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Abstract

In this research paper, unsteady free convective MHD Casson blood flow are studied with stenosis artery. Thermo-diffusion,
chemical reaction and heat source/absorption effects are considered. The mathematical modelling of said problems is remodeled
into the system of PDE’s in cylindrical form with different physical boundary situations. For more impact of physical point of
view, the Caputo-Fabrizio fractional ordered derivative is applied on governing momentum, energy, and concentration equations.
The Laplace and Finite Hankel transformation is used to finding the analytical expression. From graphical results, it is seen that
the thickness of blood is raised with increasing the values of magnetic fields. It is seen that, the Casson fluid parameter tends to
improve both blood and magnetic particle velocity. It is also deduced that the heat source tends to raise the heat transfer process
whereas thermo-diffusion tends to reduce the mass transfer process.
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Nomenclature:

Symbol Physical variables
A, Pressure gradient (Systolic)
Ay Pressure gradient (Diastolic)
B Magnetic Field
Y Casson fluid parameter
W Pulsatile frequency
R= KTM Non — dimensional particle concentration parameter
H, Non — dimensional Hartman number
[0) Phase angle
F Inclination angle parameter
D Differential operator
A Relaxation time
Ry Regular artery radius
Lo Stenosis Length
d Stenosis Location
P Oscillating pressure gradient
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Reynolds number

Inclination angle parameter

Peclet Number

Metabolic Heat Source
Metabolic Heat absorption
Particle mass parameter

Fluid density

Radial coordinator

Laplace transform parameter
Fractional parameter

Electrical conductivity

velocity of blood

Velocity of the magnetic Particle
Magnetic particles number

The average mass of magnetic particles
Stokes constant

Kinematic viscosity

Casson fluid's material parameter
Plastic dynamic viscosity

Yield stress

A critical value of this model
Force of relative motion between magnetic particles and blood.
Schmidt number

Soret parameter

Chemical reaction parameter
Mass diffusivity (blood)

Ratio of thermal diffusion ratio

Coefficient of Chemical reaction parameter

PAGE NO: 1087



Journal of Engineering and Technology Management 72 (2024)

1. Introduction

Blood flow via arteries is a significant physiological issue that biomedical researchers, physiologists, and therapists
are all very interested in Controlling the flow of biological fluids for several surgical procedures. The human
circulatory system may be impacted by electromagnetic fields present during such operations. Kollin [1] introduced
the concept of electromagnetic fields in the context of medical study, while Korchevskii and Marochnik [2]
investigated the external magnet to blood which is travels in human body. ECG patterns collected in a magnetic
particle which can deliver the information on blood flow and a non-offensive way for measuring heart performance.
Vardanyan [3] looked at the feasibility of using MHD concepts to the reduction and logical treatment of arterial
hypertension. BFD problems in stenosis artery has been discussed by many researchers [4-5] Numerous potential
applications in hemodynamic have been found thanks to these investigations. Ali et al. [6] discussed the magnetic
fields effects on blood flow problems. The purpose of this research is to examine how a magnetic field impacts two-
phase blood flow. Pennes [7] published a fundamental study in the late 1940s that established the groundwork for
mathematical modelling of heat transfer in biofluid engineering, providing the way for further research into heat
transfer in tissues. Furthermore, convection fluxes in hemodynamic and radiative heat transfer in thermal radiation
therapy biotechnologies have been studied. Barnothy [8] considered heat transfer effects on blood flow. It is also
examining the above research papers; the external magnetic fields tend reduce the heat transfer process. Recently,
many researchers find the numerical solutions of magnetic field effects on fluid flow problems with heat transfer and
mass transfer in different physical parameter [9-10]. The blood in porous medium is very important phenomena
which is applied in many engineering and medical branches. Ganesan and Palani [11] discussed free convective flow
of viscous fluid whereas, Takhar et al. [12] considered stagnation area in rotating and translating spherical with
Lorentz force.

