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Abstract: The scrutinization of the current work deals blood flow in the
lopsided wavy channel with chemical reaction in the porous material. The
hypothesis of the work can be unsteady, incompressible, mixed convection
flow on MHD. Also induced heat transfer surmised due to radiation and
analyzed temperature difference from the channel. Thus, impact of parameter
for hall and ion slip, Biot number for heat and mass transfer are taken into
account. A magnetic effect is functioned uniformly through the channel in
the perpendicular direction. The dimensionless governing equations are
answered logically in perturbation technique. The critical out comes have
been presented graphically.

Keywords: Casson fluid, MHD, Biot number, Hall and lon slip effect.

1. Introduction

Blood flow plays vital role in human body with distinct situations. Flow
direction may be occurred according to the structure of the parts of body. It
carries out numerous types of functions as transporting nutrients and oxygen
for their digestion, negative carbon dioxide emissions, keeping digestive
system normal. The elements of micro-circulation composed of arterioles,
capillaries and venules. Varies field researches shows their interest in doing
research on blood as non-Newtonian fluid during the past few years. The
progress of peristaltic drives biofluid forward by manner of sinusoidal waves
which proceed axially besides the length of the channel. It resembles the
functioning mode of our body which pumps blood, nutrition and oxygen.
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John R. Keltner [1]studied blood flow on MHD in 1990. Human vasculature
with the pressure of hydrostatic and electrical effect reacted high on 10 tesla
and less as 0.2 percent. Norzieha Mustapha[2] found blood flow in the
arteries irregular size multi — stenoses on MHD treating blood as viscous
fluid. The author outlined 3D and the flow direction considered as
axisymmetric. D.S.Sankar[3]created a method that treats blood as a Casson
fluid when the effect of a magnetic field is present in blood flow and narrow
arteries. Considering uniform direction as axially symmetric is clearly
shown. S.Asghar[4] examined the transportation of peristaltic on MHD fluid
through symmetric and asymmetric channels using the hall and ion slip
effects. Also heat transportation can be inspected by examining effect of
viscous and ohmic dissipation. S.Asghar[5]dealt that certain anatomical
fluids as honey, blood, syrups and oils are not true for viscosity fluid as
constant also objective of the paper be situated to pass the fluid through
peristaltic movement in a symmetric channel. M.M.Bhatti[6]examined the
blood flow in a expired arteries slip effect proceeding MHD treating blood as
Jeffrey fluid model also assuming 2D non - uniform channel is studied.
M.M.Bhatti[7]surveyed due to the effects of MHD and partial slip, the
peristaltic blood flow of Ree-Eyring fluid in the porous channel is not
uniform.. Farhad Ali [8]obtained the blood flow in place of a Casson fluid
model with the effect of magnetohydrodynamics in a horizontal cylinder. The
magnetic particles distributed uniformly in the blood. Q.Hussain[9]developed
collective effects on hall and ion slip, ohmic dissipation and proceeding
peristaltic passage of viscous fluid. Mohammad M.Rashidi[10]analysed the
electrical conduction in the magnetic field through the effect of heat and
mass transfer. It proceeded blood flow instead of Casson fluid model using
peristaltic movement. S. Maiti[11l]considered blood flow on MHD modelled
by Caputo — Fabrizio fractional order transferring heat and mass in the
unidirectional through porous material have an effect on thermal radiation
treating blood as Casson fluid. Asma Khalid [12]studied the blood flow in
the carbon nano tubes treated as base material done an oscillating
perpendicular plate in the porous medium two types of carbon nano tubes
utilised on MHD. Madhusudan Senapati [13]analysed blood flow in on the
narrow arteries on slip flow with chemical radiation MHD over permeable
stretching sheet in porous material impact of slip condition.
S.Das[14]investigated blood flow along with copper (cu) and gold nano
particles (AuNps) combined effect of electromagnetic force and hall currents
passes through not — uniform endoscopic annulus by wall slip.
H.Vaidya[l5]exposed blood flow through narrow arteries during surgeries
impact of MHD with impact of chemical reaction. Non — uniform geometry
with partial slip is considered. M.Anusha Bai [16]investigated under the
assumption of long wave length in a planner channel the peristaltic fluid of a
hyperbolic angle was inserted through the effect of hall and ion slip.
RudraRaviKumar Palegari[17] described the model by using lubrication
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approach also dealt peristatic stream of a Newtonian fluid by means of the
effect of heat transmission through porous medium in the upright channel
asymmetrically.

