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Abstract: In this work, the combined effect of slip velocity, pulsatility of the blood flow and body acceleration effect on
Newtonian unsteady blood flow past an artery with stenosis and permeable wall is theoretically studied with results discussed.
The magnetic field is applied to the stenosed artery with permeable walls which is inclined at a varying angle with the fluid
considered to be electrically conducting non-Newtonian elastic-viscous fluid. The momentum equation was transformed from
dimensional form to dimensionless form with the Frobenius power series method used to solve the axially symmetric
differential momentum equation with suitable boundary conditions. For clarity of the applicability of the study, results was
shown graphically with behavior of the blood flow through the artery with stenosis shown for the velocity in the axial
direction, blood acceleration, wall shear stress and volumetric flow rate. Results showed that, an increase in the body
acceleration Go and pulsatile pressure Pl causes an increase in the blood flow, blood acceleration, shear stress at the artery walls and
volumetric flow rate. The increase in the magnetic field M causes a decrease in the blood flow velocity, blood acceleration,
shear stress at the artery walls and volumetric flow rate. The increase in the artery inclination ¢ results to an increase in the
blood flow velocity, wall shear stress and the volumetric flow rate but an irregular behavior in the blood acceleration while the
increase in slip velocity h at the wall decreases the velocity and blood acceleration, while the shear stress at the wall increases
and the volumetric flow rate decreases.

Keywords: Magneto-hydrodynamic (MHD), Body Acceleration, Pulsatile Pressure, Slip Velocity,
Permeability of the Porous Medium

nature due to the pressure gradient. Hence accumulated
deposition of cholesterols, plaques and abnormal tissue
growth developed due to thickening of the artery lumen on
the walls of the artery will lead to diseases such as stroke
gotten from hypertension, hypotension, heart attack and
possible tumor and cancer.

Staffman [1] studied the boundary conditions for blood flow
at the surface permeable and porous wall with Beaver and
Joseph [2] also studying the boundary conditions for blood
flow through the permeable walls with the replacement of the
slip boundary with slip velocity. Mcdonald [3], Shukla et al.
[4], Srivastava [5] and Misra et al. [6] studied the blood flow
through arteries with stenosis at the walls of the artery. Ellahi
et al. [7] explained a mathematical model applied for blood

1. Introduction

The study of blood flow through an artery with stenosis
and body acceleration effect is of immense importance in
several cardiovascular disease and tumor growth disease. The
blood flow that is pulsatile through an artery has gotten a lot
of interest from researchers recently due to its relevance in
the medical and biomedical sciences. For blood to get to the
muscles in the body, it must be pumped from the heart
through the arteries in order for blood circulation to be
established. Blood circulation occurs such that the heart
pumps blood to the various muscles of the body through the
arteries. These arteries help to carry the blood to the muscles
with the pumping of the blood from the heart in a pulsatile
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through a catherized artery that is tapered with composite
stenosed artery with further research done by Pralhad et al. [8]
whose mathematical model for blood flow through an artery
with stenosis showing effect of shear stress and resistance at
the walls of the artery. Srivastava [9] did an analysis of the
blood flow motion that is steady through an artery inclined
with applied magnetic field with the conclusion that velocity of
the blood flow decreases as a result of the increase in the
magnetic field. Haik et al. [10] gave a clear distinction
between bio-magnetic fluid (BFD) and hydro-magnetic fluid
(MHD). The study showed that MHD fluids had electrically
conducting properties due to the magnetic field applied to the
fluid. Eldesoky [11] did a study on MHD pulsatile unsteady
blood flow motion past a porous wall under slip conditions
with the results showing that the increase in the height of
stenosis and magnetic field causes a decrease in the velocity of
the blood flow. Akbardadeh [12] did a study on MHD blood
flow past a porous medium with the results from Akbardadeh
[12] showing that velocity of the blood flow reduces with
increase in porosity of the arterial walls. Gaur and Gupta [13]
did a study on unsteady blood flow with slip condition through
and artery that is constricted.

