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ABSTRACT

The present paper dealswith amathematical model for the effect of perme-
ahility of porous mediumon MHD flow of blood invery narrow capillaries.
It isassumed that thereis alubricating layer between red blood cells and
tubewall. Theanalysis of fluid flow between red cell and tubewall, when
the cell appearsto be at rest and the capillary wall moving backwards, is
made. The effect of porous medium is examined. Analytical expressions
are shown through graphs to describe the effect of various parameters on

KEYWORDS

MHD flow;
Singlefileflow;
Narrow capillaries;
Lubricating zone;
Magnetic field;
Porous medium,;
Red blood cells.

velocity profile, leak back flow rate and skin friction. It isfound that the
velocity profile increases numerically as permeability of porous medium
increases and leak-back flow rate decreases numerically as magnetic in-

tensity increases.

INTRODUCTION

Human blood isasuspension of cellsof particlesin
acomplex, continuous, agueous solution caled plasma.
Thecedlscons s of variety of blood cellse.g. red blood
cdlls(erythrocytes), whiteblood cells(leukocytes) and
platelets. Normaly, theblood cellscomposeabout 50%
of the blood volume and they are small and about 5
millions/ (mm)3in number. Investigation of blood flow
dynamicsand erythrocyte (i.ered blood cell) rheology
in capillariesisof great importance not only because
they arethemgj or site of oxygen and nutrient exchange,
but al so becausethe proper microcirculatory function
isprimarily determined by therheol ogica behaviour of
red blood cdlls(RBCs) inthesevessds. In human phys-
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ology, we come across mainly two types of circula
tions, macrocirculationand microcirculaion. Themacro
circulation system consistsof large arteriesand vessdl's
whilemicrocirculation system comprisesof thesmallest
arteries, veinsand capillarieswhosediameter areequa
toor smaller thanthat of red cell. Conditionsarevery
different for thecirculationsin narrow capillariesthan
largevessds. For describing themechanicsof red blood
cdll motioninnarrow capillaries, wediginguishtwo Stu-
ationsaccordingt the conveniencewithwhichthecdls
fitintothevessals. Inthefirst casewhen the capillary
hasdiameter larger than that of thecell, thecell canfit
into thetubewithout distortion; thisflow Stuationiscaled
positive clearance. Inthe second Situation called nega
tive clearance, when the diameter of thecell islarger
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thanthat of capillary assuchthecdl will bedeformedin
order tofitintothecapillary. Inthiscase pressure must
be generated in thinlayer of fluid round the edge of the
cell inorder to deform it and dependson el astic prop-
ertiesof thecell.

When red cdll isseverely deformed theninblood
flow thered cell seemsto plug the capillary of blood
vessel and the motion of the plasmain capillary be-
tween successvered cellsiscalled bolusflow. Ahmadii
and Manvi™ described equation of motion for viscous
flow througharigid porousmedium. Avileset.d.@in-
vestigated ferromagneti c seeding for the magnetic tar-
geting of drugs and radiation in capillaries beds.
Baumgartner et. al ¥ discussed blood flow switching
among pulmonary capillariesisdecreased during high
hematocrit. Bishop et. a .1 studied rheol ogicd effects
of red blood cell aggregation in thevenous network: A
review of recent studies. Dash et. d ¥ discussed Casson
fluid flow in apipefilled withahomogeneous

porous medium. El-Shahed™ investigated pul satile
flow of blood through a stenosed porous medium un-
der periodic body acceleration. Fitz-Gerald® studied
mechanicsof red cell motion through very narrow cap-
illaries. Haik et. d [ anal ysed apparent viscosity of hu-
man blood in a high static magnetic field. Huo and
K assab!? studied pulsatileblood flow intheentire coro-
nary arterial tree: theory and experiment. Jain et. d 1Y
discussed mathematica analysisof MHD flow of blood
invery narrow capillaries. Lighthill™ introduced pres-
sureforcing of tightly fitting pelletisaongfluidfilleddagtic
tubes. Mittal et. al .[*¥ discussed analysis of blood flow
intheentire coronary arterial tree. Ozkayan studied
viscousflow of particlesintubes: Lubrication theory
andfinited ement modd .Priesand Secomb™ discussed
rheology of themicrocirculation. Prieset. d.[*¥investi-
gated blood viscosity intubeflow: Dependence on di-
ameter and hematocrit. Prothero and Burton™ analysed
the physicsof bloodin capillaries. Sharan and Popd 8
described atwo phasemodel for flow of blood in nar-
row tubeswith increased effective viscosity near the
wall. Sharmaaet. d 1% discussed performance modeding
and analysisof blood flow inelastic artery. Tozernand
Skal ek studied flow of el astic compressible spheres
intubes. Tozern and Skalak®! discussed the steadly flow
of closdy fittinginincompressible elastic spheresina
tube. Weiderhiddm et. a .2 anal ysed pul stile pressure
inmicrocirculation of thefrog’s mesentery. Zweifach
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and Lipowsky!Z! described quantitative studies of mi-
crocirculatory structure and function, microvascul ar
hemodynamicsof cat mesentery and rabbit omentum.

