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ABSTRACT

In the present analysis, the electro-osmosis peristaltic flow of Eyring Powell nanofluid in a tapered asymmetric channel is considered. The
effects of induced magnetic field and boundary sinusoidal roughness are also retained. Using suitable non-dimensional terms the
governing equations are transformed into a system of nonlinear partial differential equations. To study the flow, the analytic formulation
of flow velocity, pressure gradient, temperature, concentration, volume fraction, stream function and magnetic force function has been
analyzed. From the study, it is observed that pressure rise enlarges and velocity diminishes with an increase in the roughness parameter,
however, the surface of trapped bolus becomes rough by increasing the roughness parameter and the volume of trapped bolus decreases
by increasing the volume flow rate, and Hartmann number. The outcome of the present study helps to investigate the roughness of
biological organs such as blood flow in coronary arteries and roughness exists on all other surfaces up to some extent. It can also be used
to identify diseases within biological tissues.
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1. Introduction

Researchers have been studying peristaltic transport over the past few decades because of its
applicability in industry and physiology. Peristalsis is a longitudinal wave of relaxation or extension
passing through a channel or cylinder. Peristalsis' pumping mechanism is implicated in the physiology
of diverse biological organs, and the mechanism has also been used in industrial applications. Latham
[1] came up with the term "peristalsis" in 1966, and Shapiro et al., [2] and Jaffrin et al., [3] continued
to explore peristaltic flow in various geometries. Many empirical investigations on peristalsis motion
have been reported for fluids flow in different channels. Some of them are Asha et al., [4-5] studied
peristaltic flow of nanofluid in the presence of gold nanoparticles of a Jeffrey fluid. Further, Aamir et
al., [6] focused on the peristalsis of nanofluid in a deformable channel with double diffusion.
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Understanding the peristaltic flow under the influence of roughness of surface on during
movement of biological fluids is very beneficial to understand various problems related to blood flow
in coronary arteries. Investigation of the effects of endothelium roughness on blood and roughness
of coronary arteries has been studied by Burton et al., [7] and Park et al., [8]. The influence of surface
roughness on flow has piqued the interest of chemical engineers who want to learn more about the
consequences of roughness of walls, formed due to chemical erosion during chemical transportation
and some of the studies are [9-10]. Several research studies in this field have used mini channels,
micro channels, and sand tubes with the organised roughness of a sinusoidal form given in the
references [11-13]. Some recent studies on surface roughness in peristalsis are [14-15]. The term
“taper” refers to a decrease in thickness from one point to the other. Asymmetric peristalsis fluid
flow in a two-dimensional infinite non-uniform channel was used to simulate the tapered asymmetric
channel. It's usually caused by myometrial contractions causing intra-uterine fluid flow. Eytan et al.,
[16] examined peristalsis in a tapered channel having application to embryo transport within the
uterine cavity. Some other studies on tapered asymmetric channels are [17-19].

Mechanism of electro-osmosis is described as a process in which applied electric potential
causes mobility in an ionised solution (electrolyte) contained in a channel when a solid surface comes
into contact with electrolyte solution in electroosmosis flow, a charge is induced on it. The electric
potential on the surface attracts opposite ions to the surface in this process, resulting in the
development of an electron double layer (EDL). When an external electric field is given to an ionic
solution, the Coulomb force is produced, which causes fluid motion. This phenomenon is employed
in bio microfluidic systems to regulate the flow of fluid through minuscule channels. Micro
electromechanical systems (MEMS), micro peristaltic pumps, lab-on-chip are examples of bio
microfluidics devices that use electroosmosis and EDL principles. Capillary electrophoresis is a key
component in the development of DNA analysis techniques. As a result, electro-osmotically moving
fluid influenced by peristaltic pumping may be employed in DNA analysis, which can then be used in
DNA sequencing, DNA length determination, and genetic disease detection. Some recent studies on
electro-osmosis are [20-23].