As for as this paper tells, the movement of peristaltic blood flow through
lopsided horizontal wavy channel and the magnetic effect is transported
perpendicular to the channel with chemical reaction is analysed. Mass
Grashof number, heat transfer Biot number, thermal Grashof number, Prandtl
number, and mass transfer Biot number, Schmidt and Nusselt numbers are
assumed to invent exact solution of the model. Hence the core motto of this
learning to find collective effect of chemical reaction in addition radiation in
a lopsided wavy channel with porous material. The momentum, temperature
and concentration equations of the blood flow are examined methodically
also explained graphically.

2. Mathematical formation of the model
Consider the following assumption to build our present model.

e Electrically passing on, optically thin, radiating, Casson fluid stream
in a channel is envisaged.

e The stream is intended to pass through wavy channel with the unsteady
motion and the flow is supposed to be incompressible.

e The ordering of the two-dimensional co-ordinate system is directed
that x — axis is horizontally straight by the side of the channel walls
together with the y — axis is vertically upward in which stream is
conducted over porous medium through chemical reaction.

e Peristaltic wave disseminates throughout the length of the walls.

e The transportation of heat and mass throughout the channel wall satisfy
convective conditions.

e Fluid flow into the magnetic fieldfunctioned uniformly in the
crosswise direction. The physical setup can be drawn for the
investigation in the Figure 1.
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Figure 1.The model's physical setup

Wavy channel intends to permit cross channel collaborating vertical to the
direction of the flow as described by P.V.Satya Narayana[18] and
T.Hayat[19].

2mx

H,=d —
1 , tay cos 7

Hy= —d, — by (cos™= + ) (1)
where and satisfy y the condition a? + b? + 2a,b, cos@ = (d, + d,)?

In which - upper and lower wall shape a, b — magnitude of the waves,
wavelength, d — width and t — time.

The aspect of differsup on range and corelate with unevenly shaped channel
but waves are outside the channel where as that are inside the segment.

The complete physical model can be considered continual of the momentum
equation. The peristaltic wave is extended to finite distance. Hence
according to the figure, y is function of it. The temperature and
concentration are taken as which the fluid is constant. Assuming the above
conditions, the governing equations framed.

V=241 +§)Zj—jf—°}+g3rﬁ"*m+gﬁc[0*01)*§u @
pcp(ngifj—';'_)=xrj%§—i,—jr—@o(?"—n) “)
§+?:—;=Dm:—_‘;’—!&(€—€1) )

where u and v be the components of velocities along x and y directions.;7 —
suction velocity,» — density of the fluid, g — acceleration due to gravitation,
Brand B.- thermal and concentration expansion coefficient,.v- coefficient of
kinematic viscosity, ¢, — specific heat capacity, &r-thermal diffusivity of a
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fluid, ¢,— heat generation/absorption, g, — radioactive heat flux, T -
temperature, C - concentration, o,,— chemical molecular diffusivity, &, -
Chemical reaction.

The dimensional form of boundary conditions
t<0u=0v=0T=T,C=C, Vy

du  ar av of ar ar e

ac
t>0 —=— =—p,—=—(T1—-T),—=—=(C;—C) aty=H
ay \.".F\'p Ja}? \"IKP ‘“ay 1.‘.".i[\'p ( 1 )! ay \.".F\'p ( 1 ) Y 1
du af av of ar ar ac e
— = ——U,—=—= —=——(T-T. —=—(C—-2C aty=H 6
ay JK ey Ry oy {.Kp( 2)s 3y \;Kp( 2) ¥ 2 (6)

Here ar- velocity slip parameter, k,- permeability of the porous material, u -
slip velocity,«- concentration slip parameter,«— thermal slip parameter. Here
fluid velocity is considered as slip velocity.

