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Abstract - This study analyses the effects of chemical reaction, slip effect and heat source on the MHD flow of blood through an
inclined permeable artery with stenosis under body acceleration present. The blood is treated as a non-Newtonian electrically
conduction fluid with accumulated substances of fatty substance in the blood cells creating porosity at the artery walls. The
mathematical model for the blood flow is developed with inclusion of buoyancy force for both energy and diffusion with
variations in heat and mass transfer having an effect on the blood flow. The partial differential equation of the governing model
is transformed to ordinary differential equation using the boundary conditions. Variations in parameters all had effects on the
blood flow, temperature and diffusion. Results showed that chemical reaction, magnetic field and slip reduces the blood flow
while the body acceleration, heat source and pressure gradient increases the blood flow.

Keywords - Magneto hydro dynamic (MHD), Slip Boundary, Chemical Reaction, Heat Source, Body Acceleration, Inclined
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I. INTRODUCTION
Blood is transported through the arteries of the blood vessels to various parts of the body from the heart as it beats. The nature of

the vessel is elastic making it to possess some permeability and also porous. The blood flowing through the reddish arteries from
the heart carries both nutrients and rich oxygen to the tissues in the body and removes waste products and carbon dioxide
through the blood vessels, hence sustaining and keeping the tissues of the body healthy, Blessy and Summan [1]. Further
findings revealed that the blood flowing through an artery in a human system is a problem of fluid dynamics with hemodynamics
dealing with the progression and development of the stenosis in the arteries resulting to cardiovascular diseases. Ku [2] review
showed that the cardiovascular system flow loops internally with circulation of blood taking place through the multiple branches
with unsteady and viscous forces acting on the fluid. An abnormal response biologically called arteriosclerosis is created by an
uncommon condition hemodynamically. The stenosis formed results to turbulent and reduced flow of blood with thrombosis
occurring at the stenosis throat due to high shear stress which could block the flow of blood to the brain or the heart. As the heart
beats, blood accelerates through the arteries creating a pressure gradient which causes the blood to flow in a pulsatile pattern.
Allen et al. [3] studied the relevance of non-pulsatile and pulsatile blood flow in blood pump design. The pressure experiences
pulsatile changes with blood flow accelerated (systole) and blood flow deceleration (diastole) such that at the walls of the artery,
the energy stored keeps a pressure gradient that is positive, Pellerito [4]. Plaques in form of accumulated fats and others remain
at the wall of the arteries which causes arteriosclerosis which blocks the arteries and prevent the free flow of blood past the
arteries. Kumar [5] did a study on the pulsatile blood flow model of two-fluid passing through an artery that is narrow with
stenosis present at the wall using a mathematical model for analysis. The erythrocyte is suspended at the Herschel Burlkley
Newtonian fluid while the plasma is suspended at the peripheral Newtonian fluid layer. Results showed that for the two fluid
model the increase in shear stress and flow resistance is low compared to a model of single fluid of Herschel Burlkley model
with the functioning of the disease of the arterial system enhanced by the peripheral layer. Nehad et al. [6] studied the influence
of a pulsatile pressure gradient with the magnatic field placed transversely on the blood flow that is unsteady flowing past
cylindrical channel that is tapered and inclined. Slip induced at the wall of the artery plays a significant effect during blood flow
since it helps in reducing the blood flow as a result of the relative movement between the external layers of the fluid and the
surface of the artery wall. Lukendra et al. [7] did a study on the pulsatile blood flow past a permeable porous artery with mild

HLSE)

sl T his is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://www.ijmttjournal.org/archive/ijmtt-v68i1p501
http://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/

E. Amos et al. / IIMTT, 68(1), 1-23, 2022

stenosis that is inclined and tapered with the results showing that an increase in the slip velocity results to an increase in the axial
blood flow velocity and volumetric flow rate while the reverse was observed when the magnetic field was increased. Eldesoky
[8] did a study on pulsatile unsteady incompressible blood flow past a medium that is porous influenced by a slip and body
acceleration with magnetic field effect present with the results showing the important role of slip condition on spurt, skin shear
and hysteresis. Body acceleration is the sudden change in the velocity of the Body that is moving. This sudden change could
have a significant effect on the blood flowing through the artery with the presence of stenosis at the wall of the artery. Das and
Saha, [9] developed a mathematical model to study the pulsatile blood flow past a medium that is porous with body acceleration
influenced by a magnetic field place transversely with the blood considered to be electrically conducting fluid and a Newtonian
fluid with the study having a key role in biomedical engineering. Varun et al. [10] did a similar work with [9] but a cauterized
artery with perturbation method used for the solution with the results showing that the axial velocity of the blood flow decreased
with the increase in body acceleration. Prakash et al. [11] did a study analyzing the heat source effect on MHD flow of blood
past an artery that is bifurcated with the blood treated as an unsteady Newtonian fluid. Kumar et al. [12] developed a
mathematical model to study the effect of chemical reaction and heat source on MHD flow of blood through an artery that is
bifurcated with an applied magnetic field. The blood is assumed to be a fluid that conducts electricity and is a Newtonian fluid.
Omamoke and Amos [13] did a study analyzing chemical and heat source effects on MHD free convective flow of fluid past and
inclined surface that is porous with the results showing that both heat source and chemical reaction increase increases the
velocity profile. Omamoke et al. [14] studied the effect of heat source and thermal radiation on MHD flow of blood with a
magnetic field applied with the research suggesting possible treatment for tumor and low blood pressure. Also, Omamoke and
Amos [15] did further inclusion of chemical reaction effect to [14] to observe the effect on the blood flow. The research
objectives is to study the effects of chemical reaction, heat source, body acceleration, induced slip and others on the blood flow
velocity to ascertain possible treatment for hypothermia, hyperthermia and tumor growth.

