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We have discussed the systematic solution of time-dependent mean velocity on MHD peristaltic rotating flow of an
electrically conducting couple stress fluid in a uniform elastic porous channel. The consequence of slip condition has
been studied. The precise model is formulated assuming a small Reynolds number and long-wavelength approxima-
tions. Various aspects such as magnetic parameter, Darcy number, slip parameter, and couple stress parameter are
discussed through graphs under the existence and nonexistence of both stiffness and viscous damping forces. It is
noticed that the time-dependent mean velocity decreases with increase in the magnetic parameter in the presence of
elastic parameters and flow reversal occurs at the center line of the channel. It reduces with growth in nonzero elastic
parameters.
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1. INTRODUCTION

Peristaltic transport is an effective method to move fluid. Through peristalsis the contents in the esophagus are moved
due to contraction and relaxation. Peristaltic activity has been encountered in many industrial and biomedical tech-
nologies. The peristaltic flow mainly occurs due to the neuromuscular property of any tubular smooth muscle struc-
ture. The process is found in bile moving from the gallbladder into the duodenum, urine transport from the kidney
to the bladder, fluids in the lymphatic vessels, movement of chime into the gastrointestinal tract, the movement of
spermatozoa in the ducts efferent of the male reproductive tract, circulation of blood in small blood vessels, and
the movement of the ovum in the fallopian tube. Toxic waste conveyances in chemical process engineering, mag-
netic endoscopy in gastric physiology, micropumps in pharmacology, and fuel control in rocket chambers are also
industrial applications of peristaltic flow. Bleeding reduction during surgeries, targeted drugs transport, development
for cell separation, radar systems, design of heat exchangers, power generators, magnetic devices, magnetic tracers
development, flow meters, and hyperthermia are further processes operating by peristaltic mechanism. The couple
stress fluid model is an important case of non-Newtonian fluid (e.g., blood). This fluid model is intended for the body
couples and couple stresses in the medium of fluid. It has applications to understanding many physical problems as
it possesses the rheological convoluted fluid phenomena. Such rheological characteristics fluids are important in the
coating of paper, polymers, nuclear fuel slurries, plasma, lubrication with heavy oils and greases, fossil fuels, etc.
The couple stress fluid model is also important in the lubrication of engine rod bearings and the tribology of thrust
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NOMENCLA TURE

d half width of the channel
ρ density
a amplitude of the wave
c wave speed
D Darcy parameter
k permeability of the porous medium
η expression defined by Eq. (1)
δ wall slope parameter
p pressure
p0 pressure applied on the external surface

of the wall due to tension in the muscles
L expression defined in Eq. (3)
B0 magnetic field
u time-dependentmean velocity

t time
u axial velocity in the wave frame
v transverse velocity in the wave frame
x axial coordinate in the wave frame
y transverse coordinate in the wave frame
M magnetic parameter (Hartmann number)
α couple stress parameter
β slip parameter
ε amplitude ratio
Re Reynolds number
λ wavelength
E1 rigidity
E2 stiffness
E3 viscous damping force

bearings.Further in the biomedical field, this fluid has been used to discuss human and animal blood and infected
urine from a diseased kidney. The peristaltic transport of such fluid has not been given much attention.

Many biological systems use a peristaltic mechanism for fluid transport as seen in the gastrointestinal tract, the
urinary system, flows from the kidney to the bladder, and in many other ducts. Many researchers have worked on
applications of peristaltic transport in various engineering fields. The peristaltic mechanism has led to the manufac-
turing of mechanical pumps wherein we can avoid direct contact of the transported fluid with any moving parts such
as plungers, valves, and rotors. It has also helped to develop finger and roller pumps. These are used in pumping
mechanisms during open heart bypass, dialysis and infusion pumps, etc.

Many authors (Kill, 1957; Shapiro et al., 1969; Shukla et al., 1988; Mishra and Rao, 2003; Srinivasacharya et al.,
2003; Vajravelu et al. 2007; Maiti and Misra, 2012) have talked more about peristaltic flow under long-wavelength
approximation and small Reynolds number. Later Raju and Devananthan (1972) discussed the peristaltic transport
of non-Newtonian fluid. Mittra and Prasad (1973) discussed the influence of wall properties of peristaltic flow. Flow
of blood in small vessels with peristalsis was developed by Misra and Pandey (2002). The slip effect essential in a
non-Newtonian system in a channel has been discussed by Ellahi (2009). The endoscopy and slip effect on blood
flow of particle–fluid suspension induced by peristaltic wave through a nonuniform annulus was studied by Bhatti et
al. (2016a). Beavers (1967) experimentally studied the flow of fluid at the boundary between the fluid layers and the
porous medium and suggested boundary conditions with slip at the interface.