The reduction of the expansion-:xcan be assumed either optically thin or
optically thick gas. If it is optically thick gas assumption, then it intends
strong thermal radiation absorption. Such radiation is mostly released from
the outward layer. It can be predicted to pass through the boundary layer.
Therefore, aforementioned supposition has not been used. Hence J.R.
Pattnaik[20] and W.G. England [21] are expressed as,

%ar _ _ 4_Ta
3y dao(Ty —T7) (7)

The assumption of the temperature variance within the flow are adequately
miniature. The temperature T might be indicated as a linear function. To
expand T* Tayler Series formula can be used, so we get,

T* = AT3T — 3T} (8
Using equations (7) and (8) in (4), we get
oG, (g+ v z—;) - KTzi; —16a0T3(T —Ty) — Qo(T —Ty) )

Consider the Casson fluid is sucked continuously the channel walls through
the time depending on velocity »-That can be in the form referred from [.M.1I.
Eldesoky[22].

v =u,(1+ ce'et) (10)
Wherex is uniform transpiration velocity and extension of suction velocity. It

is not zero productive constant. is constant and small value which satisfy the
constraint g <1.

The assumption of electron — atom collision is much. So,Currents of hall and
ion slip are considerable. Since the strong point of magnetic become
huge,Ohm’s law can be made adjustments toward insertion the effect of hall
and ion slip [23].
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J=0E+qxB)—L2gxB)+LL (G x B) x B) an

In addition, This can be estimated hall parameter @, = .~ 0(1)and ion slip parameter a; = §,8; << 1, in
Equation By the assumptions electric field (E = 0)[24][25].

Therefore, the equation(11) becomes as
(1+ a;a.))x + @)y = 0'Byv

+ea, ), -aJ, =—oc'Bu (12)
Solving the above equations, (11) and (12) We get,
Jo= 0B (azu + ay1v)
Jy=-0Bg(azv — aj u) o (13)

1+aga; ﬁ
(1+aga;)2+a’ L

e
(14aga)?+as

Where 8; =

Substituting the above Equ (13) in (2) and (3) we acquire as

u ~du _ 1dp a*u @B (Bw+Bu) _ _ _y
a—FVa— ,O_+ (1 +.8)6'y2 P +gﬁT(T Tl)"'gﬁc(c Cl) ku (14)
dv = év 1dp 1\ 8*v  oBF(Butfyv) v
TR el R (15)

Combining equations (14) and (15) Let g, = U + V. { =x—1iy and — z_f = Ae'* we acquire the below

equation.

99 , 8gq _ 19p 0%q _ aBg(F+ifu)
+V +v (1 + B) o5 ;

SR q +gBr(T — T+ gBc(C— C1) —~q (16)

Introducing the non — dimensional quantities in the above equations described as:

tup , T-T,  €—Cy £ H, H, dy a,

q ¥y - S
= = =L x,=-—TT=—F 8= = = hh=—"hi=—d=—=a=—h=
qf up ;7}';’ a'r 1’ d,’ TZ_Tiyfﬂ 52—51’{', a2 d,’ 1 d,’ d,’ d,’
b dip _ uo_ Vv
— = * rgzﬂru:_rv:_
d, pvugd P Uy Uy

Under dimensionless quantities, governing equations diminish to the next procedures

dqr it 995\ _ 4 it 0%qy _ 2 . 2
Re(at+(1+se )anf)—.le +(1+£) + G0 + G — (M2(By + iBy) +0Dg,  (17)

a 2
it iﬂ_
Re( +(1+ee ) ) PO (R+Q)8 (18)
iwt 1979
Re( +(1+ce )anf) Som —Keo (19)
_ . _ Updy _ aygbcliz—iy)
where, g, =U+ iV, R, =—— — Reynolds number, G, == - Thermal Grashof number,
i
d2gf.(C,—C BZd? d?
G = % — Mass Grashof number, M? = % — Squared Hartmann number, o2 = ?1 — Porous
Parameter, B = — Prandtl number, R = w—Radlanon parameter, @ = Lods _ Heat generation
T pCyv pPCpv
parameter, S, = %— Schmidt number, K, = Kedi _ Chemical reaction parameter.
1743
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The non - dimensional form of boundary conditions