Formulation of the Problem

Figure 1: Geometry of the Blood Flow through the inclined artery

The blood which flows from the heart to various body muscles through the arteries is treated as a non-Newtonian electrically
conducting viscous fluid with the walls of the artery been porous and stenosis present at the artery walls. From Figure 1, the
artery is inclined at @ positioned at d with the length and height of stenosis defined as [, and § . The blood is flowing in the axial
direction z with the magnetic field B, placed perpendicularly to the artery whose radius and stenosis radius is R,and R(z). The
flow of the blood through the artery is assumed to be steady and unsteady with the governing equations developed for the
momentum, energy and diffusion of the blood.

The stenosis formed in the artery is dependent on the location and height of the constriction at the wall of the artery. An
electromagnetic force F is created when the magnetic field is applied on blood since it is an electrical conducting fluid.

— —.

F= q(E + V x ) (1) The current densityf is expressed as



E. Amos et al. / IIMTT, 68(1), 1-23, 2022

e S

j=0oE+VxB) )

The total magnetic field intensity B = B, + B;. A combination of the electric force and the magnetic force on the blood flow
with electrical conductivity produces the Lorentz force with the electric field intensity vector E negligible.

j=0(VxB) ©)
For small Reynolds number with the current density T the electromagnetic force F becomes
jx B = —oB2u @)

Where |B,| = B, F is the body force in the axial direction, & = (0,0, u) is the velocity vector distribution, B = (0, B, 0) is the
magnetic field vector with the blood flow assumed to be steady and unsteady, axially symmetric and laminar with the study
restricted to a one-dimensional blood flow in the axial direction of a coronary artery which is cylindrical in nature.

The flow geometry of the segmented stenotic artery with symmetrical shape in dimensional form proposed by Sankar [5] and
Kumar et al. [12] is,

d'(z) —%[1 + coszl—:{z’ B

R(z') = A A<z <d +1, )
d'(z)

The greatest height (R) of the stenosis happens at the center of the artery, Nadeem et al. [22]
Where§ =tan@ and z = d+—2 Fors>2

7

The mathematical expressions for the dimensional governing equations are

%= +pG(t)+ (r Zi)—ccB u’ +gsin(z)—ki,u’ + pgBr(T' — Ty) + pgBc(C' —Cy)  (6)
P
pcp aZT’ 10T | QT
[at’] r ar’ pCp (7)
ac , 1 9c’ /
Ba——BD [a,2+ Ll-Ewe-cy ®)
The initial and boundary slip conditions in dimensional are
Ou' [ 14 14 14 ! ! !
—=—-h'u,T"=T',,C =C, atr' =R'(2)
o or oo (10)
FZO,FZO,WZO atr' =0
The pressure gradient in dimensional form is expressed as
—% =Py + B cos(wpt'); t' =0 (11)
Where w,, = 2mf,, and wy, = 2mfy,
The body acceleration in dimensional form
G'(t) = Gycos(wpt' + @); t' =0 (12)
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The dimensionless variable is introduced include.

"N = o 5 vy o, _a LA Rop' o
d(z') =Ry + &z ;6 o u—uO,lo—R(,),ll—R:),r R:),z R{)'b t=wpt;R(2) = R{),P uou'Re_
megz_ _ T'-Tq . T 4—To C'—Ceo | _ Ca=Caw 02 ROZQO 5 GR(')ZB%_ pR()Zcp_ _ 9. E’R{,Z_ _

n 0= T",V—To'ga Th—To iC= cw—cw'ca T Cly—Coo’ pcpkh T Pe = Ky Sc D"Kr ~ op’  Gr

12 _ _ ’ I K.
8PRo BTO(Tw TO); GC — goRy BC(CW CO);PI — PlRO Po — pORO GO — pGORO ; fr — uOIHZ ) D_, k = p2 ;h = h’Rlo,

UgHt UoH UpHt UoH UpH gR{ Do i
(13)
The dimensionless flow geometry with stenosis is expressed as, Sankar [5] and Kumar et al. [12]
8 21 1

1+ &)—-|1+cos—jz—1, —2
Rz = |1 T ¥ | S 2-h 3] J <z +l (14)

1+ ¢2)
The dimensionless Pressure gradient
—%E = Py + P, cos(w,t); t20 (15)
The body acceleration in dimensionless form
G(t) = Gy cos(wpt + @); 16

0 b

The blood flow momentum, temperature and concentration equation in dimensionless form is written as for third consideration
as:

10u sin @

ReZ: =P, + PLcost+G0cos(bt+<p)+( P22 - (M2 + 1) u+ 24 G0+ GC 17)
90 _ 9%0 |, 100 2
PEE—E-F;E-FN 0 (18)
ac _ 8%C | 10C
SCRQE ;4‘;0——[( rC (19)
The initial and boundary slip conditions are
% = —hu,06 =6,,C=C,atr =R(2) 0)
ou 20 ac
or ,;—O,E—Oatr—o

Solution to the Problem

The Frobenius method is applied to solve analytically the governing nonlinear second order differential equation with the
solutions gotten for the steady and pulsatile blood flow velocity, temperature and mass diffusion in non-dimensional, expressed
as.

u(r,t) = ug(r) + u, (r)ee™" (21)
0(r,t) = 6y(r) + B, (r)ee™" (22)
C(r,t) = Co(r) + Cp(r)ee™* (23)
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The steady and pulsatile state for the concentration is expressed below as

2
9 C0+1&—KFC0 =0 (24)

ar2 r or

a, = Kr —iwPe
The steady and pulsatile state for the temperature is expressed below as

920,

108
P +:a—r0+N290 =0 (26)
9%0 100

=t ot a8, =0 @7

Where a; = N? — iwPe
The steady and pulsatile state for the blood flow velocity is expressed below as

aZUO lauo

oz T7or ~Pitlo = =G =GB — GGy (28)
9%u 10u
ar;’ + ;a—rp - Bou, = —F— G,6, — G.C, (29)