Blood flow through the artery is disturbed due to a sudden
or quick change in the velocity. A prolonged quick change in
the velocity with the body artery inclined at varying angle
due to movement of the body during airplane flight, car
driving, sudden waking up from sleep, etc., could be very
dangerous to the overall wellbeing of the body. Rathod and
Tanveer [14] did a study on the pulsatile couple stress fluid
flow through a medium that is porous with body acceleration
that is periodic and an applied magnetic field to the artery.
Saddiqui, et al. [15] studied the effect of both the slip
velocity and body acceleration on the pulsatile blood flow on
a casson fluid though an artery with stenosis. Sinha et al. [16]
did a study on the effect of slip on pulsatile blood flow
through an artery with stenosed segment with the influence
of body acceleration that is periodic. Considering the slip
velocity at the wall of the artery the body acceleration which

is periodic, has an influence on the blood flow through an
artery with a stenosed segment that is time dependent.
Nandal and Kumari [17] studied the slip velocity effect on
unsteady peristalsis MHD blood flow past an artery
constricted with body acceleration while Bunonyo and Amos
[18] studied the effect of the concentration of lipids on the
blood flowing through an arterial channel that is inclined
with the presence of a magnetic field. An effect of periodic
body acceleration and slip velocity on a non-Newtonian
blood flow that is unsteady flowing through an artery that is
narrow with stenosis and a permeable wall.

In this paper we have done an analysis theoretically,
showing the body acceleration, pulsatile pressure, slip
velocity and the inclined angle of the body on the non-
Newtonian blood flow through an artery with stenosis at the
wall. The wall of the artery is considered to be porous and
permeable with a detailed analysis done by applying the
Frobenuis power series method to obtain the solution for the
velocity of the blood flow, blood acceleration, wall shear
stress and volumetric flow rate with a graphical illustration
showing the behavior of the effect of slip velocity, body
acceleration, pulsatile pressure gradient, magnetic field and
inclined artery on the velocity of the blood flow, blood
acceleration, wall shear stress and volumetric flow rate.

2. Formulation of the Problem

The blood flow motion is axisymmetric which passes
through an artery with stenosis that is cylindrical and rigid
having the coordinates (r',0’,z") lying horizontally in the
axis z' with walls which is porous having a permeability that
is assumed to have one dimension where the blood is
considered to be a non-Newtonian, incompressible viscous
electrically conducting fluid influenced by a magnetic field
perpendicularly applied to the artery. The stenosis which is
formed at the artery depends on the position and height of the
constricted wall of the artery.

Figure 1. Geometry for stenotic artery.
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The flow geometry of the segmented stenotic artery with symmetrical shape in dimensional form proposed by Eldesoky [19]
and Kumar et al. [20] is,

! — 8_’ Z_T[ ! — ! — 1’_0
Rz =@ 73 [1 +eosy {Z -3 }] d <z <d +1, (1)
d'(z)
At the center the maximum height (R) of the stenosis z=d+—2_Fors>2
occur, Nadeem et al. [21]. =9

6 is the height of the stenosis, 1, is the length of the
stenosis, R(z) is the stenotic vessel radius, R, is the radius of

. of 3. Governing Equation
the normal artery or the non-tapered artery, s is the stenosis

shape parameter which determines the shape constriction, § =
tan @ which is the tapering parameter and d is the position of
the stenosis.

The blood flow which is pulsatile and flowing past an
inclined artery with an applied magnetic field in the radial
direction perpendicular to the axial direction is considered:

au’ ap’ a (_,ou , . ,
pa—l:,=—0—2,+pG(t)+uW(r a—l:,)—ocB(z)u +gsm(2)—%u ()
The pressure gradient in dimensional form is expressed as
—% =Py + B cos(wpt"); t =0 3)
Where wy, = 27, and wy, = 27fy,
G(t) = Gycos(wpt' + @); £t =0 @)
The boundary condition in dimensional form
au’ ror ’ ’
— =—h'u"atr' =R'(2)
or
ou’ (5)
— =0atr'=0
ar
The dimensionless flow geometry with stenosis, Eldesoky [19] and Kumar et al. [20].
8 2m 1
1 —-1 =lz-1,-2
Rz =T ¥ q +C°SIO{Z =3 J<z<l+], (6)
1+ &)
The dimensionless Pressure gradient
a
— 2 =Py + P cos(wpt); t 2 0 (7)
The momentum equation in dimensionless form is written as for first consideration:
du %u | 10u 2, 1 sin@
Re—- =Py + P cost+ G, cos(bt + @) + (ﬁ+;5) - (M +E>u + ()
The dimensional initial and boundary slip conditions are
ou’ roor I I
— = —h'u’ atr' =R'(2)
ar
' ©)
— =0atr'=0
ar
The dimensionless initial and boundary slip conditions are
‘;—u = —hu,atr = R(z)
' (10)

du
E—Oatr—O

Where 7 a constant depending on the porous material properties, K is the permeability parameter.
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R0+ EZ __RO\/K

The variable in dimensionless form to transform the governing equations and boundary conditions in dimensionless form.