The two-phase flow model was studied by Abbas et al. [13] with imposing both temperature and velocity slips on
the system. The researchers found that when the thermal slip parameter values increased, so did the blood flow
temperature profile. They found that thermal slip enhances blood flow heat flux. Khaled and Vafai [14] discussed
porous media's importance in flow and heat transport investigations in biological tissues. There is rare research on
the topics of blood flow in stenosis artery where fractional-order derivatives are examined. Fractional Calculus more
impactful research topic which is used in science and engineering domain. In mathematics, Studying the
differentiation and integration with non-integer order mechanisms is expanding fields of fractional calculus.
Recently, mathematicians and engineers found a fractional calculus is important concepts in various disciplines,
such as electrochemistry, rheology, diffusion etc. The fractional type of derivative has been many effectively applied
in many fields like fluid mechanics, biology, medical, etc. The Caputo fractional derivatives are considered in fluid
flow problems where Laplace transforms is used to finding the solution of governing equations [15]. The thermos-
diffusion effects have been used for isotope separation and in mixture light and medium molecular weight. Mondal
et al. [16] and Biswas et al. [17] find the numerical solution of hydrodynamic flow. Recently, Kataria and Patel [18]
considered soret effects on MHD flow in porous medium. Maiti et al. [19] examined blood flow using fractional
types of derivative with thermal radiation.

2. Novelty of the Research work

In this paper, the fractional time derivative model of Casson blood fluid flow in a stenosed artery is considered. The
governing system of equations can be expressed in the fractional time derivative form and derived exact expression
of blood velocity, magnetic field velocity, and temperature fields. The exact solutions were computed using LT and
HT. Based on these solutions, we were able to calculate numerical results for the axial blood flow velocity, magnetic
particle velocity and temperature profiles and presented through graphs. Mathematical Analysis of Bio magnetic
fluid flow and Heat Transfer in Stenosed arteries is useful for improving human health. Magnetic field is used to
reduce the blood viscosity which can be helpful for controlling the rate of blood flow. Due to this concept, we
improve the health condition of patient which is suffer with cardiovascular disease. It is important to blood flow
through stenosed artery for understanding of circulatory disorders and hoping that this study is also useful for
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development and treatment of blood circulation disorders in humans. Hence, the proposed research works is
applicable for solving many cardiovascular diseases which is disturb the regular rate of blood flow circulations.

3. Mathematical Formulation & Solution

The focus of the current research is on unsteady fluid flow in an angled stenosed artery, which is outlined in Figure
1 and z — axis is axial direction, while r — axis indicates radial direction. The model was developed using the
incompressible Casson blood fluid that is accelerated through fluctuating pressure.

rBlo od Flow Magnetic Particle

Fig. 1: Physical Sketch of the inclined stenosed artery

Fig. 1 displays a graphic of the magnetic field B, that is delivered to the body to increase blood flow, with the
generated magnetic field considered to be minimal. At time zero, both the blood and the magnetic particles were at
rest. Blood flow and heat transfer are modelled using the Navier-Stokes and energy equations, while the magnetic
field is described by Maxwell's relations and particle motion is governed by Newton's second law.

Unsteady motion in a cylinder with axis symmetry and radius R, due to a pressure gradient

=22 = Ag + A Cos (w1),Ag > 0 1)
Geometrically, the stenosis is symmetric but non-symmetric in the radial direction, can be described as
-1(- 3 - T\4 5 - 3
R, = {Ro—RoE{LI " (z—d)—-(z—4d) }},d<z<-d+ Lo @
Ry otherwise
. 8q171 8 _ d+L0
Were, & = —ROLq(q 5 < landz = qul ,

R, and R, represent the stenosed and un-stenosed radius of the artery, L, represents the stenosis's length, and d
represents its position. q > 2 indicate the shape of stenosis.
The governing equations in cylindrical form are as

u_ _19p 1Y) (9%u, 10w\ _KN oBgsin® gk
= v (14 5) GEr i) S -w R B (o) 4+ £ (c-C) @)
The magnetic particles are governed by Newton s second law which can be written as,
m % =K@u-v) (4
The energy equation in the cylindrical coordinate can be written as
OT _ Ky (9T 19T\ . Qm+6m
at pCp (01’2 + r ar) + pCp (5)
Concentration equation can be written as