By =M?+=; G=Py+2; B, = M2 + = + Reiw and F = R cost + G, cos(bt + @)
The steady state and pulsatile state solutions for both the concentration, temperature and flow velocity is gotten by adopting

Funch’s theorem, also known as the Frobenius power series expressed as

Co(r) = X% a,r"* Wherea,, k € C, (30)
Co(r) = 2o byr™* Where by, k € C, 31)
Bo(r) = X2, c, 7" Wherec,,, k € Cs (32)
0,(r) = 2o dyr ™ Where d,y, k € C, (33)
Uy = 2% ,e,r"* Wheree,, k € C; (34)
U, = Yoo fin?™* Where f,,, k € C, (35)

The mathematical expression for the concentration in steady state is

c=c 1 Krr?  Kr?r* = Kr3r® Kr# 18 o [ 1 Krr? = Kr?r* = Kr3r® Kr# r8 Kr r?
o= Cil+ 22 2242 | 224262 ' 22426282 too ]+ D |nr {1+ 22 2242 | 224262 ' 22426282 | = 22
3Kr2r*  Kr3r®  Kr*s8 36

2342 4363 256383 ( )

With D; = 0 and applying the boundary condition in equation (20) to equation (36), then

Krr?  Kr?r* = Kr3r® Kr# r8
22 2242 224262 22426282

Co=0C[1+ o] @7
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CR
Cl - KrRZ Kr2R* Kr3R® Kr*RS8 (38)
Y Y IV Y IV Y Ay IV T T A

The mathematical expression for the concentration in pulsatile state is

2.4 3..6 2.4 3.6 4..8 2 2..4

ay?r ay3r az*rd oczr o lr 3T axtr a1 30ty %1

Cp =0, [1 + + 2242 + 224262 + 22426282 +- ] +D, [lnr (1 + + 2242 + 224262 + 22426282 + ) + ( + +
3.,.6 4..8

%10 | dp'r )] (39)

4363 256383

azr

With D, = 0 and applying the boundary condition in equation (20) to equation (39), then

arr? | aplrt  ap3r® aytrs
Cp =G [1 ot 22242 + 2224-262 + 224-226282 + ] (40)
C, = = (41)

[1 ] azRZTa22R4+a23R5 ay*R8
22 Y522 152,221 52,26252

The mathematical expression for the temperature in the steady state is

N2r2  N%rt NSO N8B N2 2 Nt NOPO N878 N2r2  3N4rt
b0 = (3 [1 B 2 2wer T ez T ] + Dy [lnr (1 N 222 azer T azeege T ) + ( 22 2342
NOr® N8r8
2363 | 256383 )] (42)
With D; = 0 and applying the boundary condition in equation (20) to equation (42), then

N4r4 N6T6 N8T8

b0 = (3 [1 B 22 + 2242 224262 | 22426282 ] (43)
C, = Or (44)

N2R2 N%*R* NOR6 NBR8
YRRy IV Y IV P AP Y VI Py AN

The mathematical expression for the temperature in the pulsatile state is expressed as

2,4

2 4 3,.6 4..8 2 2.4
_ alr aq?r aqr adr atr ar 341
=G [1 2242 224262 ' 22426282 + - ] +D, [lnr (1 + 2242 224262 + 22426282 + ) + ( 22 2342 +
3,.6 4..8

ag°r® + aqtr )] (45)

4363 256383

ag3r® ap4r8 0(1T 2

With D, = 0 and applying the boundary condition in equation (20) to equation (45), then

o(lr a2r# a,3ré a4r8
bp = C4 [1 2242 224262 + 22426282 + ] (46)
_ Or
C4 - a1R? a1?R* a;3R®  a,%RS (47)
[1 22 127 2422 2 zezgt ]
The expression for temperature in equation (23) is obtained by combining equation (37) and (40)
Krr?  Kr2r* Kr3r® Kr# r8 O(ZT a?r ay3r® aztré ;
Chy =10 [1 + + 2242 + 224262 + 22426282 + ] + (CZ [1 + + 2242 + 224262 + 22426282 + D ge!™t
(48)

The expression for temperature in equation (22) is obtained by combining equation (43) and (48)
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4,8

N4r# N6r6 N8B a1r2 a12r4 a13r6 oqr iwt
0,0 = (5 [1 - + 2242 224262 + 22426282 + ] + (C4 [1 Y + 2242 224262 + 22426282 + e D ee™
(49)

The expression for the complementary solution for flow velocity in steady state from equation (28) is

2 4 3.6 4.8 3.6 4.8 2
—Cs[1+ﬁ” RN L I A ]+D5[lnr(1+ﬁlr Birt B By +---)+(——B”

2242 224262 | 92424282 2242 224262 | 22426282 22
2 3 4
3:.°1* By 6+ﬁ1 r8 . (50)
2342 4363 256383

With D = 0 and applying the boundary condition in equation (20) to equation (50), then

2 4 3.6 4.8
_CS 1+[>’1T +[>’1T +B1T + BT +] (51)

2242 224262 ' 22424282
The expression for the complementary solution for flow velocity in pulsatile state from equation (28) is
Ugp = Sp + 5,77 + S,1* + 5376 + S8 (52)

The flow velocity solution in equation (28) is the combination of equation (51) and (52).

ﬁir B2t B, T8 Byt r®
Uy = CS [1 +—=t 2242 + 224262 + 22426282

+ ] + Sy + S;72 + S,rt 4+ 516 + S, r8 (53)

WhereCs = —

[r(So +51R2+52R4+S3R6+S4R8)+251R+452R3+653R +854R7]

2 3 Z
BiRZ B1"R3 B1°RS B1"R7 BlR Bi?R* p1°RS Bi*RS
2 224 ' 22426 ' 2242628 2242 72242627 22426282

+h|1+

+

The expression of the complementary solution for the flow velocity in pulsatile state in equation (29) is

2242 224262 22426282 2242 224262 22426282 22

2 8
36> 4_!)’2 +52 r _)] (54)

2342 4363 256383

2.4 3.6 4.8 2.4 3.6 4.8 2
_Ce[1+ﬂ” TRLCHAN T Mae ]+D6[lnr(1+ﬁzr e By B ) (F B

With Dy = 0 and applying the boundary condition in equation (20) to equation (54), then

2 2.4 3.6 4. 8
Upe = Cg 1+ﬁ222T +,32T +32T + B2 +] (55)

2242 224262 22426282
The expression of particular solution for the flow velocity in pulsatile state from equation (29) is
Uy, =Ty + Tyr?2 + Tor* + Tor® + Tyr® (56)
The flow velocity solution in equation (28) is the combination of equation (55) and (56).