R(z) _R@_ n

5’ u’ 1 a’ r R'(z) Rhp’
N — oS _u. 0 — = — I, — .p — RoP_, _
d(Z)_RO+EZ’S_a’u_u_o’lo_R”ll_R_{)'r_RB' Rﬁ'b t— pt'R(Z)_R(’)'P_up'Re_
2
megz_e_Tr_To_C_c —Coo 5= 8 Z_RBZQo_ 2_(yROBO.P_pR{)cp_S —i'K _E/Rgz. B
I VA cl,—C R}’ ~ pepkh’ - s ¥e = T S T RO =T br =
K w~ 1o w oo 0 PCpKp p
2 2 2
gPRo BrO(Tw=To) . ~ _ 8PRo Bc(Cw—Co),Pl _PRo_.p _ PoRy .G, = PGoRo” . ¢ Moy Dy kp
Ught e Ught ’ wp 07 uom 0 wp " gRgz' D, ’ R(’)z'
4. Method of Solution

The modified Bessel function is solved analytically using the Frobenius method. Solutions for the non-linear partial
differential governing equation for the steady and pulsatile blood flow velocity expressed as a function of time:

u(r, ) = ug(r) + uy(r)ee™" (11)

5. Solution to the Governing Equation

The steady state and pulsatile velocity is expressed below as:

9%u 1du
o Trar Pito=-G (12)

62up + lﬂup
or? r or

— paup = —F (13)

sin@

By =M2+§; G=Py+22%:8, = M2 ++ ~+ Reiw and F = P cos t + G, cos(bt + ¢)

Using the series solution for the steady state and the pulsatile state which form the Funch’s theorem, called the Frobenius
series expressed as:

Uy = X%, d,r"** Where d,, k € C; ”
up = Yomoo dm™* Where dp, k € C, (14
" Bir? B2t B, 7o Bt r®
Up = dor [1 t 2V Griterar T Gttt | Gk (ke 6) (k18)? (15)
The complementary solution for the steady state velocity in the axial direction:
_ /317" Biirt | B 3r® B.*r8
=G [1 * e T ape Tz T (16)
dugc k By1r? Bl B8 B, 18 k 2P r? _ 48,° r*(k+3) _
dk =dor®Inr [1 + (k+2)2 + (k+2)2(k+4)2  (k+2)?(k+4)?(k+6)? + (k+2)2(k+4)2 (k+6)2 (k+8)? + ] + dor [0 (k+2)3  (k+2)3(k+4)°
/N A 16" r? +] 17)
(k+2)3(k+4)3(k+6)3  (k+2)2(k+4)%2(k+6)2(k+8)2
When k = 0,
/31 2 pitrt | BiPre Bt r8 Bir? 3Bt pre  pite®
=D [lnr 1 + t e Yone Trwee T ) + (_ 22 22 4363 T 6388 ) (18)
/317" Bir* | Bi’re Bt r8 317’ Bir* | BiPr6 Bt r® Bir?
=G [1 + t oz e Tz T | T D lnr L+ e T ope T rwes ) + (_ 22
3.7 1% B ﬁl‘* °
2342 4363 + 256383 ) (19)

With D; = 0, then
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B r? 512 r 313 re 514 r8
Uoe = Co |1+ =+ Toar t gz T pgzgrge T

The particular solution for the velocity in equation (12)

Let uop = Qo; (20)
ulop =0= u”()p (21)
Substitute (20) and (21) into equation (12)
—p1Qo =G
G
Q=7 (22)

The linear combination of (16) and (22) gives the expression for the steady state velocity:

Uo(1) = g (1) + Ugp(7) (23)
Bir? | Bitrt  Bitr® | Bi'r® G
Uy =G [1 + 12_: + 21241; + 2214222 + 2241261;82 + ] + E (24)
Applying the boundary condition in equation (9):
BiR* | B1*R® | BPRS | 'R’ _ BiR* | B1*R* | p°R® | Bi*R® _hG
Cl[ 2 T2z T ozaze T o2azers T =—hC |1+ 22 T o2z Vg T zgrgrg T B1 (25)
"G
o B
VO [BR: L BPRY BCRS, BR BLR?  B°R*  BPRS B RY
2t oz tomprg togzezg T ||t Tr T oz Y zpmer Y gmazggr T
_ k B2 1? B B, r° Bt r®
Up = dor [1 + (k+2)? + (k+2)%(k+4)? + (k+2)%(k+4)%(k+6)? + (k+2)%(k+4)?(k+6)?(k+8)2 + (26)
When k = 0,
r? Zpt 36 8
i = a1 4B BT B Bt
2 2242 224262 22426282
_ Bar?® | Bttt BPrS | Bptr®
Upe = [1 + 222 + 22242 2224262 224226282 @7
dupe _ k B2 1? B B, r° Bt r® kg _ 2827
dk dor* InT [1 + (k+2)2 + (k+2)2(k+4)2 + (k+2)2(k+4)2(k+6)?2 + (k+2)2(k+4)2(k+6)2(k+8)2 + +dor™ |0 (k+2)3
4" rh(k+3) 8B,% r6 16B,* r8
(k+2)3(k+4)3  (k+2)3(k+4)3(k+6)3 + (k+2)2(k+4)%(k+6)?(k+8)2 + (28)
When k = 0,

2 2 4 3 6 4.8 2 2yt 3r6 *r8
S S L P L Y

upc = Dz [lnr (1 + 22 + 2242 224262 22426282 22 2342 4363 256383

_ Bar? | BPrt | Bt B2t 78 Bar? | BPrt | B rC B2* 78 Bz 1?
Upe = Cz [1 ot Y ore Y gzgg T [ D2 In7 (1 et e Tape Trpee T ) + (_ 22

2342 4363 256383

With D, = 0, then:

upCZCZ 1+ +

ﬁzrz ﬁzzr4 3237'6 ﬁ247”8
22 T o242 Tagege Y gz T

The particular solution for the pulsatile velocity in equation (13):
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Let upp = Ql (31)
upp =0=1u", (32)
Substitute (31) and (32) into equation (13)
—B2Q1 = —
F
— 33
0= (33)
The linear combination of (27) and (33) gives the expression for the pulsatile state velocity
up(r) = upc(r) + upy(r)
/32 2 Bptrt B2t 78 F
=G [1 * t e T age T res ] + B2 (34)
Applying the boundary condition in equation (9)
B2R? | B2°R3 | B,°R® B.* R7 _ B2R% | B°R* | B, RS B,* R® _hF
G| =+ T oz Tozazens T = —hG |1+ 22 T e T owe t pgegee B2 35
hF
C = o R T | BT R (36)
22 + 2224 222426 +2212628+ AT 22 + 22242 +2224262+22526282+

Substitute equation (24) and (34) into equation (11) to obtain the solution for the Velocity equation

514 78
22426282

513 e
224262

512 rt
2242

u(r, t)—C1[1+B1r +

The Solution for the Fluid Acceleration equation

R IR

523 e
224262

522 rt
2242

ﬁz'f +

bl |+ ) ee™t (37)

22426282 B

2 .4 4.8 . .
F(r,t) = — lwse“"’t C2 [1 + BZ a 322242 23224222 25:26282 + ] + é) + ee''P)(—sin t) + iwee™" P (cos t) +
“"’t( b sin(bt + ¢)) + G, (iw cos (bt + @) — b sin(bt + @)) (38)
The Solution for the Wall Shear Stress equation:
du _ Bir Bi2r3 | BPrS  pitr? B2t B22r3 | BrS | pptr? iwt
at Cs [ 2 v T s T e T + (C6 t o T s T o t )se (39)

The Solution for the Volumetric Flow Rate equation:

31‘1

2
B1“ a®

Q(r,t) = 21Tf ru(r, t)dr = ZR{CS [

224 22426
B2> a®

Bz‘l' alO

2242628

6. Graphical Results and Discussion

In figure 2, it was seen that the higher the artery inclination
¢ from15% < ¢ < 60°, results to an increased blood flow
velocity at the artery center but approaches zero at the wall of
the stenotic artery. The increase in the blood flow at the wall
of the artery results to an increase in both the wall shear
stress and the volumetric flow rate in figure 4 and figure 5
but an irregular behavior in the blood acceleration in figure 3.