N t<0,q_r=a9:0,(p:0 V}’f

aqr a8 dp
t>0,—=«ar0q;,—=B;80,—= atnr=h
ony TO0dr ony h ony mP Nr 1
aqy a9 ¢
’ — = —;0qr,—=Bp(1—06),— = 1-— at Ny =nh 20
any r0dr any n( ) any m ( @) at Nr 2 (20)
Where By, = %d — Heat transfer biot mumber, B,,, = aKLd — Mass transfer biot number
\ d m

3. Method of Solution

Using perturbation method, the velocity, temperature and concentration are considered to receive exact
solution.

qr(z,t) = qp, (2) + 22’ qp, (2) + 0(£?), (21)
8(z,t) = 8y(2) + =e't8,(2) + 0(=?), (22
@(z,1) = @o(2) + ge™ @ (2) + 0(e?) (23)

For the sake of solving the equations (17), (18) and (19) following pressure gradient assumed to solve
velocity, temperature and concentration.

a - .
— oo =12e"t and f(n7,t) = folny) +ee'tfy(ny) +0(e?) @4)
wheref is the g7, 6 and @, fp isthe g , 6 and @y, fiis the g, 81and @4

Zeroth order equations

qr, = Age™er + Ame_m”’”f + S37 + S35 + Syge” e + Sype™f + S, 07N (25)
90 = Aleminf + Aze_mznf (26)
Po = Ase™sN + Age TS 27)

First order equations

=1 . .
qp, = Ay1e™ + Ajye U+ S5ue™N — Sggem el — Sgae ™7 — Sgpe e — Sgge™alr +

559€m5”f- Ssﬂe_mé‘nf"' Ssleminf' Ssze_mznf (28)
91 = A33m3nf + A¢€_m4nf + Szgeminf + 521€_m2nf (29)
w0 = A?em?”f + Age_msnf +5123m5nf + Slge_m‘snf (30)
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Subject to the boundary conditions

=a;0oqp,atny = hl}

(o -
o

96, a6,
=Bh903tnf=h1, a—:Bh(l_g) a‘t?]f=h2
7 Ny

dp,
22— B atny = o, 32— Bt - O)atny = o) G1)
dq
{—f =@ayoqpatn; = hl}

a6, 08,

nr = Bnﬁ'lat?]f = hl,anf —_Bnﬁ'lat?]f = h.

dg ¢
{ = By, atn, = hl:a_n; =B, atny = hz} (32)

Answering first order equations are derived via perturbation series. The equations (25) — (30) in equation
(31) — (32) with corresponding boundary condifions are substituted.

qr =
Age™sMs 4+ Ajpe O + Sau + S3ge™SF + Sage NS + S0e™i + Sy e M2 4 gel@t (4, e™f 4
Alze_miznf + 5543m9nf - 5553_m1°nf - SSGBanf - Ss?g_menf - SSQBmanf + Ssggmsnf- Ssﬂe_mﬁnf‘l'

g = Alem"nf + Aze_mznf + Eeimt {A3€m3nf + A43_m4nf + Sgoemlnf + Sgle_mznf} (34)
@ = A;e™slf + Age MeNlr + 2@t (A, 6™ + Age ™Ml + §,,e™sNf + 5,5 ™) (33)

Skin Friction
The dimensionless structure of Skin friction on porous channel can be specified through:

T= em5nfm5.5'38 _ e_ménfm6339 + emlnfmlsd,o - e_mznfmz.gq,l - e_mlf’”fmmAm
+ eltms(6m5nfm5512 - e_mﬁnfmsslg + emn”fmnz’-ln - e_miznfmlzquz) + emgnfmgﬂg