2 3 4
Bzr B2°r* | B rC B2* 18

+ + + +] + Ty + Tyr? + Tyr* + Tor® + T,r® (57)

up =Ce [1+ 2242 22422 | 22424282

Where C, = —
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[h(T0 +T1R2+T2R4+T3R6+T4R8)+2T1R+4-T2R3+6T3R +8T4R7]

B2 RZ b’z R3 By 3RS Bp*R7 +nl1+B2R2, B22R% B3RS Bp*
2 2Za T 22426 12247675 LYY FY Ry IV P 22426282T

The blood flow velocity solution is obtained by substituting equation (53) and (57) into equation (21) is expressed as

2.4 3.6 4.8 2.4
a9 = Cs [1 to ﬁlr + [?212;2 2/32142:52 223412;282 + ] +So + 5177 + 51t + S50 + S,r% + (C6 [1 + = BZT + —BZZZZZ +
B*r6 | Batr® ,
YEY 224226282 + ] + Ty +Tyr2 + Tor* + Tyr + T4r8) gel"t (58)

The Solution for the Fluid Acceleration equation

g 2 B%rt  B3r Bt r8 4Ty . GrC, . GceC
F(r,t) =— lwselwt [1 t ot St ana T paaa T +ﬁ—21 + f + 2 Tr2 + Trt + Tyr® + Tyr )
gelwt % (Lw cost — sin t) + ae“"’t o (LW cos (bt + @) — bsin(bt + ¢)) (59)
2

The Solution for the Wall Shear Stress equation

2.3 3.5 4 _7 2.3 3.5 4.7
Z—’:=c5[%+ﬁ1 TR ]+251r+452r3+653r +88,r7 +(Cw["”+‘gz A A M

224 22426 2242678 224 22426 2242628

] 4 2T,r + 4T, 13 + 6Ty1r5 + 8T4r7) gel"t (60)

The Solution for the Volumetric Flow Rate equation

2 4 2_6 3.8 4 10 2 4 6 8 10
a a Bia Bi"a Bi"a Bia Soa? | Sia* | Sa® | S3a® | Sia
r,t) =2mJ ru(r,t)dr = 2mCs [— + + + + +o |+ —F+=—+=—+=—+
Qr, 0 fo 0 512 224 22426 2242628 ' 2242628210 2 4 6 8 10
2 3
C a’? | Baa* | Bp"a® | Br°a® B2* al® +o ]+ Toa n T1a n Ta® n T3a® T4a1°) celwt
6 224 22426 2242628 2242628210 6 8 10
(61)

Il. GRAPHICAL RESULTS AND DISCUSSION
Observations from figure 4.1, shows that an increase in the inclination of the artery with values of ¢ = 15°,30°,45°,60° where

