k-ε turbulence model


	Ye et al. 2022 [66]
	volume of fluid (VOF)
	
	standard k-ε model, the renormalization group (RNG) k-ε model, the shear-stress transport (SST) k-ω model, and the Reynolds-stress model (RSM)

	Meng et al. 2023 [67]
	
	Eulerian multi-fluid VOF model, coupling of VOF and Euler–Euler models.
Euler-Euler model
	RNG k-ε turbulence model

	Sudikondala et al. 2024 [68]
	CFD
	Algebraic slip mixture model (ASM)
	RNG k–ɛ and Reynolds stress turbulence models

	Ankireddy et al. 2024 [69]
	CFD VOF
	Lagrangian-based discrete phase model (DPM).
	RNG k−ε and RSM turbulence models

	Gao et al. 2025 [77]
	CFD VOF
	Eulerian–Eulerian multiphase mode
	k-ε turbulence model

	DEM
	
	
	

	Mishra et al. 2010 [70]
	DEM
	Lagrangian technique
	k–ε model

	CFD-DEM
	
	
	

	Ye et al. 2023 [71]
	CFD-DEM, Volume of Fluid (VOF)
	
	

	Numerical
	
	
	

	Wang et al. 1994 [72]
	fluid mechanic’s approach
	
	

	Doheim at el. [73]
	Finite volume method
	Eulerian approach 
	k–ε; RNG k– ε; Realizable k– ε; and the Reynolds-Stress Model (RSM)



