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Abstract: The objective of this paper is to present a idewtonian blood flow model with the effect of different
geometry of stenosis on various flow quantities. The Pdawe@model is considered to explore the fidewtonian
property of blood. Twepoint Gaussquadratue formula is applied to obtain the numerical expressions of
dimensionless flow resistance, sHiiction and flow rate. The variation of dimensionless flow resistance; skin
friction and flow rate with degree of stenosis, axial distance and pawdndexis shown graphically. Moreover, the
powerlaw index is adjusted to explore the ANBwWtonian characteristics of blood. The importance of the present
work has been carried out by comparing the results with other theories both numerically and graphiealllgeén
found that resistance to flow becomes maximum with total blockage of artery for different shape of stenosis.
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1.INTRODUCTION
Diseases in human blood vessels and in heart such as heart attack and brain stroke are the main
cause of death worldwide. The major reason for such diseases is the constriction in artery or
narrowing of the artery. In medidarm, it is called stenosis. Stenosis is a pathological constriction
of an artery, generally due to deposition of fat, cholesterol and unusual development of tissues.
The fatty substances reduce the cresstional area of blood vessels and hence eady jhart
cannot receive an adequate quantity of blood. Therefore, the analytical study of blood flow through
a stenosed artery is beneficial for a better understanding and diagnosis of the artery dj&dhses [3
It has been observed that some researchaison blood by treating it as Newtonian fluid [&].
When blood flows at a high shear rate with a larger diameter arteries, then it is considered as
Newtonian blood. While blood flows at a low shear rate with smaller diameter arteries, then it
would betreated as neiewtonian blood [9]. Ishikawa et al. [4] observed that-hawtonian
behaviorof flow has high stability than Newtonian flow because-Nawtonian characteristics of
blood affect the flow quantities. It reduces wall shear stress, vorteamsizevall pressure. The
Powerlaw [8, 9], HerschelBulkley [7, 11] and Cassomodel [LO, 16, and 1Jof non-Newtonian
fluid are frequently used by many researcher. HilaeschelBulkley model and Powdaw model
have more benefits than Casson model. The-Behaviorindex of HerscheBulkley and Power
law model can be adjusted to a preferred value, while thelfelvaviorindex of Casson model is
fixed. Furthermore, Easthope aBrboks [L] observed that powdaw model has more significant
role in modellingof non-Newtonian flow.
Misra and shit [7] studied thgeneralizedmodel of blood flow by taking it as a Casson and
HerschelBulkley fluid. Singh et al. [15] considered a blood flow modehnalyzethe impact of
shape parameter and stenosis length onmle shear stress and flow resistance with axially
symmetric but radially nesymmetric stenosed artery. The impact of different parameters of
stenosis shape on various flow quantities with slip conditions studied by HaldSing@h [L3]
and Srivastava [6]. A neNewtonian blood flow model with effect of stenosis shape and slip

velocity at wall is considered by Bhatnagar et al. [18]. They found that axial velocity and flow rate
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is increased with slip but it decreased with yield stress.
Kamanger et al. [19] investigated the blood flbehaviorwith severity of blockage area with
different geometries like trapezium, triangular and elliptical shape. They conducted their study to
different size of stenosis in terms of 70%, 80% and 90%ldoekage of artery. They observed
that wall shear stress is high for trapezoidal shape as compared to triangular and elliptical shape.
Sriyab [20] considered a ndwewtonian blood flow model with various geometry of shape of
stenosis like bell and cosisbape. They observed that cosine shape displays higher pressure, flow
resistance and flow rate than bell shape. €iwaand Sriyab [21] considergmnNewtonian blood
flow model with various geometry of stenosis in stenosed artery. They studied|pomecdel
of two-dimensional blood flow having vertically asymmetric and symmetric stenosis.
It has been observed that geometry of stenosis has a significant role in study of blood flow. In our
present work, we presented a graphical and conceptual study-bievaonian blood flow model
with effect of different geometry of stenosis, like rectangular, cosine and trapezoidal shape.
Furthermore, the impact of powkaw index, depth of stenosis, and Adawtonianbehaviorof
blood on the various flow quantities foectangular, cosine and trapezoidal shape are shown

graphically.

2.STENOTIC ARTERY M ODEL
We considered a mat hemati cal model for differe
cosines and trapezoidal steabsbdbe ehapbes@hehg

in figure (1), (2) and (3) respectively.