19C DmKr (82T | 10T
o on (G 1) R (G 1) - ) ©)

The time-fractional model, equation (3) to equation (6) will be multiplied by A = /%.
0

PAGE NO: 1089



Journal of Engineering and Technology Management 72 (2024)

2
A“D¢u = —% (Ap + A; cos(wt)) + Av ( 1+ %) (aTu + la—u) + KTM (v—u) - GBO?neAu + gAsing +

or? r dr
AgBr(T—Ty) +AgBc(C — Co) (7
ADEv = (u—v) (8)
apo _ KA 9°T lg Qm+Om
A DeT = (E)r2 + r 6r) + pCp (9)

A“DEC = D x(“ 1%)+ADmKT(aZT 10T

(254 15) —Ka(C = Co) : (10)
Where, Caputo-Fabrizio operator is

CFD&y(r, t) = ﬁ fot exp (_ M) uEY e (11)

1-a at
The LT of Caputo-Fabrizio time fractional can be express as

sL{u(r,t)—u(r,0)}

L{“D¢u(r,t)} = gy (12)
Witha (0 < a < 1).
The initial and boundary condition of the blood and magnetic particle, the stenosed artery of Radius R, are
u(r,0) =0,v(r,0) =0,C(r,0) =0&T(r,0) =0atre[0,R,]
u(r,t) =0,v(r,t) =0,C(r,t) =0&T(r,t) =0atr = R, (13)
The following dimensionless parameters can be introduced,
r*=RL0,t*=§,u*=uio,Ao*=%,A1*=%, g*=§
Ro
6= 1=, R= E2 Ro= 2% p =R.P, B = 2o
S.=Y s, = D Kt (Tey— Too) = C-Cu Q= RoQm 0, = RoOm
Dm VToo (Co— Coo) Ceo—Coo uopCp( Te—Too) uopcp( T —Too)
(14
Introducing the dimensionless parameter, the equations (7) to (10) and (13) can be written as,
fu= Ay + A cos(wt) + B [ng %Z:] +R(v—u)— M?u+Gr0+ GmC+— Sm¢ (15)
GDfv=u-v (16)
PDEO = (224 12) + P(Qun + O (17)
R,S.C = (‘;Tf+ 25) 45,5 (%+ 2%%) — ScK. RaC (18)
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With,

u(RiZ,o)=0,v(Rlz,o)=0,e(Ri,o)=0& c(Riz,0)=o at = €[0,1]

Z

r r r r r
u(R—Z,t)=O,V(R—Z,t)=0,9(R—Z,t)=O& C(R—Z,t) at o= 1 (19)
3.1 Solution of the Problem
Now, the LT is a well-suited technique. After the transformation process, we obtain the equations (17) can be
written as,

S8(rs) [azé(r,s) 1 6§(r,s)] Qm+6m
€sta(l-s) L or? + r or +F S (20)

With boundary condition 8(1,s) = 0

Applying Finite Hankel transformation of order zero in equations (20) with boundary condition (19), the following
equation can be obtained.

SOH(rn.s) . v D0 Qm+6m J1(rn)
€S+a(l-s) Oy (I'n, s) + Fe s " rp (21)
By, s) = —re@utOm) Jin 22)

S [r“+PeS+ a(l—s)] 'n
Now, rearrange the equation (22)

1

— _ 1 J1(rn)
By (ry, ) = [_S+B15 Bz + SBi: B14] o (23)

Similarly, we process for Concentration equation (18), we get

el 2 = 25, 3 _
R.S SC(rs) _ (6 C(r,s) + l[)C(r,s)) + Sr Sc (0 0(r,s) + lae(r,s)) _ Sc Kc R% C(I‘, S) (24)

€°C gy q(1-s) ar2 r or ar2 r or
With boundary condition C(1,s) = 0.

Applying Finite Hankel transformation of order zero in equations (24) with boundary condition (19), the following
equation can be obtained.