¢ ranges from 15° < ¢ < 60°, causes the blood flow velocity to increase at the center but converges towards zero at the wall of
the artery with stenosis. This implies that at different positions of the body at different angles, the blood flow will improve which
will help to reduce ache and pains that could be experienced in the body as a result of the decrease in the flow of blood
transported to various parts of the body. The same trend was observed for the blood acceleration in figure 4.2 while an irregular
trend was observed for the volumetric flow rate in figure 4.3. It was observed in Figure 4.4 that as the body acceleration Go
increased for values of Go = 2,5,7,9 where Go ranges from 2 < Go < 9, the blood flow velocity increased at the center of the
artery but converges toward zero at the wall of the artery with stenosis. This is because, the body acceleration reduces the
resistance of the blood flow which results to an increase in the blood flow velocity Sinha et al. [16]. Also, the increase in the
velocity is as a result of an increase in both pulse rate and heart beat due to an increase in the body acceleration which causes the
heart to pump more blood to the muscles Nadal and Kumari [17]. Similar effect was observed for the blood acceleration, shear
stress and volumetric flow rate in figure 4.5, 4.6 and 4.7. It was observed in figure 4.8, that an increase in the magnetic field M
of the artery with values of M = 0.75, 1.0, 1.5, 2.0 where M ranges from 0.75 < M < 2.0, causes the velocity of the blood flow
to decrease at the center of the artery but converges towards zero at the wall of the artery with stenosis. This occurs due to the
magnetization which causes a rotating motion of the blood flow particles this is charged. This persistent rotating motion of the
blood flowing with the charged particles results to a red blood cells suspension in the blood plasma resulting to the internal
viscosity increase of the red blood cells. This increase of the internal viscosity of the blood results to an increase of the Lorentz
force which will opposes, resist or inhibit the motion or flow of the blood particles. Similar results with discussions was done by
Sharma et al. [18] and Kumar et al. [19]. Similar effect was observed for the blood acceleration, shear stress, volumetric flow
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rate and concentration in figure 4.9, 4.10, 4.11 and 4.12. It was observed in figure 4 .13, that the increase in the permeability of
the medium k which is porous for values of k = 0.5, 1.0, 2.0, 3.0, where k ranges from 0.5 < k < 3.0, caused the blood flow
velocity to increase at the center of the artery but converges towards zero at the wall of the artery with stenosis. The slip at the
artery wall slightly enhances the velocity while the reduction in the permeability of the medium which is porous actually controls
the blood flow rate Eldesoky [8], Nadal and Kumari [17]. Similar effect was observed for the blood acceleration, shear stress and
volumetric flow rate in figure 4.14, 4.15 and 4.16. From figure 4.17, it is observed that an increase in the pulsatile pressure
gradient P! for values of P1 = 2,4, 6,8, where Pl ranges from 2 < Pl < 8, will cause the velocity of the blood flow to increase at
the center of the artery but converges towards zero at the wall of the artery with stenosis. An increase in the pressure would lead
to increase in the work rate and load the heart carries which could cause cardiac failure. Furthermore, the velocity increase due to
conditions of high pressure will force the fluid to flow at a higher speed. Sinha et al. [20], Ogulu & Amos [21] and Sharma et al.
[18]. Similar effect was observed for the blood acceleration, shear stress and volumetric flow rate in figure 4.18, 4.19 and 4.20. It
was observed in figure 4.21, that an increase in the slip h for values of h = 0.5,1.0, 1.5, 2.0, where h ranges from 0.5 < h < 2.0,
will cause the blood flow velocity to decrease at the center of the artery. Similar effect was observed for the blood acceleration
and volumetric flow rate in figure 4.22 and 4.23 but an increase in the wall shear stress in figure 4.24. It was observed in values
4.25, that the increase in the artery radius with stenosis R for values of R = 0.2,0.3,0.5,0.7, where Rranges from0.2 <R <
0.7, will cause the velocity of the blood flowing in the axial direction to increase at the center of the artery. Similar effect was
observed for the blood acceleration and volumetric flow rate in figure 4.26 and 4.28 but a decrease in the wall shear stress in
figure 4.27. It was observed in figure 4.29, that the increase in heat source H for values of H = 1.0, 1.5,2.0, 2.5, where t ranges
from 1 < H < 2.5in the second consideration, will cause the blood flow velocity in the axial direction to slightly increase.
Similar effect was observed for the blood acceleration and the temperature in figure 4.30 and 4.31. It was observed in figure
4.32, that an increase in Peclet number Pe for values of Pe = 2,5,7,10, where Peranges from 2 < Pe < 10 in the second
consideration, will cause the blood flow velocity in the axial direction to decrease. Similar effect was observed for the blood
acceleration, shear stress and volumetric flow rate in figure 4.33, 4.34 and 4.35. It was observed in figure 4.36, it is observed that
the increase in Grashof temperature number Gr for values of Gr = 0.25, 0.5, 1, 1.25, where Gr ranges from 0.25 < Gr < 1.25in
the second consideration, will cause the blood velocity flowing in the axial direction to increase. This occurs as a result of the
increase in the boussinesq source. The Grashof temperature number slows or reduces the relational effect of the force of thermal
buoyancy to the force of hydrodynamic viscosity at the walls of the artery. Similar effect was observed for the blood
acceleration, shear stress and volumetric flow rate in figure 4.37, 4.38 and 4.39. It was observed in figure 4.40, that the increase
in the Grashof diffusion number Gc¢ for values of Gc = 0.25, 0.5, 1, 1.25, where Gc ranges from 0.25 < Gc < 1.25, will cause the
velocity of the blood flow moving axially to increase. Similar effect was observed for the blood acceleration, shear stress and
volumetric flow rate in figure 4.41, 4.42 and 4.43. From figure 4.44, it is observed that an increase in chemical reaction Kr for
values of Kr = 1, 3,5, 7, where Kr ranges from 1 < Kr < 7, will cause the blood flow velocity in the axial direction to decrease.
Similar behavior was observed for the blood acceleration, volumetric flow rate and concentration in figure 4.45, 4.47 and 4.48
but figure 4.46 showed a reverse behavior with an increase in shear stress at the artery walls. Some of the results agreed with
study done by Bunonyo and Amos [23].

Figure 4.1 Graph for the velocity of Blood flow with increasing values of inclined artery ¢ = 15°,30°,45°,60°,
whenSc =1,Kr=1,Gc=3,Gr=2,H=0.5Pe=1,Po=2,P1=4,Go =3,Fr=0.05,b=2,8 = 300k=0.1,a =
1L,Lh=1,R=0.55M=1.5§=0.1,0=1,t=1.
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Figure 4.2 Graph for the shear stress at the wall with increasing values of inclined artery ¢ = 15°,30°,45°,60°,
whenSc=1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,P1=4,G0=3,Fr=0.05,b=2,=30k=0.1,a =
1,h=1R=055M=1.5a=1§=01,0=1t=1

VolumetricFlowRate

Figure 4.3 Graph for the Volumetric Flow rate with increasing values of inclined artery ¢ = 15°,30°,45°,60°,
whenSc=1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,P1=4,G0=3,Fr=0.05b=2,=30k=0.1,a =
1,h=1R=055M=1.5a=1§=010w=1t=1.
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- - Distance
-1.0 -0.5 0.5 1.0

Figure 4.4 Graph for the velocity of Blood flow with increasing values of Body acceleration Go = 2,5,7,9,
whenSc=1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,P1=4,Fr=0.05b=2,¢=30° B=30k=0.1,a =
1,h=1,R=0.55M=1.5¢(=0.1,0=1,t=1.

Acceleration
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oef \
L L L - Distance
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Figure 4.5 Graph for the Blood acceleration with increasing values of Body acceleration Go = 2,5, 7,9, when Sc =

1,Kr=1,Gc=3,Gr=2H=0.5Pe =1,Po=2,Pl=4,Fr=0.05b=2,8=30k=0.1,a=1h=1,R=
0.55M=1.5%§=01w=1t=1.
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ShesrStress

Distance

ZII.I'_= 1.0
Figure 4.6 Graph for the shear stress at the wall with increasing values of Body acceleration Go = 2,5,7,9, when Sc =
1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,P1=4,Fr=0.05b=2,$6=30° B=30k=0.1,a=1,h =
1,R=0.55M=15a=1{=0.1,0=1,t=1.