The mat hemati cal representation of the geome
foll ows,
R
R(2=R(L -9 or %:1 -S (1)

WherReindicates nor maR(zare¢prgs eamtds ust eemB8lsed ar



MANISHA, VINAY NASHA, SURENDRA KUMAR

indicates de@x—%’—%&‘of Wet emasiigef@ed heceRindgal ar

constant Rnhd equal to

Artery Wall
‘ RI}
”
— Rinin
b '!.3 '!d
Fi gGelometry of axially symmetric rectangul ar sh
The mat hemati cal representation for geometry
£ Se cosp(z -l
R(2)= R =R} —@MS folg¢z d, I+ (2)
1 2é I ¥
Artery Wall
Ry
_________________________ -
|! ]
i [, b
Fi gGometry of axially symmetric cosine shaped

The mattihceaha r epresentation for geometry of Tr a

R(2=R { z {)tan | for I,¢z ¢, SR/tan ) 3(a)

R(2=R[1 -9 f ol,+SR/tan a) & (¢ L +SR/tan ) 3(b)
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An olR(z)=R°'('u *I;D 2)tan for(l,+l, SR/tan g = (¢ 1) 3(c)
Artery Wall
Ry
L . .
L bz kA
Fi gG88ometry of axially symmetric trapezoidal sh

Whengei,ndi cates udfsatnrdgampargleeat s ddbwnstream an

3. FORMULATION OF THE PROBLEM
| n t his mat hemati cal model , we consider ed b I

(independentdeofel toipdaedhe nofnwed 1 gyl a n d -Noelwot oodn iiasn taank

incompressible f1l uif(dzqg) @ylei ndarkiecnalt oc osotrudd yn att ki

representzs ndadiaalesamaci al direction. The gover
-dp_1d
—="_r 4
dz rdr(D (4)

Whepeepresent st pndssat esantlledraws tntoedsed . dielf e npeodv

Newt oni an characteristics of bl ood as

1
- du atd
=1 — o 5
ar ' m e (s)
Wher e, u represanitmsdibclaotoeds Vi envdoeaxirstdyb wp owe s Cc0Si

pl asma. The boundary conditions to solve eq.
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u=0 atr=R(2 (6)

tis fimOte at (7)

4 MATHEMATI AMALYSI S
To st uMewtnoomi an bl ood fl ow model for wvarious
anal ytical expressions fforri cvtaira m,u sé hfd vofvd tegsui asntt a

|l n order tfor ifdtnidon hewe kiietst peegata dteas £igng (o uwd & hy

(7), we have,
-rdp
t =—— 8
2 dz (8)
The-Bkll@gllsnobtalnt%d—b—@ (9)
R3tR
The fabe i s define@:%lg—yﬁff()d (10)
R 0
EN
Using eq. (5) |ntoQ:(4EOﬁf29—q§d get (11)
RO ¢ m-
, L
|l ntegrating eqt, (vxlel)@m(—?—Rt—gnjrespect to (12)
nt(3a 3
Now, from eq. (12), weiget onhe expression of
2Q(3a ) %
o= (13)
e Pra ¢
. . : P-P
The reS|stan¢I¢|efdlelfooédlfh—%6m# (14)
WheRer,epresents | piundipc @tsessire@utamuwlt pressure o

Using eq..Y)Y3)wd nabot@ae;%nera+l (15)

L
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|l ntegrating eq. (15) al orFr B aar tzy¥Yp=8reahtgt h a

z=L A, It 1. We obtain

N 3a 4 ad"i I H g
R-R ile@qu(pa) ::? |+ rT'_”RiﬁdZ (16)
é { I,

SinR:eR(jrepresents the stenosis area geometry.
. P- P, . .
shape i $;, :g—|6v—eanndbyby appl a mgsadwoa tpuorientf or mul a

of .&2q) for diféposens. sWaplawvé, st

3a+1)uQade| l, + +1 | (17)

e Pa & &R (1-

I, =

Now when the geometry is of colscimpl—;e?—% shape, f

e e 53 ay
&3 4) B . Q e P2 s 83-1 X
| . = QO0Q, K =% =-
© é pa H C§ ‘ 2R Tg?e 21 ?2:}3 %lg
5 CEE Y
21 eosg;lo Fﬁ (18)
8 W
e 29 f—% {/E
Now, flow resistance roTr=F1—_Qt—PF—apezoidal shapes g
- &3 4) o e
e pa u
¢ & 8 e A
g, + SI%tana SRtana, e S'%(\f )u y: SB(«@ +]) 2
LT TR TR € 23 Y
g a 2 a

g
SR

ki
a0 19)
#
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We have obtained the numerical expressions fo
we have to analyse the i mpact-Netwtdnf erehtrget

of bl ood on these parameters.