Nusselt Number
' Nu = emim‘mlﬂl - e_mznfmzxqz + eitmg{:eminfm]_Szﬂ - e_mznfmzszl + emanfmgﬂg - e_m‘mfm4144)
Sherwood Number

The non-dimensional structure of mass transfer in term of Sh is stated through:

Sh = ems‘nfmSAs - e_mﬁnfmﬁxqs + eitms[ems‘nfm_sslz - e_mﬁnfm6513 + em'?nfm?.{q? - e_mgnfmsxqu

4. Results and Discussions:

In the process of graphical depiction velocity, temperature, concentration,
Sherwood number, Nusselt number Nu and Wall shear stress be computed
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then graphically presented the consequences of various flow parameters.
Velocity profiles are represented in the Figures 2.1 — 2.8. Temperature
profiles are demonstrated in the Figure from 3.1 — 3.4whereas concentration
profiles are shown in the Figure from 4.1 — 4.3. Wall shear stress , Nusselt
number Nu and Sherwood number Sh profiles are displayed in the Figures

from5.1-54,6.1-6.4and7.1 -7.2. Forthe purpose of computation, we fix the system parameters values
ase=01;a=07;b=08d=2; <p=§;x=0.5;r= 0.3

4.1 The graphical explanation of Velocity:

The velocity U along with velocity V demonstrate the outcome of Hartmann
number M in Figure 2.1. Here U and V lead to a increment in the velocity
since the Hartman number M rises through region. Due to increase in
Hartman number velocity increase up to the certain number. Since mounting
M tending the drag force to rise and that causes the fluid movements to delay
in which the result augmented drag force which is equal the drag force by the
effect of magnetic on an electrically passing fluid yield resistive force.

Figures 2.2, 2.3 and 2.4 portrayed the displacement of velocity U and V
through hall effect, radiation and heat generation parameters. This is notified
that as supplementation in hall effect, radiation and heat generation the
velocity U decreases through the area though it is observed the velocity V
augments by means of the rising in hall effect, radiation and heat generation.
Since producing the effects which results increase the resultant speed and
enlargement in the momentum layer thickness throughout the fluid area.

lon slip effect, chemical reaction and mass Grashof number Gm can be
graphically exposed in the Figures 2.5,2.6 and 2.7. The velocity U progresses
and velocity V diminishes with mounting in ion slip effect, chemical reaction
and mass Grashof number Gm all over the region. The mass Grashof number
Gm ion slips effect, chemical reaction and mass Grashof number Gm boost
by the advantage of strengthening of the effects. The distribution of velocity
expands swiftly go to next level of porous medium later reduces for the
stream quantity. Hence increase in ion slip effect, chemical reaction and
mass Grashof number Gm the boundary layer thinness augment.

Thermal Grashof number Gr be displayed in the Figure 2.8. Though thermal
grashof number Gr increases, it indicates the proportion of current force to
the hydromagnetic over the borderline layer the velocity U decreases and
velocity V maintained same length in the region.
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Figure 2.2
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Effect of M, a_, R, Q, a;, Kc,Gm,Gr on Velocity Profile
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4.2 The graphical explanation of Temperature 9:

The dissimilar values of temperature like Prandtl number Pr, heat transfer Biot number B, parameter for
Radiation R and Heat generation Q showed in the Figures 3.1, 3.2, 3.3 and 3.4. Temperature distributions
rise in the positive area where as lessening in the negative area with increasing values of heat transfer Biot
number, radiation parameter and heat generation parameter only the Prandtl number values have given
randomly. This can be due to thermal conductivity of fluid resulting the boundary layer thickness.