In recent years, bio-magnetic fluid dynamics has been a major research area. It is due to
numerous applications in biotechnology and medicinal science, such as the development of magnetic
devices for cell separation, drug delivery to the focused organs using magnetic particles as drug
carriers. Recently, the influence of magnetic field on the peristalsis of Newtonian and non-Newtonian
fluids has been studied [24—-26]. The salient features of an induced magnetic field have been ignored
in all of these researches. Vishnyakov et al., [27] first to investigate the influence of an induced
magnetic field on peristalsis. They looked at a conductive Newtonian fluid's peristaltic MHD flow.
They solved the problem using the asymptotic narrowband approach, and only produced velocity
profiles in certain channel cross-sections. Recent studies on induced magnetic field on peristaltic flow
are [28-29]. Convection that is caused by two distinct density gradients with differing diffusion rates
is known as double-diffusive convection. Study of double-diffusion has got a lot of attention from
investigators because of the numerous applications it has in industries and engineering, such as
oceanography, solid-state physics, and astrophysics. Because of the many benefits of double-
diffusive convection, it was investigated in peristaltic pumping using a nanofluid flow model. Few
investigations on peristalsis were examined by [30-31].

Non-Newtonian fluids have recently gained a lot of attention due to their applications in
medical science and industry. In both physiology and industry, viscoelastic fluids play an important
role. Eyring-Powell is a type of non-Newtonian fluid model that includes elasticity as well as viscosity
and it is useful for obtaining accurate viscous nanofluid findings at low and high shear rates. Because
of their numerous uses in applied engineering, medical sciences and industry, such as the extraction
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of crude oil from petroleum oil products, the manufacturing of syrup medications, and the creation
of plastic materials. The Eyring-Powell model, which is developed from the idea of rate processes,
can characterise the shear of a non-Newtonian flow. In some cases, this model may be used to
characterise the viscosity of polymer solutions and viscoelastic suspensions over a broad range of
shear rates. Recent studies on the Eyring-Powell nanofluids are [32-33].

From the above investigations shows that no effort has been carried out to study the effect
of surface roughness and induced magnetic field with dependency double diffusion convection on
electro-osmosis peristaltic flow. The dimensionless equations are resolved using the Homotopy
perturbation Sumudu transformation method (HPSTM) [34-38]. The numerical results of pertained
physical parameter on fluid flow are analysed in detailed through graphs.

2. Mathematical analysis

Consider the propagation of peristalsis of bi-dimensional tapered asymmetric channel of
width d and sinusoidal-shaped roughness shown in Figure 1.

Peristaltic wave direction

Fig. 1. Schematic diagram of a two-dimensional tapered asymmetric channel

The Eyring-Powell nanofluid is introduced into the channel. An external transverse uniform
constant magnetic field of strength #, stresses the system, which causes a magnetic field to be

induced, H(h.({.5.0).n(.5.0.0, and the total magnetic field is#a (. .5.0).H,+h,(L.5.0.0). The
peristaltic wall’s mathematical form is provided below :

H,=d+m( +a, sin{%(f—cf)}rb, cos’ (%5]7 (1)

H, =—(d +m, +a,sin {27” (f—cf)}+b2 cos’ [%J) (2)
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In above expressions s ,m, (<<1) are the non-uniform parameter of the tapered asymmetric

channel, y and », are the height of roughness, A , 4, are the pitch, the phase difference # varies in

therange 0<¢ <7z and 4,a,,dandy satisfies the condition,

a’ +a,’ +2a,a,dcosg < (2d)’ .
The equations that regulate the current flow are listed below:
2.1 Fluid model

Shear stress tensor § of Eyring—Powell fluid model [33] is

(3)

S = 197 + L sinn (i*w?j, (4)
g c
where 1is coefficient of shear viscosity,  and ¢ are the fluid parameters
3
sinh ‘(—Viji*—l(iVVj vil<t, (5)
c c 6\c c
2.2 Maxwell’s equation[29]:
VH =0, VE =0, (6)
VAH=J,]=G{E+u,(V NH)}, (7)
vaE=-n L, (8)
ot
where E induced electric field, J current density.
2.3 Induced equation is [29]:
of VA AH LV, (9)
ot £
where & = &z, is magnetic diffusivity.
The basic governing equations are :
oUu . ov
oc T T 1o
oU o0 -0\ op 1 \(oU 0) 1 (o0 ou\’ (80 &U
pf —,+U—A+V—H =——+ ,u0+—* —Az‘l‘ — ——*3 —A+—A —ﬁ2+ —
o ol oy oc p N\ ocr &* ) 287 |oc oy | ol oy
o+ oh oh oh
M| O g, | hy—+h,—+H,— |+ p,E, (11)
2| o o¢ oy oy

+pfgﬁr(f_fo)‘l'pfgﬁc(??_?o)_(pp _pﬁ] )pfgﬁc(a'_o-o),
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20,599,722 _p,[20,09), DO IT)
a ol oy og” oy T,\o¢” oy
Electric potential distribution [39]:
Vo =_Fe (16)
&

where, pezez(ﬁ;—ﬁ;) is the electrical charge density, ® is the electric potential, & is dielectric

permittivity of the medium.
Nernst-Planck equation is defined as [29]:

Lo, Dze( 0 [A acpj a[A ad)jJ
—2 no—=11 (17)
"5 ] krl\ec\ ™Mol ) ™ty

Introducing the wave frame and laboratory frame transformation in order to facilitate the analytical
solutions.

on,  om on, o,
L E —=D
oa o o ag

u=U-c,y=y,v=V,l=C—ct. (18)
The following non dimensional variables will be introduced:
:—’gzg,y:X’t:ﬁ’ :Z,ﬁzi’u:z’a: kT ’Pr:ﬁ, :i,m:m_/l’
A d A c A c (pc), a d d
:DTCO‘CP(%_?;O) ng_fo 7/:77_770 _5-_&0 UhS:—Eggé/ _aozp
TC - - bl =~ = —~ ~ — —~ — s
pk C (T, = T)) I =T, =% 0, -0y Hyc Ape
¢) D.(T —T, hoo. d*(T T,
= BT G B4 g, P8R 00 500
(pe), 1T, d ¢ cu o o¢
H, (p0),D,(6,-6,) 1 m(d) 1
C O, — O,
ReRmSi* = M?, 5t =10 ﬂ—Nb:M, =ptiRes )
P (pC)fﬂ pe
, _ _
2n, i, - A= Bf*z,q)l:ﬂ’glzﬁjgzzﬁ,
eK, T A, ,uO,Bc 2b%c d 2 2
2o -
Gr = p/gd (0,-0,) N, = cr(T T) ,GrF:(pp_pfO)gd (71_70)’
cu D(7,-1) cu
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. . . L 0
where O is the dimensionless wave number and the stream function is taken as v=—5%and u= E

The reduced non-dimensional governing equations of (11)-(15) are,

3 2 3
0= Lo (1+8) 7Y - A(a ja_+k2UHs®+ReSf¢%y+GW+GW‘G”F°" (20)

¢ oy’ ) o
p
—=0 (21)
oy
(1+B)6V/ Aﬁ{[a ]a } kU, 2V 16,90, 6, G 99 _,(22)
o' o[\ o ) o oy oy oy oy "oy
2 2
a‘9+NTCP 7 4 e 2297, iy (aaj =0, (23)
oy’ oy oy y
6272/ “N,, 82_? =0, (24)
oy oy
o, M2 (25)
Nb
oy
=R, | E-——
9, ( o j (26)

We get non-linear term O(Peéz), after non-dimensionalization of Eq. (17). Where Pe=Rsc is the ionic

Peclet number and s¢ = dﬁo is Schmidt number. Using the limitations R ,Pe, §<<1, the Poisson
Py

equation is obtained as:

20 w(mn) (27)

By assuming that the thickness of the EDL does not cross the channel's centreline and that
the ionic distribution does not change over time, a stable Boltzmann distribution of ionic species in
the EDL may be produced. As a result, the time derivative term in Eq. (17) is removed, and the
dimensionless form of Eq. (17) subject to the lubrication technique is obtained,

02 ia( @‘D] (28)
o’ oy

Integrating above equation with the help of boundary conditions

n =10=0, (29)
M _5 9% . (30)
oy o

Boltzmann ionic distribution given by:
From Eq. (28) and Eq. (27) we get,

az? = k” sinh(®). (31)
y
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Eq. (31) may be linearized using the Debye-Hlickel approximation approach, which is essentially a low
zeta potential assumption i.e., sinh® ~®, therefore Eq. (31) becomes,

TP _ e 32
ayZ - k (1) ’ ( )
now Eq. (31) can be solved directly using boundary conditions,
O©=0 at y=p, (33)
O=1at y=p, (34)
The corresponding dimensionless boundary conditions is as follows,
y = f ’6_1// =-1,0=0,y =0,c =0at y=h, =1+m¢ +asin2z(x—1)]+®, cos* [EJ, (35)
2 0Oy 4
/o oy =h =—l—-ml —asi _ _ o 76
w=—2"\2 - 1,60=1,y=1,0=1 at y=h=-1-mg-asin[27(x—1)+¢]-D, cos ‘ (36)
2 oy 4
Here, we have considering ¢ is the mean flow over a period is,
h7
=f"+1, /= g, (37)
,{ %
where @’ =2, =" (38)

ca, ca,

The Homotopy perturbation Sumudu transformation technique (HPSTM) is used to solve the coupled
partial differential equations (22)-(26) with the boundary condition (35)-(36).