When the conptesent onniarnety, the flow resi s
(3a 4) o, ,8
representedlh‘asﬂf,gézi)@“glu Id+4|a|71 (20)
¢c Pa -+ ¢ R
Now, tdé memsni onal fLkgaowlk)rdwe stance enosed a
rectangular, cosines and trapezoidal shape is
e |
gu+|d+ : 3a 4
1- S
L e B B9 (21)
R RO
u d a
e R**
LC—IC
IN
e &g . s B 0. Aa &- N(géwz
I, a9 S&  8J3-1 0 1,45 €7 J&8#4 0ouf |
+, o+l 27 e 5 b1 T fos 6 opY
gu d S Y2 g P
N R N A L
- (22)
gu+|d+\!3ﬁ8
é R a
Ay 3aly R (3 +
1, Shma, & SR(3-1) 87 ¢ sgad) 4
L, dotly S @R U +Re— 1 U
N 2 % 23 U e 23 U
ge u e u
IS
+‘ 3a 1
R(1-9 7
% s(v3-1 5" eV 4 A
. SRtana, & g : A L
2 & o3 0 e a2z gufg leget (23)
ge u € u €
Now, t-chiemeroshi onal bl ood fl| ow rNewtsaminacre bwa hahv it

bl ood is considered as t HNee wtaotniioa no fbltohoed filno va
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to the fl ow resistance of eMawt,onitarmr alnl ded sitmt

e |
a gu+|d +‘ > 3a 4
. fBad) bgipg  RE-9 @ (24)
R ¥ pa o 4 . o
€ p u ,u+|d 32{1 l:l
é R a
&3 4) @ Qrf".\'lpéq ] f"é& sh 4310608
Xe B 10— 4, g+ —@-cogg—— g @
cEpa { 48 dZRfjﬂllge 2;? 92\@§+9 '
o o o ~ =33y
& sd  a/3+410 00 o /6 Iy
¢ ¢ ¢ =}
&(3a 4) QP
e pa g 4
¢ ¢ BT e sz Cd
S, +! SRtana, ég SR(\@ 1) ; Ré SB(\@ ]) g
u d eeo N Z <
2 ¢ 23 U € 2/3 0
8 u e u

& ) e A
N I, SR tana, & S(\/é 1)u Beés(*/é”]) g%%, L, (26)
RO9F T 2 g 2R § gas pue R
Whemtenosi s i s not (R@@=ek3ent thbrickt mmy
2Q(3a 1) %
ty = (3 )t (27)
é PRRa (
. . L . t. AR B
The -chiomensionalt iskisshdwn cad B > § (28)
n CR =
The di mensfirindteisen skuem to stenosed artery
2 ! o 33
a R, 0 41 © 3a
B g 8 &0 =S (29)
: C (1'5)99 S

f

beco

or
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te = e (30)
e - [
ga- >t cod (2 1) i
a o 3a
- | R, 0
| . : forl,¢z d, S$SR/tan ,a
P R (z-) @, &
% 81 %
t. ¥ 5 for 1|, SR/tan ,az¢| ¢ SR/tan (31)
7 d-s ¢ i
To 33.
[p 1 for I,+I, SR/tan a # | ¢l +
TG 4, 2) ta® | % vos :

The -chiomensi onal bhwodhskhe fNepwattadnoioaf ( Nooenh a v
of bl ood i s consi der ed asNetwhte nri aatni ebonl cofoedtl h &r Ba& i
to the skin friction of Newt oni an blood in a

_tp R BQ(3a 4)
te 4QF B af

whtegmrepr esenftr itchte osnkionf Newt oni an

gi vetp =a@m .
QPR?

3 a
o (- I+ z)1
R¢ (L I+ 2)tan % forl, K SR/tan Gz o, K

[S]
é R a

For different geometry of stenosis, it can be
PR &Q(3a #) B
O S 32
T ©pa BRI (32
a .. -3
3p € 1) g€, 3 )
BB ) BZaf Safes B 1 BP (33)
Qe Pa g 1 2 ¢ I (3
€ R3pe ¥
TEM SCQRO fz |;) tanO, 'égl forl, z I¢ SR /tan a
i 4Qé& pa g
|
; 34
h, 5 R 9 g E@Mu for | SRftan , a [ |¢ SRftan | ( )
i Qe a
|
i
7
|
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5 NUMERI CRESULT BIN®CUSSI ON

