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Abstract

In this paper the laminar fluid flow in the axially symmetric porous cylindrical channel subjected to the magnetic field was studied. Fluid
model was non-Newtonian and visco elastic. The effects of magnetic field and pressure gradient on the fluid velocity were studied by
using a new trend of fractional derivative without singular kernel. The governing equations consisted of fractional partial differential
equations based on the Caputo-Fabrizio new time-fractional derivatives NFD:. Velocity profiles for various fractional parameter a, Hart-
mann number, permeability parameter and elasticity were reported. The fluid velocity inside the cylindrical artery decreased with respect
to Hartmann number, permeability parameter and elasticity. The results obtained from the fractional derivative model are significantly

different from those of the ordinary model.
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1. Introduction

MHD fluid flow simulated from the local and non-local models
and its parameter due to wall elasticity, wall permeability and
pulsatile nature (due to external force) are gaining significant at-
tention nowadays. The study of MHD fluid flow by using frac-
tional derivatives is useful as it can provide many important scien-
tific discoveries.

Gul et al [1] observed that Ec (Eckert number) affected the tem-
perature profile and the flow velocity decreased with respect to
o . Meanwhile, near the walls velocity was higher than that in the
core region. Raza [2] determine the behaviors of velocity and
shear stress were similar in the 2D rotational flow problem where
the working fluid, i.e., the second grade fluid was modeled by
using the fractional Caputo-time derivative. Abro et al [3] and [4]
investigated the effects of Caputo-Fabrizio fractional parameter,
material parameter, rheological parameter and nondimensional
parameter on fluid flow. Both slip and no-slip boundary condi-
tions were considered in a permeable medium by using a newly
defined M-function. They reported that Newtonian fluid was the
slowest. According to Sharma and Gupta [5] the rate of transport
decreased when the magnetic field was considered. A complex
generalized differential quadrature method employing the fourth-
order Runge-Kutta method was used [6] to solve the nonlinearity
problem. A 3D flow model was transformed into 2D MHD Jeffery
Hamel flow model [7], which was further converted into an equiv-
alent non-linear model described by the third-order ordinary dif-
ferential equation. The neural network models were developed by
using log sigmoid activation function to the new transformed

equations. It is able to solve other non-linear problems with singu-
larities. Excellent agreement between the numerical results and
analytical ones was reported [8]. During systoles and diastoles
flow rotation was evident at the boundary. Meanwhile, the flow
velocity was the maximum at the channel core region. In [9], flow
in stenosed inclined tubes with periodic body acceleration was
simulated and it was found that both velocity and volumetric flow
rate decreased. For a particular range of phase angle, wall shear
stress increased by as Hartmann number increased (for various
cardiovascular diseases). The exact solutions for MHD flow under
periodic body acceleration were derived in [10]. The method was
more precise than other numerical methods. In [11], generalized-
Burgers’ equation was solved and the velocity was smaller in the
absence of magnetic field. The effects of external magnetic field
and porosity on the blood flow inside the channel were highlighted
by [12]. The outcomes are helpful in understanding the blood
circulation in human body. The flow models employing sumudu
and finite Hankel transform which were used to simulate viscous
MHD flow in a circular cylinder [13] were very attractive numeri-
cally. Fractional calculus approach was used to solve an incom-
pressible generalized Oldroyd-B fluid [14]. The solutions were
expressed in terms of Fox H-function by using Laplace transfor-
mation. The temperature of MHD flow subjected to thermal radia-
tion and exponentially porous stretching sheet decreased as the
stratified parameter increased. Following Mohan et al [12], the
new definition of fractional derivative without singular kernel was
used to model fluid flow (subjected to magnetic field) inside an
artery. Good agreement has been found (see Figure (2)). In the
current work, the effects of NFDt , magnetic field and other pa-
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rameters on fluid flow were studied analytically. Mathematica was
used for simulation purpose.

2. Mathematical modeling

In this paper, an axially symmetric incompressible fluid flow
model was developed. The flow was accelerated along the radius
of the circular channel as shown in Figure 1. The pressure gradient
acting along the channel is given as

—?_AO+A1cos(a)t) for t>0, ()

G=aycos(t+g). 2

Ay is the steady state part of the pressure gradient. A is the am-
plitude of the oscillatory part, where w=24f , ( f is the pulse
frequency). ay is the amplitude of the body acceleration. Also
@ =27, where f; is the body acceleration. Phase difference is
represented as ¢ .
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Fig. 1: Fluid flow geometry
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where u(r,t) is the velocity component in z — direction, p blood
density, u is viscosity, z4 is the viscosity coefficient, o is elec-

trical conductivity, k is the permeability influence and r is radial
coordinate.

In the time fractional model, the governing equation discussed in
(3) becomes

DU = Ay + A coset) +ag cost + ) +
FORCA AT YT
H /ulat arz

ku— oB,> 4
; ar] o U 4)
where

a(t— r)

D@ f (t) = M(“)J'f()e la ©)

with «e[01] , ae[-ot) and fell(ab) ,

Ll(a,b) is the class of all integrate able functions f on [a,b],

b>a , where

Dt(“) is called the new fractional time derivative NFD:.
Dimensionless and after dropping dashes, eq. (4) can be written as

2°DPu = Ay + A cos ) + ag cos bt + ) +

oY o 1leéu 2 o
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The dimensionless initial and boundary conditions are

u(r,0)=0, u@,t)=0, and u(0,t) is finite @)

[
where oq =R P isa Womersley parameter, ﬂ:ﬁ is the
\ u H

visco-elastic dimensionless parameter, H = R_[— is the porosity
H

parameter, M = RBO\/E is the Hartmann number and b=-2 is
u @

the radius tube.