3. Method of solution

Partial differential equations (22) to (26) are solved by HPSTM, to find an analytical solution,
after applying the inverse Sumudu transform to (22-26), and detail about the method is given in the

reference [4,38].

3 ) 3
2 2 y>  Pm g2 VO
w(y)=hy +y“a +y-a, T 6(1+B) o 6(1+B) . (39)
3 2 2 3
1] 7 oy | Py .2 2,,_ —
+S ﬁs A Lazj 873 k UHSCD+M v —Grt0—Grey +Grfo
' 4
yW) =ht +ya+ya +ya
a2 l(@vY ovl ey o0 Lol (40)
el Gl |lat) e oy oy’
1+ B
+Grt%+Grca——Grf
oy oy oy
2 2
;o 00 0 0’0
0)=h+ya, -S| 7’S {NTCPra +NbPr=> 2 4 NePr }} (41)
o’ oy oy oy’
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y(»)=h +b1’y_Sil l}]z {S{Ncr i?:“:lr (42)

I Nt 00
o(y)=h+b,y=S {77 {S{ﬁgm (43)

Y e o oy
#0)=by+-R,E=S [ { { aym (44)

Using following Eq. (45), and compare the coefficients of similar powers of P to attain the required
solution,

1 o >
H,U,U.U, U)=— rE { (ZpU H : (45)
i=0 p=0
The volume flow rate is,
Q=f(u+1)dy- (46)

On integrating Eq. (46) we get pressure gradient and for pressure rise over one wavelength is
calculated by,

Ap = Ja_pdg. (47)

Use following equation to calculate the axial induced magnetic field [25],
o¢
h =—22. 48
< oy (48)
4. Discussion

The Mathematica software is employed to obtain the numerical results for equations (39 to
48). We have compared the acquired results with numerical results of Praksha et al., [21] as shown
in table 1. It is determined to be in good accord with the findings of the current investigation.

Table 1
Comparison between present analytical solution with Prakash et
al., [21],solution for different values ofywhen 0=2,Gr.=0 ,

GI"F:O, G};:Or UHS:OI k:OI ®1:0IA=OIB=0

y Prakash et al.,[21] Present work
1.0 2 2

0.8 2.032 2.03328

0.6 1.776 1.7732

0.4 1.304 1.30624

0.2 0.688 0.684

0.5 1.5625 1.5625

0.0 0 0
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4.1 Flow distribution

Figures 2(a) to 2(i) represents the influence of nanoparticle Grashoff number ¢r,, solutal Grashoff
number Gr., thermal Grashoff number G, Helmholtz-Smoluchowski velocity v,, electroosmotic
parameter k on velocity u. Eyring-Powell fluid parameter 4 and B, Hartman number M, rough
surface @, with varying fluid parameter 8=1,12,14 respectively on velocity profile. Figure 2(a) portrait
the effect of ¢, on flow parameter «. It is noted that as Gif increases, « drops. It is because Grashoff
number is inversely proportional to the viscosity of fluid particles resulting in a decrease in u.
Opposite behaviour can be seen in both ¢, and G from figure 2(b) and figure 2(c) it is noted that is
maximum velocity attains for values of G.., whereas minimum velocity occurs for the values of Grt

because both Grashoff numbers satisfies the relative influence of viscous hydrodynamic force and
thermal buoyancy force. The effect of U, =-1,0,1 on « is observed in figure 2(d), where the velocity
for purely peristaltically driven flow is shown by the curveuv, =0. Also, it's worth noting that the
velocity increases as the amplitude of the electric field increases, implying that electroosmosis can
improve peristaltic flow. Impact of EDL (Debye) thickness on « can be seen in figure 2(e). With rising
electroosmotic parameter«, there is a substantial acceleration in axial velocity in the channel. Here,
k is the ratio of Debye thickness to channel width. An increase in Debye length induces a drop in the
EDL, implying that bulk fluid motion occurs quickly. From figure 2(f) and figure 2(g) one can observe
that « decreases as Eyring -Powell fluid parameter increases. It is obvious that fluid parameters are
inversely proportional to the viscosity of the fluid. Velocity « decreases when M is enhanced. For
fluid flow, the Lorentz force serves as a retarding force. As a result, the fluid flow gets slow down by
the magnetic force, which is shown in figure 2(h). Such studies have uses in medicine, such as
regulating blood flow and preventing blood clotting. Figure 2(i) shows that as roughness parameter
®, increases « decreases. It is due to an increase in the contact area of the fluid to the surface
roughness and also because of boundary effects, a surface roughness across an arbitrary amount
drastically reduces the apparent viscosity of blood.