In figure 6, it was observed that an increase in the body
acceleration Go causes an increase in the blood flow due to
increased work rate of the heart which in return pumps more
blood to the muscles. This increase results to an increase in
the blood acceleration, shear stress at the artery walls and
volumetric flow rate in figure 7 to Figure 9.

2242628210

E iwt
+ ]+232)se

3 8 4 10 2 6
TR ]+—+(C(,[ phd By ay

2242628 2242628210 2B 224 22426

(40)

In figure 10, it was seen that an as the Wormersely number
o increased, the velocity of the blood flow decreased. This
increase results to a decrease in the blood acceleration, shear
stress at the artery walls and volumetric flow rate from figure
11 to Figure 13.

In figure 14, it was seen that an as the body acceleration
frequency b increased, the velocity of the blood flow decreased.
This decrease results to an increase in the blood acceleration in
figure 15 but a decrease in the shear stress at the artery walls and
volumetric flow rate from figure 16 to Figure 17.

In figure 18, it was seen that an increase in the
permeability of the porous wall k causes an increase in the
blood flow velocity due to the reduced viscous force at the
wall. This increase results to an increase in the blood
acceleration, shear stress at the artery walls and volumetric
flow rate in figure 19 to Figure 21.
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In figure 22, it was seen that an increase in the magnetic
field M causes a decrease in the blood flow velocity as a
result of increase in the Lorentz force which inhibits blood
flow. This decrease results to a decrease in the blood
acceleration, shear stress at the artery walls and volumetric
flow rate in figure 23 to Figure 25.

As a result of the increase in the work rate of the heart due
to body acceleration increase which increases the pulsatile
pressure Pl hence resulting to an increase in the blood flow
velocity in figure 26. This increase results to an increase in
the blood acceleration, shear stress at the artery walls and
volumetric flow rate from figure 28 to figure 29.

In figure 30, an increase in Froude’s number Fr causes a
decrease in the blood flow velocity, shear stress at the artery
walls and volumetric flow rate from figure 31 to figure 32.
Also, it is seen that the increase in slip velocity h at the wall
results to a decrease in the velocity and blood acceleration
from figure 33 to figure 34 while the shear stress at the wall
increases in figure 35 with a decrease in the volumetric flow
rate in figure 36. As the time t increased in figure 37, the
velocity of the blood flow decreased but the blood acceleration
increased in figure 38 but the wall shear stress and the
volumetric flow rate decreased in figure 39 and figure 40.

¢ = 15°,30°,45°,60°

Figure 2. Blood flow velocity distribution for increase in the inclined
artery ¢ when Po=2,Pl=4,Go=3,Fr=0.05b=2,= 300,k =
01,a=1,h=1,R=055M=15¢(=01l,w=1t=1

¢ =15%300,45° 60°

Figure 3. Blood acceleration profile for increase in the inclined artery
angle ¢ when Po=2,Pl=4,Go=3,Fr=0.05b=2k=010a=
1,h=1,R=055M=15¢(=01lLw=1t=1

¢ = 159,300 45°,60°

Distance

Figure 4. Wall shear stress profile for increase in the inclined artery ¢

when Po=2,Pl=4,60=3,Fr=0.05b=2=30%k=0.1a=
1,h=1,R=055M=15a=1¢{=01l,w=1t=1

Figure 5. Volumetric flow rate profile for increase in the inclined artery ¢
when Po=2,Pl=4,60=3,Fr=0.05b=2,8=30%k=0.1,a =
1,h=1,R=055M=15a=1¢(=0l,w=1t=1

Velocity Go =2,5,7,9

= Listance
nE nE 10
-0.5 0.5 0

Figure 6. Blood flow velocity distribution for increase in the Body
acceleration Go when Po=2,Pl=4,Fr=0.05b=2,¢=45°p=
30%k=01,a=1,h=1,R=055M=15¢=01Lw=1t=1