Il n this mathematical model , we studied- the i
Newt obned haawfi okl ood on physiologically indispens
friction, and flow resistancetedotrhagrdiphe tsil o

guantities from equations (21)MAToLAB26) and eq

TABLBEalr.ameter val ue

Parameters Val ues

Flow rate (Q 05 wa/l s
Length of art 3cm
Radius of norm 1 mm

Viscosity (M) 25 mpas
A 0 .-13

S.BFFECT OF DI FFERENT SHAPES OF STENOSI S ON Fl
The effect of di memnéb&rifwhdlewsyg Y ovwtrheslistf ameat (
stenosis is shown in fuiSgnce ttoed yfohagieffisosr ar
stenosiYs 8. dAsr eases, the degrkeeomffisg.ehotso st

observedot bBatiinmwdgheatshe di mensionless resistanc

and trapezoidal shape is deYrgEastnhpaanbeenh nes
t hat as Yvd@Y ue aaches t owar ds 0, t he riemum.t ance
Therefor e, retardation in flow 1is maxi mum, w |

artery and cawWmoexrohmenrt i failsuraglddsanepsi onad 6
resi stance in rectangul arascogiakightdl yrewpheno
Newt omriaamer/t yp. i . &AL comparison of results are d

it has been observed that results agree with
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4.5
o a=1
4 | < a=0.8 |
a=0.7
a= 0.6

<
Rmin/Ro
FigvVa4 i ati ochi mennsniomnal fl YwIY doirstramdeanwgiut mr shape hav
val u@ of
0.5 T T T T
0.45
0.4
0.35 |
0.3
O
<
0.25 |
0.2
0.15
0.1
0.05
(o]
Rmin/Ro
Fig.a¥i ati othi mennsiomnal f | ow ZXAYefsorstamsienevigtape having di
U
14
—— a=1
12 3 —+— a=0.8 |
— a=0.7
— & — a=0.6
<I—
° .
o 0.2 o.4 0.6 0.8 1
Rmin/Ro
Fi g.a6. a¥ i ochi menn miomnal f | ow AYdodirsttampe zwiitdlal shape havi

ol
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5. 2. | MPACTNEON<T ONNOMN CHARACTERI STI CS OF BLOOIL
RESI STANCE
The variadiim@ensinonnaon fHh dw)r evDiNwwa omeé maof or

bl ood for various shapes of stenosi-Bawsi ndees

on fl ow aleodhigfy¥ amcehown in these figures. |t i
val uoe sofi ncreasing, the value of resistance to
out t-damemsesmonal fl ow resistance I dectramagululin
slightly when the bl oojd p.aklets iNse watlosnoi anno tpi rcoepde

t hat rectangul ar shape has higher resi stance
observed from fig. 4 and 9, mptaaiwvtodmpnacnt pofopet ey

are exhi bibtedhchhvti e s ame

25 T T T T
—S— a=1
a=0.8
a=0.7

20
—+— a=0.6

FigvVafti ati odhi menn ;miocmnal f | oYw 7JYefsadrs traencctea nwg u lhar

havidngferenfd value
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0.9 o=
B = a=0.8| 7
0.8 | . a=0.7 i
L a=0.6
0.7 | |
0.6 |+

Rmin/Ro

Figa®%iatnmhi memnsi onal f | $w.J4 e soirs tcaorsd en ewdstlind pe ednfd v ivad u e

10

a=1

—
uS
Rmin/Ro
Fig.a¥i at i ochi menn sniomnal f | o¥w FYediost amapewiotidal shape ha
v a | oulé

6 SKI BRI CTI1 ON
6. 1 MPACTDOFFERENT SHAPE OF STENOSI S ON SKI N FF

The variation on difmbBfrisifonrl esar iskiusn o ed ned ti royn
represented in fig. XOaw oi ntldee x Tfheer erfd cetca n goufl aprc
stenosis is shown in fig.10. 1t is also point

1 iYeXY,reaches 0, the di mensionl ess shear str
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di mensionless skin fricti-bawisndegreasingraas]
of p-oaer i ndedki noemnsnom al skin friaxian fdorst aos
di splayed by fig.11.1t is detected that skin

noticed that di mensionl ess skin frictaiomn for

increasing. THa wixnpodatinmoefn spioownearl skin friction
along axi al di stance is displayed by fig. 12.
trapezoi dal shape i soadsci@asiemgi wgemandhetvalsu
di sctean Further mor e, it is investigated that di
a=4dnidt is also examined from fmése¢ibinglmomes cols

has higher value than trapewairdaslonshhdpdaiaremnrsg
friction results are done with the results of

the results of kar i mi

a=T
c a=0.8
0.8 _ a=0.7| |
a=0.6
B
B
H
0.6 e
L T i
il
Te .
0.4 | ]
0.2 | ]
o
o 0.2 0.4 0.6 o.