VolumetricF lowRate

Distance

0.5 1.0

Figure 4.7 Graph for the Volumetric Flow rate with increasing values of Body acceleration Go = 2,5,7,9,
whenSc=1,Kr=1,Gc=3,Gr=2,H=0.5,Pe =1,Po=2,PI=4,Fr=0.05b=2,¢ =30°, B =30°k=0.1,a =
1L,h=1,R=055M=15§=010=1t=1.

Velocity

L - Distance
0.5 1.0

Figure 4.8 Graph for the velocity of Blood flow with increasing values of Magnetic field M = 0.75,1,1.25,1.5,
whenSc=1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,P1=4,Go=3,Fr=0.05,b=2,¢ =30% B=30"k =
0.1, a=1h=1,R=0.55§(=0.1,0=1,t=1.

Acoelerstion

Distance

L ' '
-1.0 —0.5 a 0.5 1.0

Figure 4.9 Graph for the Blood acceleration with increasing values of Magnetic field M = 0.75,1,1.25,1.5,
whenSc =1,Kr=1,Gc=3,Gr=2,H=0.5Pe=1,Po=2,P1=4,Go =3,Fr=0.05,b=2,8 = 30°k=0.1,a =
1,h=1,R=0.55¢(=0.1,0=1t=1.
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Figure 4.10 Graph for the shear stress at the wall with increasing values of Magnetic field M = 0.75,1,1.25,1.5,
whenSc=1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,P1=4,Go=3,Fr=0.05b=2,¢ =30° =30k =
0.1, a=1,h=1,R=0.55a=1,§=0.1,0=1t=1.

WolumetricF lowRate

.0
\ !
1 1 .
-1.0 -0.5

Figure 4.11 Graph for the Volumetric Flow rate with increasing values of Magnetic field M = 0.75,1,1.25,1. 5,
whenSc=1,Kr=1,Gc¢=3,Gr=2,H=0.5,Pe =1,Po =2,PI=4,Go=3,Fr=0.05,b=2,¢ =30°, =30k =
0.1L,a=1h=1R=0.55a=1,§=0.1,0=1t=1.

Concentration
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0.98 ;
, L S el
-0.4 -0.2

Figure 4.12 Graph for the Concentration with increasing values of Magnetic field M = 1,1.5, 2,2.5, when Sc =
1L,LR=0.55Kr=1{=0.1,0=1,t=1.
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Figure 4.13 Graph for the velocity of Blood flow with increasing values of Permeability of the porous wall k =

0.5,1,2,3, whenSc = 1,Kr =1,Gc = 3,Gr = 2,H = 0.5,Pe = 1,Po = 2,Pl = 4,Go = 3,Fr = 0.05,b = 2, ¢ = 30°,
B=30%a=1,h=1,R=0.55M=1.58=0.1,w=1t=1.
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Figure 4.14 Graph for the Blood acceleration with increasing values of Permeability of the porous wall k =

0.5,1,2,3, whenSc=1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,PI=4,Go=3,Fr=0.05b=2, =
30a=1,h=1,R=0.55M=1.5{=0.1,0=1t=1.
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Figure 4.15 Graph for the shear stress at the wall with increasing values of Permeability of the porous wall k =
0.1,0.3,0.5,1, whenSc = 1,Kr =1,Gc=3,Gr=2,H=0.5,Pe =1,Po =2,P1=4,Go =3,Fr=0.05b=2,¢ =
30°, =30 a=1,h=1,R=0.55M=1.5a=1§{=0.1,0=1t=1.

Volumetrick lowRate

Distance

0.5 1.0

Figure 4.16 Graph for the Volumetric Flow rate with increasing values of Permeability of the porous wall k =
0.5,1,2,3,whenSc=1,Kr =1,Gc=3,Gr = 2,H=0.5,Pe =1,Po = 2,P1 = 4,Go = 3,Fr = 0.05,b = 2,¢ = 30°,
B=30%a=1,h=1,R=0.55M=1.5a=1¢=0.1,0=1,t=1.

Welocity

Cistance

0.5 .a

Figure 4.17 Graph for the velocity of Blood flow with increasing values of Pulsatile pressure P1 = 2,4, 6, 8,
whenSc=1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,Go=3,Fr=0.05b=2,¢ =30° =30k =
0.1, a=1,h=1R=055M=15¢§=0.1,0w=1t=1.
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Figure 4.18 Graph for the Blood acceleration with increasing values of Pulsatile pressure P1 = 2, 4, 6, 8, when Sc =

1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,P0=2,G0=3,Fr=0.05b=2,$ =30% =30k=0.1,a=1,h =
1L,LR=0.55M=15¢§=01mw=1t=1.
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s
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Figure 4.19 Graph for the shear stress at the wall with increasing values of Pulsatile pressure P1 = 2, 4, 6, 8,
whenSc=1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,Go=3,Fr=0.05,b=2,¢ =30° B=30"k =
0.1, a=1,h=1R=055M=15a=1{=0.1L,0=1t=1.

VolumetricFlowRate
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Figure 4.20 Graph for the Volumetric Flow rate with increasing values of Pulsatile pressure P1 = 2, 4,6, 8,

whenSc=1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,Go=3,Fr=0.05b=2,¢ =30° =30k =
0.1, a=1h=1,R=0.55M=1.5a=1{=0.1,0=1t=1.
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Figure 4.21 Graph for the velocity of Blood flow with increasing values of Slip Parameter h = 0.5,1,1.5,2,
whenSc=1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,P1=4,Go=3,Fr=0.05,b=2,¢ =30° B=30"k =
0.1,a=1,R=0.55M=1.5§=01w=1t=1.
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Figure 4.22 Graph for the Blood acceleration with increasing values of Slip Parameter h = 0.5,1,1.5,2, when Sc =