SCu(rs) _

ReSe gy o2 = =1y C (£, 8) + S S (~1)By (. 5) = S Ke R3 Ty (1, ) (25)
ReSe oy = ~TnCnCin) + 5y Se (ry) gy (i B0 5K RE Gy ) (26)
S+ a(1-s)

(5255 1y + S K RE| Ta(ry8) = = 1aSe S L ["ffﬁ ]].hg‘” @7)
Calrs) = - e G (28)

(S [r“+PeS+ as(l—s)]) S+ a(1-s) Frn+ScKe R‘%] " Tn

Now, rearrange the equation (28)
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= B J1(rp)
Cy(r,s) = 16 . (29)
(S [B17+Pes+ o(1— s)]) S+ a?l s)+rn+B18]
- _ By (S +a(1-5))? J1(rn)
Cu(r,s) = S (B17S+ B17a— B1705+PeS)(B19S+ Byga+ B1gS—B1gaS) ~ 1 (30)
Ca(rs) = B1g (S +a(1-5))2 Ja(rp) (31)
HAD S ((By7— B170+P¢)S+ B170)((B1o+ B1g—B1ga)S+ Biga) * 1
C_(r s) = B1g (S +a(1-5))2 J1(rn) (32)
HA S (B20S+ B22)(B21S+B23)  Tn
—_— B (a?+2a(1-a)S+(1-a)25?) J1(rn)
C = Lo . 33
H(r ) B20-B21 S (S+ gii)(w gzi) rn (33)
—_— B (a?+2a(1-a)S+(1-a)25?) J1(rn)
Cy(r,s) = L6 . 34
H(r $) B20B21 S (S+ g—zz) (S+ %) I'n ( )
—_— __ Bays (a?+B355+B265%) J1(rn)
Cu(r,s) = S(S+Bg7) (S+Bzg) =~ T (35)
. _ ( Bao Bso B2g J1(rn)
Cu(r,s) = ( s Tsr By, tor Bzg)' 'n (36)
Now applying the Laplace transform of equations (15) and (16) can be express as,
Su(rs) _ Ag AqS %u(rs) | 1 au(r s) _ 2 st)
Stais - s T rer By ( e . )+RV (R + Ha?®)iu(r,s) + Gro+ Gm C + —
(37)
Sv(rs) _ — =
S+ a(l-s) u(r,s) = v(r,s) (38)
— _ S+a(l-a) _—
v(r,s) = GS+S+ a(1-s) a(r,s) (39)
With boundary condition (1,s) = 0, ¥(1,s) = 0.
Input the equation (23), (36) and (39) in (37), the following equation can be obtained,
s _ S+ a(l-a) 2] = _ ﬂ 20t la_u sm¢
[s+a(1—5) R (GS+S+ (x(l—s)) +R+Ha ] u(r,s) = S + 52+oo2 + B (0r2 + ) +Gro +Gm C +
(40)

Applying Finite Hankel transformation of order zero in equations (40) with boundary condition (19), the following
equation can be obtained.

s S+ a(1-) 2 ]_ _ [ﬂ A8 sing 1halm) o o [

[S+a(1—S) R (GS+S+ a(1- s)) + R+ Ha® [Ug(rn,5) s T Zvez T sE rn B TH(ry,s) + Gr S+Bys Bys +
1 J1(rn) (@ Bso B2o ) J1(rn)

S—Bis B“] 'n +Gm + S+ Byy + S+Byg/ " g (41)

_ __ S2B5+SBg+ o? [ ( sm¢ )]]1(rn) [ 1 ]h(rn) (@ Bso
Uy (ry, ) = S2B,+SB3+B, Ao + F T sZ+ 2 +Gr S+B; B13+s—315B14 'n +Gm s +S+B27

Byg ) .]1(rn) (42)

S+ Byg I'n
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L _ [ B B1o ] [1 ( sing )] Ja(rm) [ ]h(rn) (@

S Uy (rn, S) = [_S—B7 + s—Bgl Is AO + F + 52+m + Gr S+B1s B13 S_ B14 + Gm S +
Bso Bzo J1(rn)