Couple stress fluid helps to describe the characteristics of rheologically intricate fluids, viz., long-chained poly-
meric suspension molecules, liquid crystals, and lubrication of human blood. The theory of Stokes (1966) on couple
stress has helped to study the flow of blood through microvessels considering the size of red blood cells. Many au-
thors (Sud et al., 1977; Mekheimer, 2008; Sankad and Radhakrishnamacharya, 2011) found that blood or couple
stress accelerates with the application of suitable moving magnetic fields. Shit and Roy (2014) investigated the effect
of channel inclination on the peristaltic flow of a couple stress fluid in the existence of externally applied magnetic
field. Recently, Hummady and Abdulhadi (2014) have studied the effect of MHD on the peristaltic flow of a New-
tonian fluid with couple stress in a porous medium with slip conditions. Peristaltic flow of a couple stress fluid with
wall properties in a magnetohydrodynamic (MHD) field is examined by Hina et al. (2015). Hayat et al. (2015) stud-
ied MHD peristaltic transport of a nanofluid in a channel with wall properties in the presence of viscous dissipation,
partial slip, and Joule heating effects. Many researchers (Tripathi et al., 2013; Riaz et al., 2014; Vafai et al., 2015;
Ellahi and Hussain, 2015; Akbar et al., 2015) have worked on peristaltic flow considering different properties such as
compliant wall, MHD, and porous media.
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The flows of fluid through porous media are of great interest nowadays, and have attracted many research schol-
ars due to their applications in science and technology. The study of fluid flow in porous media is based upon the
empirically determined Darcy’s law. Such flows are considered to be useful in diminishing free convection, which
would otherwise occur intensely on a vertical heated surface. In addition, recent developments in modern technol-
ogy have intensified the interest of many researchers in studies of heat and mass transfer in fluids, due to their wide
applications in geothermal and oil reservoir engineering, as well as other geophysical and astrophysical fields. Re-
cently, Bhatti et al. (2016b) investigated the combined effects of MHD and partial slip on the peristaltic blood flow
of a Ree-Eyring fluid in a porous medium with compliant walls. Sankad and Nagathan (2016) investigated an un-
steady MHD peristaltic flow of a couple stress fluid through a porous medium with wall and slip effects. The effects
of radiation and Hall current on an unsteady MHD free convective flow in a vertical channel filled with a porous
medium have been studied by Veera Krishna et al. (2018a). Veera Krishna et al. (2018b) discussed heat and mass
transfer on unsteady MHD oscillatory flow of blood through a porous arteriole. The heat generation/absorption and
thermodiffusion on an unsteady free convective MHD flow of a radiating and chemically reactive second-grade fluid
near an infinite vertical plate through a porous medium and taking the Hall current into account have been studied by
Veera Krishna and Chamkha (2018). Veera Krishna et al. (2018c) discussed the heat and mass transfer on unsteady,
MHD oscillatory flow of second-grade fluid through a porous medium between two vertical plates under the influ-
ence of fluctuating heat source/sink, and chemical reaction. Veera Krishna and Jyothi (2018) discussed the effect of
heat and mass transfer on free convective rotating flow of a viscoelastic incompressible electrically conducting fluid
past a vertical porous plate with time-dependent oscillatory permeability and suction in the presence of a uniform
transverse magnetic field and heat source. Veera Krishna and Subba Reddy (2018) investigated the transient MHD
flow of a reactive second grade fluid through a porous medium between two infinitely long horizontal parallel plates.
Veera Krishna et al. (2018d) discussed heat and mass-transfer effects on an unsteady flow of a chemically reacting
micropolar fluid over an infinite vertical porous plate in the presence of an inclined magnetic field; Hall current effect
and thermal radiation were taken into account. Veera Krishna et al. (2019a) investigated the heat and mass transfer on
MHD free convective flow over an infinite nonconducting vertical flat porous plate.

