Complex flows of cellular suspensionsin microtubes
at different temperatures
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Introduction

Recently different microfluidic systems have beeoppsed for separation of blood cells based
on their mechanical, optical, electric, magnetdhesive and other properties which are different
in the blood samples of healthy donors and patietts different pathology [1,2]. The systems
are based on the blood flow through one or a systemicrotubes or channels in the external
field(s) or in interaction with bioactive recepteensing nanoparticles. Mathematical modeling
of the flows of suspensions of microparticles tlglouthe microtubes with diameters
d =100- 500um is based on the Navier-Stokes equations with viglatip boundary conditions [1],
but for the flows of suspensions tR&hreeus—Lindqvisand Copley-Scott Blair phenomena are also
essential. Th&ahreaeus—Lindgvist effect is the decrease of tharapp viscosity with decrease in
the diameter of the capillary within the valuegm<d < O0abn due to formation of a thin

boundary layer with lower concentration of partsckend, thus, with lower viscosity [3]. This
layer serves as the lubricating one and promoteshtbher flow rates in comparison to the
Poiseuille flow of a uniform liquidThe Copley-Scott Blair phenomenon relates to theedese in the
apparent viscosity with decrease in the diametertdispecific interaction and adhesion of some
components at the capillary wall. For instance, nhige blood, blood plasma or serum are
moved through a tube their apparent viscosity dépem the material of the inner wall [4]. The
two effects were found to have different origing [@nd the electric double layer at the wall [6]
and related electrokinetic phenomena [7] have lpgeposed forexplanation of the Copley-Scott
Blair phenomenon.

Materials and methods
Volumetric rate of steady flow of the suspensiohswman red blood cells (RBCs) through a thin

tube (d =500um, L =10cm) at different ambient temperatures € 0—43C) has been measured.

The RBCs of healthy volunteers and patients witbkst and cancer have been used. The blood samples
have been collected and stabilized by heparin. RBEs have been washed out with saline in the
centrifuge atw=3500 mir', and the RBC (35%) suspensions with saline haee peepared. The blood
samples of patients with lung cancer (32 persobnsast cancer (40 persons), ischemic stroke (22
persons), hemorrhagic stroke (18 persons), andhyedbnors (25 persons) have been studied. The

measured dependencigd g, on T are presented in Fig.1a,b. Hegleis the measured volumetric rate,
g, is one computed for the Poiseuille flow.

Mathematical model
Incompressible Navier-Stokes equations of a viestie fluid with first order velocity slip

boundary conditions have been solved for a tuble astual diameted, =d —2h(T), whereh(T) is the
thickness of the Copley-Scott Blair layer have beelved. The outeFahreeus—Lindqvistayer with
lower viscosity has been introduced as an immiscihlid. The temperature dependences of viscosity
M(T)and yield stress,(T) have been taken into account. The dependeh&3 and 7,(T) are

determined by gradual denaturation of the membpaoteins at higher temperaturé€s>39 C . The sets
of material parameters wheq/ g, <1 have been found.
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Fig.1. Relative flow rates of the RBC suspensidnsaacer (a) and stroke (b) patients in compartson
healthy donors (empty circles).

Results and discussions

In 84% of the measured samples the severe disézmsser, hemorrhagic stroke) exhibit higher
apparent viscosity,,,, measured by the capillary viscosimeter and logevalues than those for the

healthy donors (Fig.1a,b). In the less dangerosesdischemic stroke)/,,, may be higher at low

temperaturesT [I[0; 20’ ]|C and q is bigger or equal to those for the healthy doi(Big.1b).

The Fahreeus—Lindqvist effect promotes increaseqoin comparison tog, at the same
temperatures, while Copley-Scott Blair effpcomotes decrease of due to adsorption of the proteins
and cells at the surface of the tube and decrehs#, oWith temperature growth different types of
membrane proteins become denaturated that chamgsiae properties of the cell surfaces and protein
extraction. Therefore, the decreasing dependgr(dd , and increasing one¥T) and7,(T) contribute

significantly to the fluid flow. Due to the abovesdussed complex properties of the cellular suspess
their physical behaviour differs from uniform ligigi.

Conclusions

Steady flow of a viscoplastic suspension of RB@sugh a microtube at different temperatures
has been studies. The temperature dependenciée ahaterial parameters as well as Féhreeus—
Lindgvist and Copley-Scott Blair phenomena have been takeraittount. The measurement data have
been discussed based on the theoretical results.
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