S+ By, + S+ Bzg) " rp (43)

L _ sing J1(rn) A4S 1 J1(rn)

” uH(r“’ s) = (AO T )[ Bw] rn + 52+1m2 [S—B7 By t5s, Bm] +Gr [S+B Bys +

]1(rn) ( 9 B30 Bzg ) ]l(rn)
S— B15 B14] +Gm S+ By S+ Byg/  rn (44)

Where, Tg(ry,, s) = fol r.u(r,s)J,(ry,, r) dr represents the finite Hankel transformation of the velocity and
temperature function.

u(r,s) = LT[u(r,t)],0(r,s) = LT[0(r,t)] and C(r,s) = LT[C(r,t)] (45)
And r,,n = 1,2,3, ..... are the positive roots of an equation J,(x) = 0.

The inverse Laplace transform of the image function can be written as,

(- y)nt(n+1)w—1

| = Fu(-y,0 = 2, F >0 (46)

[S“’+y F((n+1)w)

(_y)nt(n+1)w—1—z

LT [ - ] = Rw,z(_y: t) = Z?f:o ; RE(W— Z) >0 (47)

SWiy. I'((n+1)w-z)

Now, Applying the Inverse Laplace transform of equations (23), (36) and (44) are

Ji(rn — B _ Ja(rn
GH(rn' t) = : Z : [B13e Bist 4 B_i: (1-e Blst)] = lr_:) [B13F1(=Bis,t) + B14Ri_1 (—Bys, )]
(48)

]1(rn)

~ Cylrp,©) = [B,g + Bzge 827" + B3 e Batt] (49)

o Ty, t) = I1(rn) [( Bt _ 1) (Ao B, + B?3512¢)+ (eBst — 1) (Ao By, + Bl;:lnq)) + A1B9eB7t*cos(wt)+
]1(

Ja(rn) ") [B29 + Byge™ Bast B,.e let]

(50)

A;ByoeBs *cos(wt)]+G [B13F1(~Bys, t) + BiyRiy (—Bys, )] +

The exact expression of blood velocity, Temperature and Concentration profiles are obtained by taking the Inverse
Hankel transformation of equations (48) - (50), we get

o(r,t) =2 X (L ) 3% Oy (rpy, t) (51)
0(r,t) =2 X, - (]r(r“) [Bl3e Bist 4 314 (1 —Blst)] (52)
Cry) =2 z;?zl’;(éﬂﬂ X Cu(rn,t) (53)
D =2 N3 (]2_(2 X [Byo + B3ge P27t + ByyeBait] (54)
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. Tn J Lr'n
umt) =2 ¥, (2 )x ug(ry,t) + Gr2 ¥ (r )x 0, (r, ) + Gm2 T2, °(;Z )x Ch(rm )
rpJi(rn) ( n) rn)i1(rn)
(55)
A B A B i
u(r,t) =2 Yo, nlz =) [( Bt — 1)( 2By + ';Slmb) + (eBst — 1) (—°B10 + 1;51:4’) + A;BgeB7t x cos(wt) +
A1B1oe®et x cos(wt)| + Gr2 T, (] e x [BygeBast 4 21t (1 e P + Gm2 T, (] (r) X [Byo +
I'n 1 I'n
Bjoe~B27t + B, e Ba1t] (56)
The magnetic particle velocity can be obtained from equation (39)
v(r,t) = B33(1 —Bs,)[u(r,t) *ef2t], 0 <a < 1 (57)

4. Numerical Results and Analysis

By analysing the effects of different parameter on blood and magnetic particle velocities, energy and concentration
profiles, the numerical result is obtained and represent through the Fig. 2 to 20. Figure 2 to 3 show the effects of A,
and A, on blood velocity where another parameter is fixed. It is seen that the motion of the blood improves with
increasing values of the parameters. Physically, when we increase the pressure gradient, fluid is accelerated due to
this reason the velocity of the blood flow is increased. The Casson fluid parameter effects on both velocities which
is describe in Fig. 4 to 5. It is seen that both velocities increase with increasing in the parameter. Casson's behaviour
is more important in small arteries because of the possibility of red blood cell collection and cell distribution there

owing to rotation of the artery's axis.

