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Abstract: The aim of the current effort was to analyze two-dimensional unsteady squeezing Casson fluid flow among
porous channels. Flow field was impressed into uniform magnetic field affecting normal through that plate axes. The
interaction on flow model into chemically reacting solute was formed over this advection—diffusion equation on that
temperature dependency by that reaction rate of activation energy was studied. The Energy equation comprising thermal
stratification and source terms was considered. To make the solutions on governing equations that was partial differential
equations in kind, they have transformed them along ordinary differential equations to utilizing suitable comparison
transformation and it is used in finite element method. This effect on sundry parameters by flow, concentration and
temperature fields was considered into the use of graphic illustrations. Solutions display into improvement on that values of
this magnetic parameter and Casson parameter, this velocity reduces nearby bottom plate although that indicates opposite
performance into the above one. This temperature on the fluid raises into developing the two radiation parameter along the
Eckert number although reduces into augmenting values by the stratification parameter. The significant data were the
activation energy on chemical reaction unusually changes the solute concentration in that fluid flow.

Keywords: Casson fluid; Double stratification; Chemical reaction effects; Porous channel; Activation energy
Abbreviations
Greek symbols

up,vo) Velocit t -1 . .
(o, vo) - Velocity components (ms™") o Electrical conductivity (Sm™')

(x0,y0) Cartesian coordinates (m)

. . -3
e;j Rate of strain tensor p Fl.uld.den.sny (.kg m—’)
0 Time (s~) v Kinetic viscosity (m?s~!) o
ks Permeability of porous medium (m?) a Stefan—Bo?tzm?n.n consztanlt (Wm™?K™)
By Magnetic field strength (Am™') x Ehermal diffusivity (m”s™)
B(tp) Non-Uniform magnetic strength b asson param.eter. . . .
. up Plastic dynamic viscosity of the non-Newtonian fluid
T Fluid temperature (K) rom o !
Cp Specific heat (mzs’zK’l) I()gm .S ) v (k 1
T, Upper plate temperature (K) # ynamic viscosity (kg m~'s™")
h(to) Non-Uniform distance
Gw Surface heat flux (Wm™?)
kq Mean absorption coefficient
C Fluid concentration (mol m~3) )
. 3 1. Introduction
Cy, Upper plate concentration (mol m~?)
U, i i -1 . .. . .
Stret.chlng Vel901ty (m? ) This flow characteristics on non-Newtonian fluids comes
Vi Vertical velocity (ms™')

the influence case among researchers and scientists on this
field by fluid science. This linear mode process was utilized
into modeled the Newtonian fluid model although the
nonlinear relationship goes on among strain and stress rate
about non-Newtonian fluids. On some case on non-
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Newtonian fluids, it was usually applied the pastes, slurries,
polymer results, etc. Casson fluid that was categorized
below the non-Newtonian fluid performs by the elastic
solid into large analytical stress value and under shear
strain. This appearance achieves that act such as Newtonian
fluid. That excellent explanation on Casson fluid was pro-
vided by the shear-thinning liquid employing zero viscosity
by infinite viscosity by zero shear rates and the infinite rate
on shear. The Non-Newtonian Casson fluid had different
functions on the field by engineering science, medicine,
drilling operations, biology, bio-designing operations,
chemical engineering, food processing, technology and
metallurgy. A few more application on Casson fluid may be
seen in the pharmaceutical products, paints, coal in water,
manufacturing of synthetic lubricants, china clay and bio-
logical fluids like that sewage sludge, concentrated fruit
juices, sewage sludge, jelly, soup sewage sludge tomato
sauce and fibrinogen, globulin, blood in the existence of
plasma and protein.