Abu Arqub (2017) discussed the fitted reproducing kernel Hilbert space method for the solutions of some certain
classes of time-fractional partial differential equations subject to initial and Neumann boundary conditions. Abu Ar-
qub (2018a) investigated the numerical solutions for the Robin time-fractional partial differential equations of heat
and fluid flows with the reproducing kernel algorithm. Abu Arqub (2018b) discussed the numerical algorithm for
solving time-fractional partial integro-differential equations subjected to initial and Dirichlet boundary conditions.
Abu Arqub (2018c) found the solutions of time-fractional Tricomi and Keldysh equations of Dirichlet function types
in Hilbert space. Hussanan et al. (2016a) investigated the effects of slip condition on free convection flow of vis-
cous incompressible fluid past an oscillating vertical plate with Newtonian heating and constant mass diffusion. The
unsteady boundary layer magnetohydrodynamic (MHD) free convection flow past an oscillating vertical plate embed-
ded in a porous medium with constant mass diffusion and Newtonian heating condition is analyzed by Hussanan et
al. (2014). Soret effects on unsteady mixed-convection heat-and-mass-transfer flow over an oscillating vertical plate
embedded in a porous medium with Newtonian heating in the presence of magnetic field are studied by Hussanan
et al. (2015). Also in Hussanan et al. (2016b), the unsteady MHD flow and heat transfer of some nanofluids past an
accelerating infinite vertical plate in a porous medium were reported. Veera Krishna et al. (2019b) investigated heat
and mass transfer on free convective flow of a micropolar fluid through a porous surface with inclined magnetic field
and Hall effects.

Keeping the above-mentioned facts, in this paper, the analytical solution of time-dependent mean velocity for
MHD peristaltic rotating flow of an electrically conducting couple stress fluid in a uniform elastic porous channel is
discussed.

2. FORMULATION AND SOLUTION OF THE PROBLEM

We present modeling of a rotating porous channel with viscous incompressible fluid. Let us consider the unsteady
peristaltic motion of a non-Newtonian electrically conducting couple stress fluid in a channel with compliant walls.
The uniform channel width is taken as 2dand the wave is considered to be moving with wave speedc. Thex axis is
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along and they axis is perpendicular to the channel wall. The physical configuration of the problem is as shown in
Fig. 1.

The wall deformation is given by

y = η (x, t) = d+ a sin
2π
λ

(x− ct), (1)

whereλ is the wavelength anda is the amplitude of the channel walls.
The equation of motion of the wall is given by

L (η) = p− p0, (2)

where the operatorL represents the motion of an elastic membrane with viscous damping force given by

L = −T
∂3η

∂x3
+m

∂3η

∂x∂t2
+ C

∂2η

∂x∂t
. (3)

The elastic tension in the wall isT , the mass per unit area ism, and the coefficient of the viscous damping force
is denoted byC.

The governing equations for the problem under boundary conditions are as follows:
Equation of continuity:

∂u

∂x
+

∂v

∂y
= 0. (4)

Momentum equation (Kothandapani and Srinivas, 2008):(
∂u

∂t
+ u

∂u

∂x
+ v

∂u

∂y

)
+ 2Ωv = −1

ρ

∂p

∂x
+

µ

ρ
∇2u− h

ρ
∇4u− µ

kρ
u− σB2

0

ρ
u, (5)

(
∂v

∂t
+ u

∂v

∂x
+ v

∂v

∂y

)
− 2Ωu= −1

ρ

∂p

∂y
+

µ

ρ
∇2v − h

ρ
∇4v − µ

kρ
v. (6)

Here the velocity components in thex andy directions areu andv, respectively;ρ is the density of the fluid;k
is the permeability of the porous medium;µ is the coefficient of viscosity;h is the constant associated with couple
stress;∇2 = ∂2/∂x2 + ∂2/∂y2, ∇4 = ∇2∇2; p denotes the pressure; andσ is the electrical conductivity of the fluid.

FIG. 1: The physical configuration of the problem
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The fluid is permeated by a uniform magnetic field,p0 is the pressure applied on the external surface of the wall
because of the tension in the muscles, andB0 is the magnetic field which is applied perpendicular to the flow.