A0=0.5,1,1.5

0.06 -

=1 o =
@ g b
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o=

=

~
T
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0 L | | L | | | \ |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Radial axis r

Fig. 2: A, on Blood Velocity
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Fig. 3: A; on Blood Velocity
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Fig. 4: y on Blood Velocity
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Fig. 6 show the particle concentration R tends to reduce the motion of the flow. Physically, when we increase the
value of R the thickness of the fluid is increase. The effects of external magnet on blood and magnetic particle
velocity which is describe in Fig. 7 to 8. From the Figure and physical point of view, magnetic fields tend to reduce
the motion of the blood flow. Figure 9 show the Prandtl number effects on temperature profiles. Physically, thermal
diffusivity gives the measurement of how the temperature will be changed when it is cold or heated. Form the
figures, it is concluded that the increases the thermal diffusivity, the heat transfer process is raised as well as motion
of both flow is also improved. If thermal diffusivity is more, then heat diffusion is less. Fig. 10 to 11 show the
effects of heat generation and absorption parameter on blood velocity, magnetic particle velocity and temperature
profiles. Because of heat generation, heat transfer process is increase and motion of blood and magnetic particle
become raised. These results agree with real situation because when we increase the value of heat generation, the
fluid become thinner and so fluid is more accelerated. The size of the particles is what determines the value of the
parameter for the particle mass known as G. According to Fig. 12, the magnetic particle velocity tends to decrease as
the mass parameter is increased. As shown in Fig. 13, concentration profiles vary with the Reynolds number. The
Reynolds number is inversely proportional to the fluid's concentration profiles. The fluid's velocity gradually
increases as Reynold's number rises whereas, the concentration decreases. Physically, lower viscosity (increased
velocity) will increase. Fig. 14 show the effects of thermos-diffusion on concentration profiles. It is seen that the
mass transfer process delayed with both parameters. This result is strongly agreement with published works. Fig. 15
to 19 indicate the effects of fractional derivative parameter & on temperature and concentration parameter. From all
figures, it is concluded that the heat transfer process delayed whereas, improve the mass transfer process with
increasing the value of @ = 0.2, = 0.4,and a = 0.8 It is indicated that the fractional derivative is important
phenomena to understanding the nature of fractional derivative.

4, Conclusion

The following are the key findings of the current study.

e It is notable that the axial velocity of blood flow can be reduced by applying magnetic field of the correct
strength. This method can be used to treat hypotension by bringing the patient's blood pressure up to a
healthy level. Magnetic fields at different angles effectively reduce strokes, swellings, and pains. The
effects of magnetic fields on blood flow which leads to change the viscosity, which is helpful for
controlling the motion of fluid.

e The systolic pressure gradient and diastolic pressure gradient tends to improve the blood velocity. Due to
these effects, the flow of blood may be in normal form in stenosis artery.

e Heat generation tends to improve the heat transfer process as well as blood flow.

e The concentration level of the fluid rises with the falls due to the thermos-diffusion. This result will be
important to investigate during cancer hyperthermia treatment.

e  Fractional order parameter a tends to delay the heat transfer process whereas, improve the mass transfer
process.

Appendix:

B; = R+ Ha? + Byn;,?
B,=1+G—a—R—Ra?+2Ra+ B, + Bja? — 2aB, + GB; — GaB,
B; = a + 2Ra? — 2Ra — 2B,a? + 2aB; + GaB,

B,= Bia?— Ra%,Bs=1+a?—-2a+ G+ Ga,Bg = —2a%+2a+ Ga

—B3+ |B3?—4B,B, —B3+ |B3?—4B;B, B,?Bs+B,Bg+a®
B, = Bg = By =

P8 »Po

’

2B, 2B, B7-Bg
Bg?Bg+BgBg+a?
By = %,Bn =m)A—a)+P,B, = (1h).a
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f* g — convolution of f& g, f* g = fot f(z)g(t — z)dz
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