FluidAcceleration

Go=2,5,7,9

1 05
-1.0 -0.5 v

the Body

increase in
Po=2,Pl=4Fr=005b=2= 300k =
01,a=1,h=1R=055M=15¢=01l,w=1t=1

Figure 7. Blood acceleration profile for
acceleration Go when

w

hearStress

[

Go=2,57,9

" : L 1. Distance

0 05 05 10
0 -0.5 0.5 0

Figure 8. Wall shear stress profile for increase in the Body acceleration Go
when — Po=2,Pl=4,Fr =0.05b=2,¢ =45° 5 =30%k =0.1,a =
1,h=1,R=055M=15a=1¢({=01l,w=1t=1
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VolumetricFlowRate

¢ Go=2,57,9

20

35

Distance

-1.0 -0.5 05 1.0

Figure 9. Volumetric flow rate profile for increase in the Body acceleration Go
when ~ Po=2,Pl=4,Fr=0.05b=2,¢=45°8=30%k=0.1a=
1,h=1,R=055M=15a=1¢(=01l,w=1t=1

Velocity a=10,20,30,40
m—
/ 10}
05¢
s L L i- Distance
-1.0 -0.5 05

Figure 10. Blood flow velocity distribution for increase in the Womersley
Number a when Po = 2,Pl=4,Go=3,Fr =0.05b=2,¢ =45%p =
30%k=01,h=1,R=055M=15¢=01l,w=1t=1

FluidAcceleration
e

5 r

a=10,20,30,40

d
0

Distance

Figure 11. Blood acceleration profile for increase in the Womersley
Number a when Po=2,Pl=4,Go=3,Fr=005b=2,¢=45°08=
30%k=01,h=1R=055M=15¢=01l,w=1t=1

a=10,20,30,40

ShearStress

5

w
T

-1.0 -0.5 05 1.0

Distance

Figure 12. Wall shear stress profile for increase in the Womersley Number a
when Po=2,Pl=4,Go=3,Fr =0.05b =2,¢ =45° 8 =30%k =
01,h=1R=055M=15a=1¢(=01l,w=1t=1

a=10,20,30,40

VolumetricFlowRate

30F

Distance

-1.0 -0.5 0.5

Figure 13. Volumetric flow rate profile for increase in the Womersley
Number a when Po=2,Pl=4,G0=3,Fr=0.05b=2,¢=45°0=
30%k=01,h=1,R=055M=15a=1¢§=01l,w=1t=1

Velocity

b=1,234

Distance

1.0

Figure 14. Blood flow velocity distribution for increase in the frequency of
body acceleration b when Po = 2,Pl = 4,Go = 3,Fr = 0.05,¢p = 45°, 8 =
30%k=01,a=1,h=1,R=055M=15¢=01Lw=1t=1

FluidAcceleration

L " "

-1.0 -0.5 0.5

Distance

Figure 15. Blood acceleration profile for increase in the frequency of body
acceleration b when Po = 2,Pl=4,Go=3,Fr =0.058=30%k =
01,a=1,h=1R=055M=15¢=01l,0=1t=1

ShearStress

‘I b=1,234

w
T

Distance

-1.0 -0.5 0.5

Figure 16. Wall shear stress profile for increase in the frequency of
body acceleration b when Po=2,Pl=4,Go=3,Fr=0.05¢=
45°,8=30%k=01,a=1,h=1,R=055M=15a=1,¢§=
0.L,w=1t=1
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VolumetricFlowRate

30

b=1,234

5

1 "

-1.0 -0.5 0.5

Distance

Figure 17. Volumetric flow rate profile for increase in the frequency of
body acceleration b when Po=2,Pl=4,Go=3,Fr=0.05¢=
45° 3 =30%k=01,a=1,h=1,R=055M=15a=1,¢ =
0.l,w=1t=1

k=105,1,23

Distance
1.0

Figure 18. Blood flow velocity distribution for increase in the Permeability
of the porous wall k when Po = 2,Pl = 4,Go = 3,Fr =0.05,b =2,¢p =
45°,8=30%a=1,h=1,R=055M=15¢=01Lw=1t=1