This connected impact on convinced chemical reaction
and magnetic field of nonlinear mixed convection flow by
Casson fluid through the given vertical permeable plate
enclosed on permeable medium had been investigated by
Choudhary and Yadav [1]. Singh et al. [2] considered that
natural convection on that Casson fluid previous the ver-
tical cone into the viscous dissipation effect. Khader [3]
studied that heat transfer and flow on the non-Newtonian
Casson model closer into the existence on variable heat
flux and viscous dissipation. Amjad et al. [4] scrutinized
the unsteady mixture on heat transfer and Casson microp-
olar nanofluid flow by the permeable shrinking or stretch-
ing channel by the occupation of convinced magnetic field.
Zeeshan et al. [5] studied to mass transport on non-New-
tonian Casson nanofluid previous when the stretching
cylinder into working Buongiorno’s numerical model. This
free convective above-transformed Maxwell fluid on ther-
mal conductivity and concert temperature-dependent vis-
cosity over the stratified surface into n'™ order of chemical
reaction is considered into Fayz-Al-Asad et al. [6]. Pon-
alagusamy et al. [7] discussed about study of pulsatile flow
on Bingham fluid into magnetic particles over the infected
channel.

Stratification shows the important act on different nat-
ural and industrial methods. The aspects appear the flow
fields being on fluids into various densities or temperature
variation and concentration differences. Although the two
heat and mass transfer appear together, the condition on
coupled stratification emerges. A few examples on strati-
fication were manufacturing process and industrial food,
reservoirs heterogeneous mixtures and thermal stratifica-
tion on oceans on this salinity stratification and atmosphere
in rivers, oceans, ground water reservoirs and estuaries.
This Stratification phenomenon may be applied into energy

storage processes and solar engineering more. Irfan et al.
[8] explored couple stratification on nonlinear radiative
flow by Oldroyd-B nanofluid into stagnation region along
with impact of heat source or sink. Nasir et al. [9] presented
into coupled stratification impact on the double convected
flow on tangent-hyperbolic nanoliquid through the perme-
able stretching surface. The deficiency on magnesium
through nanofluid flow distorted into this linearly stretch-
able sheet that is vicinity by stagnation point is analyzed as
Farooq et al. [10]. Rehman et al. [11] considered quadratic
thermal stratification in this flow on Powell-Eyring fluid
deformed into the linearly stretching sheet. Rooman et al.
[12] conducted that flow on across fluid over continuously
stratified paraboloids by revolution as well as water-based
nanofluid. Kumar et al. [13] examined into entropy gen-
eration by mass transport and free convective heat phe-
nomenon on the species and thermal stratified fluid in a
permeable medium.

On this modern generation on today, energy was one of
the main subsistence to facilitate economic develop on
societies. This was numerous natures of sources into
energy, like that, biomass energy, solar energy, wind
energy and thermal energy. This author’s accept to between
these sources of energy, the solar energy was excellent
substitute on energy sources. The Solar energy was the
mechanism on that energy advance against the heated
surface into consumption point on total directions by this
model on electromagnetic waves that was produced into
thermal agitation on combined molecules by that body.
Moreover, this new improvement on technology and sci-
ence was more obligated into solar energy when it is large
application in artificial photosynthesis, solar thermal elec-
tricity, solar photovoltaic cells and solar heating. To pro-
tecting those utilizations on solar energy on mind, they had
considered to form by radiation. Shoaib et al. [14] inves-
tigated to thermal radiation properties on Carreau nanofluid
model over an impermeable stretching surface. Nadeem
et al. [15] have been numerically investigated into
boundary layer flow by third-grade fluid flow upper the
porous vertical Riga plate under the effects on thermal
radiation. Luo et al. [16] considered that heat transfer
characteristics on permeable materials in view of the
double models on and conduction. Mathew et al. [17]
explored to importance on nanoparticle shape and multiple
slip of stagnation point flow by blood-based silver
nanoparticles with convinced magnetic field. Eid et al. [18]
considered that non-Newtonian Prandtl fluid previous the
porous linear extendable surface into porous material.
Acharya [19] explained their theory on flow design on
natural convective hybrid nanofluid away the square
enclosure. Devi et al. [20] described that analysis on heat
transfer and generation of entropy improvement applying
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porous media and nanoparticle. Some studies on fluid flow
can be listed in Refs. [21-26].