1,Kr=1,6c=3,Gr=2H=0.5Pe=1Po=2Pl=4Go=3Fr=0.05b=2 B=30k=0.1,a=1R=
0.55M=15£(=010=1t=1
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Figure 4.23 Graph for the shear stress at the wall with increasing values of Slip Parameter h = 0.5,1,1.5, 2,
whenSc=1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,P1=4,Go=3,Fr=0.05,b=2,¢ =30% B=30"k =
0.1, a=1,R=0.55M=15a=1§=0.1,0=1,t=1.
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Figure 4.24 Graph for the Volumetric Flow rate with increasing values of Slip Parameter h = 0.5,1,1. 5, 2,
whenSc=1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,P1=4,Go=3,Fr=0.05,b=2,¢ =30% B=30"k =
0.1, a=1,R=055M=15a=1§=0.1,0=1,t=1.
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Figure 4.4 Graph for the velocity of Blood flow with increasing values of Radius of stenosisR = 0.2,0.3,0.5,0.7,
whenSc=1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,P1=4,Go=3,Fr=0.05,b=2,¢ =30° B=30"k =
0.1, a=1,h=1M=1.5%=0.1,0=1t=1.
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Figure 4.26 Graph for the Blood acceleration with increasing values of Radius of stenosisR = 0.2,0.3,0.5,0.7,

whenSc=1,Kr=1,6c=3,Gr=2H=0.5Pe=1Po=2Pl=4,Go=3, =30k=0.1,a=1h=1M=
1.5(=01lw=1t=1.
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Figure 4.27 Graph for the shear stress at the wall with increasing values of Radius of stenosisR = 0.2,0.3,0.5,0.7,

whenSc=1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,P1=4,Go=3,Fr=0.05,b=2,¢ =30% B=30"k =
0.L,a=1h=1M=15a=1¢=0.1,0=1t=1.
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Figure 4.28 Graph for the Volumetric Flow rate with increasing values of Radius of stenosisR = 0.2,0.3,0.5,0.7,
whenSc=1,Kr=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,P1=4,Go=3,Fr=0.05,b=2,¢ =30° B=30"k =
0.1L,a=1h=1,M=15a=1¢(=0.1,0=1t=1.
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Figure 4.29 Graph for the velocity of Blood flow with increasing values of Heat Source H = 0.5,1,1.5, 2, when Sc =
1,Kr=1,Gc=3,Gr=2,Pe =1,Po=2,P1=4,G0=3,Fr=0.05b=2,$6 =30° =30k =0.1,a=1,h =
1L,LR=0.55M=1.5¢=0.1,0=1t=1.
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Figure 4.30 Graph for the Blood acceleration with increasing values of Heat Source H = 0.5,1,1. 5,2, when Sc =
1,Kr=1,Gc=3,Gr=2,Pe=1,Po=2,P1=4,G0=3,b=2=30%k=0.1,a=1,h=1,R=0.55M=1.5¢ =
0.l,w=1t=1.
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Figure 4.31 Graph for the Temperature with increasing values of Heat Source H = 0.1,0.2,0.3,0.4 whena =
1L,R=0.55M=15¢(=01Lw=1t=1,0,=1
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Figure 4.32 Graph for the velocity of Blood flow with increasing values of Peclet number Pe = 2,5,7,10, when Sc =
1,Kr=1,Gc=3,Gr=2,H=0.5Po=2,P1=4,Go=3,Fr=0.05b=2,$ =30° =30°k=0.1,a=1h =
1,R=0.55M=1.5¢(=01w=1t=1.
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Figure 4.33 Graph for the Blood acceleration with increasing values of Peclet number Pe = 2,5, 7,10, when Sc =
1,Kr=1,Gc=3,Gr=2,H=0.5P0 =2,P1=4,G0=3,b=2,=30°k=0.1,a=1,h=1,R=0.55M =
1.5{=0.1,0=1t=1.
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ShearStress

- Distance

CI.IE

Figure 4.34 Graph for the shear stress at the wall with increasing values of Peclet number Pe = 2,5, 7, 10,

whenGr=2,H=0.5,Po =2,P1=4,Go=3,Fr=0.05b=2,$ =30°,=30%k=0.1,a=1h=1,R=
0.55M=1.5a=1¢{=0.1,0=1,t=1.
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Figure 4.35 Graph for the Volumetric Flow rate with increasing values of Peclet number Pe = 2,5, 7,10, when Sc =
1,Kr=1,Gc=3,Gr=2,H=0.5Po =2,P1=4,Go=3,Fr=0.05b=2,¢ =30°, $=30°k=0.1,a=1h =
1L,R=0.55M=15¢=0.1Lw=1t=1.
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Figure 4.36 Graph for the velocity of Blood flow with increasing values of Grashof temperature number Gr =

1,2,3,4,whenSc=1,Kr=1,Gc=3,H=0.5Pe = 1,Po =2,PI =4,Go = 3,Fr=0.05,b=2,¢ =30°, g =
30°k=0.1,a=1,h=1,R=0.55M=1.5(=0.1,w=1,t=1.
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Figure 4.37 Graph for the Blood acceleration with increasing values of Grashof temperature number Gr = 1, 2,3, 4,
whenSc =1,Kr=1,Gc =3,H=0.5,Pe = 1,Po = 2,PI=4,Go = 3,Fr=0.05,b=2,¢ =30°, =30k =
0.1, a=1,h=1R=055M=15¢§=0.1w=1t=1.
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Figure 4.38 Graph for the shear stress at the wall with increasing values of Grashof temperature number Gr =

1,2,3,4, whenSc = 1,Kr = 1,Gc = 3,H = 0.5,Pe = 1,Po = 2,Pl = 4,Go = 3,Fr = 0.05,b = 2, ¢ = 30°, B =
30°k=0.1,a=1h=1,R=0.55M=15a=1§=010=1t=1.
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Figure 4.39 Graph for the Volumetric Flow rate with increasing values of Grashof temperature number Gr =