3. Solution to the problem

By applying Laplace transform with respect to t and finite Hankel
transformation of order zero with respect to r on (6) as well as
using the boundary conditions stated in (7), we obtain

a Als
o[ SUy(ry,8) | | s s +1 Ji(n)
! S+a(l-9) B ag(scosp—bsing) | r,
s% +b?

2f ~ BsUy(m:S) | h2 . 2y
I (UH(I’n,S)+ S+a(1—5)j (H"+M“)ay (r,,s), (8)

1
where UH(rn,s)zer (r ,s)Jg(rr,) is the finite Hankel trans-

0

form of the function U (r,s) and m, n =1, 2, ...

roots of Bessel function represented by Jo(r), of first kind and
zeroth order.

After performing inverse Hankel transformation and inverse La-
place transformation on the image function Uy (r,,s) in (8) fol-
lowed by using Robotnov/Hartley and Miller-Ross functions de-
fined by,

L—l
gl _
k k+v

,1 S~ =
[ ] Ei(v.2)= Zr(v+k+1)

being positive

nt(n+l)q -1

] Falaut]= Zr((n+1)q) ®

(10)
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3.1. Axial velocity in the Fractional model

From (8) we have

® - f f
Ja(rr.) |hil e Cll g0 |y njy
u(r. =23 L) [ &) e
Mmd1 ()
n=1 j cost = m,, +k, cost + )

forO<a<1. (11)

3.2. Axial velocity in the Local model

1—e ot
A——+
( Cn1
JO rr —c.qt
u(r,t)=2 n) A cost*e ' +
nz nlrn‘Jl(rn ot
agcospt+p)xe™
for o =1. (12)

The blood velocities were simulated from the fractional fluid and
ordinary fluid models expressed in (11) and (12), respectively.

The parameters introduced in the axial velocity in order to reduce

the step size were given as follows:

an:a12+ﬁrn2,bn=H2+M2+rn2,cn=b“—a,
a, +b, b

dy =an +by —bya,ey =1-a, fnziqgn:d—nyhn=iy
l-a €n On

. a —

Jn:ﬁ 'knz_ov =(f,—cyle Cnt dy =dp lp1=ay,

n On
b
Cn1 =Ch lg=1= a_n : (13)

n

Both fluid models were used to study the blood flow within the
viscoelastic porous artery subjected to an externel magnetic field.

In (11 and 12) f =g represents the convolution product of f and g.

4. Graphical results and discussion

Flow simulation was performed by using Mathematica software.
The numerical results were presented in Figures (2-14). Both frac-
tional and ordinary models were studied and the results were com-
pared. The effects of Hartmann number, porosity parameter and
elastic viscosity on fluid flow velocity were studied. In all of the
cases few rational values of the fractional parameter less than 1
are compared with the ordinary model by setting & =1. To evalu-
ate the fluid flow velocity, the positive roots of the Bessel function
Jo(r) were calculated by using the coding method. We have con-
sidered the first 10 terms of the series while performing the in-
verse Hankel transform. The blood flow velocity was obtained by
using Mathematica software. The curves of (11 and 12) were plot-
ted against r for different values of M, H and g, and for fractional
parameter « €{0.4,0.6,0.81.0} . The following constant values
were used i.e, ay=3A=2A=4p=7/12t=05b=1 and
24} =1.

Figures (3-6) show the influence of Hartmann number on the fluid
flow velocity. The velocities predicted by using the two different
models were somewhat different. It was noticed that, fluid flow

velocity decreased as the strength of the external magnetic field
increased. Figures (7-10) show the effect of porosity parameter on

the fluid velocity. In order to examine the effect of porosity pa-
rameter on the fluid flow velocity, various values are assigned to
H. Fluid flow velocity decreased with respect to the porosity pa-
rameter. The effect of elastic viscosity on fluid flow velocity was
shown in Figures (11-14). As the elastic viscosity increased, the
fluid underwent larger resistance.
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Fig: 2: Axial velocity calculated by Mohan et al and NFD,
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Fig.3: Axial velocity for various values of ¢ and M =0 against r.
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Fig.4: Axial velocity for various values of & and M =2 against r.
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Fig.5: Axial velocity for different values of @ and M =4 against r.
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Fig.6: Axial velocity for various values of « and M =6 against r.
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Fig.7: Axial velocity for various values of « and H =0 against r.
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Fig.8: Axial velocity for various values of @ and H =2 against r.
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Fig.9: Axial velocity for various values of & and H = 4 against r.
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Fig.10: Axial velocity for various values of o and H =6 against r.
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Fig.11: Axial velocity for various values of & and f=1.6
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Fig.12: Axial velocity for various values of & and £ =2.0 againstr.
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Fig.13: Axial velocity for different values of & and £ =2.4 againstr.
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Fig.14: Axial velocity for various values of  and £ =2.8 againstr.

5. Conclusion

The effects of Caputo’s new time fractional derivative NFDy,
Hartmann number, porosity parameter and elasticity on the veloci-
ty of fluid flow subjected to magnetic field inside the cylindrical
artery have been investigated. Both Laplace and finite Hankel
transforms have been used to derive the analytical solutions of the
governing equations containing non-linear fractional order deriva-
tive. The fluid velocity has been found to be inversely related to
the Hartmann number and the porosity parameter in both fraction-
al and ordinary models. Moreover in the case of an elastic viscosi-
ty for fractional model, the variation is very slow than as com-
pared to the ordinary model. Therefore it is beneficial to study the
flow behaviour using the non-local system as it contains much
useful information on bio-fluid flow problems.
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