Modeling transfer on heat and chemically active sub-
stances into fluid flow had basis on wide-ranging method
into diffusion, chemical industries containing condensa-
tion, gas consumption vaporization, alcohol distillation and
nuclear reactor cooling and applications in oil reservoirs,
higher also. In certain, temperature-dependent reaction rate
comes significant in methods requiring geothermal and by
accepting the dynamics of oil and water reservoir engi-
neering and oil emulsions. In the present years, vast wealth
on material respecting fluid flow extensive chemically
reactive element had been presented. About example,
Alzahrani et al. [27] analyzed mass and heat transfer of the
incompressible third-grade liquid over the exponentially
given plate. Alzahrani and Ijaz Khan [28] considered the
significance on binary chemical reaction flow by non-
Newtonian fluid along radiative heat flux. That analysis the
flow and heat transfer through that porous affecting wedge
on the hybrid nanofluid into binary chemical reaction and
activation energy was inspected by Zainal et al. [29].
Nayak et al. [30] considered the multiple slips in thermally
radiative flow and entropy optimized past stretchable
cylinder based on Arrhenius activation energy and viscous
dissipation. Newly presented data on this domain may be
finding into Refs. [31-44].

The flow on non-Newtonian fluids over the permeable
media with MHD plays the variety by significant roles
biological systems, to the petroleum process, irritation
problems, heat-storage beds, and solidification processes,
geothermal sources on metal alloys and textile industries,
polymer composite, metals and papers. This affects
boundary when it impacts on exterior normal stresses or
vertical velocities bring to the unsteady squeezing channel
flow it was generally noted by fabrication on polymer
processing, hydrodynamical machines accelerators and
injection, lubrication equipment and similarity moldings.
That had induced into effort by unsteady MHD squeezed
Casson fluid flow among parallel plates over the permeable
medium. This couple stratification technique into that
connected impact on exponential heat generation and
radiation into chemical reaction impact has again held into
examination. By the excellent of researcher’s ability, this
analysis considered to yet elect applicable on the existent
article.

2. Problem formulation
Examine that unsteady two-dimensional laminar flow by

squeezed viscous Casson fluid among parallel plates filled
into permeable medium. Plates were kept into the non-

uniform distance h(fy) = \/w, where 7y, displays the

characteristic parameter. The two plates were diffused
away as 7, <0 and squeezed about y, > 0. This fluid was
examined by incompressible electrically governing fluid.

Across magnetic field on strength B(zy) = % was
—Yolo

used into the yo-direction. This convinced magnetic field
was simulated insignificant when the small value on Rey-
nolds number. That fluid flow was analyzed into the pres-
ence of cross-diffusion effects and thermal radiation. They
have simulated xy-axes with the down plate and yy-axes by
the right angle by the Cartesian coordinate system. That
was assumed to the lesser fixed sheet raises on xp-direction
along the velocity U,(xp), although the above plate
squeezes into vertical velocity vj. This physical description
on the assumed flow form is shown in Fig. 1.

The activation energy, exponential heat source-sink
mechanisms and constructive-destructive chemical reac-
tions were again held by account. This rheological equation
on state about the incompressible and isotropic flow on the
Casson fluid was depicted by Sharma and Gupta [21]

Py,
2 +—=|e;, m > 71,
(ﬂB /——2n> ij

Py,
2 + — e, T<T,
(“ ’ mg) ’

Here, py, signify stress tensor by the fluid, m = eje;
indicates product of the component of deformation rate into
itself, 7; shows that component on the stress tensor, 7.
indicates the critical value of the amount of the rate on
strain tensor into itself. These governing equations about
the above flow description are formulated as [21]:

(1)