The relevant boundary conditions are

∂u

∂y
= 0,

∂3u

∂y3
= 0, at y = 0, (7)

u = −d

√
D

β

∂u

∂y
, at y = ±η (x, t). (8)

Here,β is the slip parameter andD is the Darcy parameter.
Vanishing the couple stresses,

∂2u

∂y2
= 0, at y = η. (9)

The dynamic boundary conditions are

∂

∂x
L (η) = −

(
∂u

∂t
+ u

∂u

∂x
+ v

∂u

∂y

)
− 2Ωv+

µ

ρ
∇2u− h

ρ
∇4u− σβ2

0

ρ
u, y = ±η (x, t), (10)

where
∂

∂x
L (η) =

∂p

∂x
= −T

∂3η

∂x3
+m

∂3η

∂x∂t2
+ C

∂2η

∂x∂t
. (11)

Using the nondimensional variables,

x∗ =
x

λ
, y∗ =

y

d
, t∗ =

ct

λ
, u∗ =

u

c
, v∗ =

λv

cd
, p∗ =

d2p

µλc
, η∗ =

η

d
. (12)

Makinguse of the nondimensional variables (4)–(9), we finally get

∂u

∂x
+

∂v

∂y
= 0, (13)

Reδ

(
∂u

∂t
+ u

∂u

∂x
+ v

∂u

∂y

)
+ 2K2δ3v = −∂p

∂x
+

(
δ2∂

2u

∂x2
+

∂2u

∂y2

)
− 1

α2

(
δ2 ∂2

∂x2
+

∂2

∂y2

)(
δ2∂

2u

∂x2
+

∂2u

∂y2

)
−
(
M2 +

1
K

)
u,

(14)

Reδ
3

(
∂v

∂t
+ u

∂v

∂x
+ v

∂v

∂y

)
− 2K2δu = −∂p

∂y
+ δ2

(
δ2∂

2v

∂x2
+

∂2v

∂y2

)
− δ2

α2

(
δ2 ∂2

∂x2
+

∂2

∂y2

)(
δ2∂

2v

∂x2
+

∂2v

∂y2

)
− δ2 v

K
.

(15)

Thecorresponding boundary conditions then take the following form:

∂u

∂y
= 0,

∂3u

∂y3
= 0 at y = 0, (16)

u = −
√
D

β

∂u

∂y
,

∂2u

∂y2
= 0 at y = ±η (x, t) = ± (1+ ε sin2π (x− t)), (17)

and

−Reδ

(
∂u

∂t
+ u

∂u

∂x
+ v

∂u

∂y

)
− 2k2δ3v +

(
δ2∂

2u

∂x2
+

∂2u

∂y2

)
− 1

α2

(
δ2 ∂2

∂x2
+

∂2

∂y2

)(
δ2∂

2u

∂x2
+

∂2u

∂y2

)
−M2u = E1

∂3η

∂x3
+ E2

∂3η

∂x∂t2
+ E3

∂3η

∂x∂t
at y = ±η (x, t),

(18)
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whereRe = (ρcd)/µ is the Reynolds number,α =
√
µ/hd is the couple stress parameter,D = K/d2 is the Darcy

parameter,M = B0d
√

σ/µ is the magnetic parameter,δ = d/λ is the wall slope parameter,ε = a/d is the amplitude
ratio, andK2 = (ρΩ2d2)/µ is the rotation parameter; these are the geometric parameters. The elasticity parameters
are defined asE1 = (−Td3)/(cµλ3), E2 = (µcd3)/(µλ3), E3 = (cd3)/(µλ2). The parameterE1 represents the
rigidity, E2 the stiffness, andE3 the viscous damping force in the wall.

Using small Reynolds numbers and long-wavelength approximations, Eqs. (13)–(15) reduce to

∂u

∂x
+

∂v

∂y
= 0, (19)

0 = −∂p

∂x
+

∂2u

∂y2
− 1

α2

∂4u

∂y4
−
(
M2 + 2K2 +

1
K

)
u, (20)

0 = −∂p

∂y
. (21)

The boundary conditions (16)–(18) become

∂u

∂y
= 0,

∂3u

∂y3
= 0 at y = 0, (22)

u = −
√
D

β

∂u

∂y
,

∂2u

∂y2
= 0 at y = ±η (x, t) = ± (1+ ε sin2π (x− t)), (23)

and
∂2u

∂y2
− 1

α2

∂4u

∂y4
−M2u = E1

∂3η

∂x3
+ E2

∂3η

∂x∂t2
+ E3

∂2η

∂x∂t
at y = ±η (x, t). (24)