1 1 1 L] 1

20
15F

i N | — pr=

L L

I pr=0.71

1.0 r , pr=
#

ulﬁ [ 1 1 L i |f| L L il L L i L L I a 1 L E i 1 1 L " 1 i

-1.0 -0.5 0.0 0.8 1.0 1.8 2.0

iy

—1.l:|l - I—‘ﬂ.!-‘ - ‘ﬂ.ﬂl o ID.EL - L1.I:II - I‘-..SI I I2.I:I
iy
Figure 3.2
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Figure 3.4

4.3 The graphical explanation of Concentration :

Figure 4.1 illustrate Schmidt number as concentration profile. The
dimensionless number of Schmidt number Sc can be stated in place of the
proportion of momentum diffusivity and mass diffusivity after that these are
applied to distinguish fluid flows within there would be momentum, mass
diffusion and concentration boundary layers. Hence there is a growth in the
rate of Schmidt number brought about the absorption of fluid elements be
sides as a consequence the concentration boundary layer thinness to reduce
considerably.
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Figures 4.2 and 4.3 displayed parameter for Chemical reaction Kc and Biot
number form ass transfer Bm as concentration profile. Biot number for mass
transfer Bm is a dimensionless number used to calculate the heat transfer and
Chemical reaction parameter Kc reduce the heat transfer but then again
increase the mass transfer rate. Hence fluid concentration increases in
parameter values of Kc and Bm with the with the boundary layer thickness.

16
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Figure 4.2
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Figure 4.3

Effect of Sc,Kc and Bm on Concentration profile

4.4 The graphical explanation of wall shear stress :

Wall shear stress demonstrated in the graphical Figures 5.1, 5.2, 5.3 and 5.4
aimed at some values of parameter for hall and ion slip on wavy channel.
wall shear stress coefficient through hall and ion slip parameter for some

values of M at H, and H,.It is noticed that skin friction T at both H, and H, decreases due to rise in the hall
and ion slip parameter o, and a;.
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Effect of @, and a; on SKin friction

4.5 The graphical explanation of Nusselt number Nu:

Nusselt number displayed in the graphical Figures 6.1, 6.2, 6.3 and 6.4 for
some values of radiation parameter R also heat generation parameter Q. As
the result of the graphs in which radiation and heat generation notably
partake an effect on the temperature fields and hence it disturbs the Nusselt
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number. So thatthis can be indisputable from graph that Nusselt number
increases in value of R and Q at both Influences

.M
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Figure 6.2
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Figure 6.4

4.6 The graphical explanation of Sherwood number Sh:

Sherwood number depicted in the graphical Figures 7.1 and 7.2 for the value
of Schmidt number. Sherwood number exposes by means of the variation of
mass transfer Sherwood number for dissimilar quantities of Schmidt number

Sc at the wall It is understandable from the figure that Sherwood number Sh
at both
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5. Conclusions
This

magnetohydrodynamics current of Casson fluid peristaltic transport

discussion

Kc

16

18 2.0

Effect of Sc¢ on Sherwood number Sh

shows

a

mathematical ideal for

two-dimensional
an

unsteady surface through a porous materialwith chemical reaction.

From this investigation, we summarise the conclusion following:
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There exists intersection by maximum direction over the channel
centreline and minimum direction on the walls are in the fluid velocity
profile.

The problem is very interesting that the velocity profile augments
through mounting in Hartman number in both the region.

Hall effect, radiation and heat generation parameter induce a rise in
secondary velocity and lessen in the primary velocity whereas ion slip
effect, chemical reaction and mass Grashof number are just opposite to
it. But thermal Grashof number maintain the same length with the
mount values.

In due with chemical reaction the concentration profile studied as the
fluid motion retardedness. Hence the concentration which in turn
lessens as well as augments effects of Schmidt number, chemical
reaction and mass transfer Biot number.

The heat is transported to the system by a few orders of magnitude so
the oscillatory flow varies due to varies quantities of different
parameters of conduction. Radiation and heat generation parameter are
similar expression whereas Prandtl number and thermal transfer Biot
number differ from the above.

For increasing Prandtl numbers and chemical reaction parameter values
at both walls, the Nusselt and Sherwood numbers can be mounted.

Consequence of the wall shear stress reductions took place while
parameter for hall and ion slip is increased at length of the wall y =
when hall and ion slip released the face effect on the wall shear stress

at the wall.
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