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Abstract	(10	lines)	
	

The	 reduced	 red	 blood	 cell	 (RBC)	 deformability	 in	 patients	with	 sickle	 cell	 disease	 induces	 an	 increase	 in	
blood	 viscosity	 and	 leads	 to	 painful	 vaso-occlusive	 crises.	 RBC	 deformability	 influences	 their	 spatial	
organization	 under	 flow	 and	 the	 resulting	 rheology	 of	 blood.	 So	 far	 the	 micro/macro	 link	 is	 not	 well	
understood	 due	 to	 the	 lack	 of	 experimental	 techniques	 giving	 access	 to	 the	 microstructure	 of	 RBC	
suspensions.	 Indeed,	 blood	 is	 an	 opaque	 RBC	 suspension	 so	 the	 use	 of	 optical	 methods	 is	 limited	 to	
measurements	 in	 2D	 confined	 flows	 and/or	 in	 diluted	 suspensions,	 that	 are	 not	 physio-pathologically	
representative.	The	project	will	focus	on	the	development	of	ultrasound	scattering	technique	to	probe	the	
microstructure	 of	 concentrated	 RBC	 suspensions	 under	 shear	 flow.	 With	 this	 new	 technique	 we	 will	
enlighten	 the	 role	 of	 RBC	 properties	 on	 suspension	 microstructure	 and	 rheology,	 in	 both	 confined	 and	
unconfined	 flows.	 This	will	 pave	 the	way	 to	a	better	understanding	of	 the	hemorheological	 alterations	 in	
sickle	cell	disease.	
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Objectives	(5	lines)	
	
The	Centuri	Post-doc	project	aims	to	characterize	the	microstructure	of	RBC	suspensions	in	health	and	sickle	
cell	disease.	Our	laboratories	have	developed	in	the	last	years	original	in	vitro	set-ups	designed	to	measure	
the	 structural	 organization	 of	 particulate	 suspensions	 under	 shear	 flow	 (confined	 or	 not)	 by	 optical	 or	
ultrasonic	means.	These	set-ups	will	be	used	to	probe	the	microstructure	in	sheared	suspensions	of	healthy	
RBCs,	 artificially	 rigidified	 RBCs,	 and	RBCs	 from	 sickle	 cell	 patients.	 In	 parallel,	 a	 new	device	 combining	 a	
microfluidic	chip	and	high-frequency	ultrasound	(80	MHz)	will	be	developed	to	simultaneously	measure	the	
structuration	of	concentrated	RBCs	under	flow.	
	

Expected	profile	(5	lines)	
Highly	motivated	candidates	with	a	PhD	degree	in	biophysics,	physics,	fluid	mechanics	and/or	acoustics	with	
strong	 experimental	 skills.	 Ability	 to	 work	 in	 an	 interdisciplinary	 environment	 involving	 several	 research	
teams,	and	expertise	in	programming	(Matlab	or	Python)	are	required.	
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Is	this	project	the	continuation	of	an	existing	project	or	an	entirely	new	one?		
In	the	case	of	an	existing	project,	please	explain	the	links	between	the	two	projects	(5	lines)	
	
An	 existing	 project	 is	 ongoing	 between	 LMA-IUSTI:	 it	 combines	 ultrasonic	 and	 optical	 measurements	 on	
concentrated	 sheared	 suspensions	 of	 hard	 spheres	 and	 will	 validate	 the	 ultrasonic	 tool	 for	 probing	 the	
suspension	microstructure.	The	CENTURI	project	aims	to	probe	RBC	suspensions	in	unconfined	and	confined	
flows	with	this	tool	and	to	provide	a	new	technological	development	merging	microfluidics	and	ultrasound	
techniques.	This	interdisciplinary	project	brings	together	three	CENTURI	groups	with	complementary	skills:	
E.	Franceschini,	quantitative	ultrasound	investigation	of	microstructure;	E.	Helfer,	red	blood	cells	in	confined	
flow;	L.	Bergougnoux,	rheology	of	complex	fluids.	
	
	
2	to	5	references	related	to	the	project	
	
-	Claveria	V,	Aouane	O,	Thiébaud	M,	Abkarian	A,	Coupier	G,	Misbah	C,	John	T,	WagnerC,	Cluster	of	red	blood	
cells	in	microcapillary	flow:	hydrodynamic	versus	macromolecule	induced	interaction.	Soft	Matter	12	:8235	
(2016)	

-	Fedosov	D	A,	Pan	W,	Caswell	B,	Gompper	G,	Karniadakis	G	E,	Predicting	human	blood	viscosity	in	silico,	
PNAS	108:11772	(2011)	

-	Iss	C,	Midou	D,	Moreau	A,	Held	D,	Charrier	A,	Mendez	S,	Viallat	A,	Helfer	E.	Self-organization	of	red	blood	
cell	suspensions	under	confined	2D	flows.	Soft	Matter	15:2971	(2019)	

	
	
3	main	publications	from	each	PI	over	the	last	5	years	
	
-	Lombard	O,	Rouyer	J,	Debieu	E,	Blanc	F,	Franceschini	E.	Ultrasonic	backscattering	and	microstructure	in	
sheared	concentrated	suspensions.	J.	Acoust.	Soc.	Amer.	147:1359	(2020)	

-	Franceschini	E,	Balasse	L,	Roffino	S,		Guillet	B.	Probe	the	cellular	size	distribution	from	cell	samples	
undergoing	cell	death,	Ultrasound	Med.	Biol.	45:1787	(2019)	

-	de	Monchy	R,	Rouyer	J,	Destrempes	F,	Chayer	B,	Cloutier	G,	Franceschini	E.	Effective	Medium	Theory	
combined	with	a	polydisperse	Structure	Factor	Model	for	characterizing	red	blood	cell	aggregation,	J.	
Acoust.	Soc.	Amer.	143:2207	(2018)	

-	Iss	C,	Midou	D,	Moreau	A,	Held	D,	Charrier	A,	Mendez	S,	Viallat	A,	Helfer	E.	Self-organization	of	red	blood	
cell	suspensions	under	confined	2D	flows.	Soft	Matter	15:2971	(2019)		

-	Dupire	J,	Puech	PH,	Helfer	E,	Viallat	A.	Mechanical	adaptation	of	monocytes	in	model	lung	capillary	
networks.	Proc.	Natnl	Acad.	Sci.	117:14798	(2020)	

-	Tusch	S,	Loiseau	E,	Al-Halifa	AH,	Khelloufi	K,	Helfer	E,	Viallat	A.	When	giant	vesicles	mimic	red	blood	cell’s	
dynamics:	swinging	of	two-phase	vesicles	in	shear	flow.	Phys.	Rev.	Fluids	3:123605	(2018)	

-	 Strednak	S,	Butler	 JE,	Bergougnoux	 L,	Guazzelli	 É.	 Fiber	alignment	 in	oscillating	 confined	 shearing	 flows.	
Phys.	Rev.	Fluids	6:014302	(2021)	

-	Marchetti	B,	Bergougnoux	L,	Guazzelli	É.	Falling	clouds	of	particles	in	vortical	flows,	J.	Fluid	Mech.,	vol.	908,	
A30	(2021)	

-	Marchetti	 B,	 Raspa	 V,	 Lindner	 A,	 Du	 Roure	 O,	 Bergougnoux	 L,	 Guazzelli	 É,	 Duprat	 C.	 Deformation	 of	 a	
flexible	fiber	settling	in	a	quiescent	viscous	fluid,	Phys.	Rev.	Fluids	3:104102	(2018)	