Tij =

6u0 aVQ
— —:07 2
dxo  Qyo @
Quy Qo Oty _
Oty 06)(0 ano o
1 0p 1\ (Puy  0*up
_ 1+ )(=20 ="
paxo”( +ﬁ>(6x% T ®)
B(to)* 1\ vp*
aB(t) o — <1 +> vqi o,
6\/() " 6\1() v %_
Oty Oa)C() ano o
2 2
P 1 Vo 6\/0)
——x—to|l 1+ || 55 +55
p dyo ( ﬁ> (GX% oy} )
B 1 *
?, (1),
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Fig. 1 Schematic diagram on
the problem

Uy = U,,(x9),v9 =0,T =T,,(x,),C = C,,(x0)

auo 6u0 auO o 1 ap
A T T T pan
1 62u0 62u0
1+ ) =—= 4=
*”( *ﬁ)(@%'*a%)
B 2
_O’ ([0) o
p
CRATS
ﬁ k; 0,

or , or O _
Oty to Oxo Yo ay() o

) 62T+62T
ag Oy
2(5) (E)
1\ u Oxo Oyo
(142 ) = ) (6)
Plvco | (om0 w
dyo  Oxo
1 ten i T
pcp, 3k, Oy}

Qo ( Yo >
+— (T —Ty)exp| —= |,

pcp( n) eXp h(to)
oc, ¢, ¢, o’c | C
I R TR

~ K(1o)? <T1h> "B -

(7)

About the current consideration, these boundary

conditions were

Uy = 0,V5 =V, T = Tp(x,),C = Cr(x,)

> Upper plate

Vo = h(ty) Yo
> Porous medium Vo
v (to)
Xo
U
> Lower plate
Yo=0

Uy = UW(X()), vo=0,T= TW(X()), C= CW()CO) atyo =0
(8)
dh Yo v
uy=0vy=vy=—=--,/———m—, T
dio 2 Vao(1 — yoto) 9)
:Th(XO), C= Ch(xo)atyo = ]’l(to)
That was assumed to temperature, velocity and mass
concentration alter into time and distance. Hence, the
temperature, velocity and concentration were obsessed into

apXo doxo
Uy(x0) = ———=, Twxo) =To + ——,
B0) = gy o) =T H T
€0X0
Co(xg) = Cp + —20%0
o) = ot T 0m)
dixg €1X0
Tn(xo) =T + ——,Cp(xg) = Co + ——.
(o) = To 7y 00 = Q0 = )

(10)

Here, uy and vy show velocity in xy and y, direction,
respectively, B(fy) displays the strength on the magnetic
field, p display that fluid pressure, ¢* signify porosity on
permeable medium, v signify kinematic viscosity, T

characterizes the fluid temperature, o = p% indicates
P

thermal diffusivity, ¢ shows the electrical conductivity, f§
as non-Newtonian Casson parameter, u as dynamic
viscosity, p exhibit fluid density, ¢, shows specific heat
capacity by constant pressure, D, displays diffusion
coefficient, g, is Stefan—Boltzmann constant, Qy is heat
source or sink coefficient, k, is mean absorption
coefficient, C indicates fluid concentration, k; indicates
ko
(I=700)
the chemical reaction where kg as constant reaction rate, Cy
represents reference concentration Cj(xg) indicates
variable upper plate concentration, U, (xyp) shows
stretching velocity, Tj,(xp) characterizes variable above
plate temperature, C,(xo) displays variable above plate

permeability of permeable medium, K (7)) = display

by



iranpaper

Downloaded from https://iranpaper.ir

Unsteady squeezed flow of radiated rheological

Alio (il (gawass dey

e 0lnl ol oy90

https://www.tarjomano.com

concentration,T,,, as for mean fluid temperature, T (xo)
stand for variable surface temperature, Tj denotes reference
temperature  and were dimensional
constants.

ao, d()7 €o, d] , €1

Let us present the non-dimensional functions w, 6, ¢ and
likewise variable &, about clarification on equations:

Yo _ apv

é = ) —X()(i)(é),
h(to) 1 — yoto (1
T - C—-Cy
0 e
O=7—7 90 =c—¢
where W signify stream function defined by uy = ay ¥ and
Vo = —%.
Now, taken away Eq. (11), they get
apL
ug = U, (&), vog = — | ————w(&). 12
0 (@)= [ sol@ (12)

Now, later erase outer term on pressure gradient against
Egs. (3) and (4) and later employing Egs. (11) and (12) into
that equations by temperature, concentration and velocity,
we decreased by follows:

1
( > o 4+ oo — o' @
< > . // _ Mw//

=0, (13)

S
— 7q (3(0” + iw///)

<1 + :Rd) 0" + Pr(wl — &'0) — PrSq(e; + 0)

Pr(% &o' + 81w/>
+ (1 + %) PrEc{(w”)2+45§(w')2}
+PrQ0exp(—¢) =0,
¢" + Sc(w¢’ — @'p) — SeSq(ex + ¢)
~se(Fe 4o
— Sca(1 + 6,0)"e () = 0,
The transformed boundary conditions are:
®(0) =0, 0'(0)=1,00)=1—¢, $p(0) =1 — &,
o(l) = % '(1)=0,001)=0, (1) =0
(16)

where ff = tig 5 Vz”‘ shows Casson fluid parameter, Sq = ¢
K
represents squeezmg parameter, Da = 77—~ “to - denotes

oB: . .. .
Darcy number, M = —° indicates magnetic parameter,
pao

46,T3 ..
Rd = - represents radiation parameter, Pr :5 denotes
a

Prandtl number, ¢ = Z—(‘) is for thermal stratification

2
— 1 apXo
parameter, Ec = & To) {(I_WOJ shows the Eckert

17,1
Number, §; = XL 1=3f0) aZO 0)

. signifies dimensionless length,

Sc = D%, shows Schmidt number, e, = % stands for solutal
. . 2 . .
stratification parameter, ¢ = ﬁ denotes chemical reaction

denotes the dimensionless activation

p— Ea
parameter, E = o

— D
energy, Q = pes

0y = ATT as temperature difference parameter.

as the heat sink/source parameter and

In accord to scrutiny, the plates were dividing as Sq <0
and act against every one when Sq > 0. Then, ¢ = ¢, =0,
fluid flow problem alters into the analysis on constant wall
temperature by the stratification effect comes insignificant.

Sherwood number, Nusselt number and Skin friction
coefficient may be determine into follows:

1\ Tx0y0
e :<1 +) S D0h) ’yozh“o) Nu
B pU; (17)

— X0qw Sh = X09m
K(Tw - Th) ’ Db(Cw - Ch) ’
where
6u0 6v0)
Troyo —=H| =— +5— y dw =
e <ay0 0xo yo=h(to)
or oC
- K( ) sqdm = _Db <_> .
0yo Yo=h(to) o Yo=h(to)
(18)
On the dimensionless variable’s term, we were

decreased by follows:
1
(Re)'*C; = <1 + ﬁ> o”(1), (Re)”"*Nu

:<1 _1 81)9’(1), (Re)”"/%sh = (1 _1 82> ¢'(1)

(19)

here, Re = % denotes Reynolds number.

3. Numerical solution

The Numerical solutions into finite element method (FEM)
this portion were caring into the computational result on
Egs. (13)—(16) to display the impact on emerging param-
eters by this flow, heat and nanoparticle volume fraction
characteristic. This absolutely numerical result on
Egs. (13)-(16) was highly crucial if not incurable. Thus,
the mathematical way was chosen, clearly this finite ele-
ment method (FEM) that was max adaptive and popular

o
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method about
equations.
These steps affected into finite element study were by

given:

applicable determining  differential

i. Discretization’s into total domain (boundary layer)
with pieces or finite element’s.
ii. This formation on system of element equations.
iii. Applying to assembly on element equations, connec-
tivity matrix about that total domain.
iv. Employment by boundary conditions.
v. Result on final system by massed equations