Inthe present paper we consider the problem Jain
et. al.[*Y with permesability of porous medium. The pur-
poseof thisstudy isto investigate the effect of perme-
ability of porous medium on MHD flow of blood in
very narrow capillaries.

Itishoped that thisinvestigation may help for the
further studiesinthefield of medical research, the ap-
plication of magnetic field and porousmedium for the
treatment of certain cardiovascular diseasesand also
theresultsof thisanalysis can be applied to the patho-
logicd stuationsof blood flow incoronary arterieswhen
fatty plaguesof cholesterol and artery- clogging blood
clotsareformedinthelumen of the coronary artery.

MATHEMATICAL MODEL AND GOVERN-
ING EQUATIONS

Inthismodd weconsder theaxidly symmetricand
Newtonian flow of blood in atubeof uniformradius.
Theblood isassumed to be homogeneousfluid, while
thered blood cells are assumed to be elastic and in-
compressible. Thesinglecdll isfitted inthetubeso as
to generateasinglefileflow. Inthisinvestigation, we
study fluid flow in lubricating zonei..e. fluid flow be-
tween red blood cell and tubewall. Theeffect of trans-
verse magnetic field ontheflow of narrow capillary is
takeninto account. Theinduced magneticfidd hasbeen
neglected. Theviscousforcesare predominant inthe
flow of such tubes. Theinertial termsare considered
negligible. During passingdown singlered cell in nar-
row capillary, it deformsdueto itselastic property. The
shapeof red cell ishi-concavedisk. Theaxia velocity
istaken zero at the surface of red blood cell and W at
thetubewall. To obtain theaxia velocity of thefluid
relativetothetube, weadd W velocity inthedirection
of theflow of fluid.

Let usassumethe coordinate z in the direction of
the axis of thetube; r istransverse distance from the
highest point of the surface of theRBC (Figure 1).

Theequationsgoverningthemotionfluidflow are:

B(rv) a(rw)

AV AN o
or * 0z (1)
ow  op (0w 1ow) ..,
ao__o9 O _ou?Biw-+

Pz azﬂ{arz-'-r arJ CHEN =W (2)
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Boundary conditionsare:

t>0
t>0 ©)

atr =h
atr =0
From equations (1) and (3), we have:

w =_We7int,
w =0,

v=0,
v=0,

{ rwdr =-Q,, (Constant) @

The pressure gradient of blood flow can betaken as:

a_p — _Pe—inl
0z

Also we may take the velocity as

w(r,t) = w(r)e ™
without lossof generdity.

From equation (2) using these values of % and

w(r,t), weget:
d’w ldw _a—_ p .
dr> rdr p p ©)

Wherea = —inp+H and H =Gu§B§+%

Thesolution of (5) isgiven by

W(r)=AJo(ir,/(a/u))+BY0(ir a/u)+g 6)

WhereJ and Y areBessd ’sfunctionsof first kind and
second kind respectively. Now B=0asotherwiseat r

=0, w(r) isnot finite.

Thenthe solution of (6) becomes:
w(r) = A3 firflaw )+ 2 Y
Now transformed boundary conditionsare:
W(r):—W, atr =h, t>0
W(r) =0, atr =0, t>0 ®
Using second condition of equation (8) in(7), wehave:
__P
o
Thus(7) becomes
W<r>=[1—Jo(irW)]§ ©
By usingfirst condition of equation (8) in (7), we get:
- (J.W \
R ERRONCT))
Now equation (7) yields:

(10)

- _W[(l—ao(ir\/(a/u)))}
(EENTNTT)
This
. _W[(1—Jo(ir\/(a/u)))}e.im
(EENTNCTD)

Expanding theBessel functioninaseriesand retaining
only upto bi-quadratic terms,

W= W r?(16u+ar? ot
h?\16p + ah?

(11)

Thered part of wisgiven by:

[ ) /{{16.1{ +Hr::}|':16;( +Hh::}+ (nhpr'):}cos nt

[l ;3 J

\—{ﬂ‘,o.ff{m,u +Hr* )= npr’(16u+Hi ]; smat |

Re(w)=— T E 7 7]

| 'S {f“]_(SJ.(!‘FH;’.‘"} +(nph”) i (12)
Theveocity Reativeto tubewdl isgiven by:
w,; =w+ W cosnt (13)

THE LEAK-BACK FLOW RATEAND SKIN
FRICTION

Withthehelp of equetion (4), thelesk-back flow rateQ,
isgivenby:

2 4
hz[{64y+%+%(Hz +(np)2)}oosnt —gnp,uhzsinnt

W (@6 e + (o] (14)
Theskinfrictionat the RBC surfaceisgiven by:
10
trbc B _u(?a_\:’\l]rno
o2 ((16u+ th)cosnt—nphzsinnt)
= u W{ h2{(160 + Hh2)? + (nph?)2] (15)

NUMERICAL RESULTSAND DISCUSSION

Theexpressionfor relative vel ocity profilew, ob-
tainedin equation (13) has been depicted infigures 1-
4 by plottingt versusw, for different values of mag-
neticintensity B, viscosity u, transverse distancer
and permeability of porous medium K. Figures 5-7
are constructed for t versus|eak-back flow rate for
different values of magneticintensity B , permeability
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of porous medium K and thickness h. Figures 8-10
areconstructed for t versusskinfriction zfor different
values of magneticintensity B, permeability of po-
rousmedium K and thicknessh. Figure 11 and 12 are
constructed for r versusrelativevel ocity profilew, for
different valuesof B and K. Figure 1 show theveloc-
ity profilefor different values of B, (magneticinten-
sity). Itisnoticed that theflow ispulsatilewhere ve-
locity changes periodically and thereisno significant
of magneticintensity B, onrelaiveflow velocity. Fig-
ure 2 show thevel ocity profilefor different values of
u. Itisobserved theflow ispulsatile where vel ocity
changes periodically and thereisno notabl e effect of
wonflow velocity relativetothetubewall, asall the
graph areoverlapping. Figure 3 show thevel ocity pro-
filefor different valuesof r. Itisnoticed that in lower
half cyclesvelocity relativeto tubeisincreasesasr
increasesand in upper half cyclesvelocity relativeto
tubeisdecreasesasr increasesand at thewall itis
zero. Figuretheresult of earlier knownwork isfound
4 showsthat vel ocity profilefor different valuesof K.
Itisnoticed that in lower half cyclesvelocity relative
to tube increases as K increases and in upper half
cycles velocity relative to tube decreases as K in-
creasesand asK’! «“, theresult of earlier knownwork
isfound. Figure5 showstheleak-back flow ratefor
different valuesof B.. Itisobservedthat inlower half
cyclesleak-back flow rate decreases as B increases
and inupper half cyclesleak-back flow rateincreases
as B, increases. For the value of B, from 30 to 300,
the leak-back flow rateincreases dlightly but for the
vaueof B, from 3to 30, theleak-back flow rate gives
a big change as comparatively 30 to 300. Figure 6
showsthat theleak-back flow ratefor different values
of K. Itisobservedthat in lower haf cyclesleak-back
flow rateincreases asK increases and in upper half
cyclesleak-back flow rate decreases asK increases
andasK’!”, theresult of earlier knownwork isfound.
Figure 7 display the effect of thickness (gap between
RBC and tubewadl) of fluid onlesk-back flow. It shows
that inlower half cyclesleak-back flow rate decreases
ashincreasesandin upper half cyclesleak-back flow
rateincreases as hincreases. Figure 8 show the effect
of skinfrictionvs. timefor different vauesof magnetic
intensity. Itisshownthat inlower half cyclesskinfric-
tionincreasesas B, increasesand in upper half cycles
skinfriction decreases as B jincreases, skinfriction

> Regulor Paper

zero about B, = 300. Figure 9 displaysthat skinfric-
tionvs. timefor different valuesof K. It isshown that
inlower haf cyclesskinfriction dightly decreaseswith
increase of K and in upper half cycles skin friction
dlightly increaseswith increase of K. Figure 10 dis-
playsthat skinfrictionvs. timefor different values of
thicknessh. Itisshown that inlower half cyclesskin
frictionincreasesashincreasesand in upper haf cycles
skinfriction decreases ashincreases. Figure 11 shows
theeffect of velocity profilevs. r for different val uesof
B, Itisnoticed that vel ocity relativeto tubeincreases
as B, increasesexcept highest point of surfaceof RBC
and tubewall. Figure 12 showsthe effect of velocity
profilevs. r for different valuesof K. Itisnoticed that
velocity relativetube decreases as K increases except
highest point of surface of RBC and tubewall.

s Velocity profile for different values of B,
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Velocity profile for different values of K s Skin friction vs time for different values of K
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Skin friction vs time for different values of B,

CONCLUTIONS

—=B0=3

o Itisclear from abovediscussionsthat magneticfield
Lepo-300 hasno effect on vel ocity flow inlubricating zonerela
tiveto thetubewall anditisasoindependent viscosity.

- Theeffect of magnetic field onlesk-back flow rate and
FiéurGS skinfriction seemsto be significant. Theeffect of per-

meability of porous mediumisno notablefor relative
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velocity. Theviscosity effect isvery much dependent
onthethicknessof thelubricating zone (thickness be-
tween RBC and tubewall). Themagnet and thickness
of lubricating zoneaffect theskinfriction at RBC sur-
faceremarkably.
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