1,2,3,4,whenSc=1,Kr=1,Gc=3,H=0.5Pe = 1,Po =2,PI=4,Go = 3,Fr=0.05,b=2,¢ =30°, g =
30°k=0.1,a=1,h=1,R=0.55M=1.5¢(=0.1,0=1t=1.
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Figure 4.40 Graph for the velocity of Blood flow with increasing values of Grashof Diffusion number Gec = 1,2, 3, 4,

whenSc=1,Kr=1,Gr=2,H=0.5,Pe = 1,Po = 2,Pl=4,Go = 3,Fr=0.05,b=2,¢ = 30°, B =30°k =
0.1, a=1,h=1,R=0.55M=1.5%=01w=1t=1.
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Figure 4.41 Graph for the Blood acceleration with increasing values of Grashof Diffusion number Gec = 1,2, 3, 4,
whenSc=1,Kr=1,Gr=2,H=0.5,Pe =1,Po=2,PI=4,Go=3,b=2,8= 30°k=0.1,a=1h=1,R =
0.55M=1.5%=0.1,0=1t=1.
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Figure 4.42 Graph for the shear stress at the wall in the third consideration with increasing values of Grashof
Diffusion number Gc = 1,2,3,4, whenSc=1,Kr=1,Gr=2,H=0.5,Pe =1,Po = 2,P1 =4,Go = 3,Fr = 0.05,b =
2,p=30° B=30k=0.1,a=1,h=1,R=0.55M=1.5a=1§=0.1L,0=1t=1.
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Figure 4.43 Graph for the Volumetric Flow rate with increasing values of Grashof Diffusion number Gec = 1,2, 3,4,
whenSc=1,Kr=1,Gr=2,H=0.5Pe =1,Po=2,Pl=4,Go=3,Fr=0.05b=2,¢ =30° =30k =
0.1, ca=1,h=1R=0.55M=1.5%=0.1,0=1t=1.
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Figure 4.44 Graph for the velocity of Blood flow with increasing values of Chemical Reaction Kr = 1, 3,5, 7,
whenSc=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,PI=4,Go=3,Fr=0.05b=2,¢ =30°, =30k =
0.1, a=1,h=1,R=0.55M=1.5{=0.1,0=1,t=1.
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Figure 4.45 Graph for the Blood acceleration with increasing values of Chemical Reaction Kr = 1,3,5, 7,
whenSc=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,P1=4,G0=3,b=2,=30°k=0.1,a=1,h=1,R =
0.55M=1.5%=0.1,0=1t=1.
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Figure 4.46 Graph for the shear stress at the wall with increasing values of Chemical Reaction Kr =1, 3,5, 7,
whenSc=1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,PI=4,Go =3,Fr=0.05,b=2,¢ =30°, =30k =
001, a=1,h=1,R=0.55M=1.5a=1¢{=0.1,0w=1,t=1.

VolumetricF lowR ate

Distance

a
0.5 .0

Figure 4.47 Graph for the Volumetric Flow rate with increasing values of Chemical Reaction Kr = 1,3,5, 7,
whenSc =1,Gc=3,Gr=2,H=0.5Pe =1,Po=2,P1=4,Go =3,Fr=0.05,b=2,¢ =30° B=30"k =
0.1, a=1,h=1,R=0.55M=1.5§=01w=1t=1.
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Figure 4.48 Graph for the Concentration with increasing values of Chemical reaction Kr = 1, 2, 3,4, when Sc =
1,R=0.55M=1.5¢(=01w=1t=1.

I1l. CONCLUSION
Conclusively, the results gotten with graphical illustration showed that,

1. The increase in the Magnetic field decreased the blood flow velocity because persistent rotating motion of the blood
increases internal viscosity of the red blood cells (RBC) which increases the Lorentz force that inhibits the blood flow. This
also decreases the acceleration of the blood, shear stress at the artery wall and the volumetric flow rate for all the
considerations. Also, the increase in the magnetic field increased the temperature at the center before converging to zero at
the wall but decreased the concentration profile.
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The increase in the body acceleration increases the blood flow velocity because of the reduced resistance to blood flow
which causes increased pulse rate and heart beat resulting to increased blood flow to the muscles from the heart. This also
increases the blood acceleration, shear stress at the artery wall and the volumetric flow rate for all the considerations.

The increase in the slip decreased the blood flow velocity because of relative movement between the blood and the artery
wall. This in turn causes the decrease in the blood acceleration and the volumetric flow rate but increases the shear stress at
the artery wall for all considerations.

The increase in the pulsatile pressure results to an increase in the velocity of the blood flow because the heart work rate
increases due to more blood been pumped from the heart to muscles in the body. This will result to an increase in the blood
acceleration, volumetric flow rate and shear stress at the artery wall for all considerations.

The increase in the heat source caused an increase in the velocity of the blood flowing axially because it slightly decreases
the internal viscosity of the red blood cells (RBC). This results to an increase in the blood acceleration and volumetric flow
rate but a decrease in the shear stress at the wall for all consideration.

The increase in the inclination of the artery created irregular pattern on the blood flow for each consideration. For the first
consideration the blood flow velocity increased, for the second it was irregular and then for the third consideration, it
decreased. An increase in the inclination of the artery caused the volumetric flow rate and the shear stress at the wall to
increase for the first and second consideration but an irregular behavior in the third consideration for both the volumetric
flow rate and the shear stress at the artery wall.

The increase in the artery radius with stenosis caused an increase in the blood flow velocity, blood acceleration, and
volumetric flow rate but a decrease in the shear stress at the wall for all consideration.

An increase in the Grashof temperature number increased the blood flow velocity, blood acceleration, shear stress at the
wall and the volumetric flow rate for the second and third consideration.

An increase in the Grashof diffusion number increased the blood flow velocity, blood acceleration, shear stress at the artery
wall and the volumetric flow rate for the second and third consideration.

An increase in the chemical reaction decreased the blood flow velocity, blood acceleration and the volumetric flow rate but
increases the shear stress at the artery wall. Also, the increase in the chemical reaction decreased the concentration profile.
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