4.2 Pressure gradient

Figures 3(a)-3(f) represents the impact of solute IGrashoff numberc,., nanoparticle Grashoff
numbercr,, thermal Grashoff numbercr;, Helmholtz-Smoluchowski velocity v,, electroosmotic
parameter k, roughness parameter @, respectively on pressure AP. Figure 3(a) and figure 3(b)
indicates the AP for different values of Gr, andgr,.It is noticed that the maximum pressure is attains
for higher values of G, and ¢r. Since the concentration of nanoparticles in the fluid increases,

resulting in a decrease in pressure. Figure 3(c) shows the AP for different values G, that is the AP
E &l
¢

increases with an increase inGr.. The influence of U, =- on peristalsis is relevant to analyse as

HC
pumping mechanism of peristaltic is shown in figure 3(d). v,, depends on the external electric field.
U, =0,1,2 are considered to analyse the peristalsis characteristics, i.e., without electric field (v,,=0)
and with opposing the electric field (v, =1,2). We can see that as U,, increases AP also increases. The
effect of EDL thickness on pumping characteristics can be seen in figure 3(e) We can observe that the
AP decreases by increasing the magnitude of t .That is, if EDL thickness is greater, more pressure is
necessary to drive the ionic nano-liquids (i.e., less magnitude of electroosmotic parameter). The
formation of an EDL on a charged surface is physically understood as a barrier to the flow of ionic
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Penerbit

Akademia Baru

liquids. From figure 3(f) we can observe that as roughness parameter increases AP also increases. It
is due to an increase in @,, the cross-sectional area decreases. As a result, channels with a rougher

surface have lower flow area, so AP increases.
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Fig. 2: \Velocity profile (a)Gr, when 4=0.04,k=1,G;,=1,Gr.=06, M=7U,=-1 (b) G when
A4=0.04,k =1,Gr, =1,Gr, =0.6,M =7,U,,; =-1(c) G when 4=0.04,k =1,Gr, =0.6, Gr,, =0.6,M =7,U,; =-1 (d) U, when
A=0.04,k=1,Gr, =1,Gr. =0.6,Gr, =0.6,M =7 (€) k when 4=0.04,Grt=1,Grc=0.6,Grf =0.6,M =7,U,,, =—1(f)4 for
k=1,Grt=1,Grc=0.6,Grf =0.6,M =7,(g) B when k=1,Grt=1,Grc=0.6,Grf =0.6,M =7,(h) Magnetic field M when
A=0.04,k =1,Gr, =1,Gr. =0.6,Gr,. = 0.6 (i) 4 when k=1,Grt =1,Grc =0.6,Grf =0.6,M =7,
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Fig. 3. Pressure rise for different values of (a) Gr.for 4=0.1,B=1,k=0.1,Gr, =1,Gr, =1,

(b) Gr, for 4=0.1,B=1,k=0.1,Gr, =1,Gr. =1,M =1.2,U,,; =1(c) G, for 4=0.1,B=1,
k=0.1,Gr, =1,Gr, =|,M =1.2,U,,, =1 (d) U, when 4=0.1,B=1k=0.1,Gr.=1,Gr, =1,Gr, =1,M =1.2(e) kfor
A4=0.1,B=1,Gr. =1,Gr, =1,Gr, =1, M =12,U  =1(f) ®, for 4=0.1,B=1,k=0.1,Gr,=1,Gr. =1,Gr, =|,M =1.2,U,,, =1
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4.3 Temperature profile, Solutal (species) concentration profile and Nanoparticle volume fraction
distribution

Figures 4(a) and 4(b) illustrates the causes of Brownian motion parameterNb amd
thermophoresis parameter Nt on temperature ¢ . It is observed that there is improvementin ¢ for
changed values of Nband MNt. The scattering of fluid particles enables more heat to be created as Nb
in the system grows larger, causing temperature rises, shown in figure 4(a). Whereas, in figure 4(b),
the o attains maximum temperature by raising Nt, because fluid particles are move towards heated
region from the cold surface region. The variation of Nrand Nb for concentration profile 7 are
portrayed in figure 5(a) and 5(b) respectively. From these two figures, one can observe that the 7
has the similar behaviour on both Ntand Nb, due to rise in temperature the concentration of particles
decays in system hence for enhancing the values of Ntand Nb the concentration 7 decreases. Figures
6(a) and 6(b) are plotted to show the Nb and Nt effects on volume fraction 0. Opposite behaviour
can be seen in case of Nb and Nt for O because the heat distribution of nanofluids is large in
system, therefore Nt increases cause the nanoparticle volume fraction declines, whereas in case of
the Nb opposite can be observed.