Rmin/Ro

Fig.alrOi at i on i n di mensi o=hjl-:3.§’=|s sf osrk irne cftraincgtuigdair f ¥shtalpret h a v

valsad
4.5
—S— a=1
a b a=0.8 H
a=0.7 _'_—0—+
—+—a=0.6 ru gl
3.5 | g b
=s
)
e
-

Fi.glarVation in dimensionless skin friction alotlg axi al
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0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5

z
Fi g.d®i ation in dimensionless skin frictiodi ffoeremtapez
valso#

6. 2. EFFECT OF DI FFERENT SHAPENBDWT GNIEANSI S
BEHAVI OR OF BLOOD ON SKIN FRI CTI ON

The variation on di-nemswonh&lewneki anfbebavbaor
for various geomeéesgnbédsienbsgsl8Bstoel5. The
rectangul ar shape with degree of stenosis 1is

skin friction 1 s imicsreanscirnegaswhnegn btufive iWWa li use doefc

is also pointed out that when Yhgydegclkes obd, st

di mensionl ess shear stress i s -lagdgwainddx manrin
di mensi onal skin frictalondifsotra nccoes iinse rsehparpees eanlt
that skin friction iIis increasing with the axi

friction for cosine shamies iisn cdreecarsei ansgi.nlghhlweh einmp

i ndex ndbinmensi onal skin friction for trapezoid
fig. 1l5. It is also noted that di mensionless sl
val we sofi ncreasing and i tncies. iFnucrrtehaesrimogr ea |l ointg i.

di mensionl ess skin friagctliidan iisn cnroe aesde st hsalti gdhitnh
friction for c-bleiwhemeshthaapieomvgi tahx imadn di recti on |
val ue thamatpreapdzoiidcalobsserved from fig. 10 to

of stenosis on skin f-Newt olmenhaaosn cssakmen af sr iicntpi aocn
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U

o=

—
Fi g.vdrdi ation in di mensi onl e shsa vsidkmignf e rreénctd ivoanl ufeor c o s
0.9 T T T T T T T
—S— a=1 +"‘
0.8 ——k—— a=0.8 4+
——— a=0.7 -+
0.7 | ——+— a=0.6 _[_'_ 7
iy
0.6 —+ N
+
+
=
+
= ;F'_

Fi g.dwi ation in dimensionless m&kvidngfhemcantdhvdlouetr ap
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T EFFECTDDFFERENAPES SDENOSONSL OWRATE

The

Fig..

variatiofmhonff Ibdw ordatfeor various geometry

16 to 18. The impaeactf (ofv Yalvef avi t hect angu!

mnd trapezoidal shape is shown in these f
ncreasi ngaiwsh einn d rheea svian gu.e FoUdr t her mor e, it

ee of stenosid &AY rrievde&s ttolwarfdlsowt rnatee i s a
it can cause heart failure. It is also ol

e are attained the same maxi mum value and

hi ghrerr evcatlaureg wlhaar s hape.

3.5

Rmin/Ro

dyei ati on onYf Howoratrecwiainiy uldirf fsehraepret hvaavli
o



19
NONEWTONI AN BLOOD FLOW MODEL

20

a=0.6
—+—— a=0.7
—¥—— a=0.8
15 H — O — a=1

ey

(o] 0.2 0.4 0.6 0.8 1
Rmin/Ro

Fi g.dwi ation on Y I®Worate® swintehds i d pe emddvfivimd u e

20 .
G=0.6 1
a=0.7 _'—i‘
.~ a=0.8 _|__|_
a=1 —|_i_
15 | —+—— i
iy
+
+ -
_|_ -
i) .
-+ %
I Y
— 10 g8
d

0.4 0.6 0.8
Rmin/Ro

Fi g.dwi ation on flow rateYf@f havapgzdi @shkdrfehapeawuel

8 CONCLUSI ON
I n t his present wor k, we have studied t he €
CharacterirNewtkceniodn nomlnoodyuamt vareeseusi keowl ow
friction and flow rate. The main finding are
1. The impact of flowbehaviour index on flow resistance with Adewtonian behaviour of
blood shows that rectangular shape has higher resistance to flow thae eosi

trapezoidal shape.
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2. The cosine shape has higher skintion along axial distance than trapezoidal shape.
3. The impact of various geometry of stenosis on-dimnensional skin friction in stenosed
artery is same as impact of characteristics ofNewtonian blood on nowlimensional
skin friction.
4. Both trapezoidal and cosine shape are attained the same maximum value of flow rate and

trapezoidal and cosine shape has higher flow rate of blood than rectangular shape.
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