FluidAcceleration

k=05,1,23

Distance

Figure 19. Blood acceleration profile for increase in the Permeability of the
porous wall k when Po=2,Pl=4,Go=3Fr=005b=2=
30, =1,h=1,R=055M=15¢=01Lw=1t=1
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Figure 20. Wall shear stress profile for increase in the Permeability of the porous
wall 'k when Po=2,Pl=4,Go=3Fr=0.05b=2¢=45F=
300, a=1,h=1,R=055M=15a=1¢§=01Lw=1t=1
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Figure 21. Volumetric flow rate profile for increase in the Permeability of the
porous wall k when Po = 2,Pl = 4,Go = 3,Fr = 0.05,b = 2,¢p =45° 8 =
30 a=1,h=1,R=055M=15a=1¢§=01Lw=1t=1
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Figure 22. Blood flow velocity distribution for increase in the Magnetic
field M when Po=2,Pl=4,Go=3,Fr=0.05b=2¢=45%8=
30k=01,a=1,h=1,R=055¢=01Lw=1t=1
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Figure 23. Blood acceleration profile for increase in the Magnetic field M
when Po=2,Pl=4,Go=3,Fr=0.05b=2,=30%k=01,a=
1,h=1R=055¢=01l,w=1t=1
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Figure 24. Wall shear stress profile for increase in the Magnetic field M
when Po=2,Pl=4,60=3,Fr=0.05b=2,¢=45%6=30%k =
01, a=1h=1R=055a=1¢(=0lLw=1t=1
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Figure 25. Volumetric flow rate profile for increase in the Magnetic field M
when Po=2,Pl=4,G0o=3,Fr=0.05b=2,¢ =45%5 =300k =
01,a=1,h=1R=055a=1¢(=01l,w=1t=1
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Figure 26. Blood flow velocity distribution for increase in the Pulsatile
pressure Pl when Po = 2,Go = 3,Fr = 0.05,b = 2,¢p = 45°, 8 =30%k =
01,a=1,h=1,R=055M=15¢=01l,w=1t=1
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Figure 27. Blood acceleration profile for increase in the Pulsatile
pressure Pl when Po = 2,Go = 3,Fr = 0.05,b = 2,¢p = 45°, 8 =30%k =
01, a=1,h=1R=055M=15¢(=01lL,w=1t=1.
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Figure 28. Wall shear stress profile for increase in the Pulsatile pressure Pl
when  Po=2,Go=3,Fr=0.05b=2,¢=45°3=30%k=0.1a=
1,h=1,R=055M=15a=1¢(=01l,w=1t=1
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Figure 29. Volumetric flow rate profile for increase in the Pulsatile
pressure Pl when Po = 2,Go = 3,Fr = 0.05,b = 2,¢p = 45°, 8 =30% k =
01,a=1,h=1R=055M=15a=1¢{=0l,w=1t=1
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Figure 30. Blood flow velocity distribution for increase in the Froude
Number Fr when Po=2,Pl=4,Go=3,b=2,¢=45%F=30%k =
01,a=1,h=1R=055M=15¢=0l,0=1t=1
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Figure 31. Wall shear stress profile for increase in the Froude Number Fr
when Po=2,Pl=4,G0=3,b=2,¢=45°8=30%k=0.1,a=
1,h=1R=055M=15a=1¢({=01l,w=1t=1
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Figure 32. Volumetric flow rate profile for increase in the Froude
Number Fr when Po=2,Pl=4,Go=3,b=2,¢=45%F=30%k=
0.1,a=1,h=1R=055M=15¢=01l,0=1t=1
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Figure 33. Blood flow velocity distribution for increase in the Slip
Parameter h when Po = 2,Pl = 4,Go = 3,Fr = 0.05,b = 2,¢p = 45°, 8 =
30%k=01,a=1R=055M=15¢=01,w=1t=1
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Figure 34. Blood acceleration profile for increase in the Slip Parameter h
when Po=2,Pl=4,6o =3,Fr=0.05b=2,=30%k=01a=
1,R=055M=15¢=01,w=1t=1
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Figure 35. Wall shear stress profile for increase in the Slip Parameter h
when Po=2,Pl=4,Go=3,Fr=0.05b =2,¢ =45° 8 =30%k =
01,a=1,R=055M=15a=1¢(=01l,0=1t=1
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Figure 36. Volumetric flow rate profile for increase in the Slip Parameter h
when Po=2,Pl=4,6G0o=3,Fr=0.05b=2,¢ =455 =300k =
01, a=1,R=055M=15a=1¢(=01lLw=1t=1
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Figure 37. Blood flow velocity distribution for increase in the time t
when Po=2,Pl=4,Go =3,Fr =0.05b =2,¢ = 45°8 =30k =
0.1, a=1,h=1,R=055M=15¢=010 =1
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Figure 38. Blood acceleration profile for increase in the time t when Po =
2,Pl=4,G0=3,b=2,=30%k =0.1,a=1h=1R=055M=
15¢=01Lw=1.
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Figure 39. Wall shear stress profile for increase in the time t = when Po =
2,Pl=4,Go=3,Fr=0.05b=2,¢ =45°8=30%k=0.1,a=1h=
1,R=055M=15a=1¢=01,w=1.
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Figure 40. Volumetric flow rate profile for increase in the time t when Po =
2,Pl=4,Go=3,Fr=0.05b=2,¢=45°8=30%k=01a=1h=
1LLR=055M=15a=1¢=01,w=1
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7. Conclusion