The solution of Eqs. (20) and (21), with the boundary conditions (22)–(24), is

u =
E

AM2

(
m1m2 −m2

2

M2α2
+

m2

m1
−A− 1− m2a5

m1a1
+

a6

a2

)
, (25)

where

E = −ε
(
(2π)3

cos2πz (E1 + E2)− E3 (2π)
2
sin2πz

)
, A =

m1m2 −m2
2

M2α2
+
√
D/β m2

(
a4√
m2

− a3√
m1

)
,

H = M2 +
1
D

+ 2K2, m1 =
α2 + α

√
α2 − 4H

2
, m2 =

α2 − α
√
α2 − 4H

2
,

a1 = cosh (
√
m1η), a2 = cosh (

√
m2η), a3 = tanh (

√
m1η),

a4 = tanh (
√
m2η), a5 = cosh (

√
m1y), a6 = cosh (

√
m2y).

Thetime-dependent mean velocityu obtainedover a single period of motion is

u =

t∫
0

udt. (26)
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3. RESULTS AND DISCUSSION

We have considered MHD peristaltic rotating flow of an electrically conducting couple stress fluid in a uniform elastic
porous channel. We obtained the analytical solution using small Reynolds number and long-wavelength approxima-
tions. The results are graphically analyzed directly with the Mathematica 10.4 software package. With reference to
Eq. (25), two real-valued arbitrary functionsm1 andm2 are required to determine the results of axial velocityu,

wherem1 =
[
α2 + α

√
α2 − 4(M2 + (1/D) + 2K2)

]
/2 andm2 =

[
α2 − α

√
α2 − 4(M2 + (1/D) + 2K2)

]
/2

depend on permeability parameterD, magnetic parameterM , rotation parameterK, and couple stress parameter
α with α2 > 4

(
M2 + (1/D) + 2K2

)
. In this paper, the numerical results have been performed to investigate the

effects of various parameters in the presence and absence of stiffnessE2 and viscous damping forceE3. The effects
of magnetic parameterM , Darcy numberD, rotation parameterK, couple stress parameterα and slip parameterβ,
and elastic parametersE1, E2, E3 on time-dependent mean velocity and reversal flow are shown in Figs. 2–11.

Figures 2 and 3 display the effect of Hartmann numberM . Figure 2 noticed that, in the presence of elastic param-
eters, there is loss in the time-dependent mean velocity with the increase in the magnetic parameter. Due to Lorentz’s
force the velocity continuously reduces with increasing the intensity of the magnetic field. WhenE2 = 0 andE3 = 0
the increase inM increases time-dependent mean velocity, as plotted in Fig. 3. As the Darcy parameterD increases,
the time-dependent mean velocity increases under the influence ofE1, E2, andE3. The lower the permeability the

FIG. 2: The time-dependent mean velocity profile againstM with ε = 0.2,E1 = 0.003,E2 = 0.004,E3 = 0.02,D = 0.5,
K = 0.5,α = 5,β = 0.05

FIG. 3: The time-dependent mean velocity profile againstM with ε = 0.2,E1 = 0.003,E2 = 0, E3 = 0, D = 0.5,K = 0.5,
α = 5,β = 0.05
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FIG. 4: The time-dependent mean velocity profile againstD with ε = 0.2,E1 = 0.003,E2 = 0.004,E3 = 0.02,M = 0.5,
K = 0.5,α = 5,β = 0.05

FIG. 5: The time-dependent mean velocity profile againstM with ε = 0.2,E1 = 0.003,E2 = 0, E3 = 0, M = 0.5,K = 0.5,
α = 5,β = 0.05

FIG. 6: The time-dependent mean velocity profile againstK with ε = 0.2,E1 = 0.003,E2 = 0.004,E3 = 0.02,M = 0.5,
D = 0.5,α = 5,β = 0.05
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FIG. 7: The time-dependent mean velocity profile againstK with ε = 0.2,E1 = 0.003,E2 = 0, E3 = 0, M = 0.5,D = 0.5,
α = 5,β = 0.05

FIG. 8: The time-dependent mean velocity profile againstα with ε = 0.2,E1 = 0.003,E2 = 0.004,E3 = 0.02,M = 0.5,
D = 0.5,K = 0.5,β = 0.05

