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ABSTRACT	
The	human	airways	are	protected	by	two	fluid	layers,	a	periciliary	layer	(PCL)	covering	the	epithelial	surface	
and	a	mucus	layer	on	top	of	the	PCL.	The	cilia	are	almost	immersed	in	the	PCL	and	interact	with	the	mucus	
through	their	tips.	The	mucus	is	often	described	as	a	yield	stress	and	shear	thinning	fluid.	The	effect	of	these	
non-Newtonian	properties	on	ciliary	coordination	and	mucus	transport	was	investigated	using	the	Lattice-
Boltzmann	method.	 The	 non-Newtonian	mucus	was	modelled	 using	 the	 Herschel-Bulkley	model.	 Three	
mucus	flow	regimes	were	observed	and	analysed	in	a	wide	range	of	parameters,	including	ciliary	density,	
interaction	 length,	Bingham	number	(indicating	 the	effect	of	yield	stress)	and	 flow	 index	(indicating	 the	
effect	of	shear	thinning).	The	characteristics	of	three	flow	regimes	were	revealed.	Regime	formation	under	
different	conditions	was	analysed	in	detail.	A	rescaling	of	the	interaction	length	was	proposed	and	the	mucus	
viscosity	was	found	to	be	the	dominant	parameter	influencing	the	regime	formation.	The	present	model	can	
reproduce	the	experimental	observation	more	accurately	than	the	previous	Newtonian	model.	We	improved	
the	 cilia-mucus	 model	 and	 elucidated	 several	 physical	 mechanisms	 underlying	 the	 transport	 of	 non-
Newtonian	 mucus	 by	 cilia	 and	 the	 role	 of	 mucus	 viscosity,	 with	 the	 perspective	 of	 progressing	 in	 the	
understanding	of	mucociliary	clearance	in	human	lungs.	
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