This research work has been able to theoretically analyze the
combined effect of slip velocity, pulsatility of the blood flow
and body acceleration effect on Newtonian unsteady blood flow
past an artery with stenosis and permeable wall. The results
summarized below showed that, an increase in the body
acceleration Go causes an increase in the blood flow blood
acceleration, shear stress at the artery walls and volumetric flow
rate. Hence patients with hypertension are encouraged to reduce
their movement through air, land and water or any stress full
activity as it could increase their hypertension. On the order
hand, patients with hypotension will have an improvement in
their health due to increased body acceleration.

The increase in the artery inclination ¢ results to an
increase in the blood flow velocity wall shear stress and the
volumetric flow rate but an irregular behavior in the blood
acceleration.

The increase in the permeability of the porous wall
k causes an increase in the blood flow velocity, blood
acceleration, shear stress at the artery walls and volumetric
flow rate.

The increase in the magnetic field M causes a decrease in
the blood flow velocity, blood acceleration, shear stress at the
artery walls and volumetric flow rate. This could help
improve health conditions among hypertensive patient by
putting on a magnetic jacket to help decreased blood flow
from the heart to muscles where the heart is overworked.

The increase in the pulsatile pressure Pl results to the
increase in the blood flow velocity, blood acceleration, shear
stress at the artery walls and volumetric flow rate. This is a
clear proof that the heart is been overworked by pumping
more blood to the body muscles due to increased pulsatile
pressure. Hence hypertensive patients are encouraged to have
more bed rest to improve their health conditions.

Also, it is seen that the increase in slip velocity h at the
wall decreases the velocity and blood acceleration, while the
shear stress at the wall increases and the volumetric flow rate
decreases. This is also a treatment for hypertensive patients
due to injection of drugs that induces slip at the section of the
stenosed artery. This will help in heart treatment by cleaning
the cavities and valves hence treating cardiovascular diseases
by controlling blood flow. Studies of the effect of pertinent
parameters on MHD fluid flow and MHD blood flow was
done by Omamoke and Amos [22] and Omamoke et al. [23].

Finally, this research will help medical and health
practitioners in administering treatment to hypertensive and
hypotensive patients from the predicted outcome in the
results of this study.

Nomenclature

P,: Steady state pressure gradient
P;: Pulsatile state pressure gradient
wp: Frequency of the pulse rate
wy: Frequency of the body

f,: Frequency of the heart pulse

fy: Body acceleration frequency
Go: Body acceleration

G(t): Time dependent body acceleration

@: Arteries tilted angle

@: Phase difference

z: Axial blood flow direction

t: Time

C: Blood diffusion

0: Blood temperature

g: Acceleration due to gravity

By: Constant magnetic field

D: Coefficient of mass Diffusity

K: Porosity coefficient

Cp: Specific heat capacity

Pe: Peclet number

Re: Reynolds number

S¢: Schmidt number

r: Radial coordinates

z: Axial coordinate

p: Density of the blood

w: Blood viscosity coefficient

o.: Electrical conductivity

Br: Coefficient of volume expansion due to temperature
Bc: Coefficient of volume expansion due to concentration
o: Electrical conductivity of the blood

Kr: Chemical reaction parameter

N: Radiation parameter

Sc: Schmidt number

Cp: Specific heat capacity

M: Magnetic parameter

G, : Grashof temperature number

Br: Coefficient of volume expansion due to temperature
Bc: Coefficient of volume expansion due to concentration.
G: Grashof diffusion number

0: Temperature

Cy: Concentration at the wall,

T, : Temperature at the wall

Qo: Heat source parameter.
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