12
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- - -Nt=2.1 10 ) ---Nb=1.1
NN - Ni22) <. Nb=1.2
O 08 .
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Fig. 4. Temperature profile for (a) Nt when Nb=0.6,N,.=0.5,N., =0.5,Pr=7 (b) Nb when
Nt =0.6,N;. =0.5,N., =0.5,Pr=7
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Fig. 5. Concentration profile for various values of (a) Nt for Nb=0.6,N,. =0.5,Pr=7 (b) Nb for
Nt =0.6,N,. =0.5Pr=7
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Magnetic field characteristics and Magnetic force function

Axial induced magnetic field », against y for various rates of induced electric field £ and

magnetic Reynolds number r, are shown in figures 7(a) and 7(b) respectively. It is noted that .

declines as values of R, and £ attains maximum values in the region-0.3<y<0, opposite action take
place in the region 0<y<0.3. The expressions for magnetic force function ¢against y for different
values of r, and [ are shown in figure 8(a) and figure 8(b). Similar behaviour is observed, that is with

theincrease in R, and £, ¢ decreases.
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Fig. 7. Axial induced magnetic field for (a) rwhen 4=0.7,B=4,R =1 (b) R, when 4=0.7,B=4,E=1
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Fig. 8. Magnetic force function for various values (a) zfor 4=0.7,B=1,R,=0.1 (b) R for 4=07,B=4,E=0.1

4.4 Trapping Phenomena

Figures 9(a) and 9(b) illustrate the effect of induced electric field £, one can observe that with
rising values of [, bolus decreases in size. Figures 10(a) to 10(c) shows the effect of M on streamlines.
We can observe that the bolus decreases in size as M increases. Roughness parameter @, on
streamlines can be observed in figures 11(a) to 11(c). Here as we increase the roughness parameter
outer surface of the bolus becomes rough.
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e —— e
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Fig. 9. Plots of streamlines when (a)E=04 (b)E=1.0for 4=0.3,B=1,0=2,Grc =1,Grf =0.6,

Grt=1,M =1,U, =—1,®, =0.01
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Fig. 10. Plots of streamlines when (a) M =0.8, (b) M =1, (c) M =1.6 for A=03,B=1,0=2,
E =1,Gr, =1,Gr, =0.6,Gr, =1,U,,, = —1,®, = 0.01 .
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Fig. 11. Plots of streamlines when (a) ®,=0.01, (b) ®,=0.04, (c) ®,=0.07 for
A=03,B=1,0=2,E =1,Gr, =1,Gr, =0.6,Gr, =1,U,;s =—1,M =1.

5. Conclusions

In this article, we have studied the effect of induced magnetic field with electro-osmosis
peristaltic flow with double diffusion of Eyring Powell nanofluid in a tapered asymmetric channel
having sinusoidal roughness. The dimensionless nonlinear equations are solved by the by STM with
the help of homotopy perturbation method. Present study is in good agreement with previous study
[21]. Present study is useful in the study of surface roughness of biological organs, such as blood flow
in coronary arteries, and all other surfaces have roughness up to some extent. Surface roughness can
be used to identify diseases within biological tissues. The main observations are summarized below,

e Behaviour of G, and Gr; is similar on velocity profile.
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Similar behaviour can be monitored on velocity profile on varying v,,, k.

4, B are Eyring-Powell fluid parameter behaving similar on velocity profile .
Velocity profile decreases as  and @, increases.

Behaviour of G-, and 6. is similar on pressure rise.
Opposite behaviour can be observed on pressure rise on varying v,,, k.
It is worth noticing that as @, increases pressure rise also increases.

Nb and Nt behaves similar on temperature profile and concentration profile. That is both Nb
and Mt increases on temperature profile and decreases on concentration profile, also
opposite behaviour can be seen on volume fraction as Nb and Nt increases.

R, and E behaves similar in the region -03<y<0, i.e., /. decreases and while in the region

0<y<03, A, increases.

Important finding of this study is as roughness parameter increases surface of the bolus
becomes rough.
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