FIG. 9: The time-dependent mean velocity profile againstα with ε = 0.2,E1 = 0.003,E2 = 0, E3 = 0, M = 0.5,D = 0.5,
K = 0.5,β = 0.05
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FIG. 10: The time-dependent mean velocity profile againstβ with ε = 0.2,E1 = 0.003,E2 = 0.004,E3 = 0.02,M = 0.5,
D = 0.5,K = 0.5,α = 5

FIG. 11: The time-dependent mean velocity profile againstβ with ε = 0.2,E1 = 0.003,E2 = 0, E3 = 0, M = 0.5,D = 0.5,
K = 0.5,α = 5

lesser the fluid speed observed throughout the fluid region. The time-dependent mean velocity decreases with in-
crease in Darcy parameterD when both stiffness and viscous damping forces are zero (E2 = 0 andE3 = 0) and
are depicted in Figs. 4 and 5. When the rotation parameterK increases, the time-dependent mean velocity decreases
under the influence ofE1, E2, andE3. It has a remarkable effect on the velocity increases with increasing forces of
rotation. The time-dependent mean velocity increases with increase in rotation parameterK when both stiffness and
viscous damping force are zero (E2 = 0 andE3 = 0) and is illustrated in Figs. 6 and 7. Figures 8 and 9 illustrate
the influence of couple stress parameter (α) on time-dependent mean velocity. From Fig. 8, the time-dependent mean
velocity increases as the couple stress parameter increases. In the presence of both stiffness and viscous damping
forcesE2 ̸= 0 andE3 ̸= 0. It is also observed that the time-dependent mean velocity becomes negative; i.e., flow
reversal takes place, but in the absence of stiffness and viscous damping forcesE2 = 0 andE3 = 0, the increase
in couple stress parameter decreases time-dependent mean velocity when the other parameters are fixed as shown in
Fig. 9. The brunt of slip parameterβ is presented in Figs. 10 and 11. As the slip parameterβ increases we observe
a decrease in the time-dependent mean velocity at nonzero elastic parameters and reversal flow is sketched as shown
in Fig. 10. From Fig. 11 we noticed that the time-dependent mean velocity increases with the slip parameterβ under
the absence of stiffness and viscous damping forces.

It is also noticed that reversal in the flow direction takes place. From Fig. 12, we see the variation of the time-
dependent mean velocity for various values of compliant wall parametersE1, E2, andE3. Thereby, we observe

Special Topics & Reviews in Porous Media — An International Journal

Downloaded from https://iranpaper.ir
https://www.tarjomano.com https://www.tarjomano.com



MHD Peristaltic Rotating Flow 255

FIG. 12: The time-dependent mean velocity profile against elastic parametersE1, E2, E3 with ε = 0.2,M = 0.5,D = 0.5,
K = 0.5,α = 5

that the time-dependent mean velocity decreases due to increase of the nonzero elastic parametersE1, E2, and
E3.

Finally we noticed that there is no shear stress effect on the wall of the tube, which is observed throughout the
flow region. We observed from Table 1 that the results are in good agreement with the results of Sankad and Nagathan
(2016).

4. CONCLUSIONS

We have discussed the systematic solution of time-dependent mean velocity on MHD peristaltic rotating flow of an
electrically conducting couple stress fluid in a uniform elastic porous channel. The conclusions are made as follows.

1. The time-dependent mean velocity augments with enhancement in couple stress parameter or Darcy parame-
ter, under the presence of stiffness and viscous damping forces.

2. The mean velocity also diminishes with increasing couple stress parameter or Darcy parameter under the
absence of stiffness and viscous damping forces.

TABLE 1: Comparison of the results for time-dependent velocity (E1 = 0.003,E2 = 0.004,
E3 = 0.02,ε = 0.2,K → 0)

M D α β Previous Results Sankad and Nagathan (2016) Present Results
0.5 0.5 5 0.05 0.125255 0.125278
1 — — — 0.123278 0.123285

1.5 — — — 0.121552 0.121568
— 1 — — 0.132554 0.132566
— 1.5 — — 0.135887 0.135898
— — 6 — 0.128887 0.128899
— — 7 — 0.132447 0.132454
— — — 0.08 0.114525 0.114533
— — — 0.1 0.100259 0.100270
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3. The mean velocity decelerates with magnetic parameter or rotation parameter or slip parameter in the presence
of stiffness and viscous damping forces while it shows the opposite effect for the absence of stiffness and
viscous damping forces.

4. Time-dependent mean velocity reduces with grow in nonzero elastic parameters.
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