This massed equations acquired could be determined
applying any basic matrix technique like that LU Decom-
position method, Gauss’s elimination method, Cholesky
decomposition method and Householder’s method. This
problem was to the shape functions applied into almost
actual functions. This ‘‘weak form” identical on Egs. (13)-
(16) through the typical linear element Q, = (&,, &,y1) is
given by the following:

/ wi (0 — q)dQ, =0, (20)
Qq
/ wa(q' — 5)dQ, = 0, (21)
Q

/W3{<1 —l—%)s”—i—a)s’

a

Sq , 1\ 1
—gs ——(3s + (14| =—5s—MsdQ, =
s == (3s+ &s') ( ) =5 s} e« =0,

(22)

4 S
(1 +§Rd) 0" +Pr(wd —q0) —PrSq(e; +60) —Pr (7‘]50’ +e q)

Wy

. 1 2
o +<1+ﬂ> PrEc{( P+453(q) }JrPrQOexp(ff)
dQ, =0,

(23)

¢" +Sc(wg’ — qp) — ScSq(ex + ¢)

/Ws Sq, ,, m (k) dQ, =0,
g —Sc <7 &P+ 82q> — Sca(1 + 6,0)"e”\T5) ¢

(24)

where wy, wy, w3, ws and ws were arbitrary test functions
and can displayed by difference on w,q,s,0 and ¢,
respectively. This finite element form could be acquired
against those equations aforesaid into substituting by finite
element similarity by this model:

jvq*ZqJY S—ZSJ
= Zdﬂf

here, N =2 (linear) or 3 (quadratic) along
Wiy =wy = w3 =wys = ws = Y;, and about their calcula-
tions, the shape functions by the typical element Q, =
(&4, Euvr) are as follows:

Linear element:

= \\Mz

(25)

:Z

a (§a+1 - 6) a
Yi=—"-——"2-,7T
! (§a+1 - ga) ’

(26)
_ (é B ga) <E<
_(éaJrl _éa)aéa_é_€a+l~
Quadratic element:
b G =& =29 =) a4 GG = 9
: ( a+1 = éa) ' : (éu+] - éa)z '
o= (e =< (f 2§)§57“, E,<E<Eu.
(27)
This finite element model on its obsessed into;
11 B12 B13 B14 B15
vl m= e e [
[B31] [BSZ] [B33:| [B34:| [BSS] s
B4l B42 B43 B44 B45 9
B*] [B®] [B¥] [B¥] [B*]
[BSI] [Bsz] [Bss] [B54] [Bss] )
bl
b2
= [}, (28)
b4
bS

where [B™] and [b™](m,n =1, 2,3, 4). Every element
matrix (order 8 x 8) was put together later linearizing that
system of equations and Gaussian quadrature was working
about determining the integrations. Later using the taken
boundary conditions, this final system of equations
(AX = b) was determine applying by Gauss elimination
method and total algorithm had being performed on
MATLAB. On this current calculations, by boundary

Table 1 Correlation on the current work with the past literature
[22, 23]

Hayat et al. [22]  Ijaz Khan et al. [23]  Present results

— 7.5890069
4.82359

— 7.5890069
4.82359

— 7.58900138
4.82359

/I(O)
/I(] )

w
w

o
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layer domain had being define into assure farfield boundary
conditions by establish the asymptotic performance on
dependent variables. The repetitive method was simulated
into obtain the convergent result although the following
condition was convinced:

> |er—ep <107 (29)

i

4. Validation of results

This outcome on the comparison is presented in Table 1.
Justify corroborate the suggested outcomes, into the past
consider into Hayat et al. [22] and [jaz Khan et al. [23], this
similarity was built into particular cases, i.e., by this field
the pure liquid, along with the presence on the heat source
related into heat and viscous diffusion. This explanation on
the structure applied as displayed in Table 4, whose out-
comes were the best arrangement.

5. Results and discussion

These area reverse in physical features measuring this
physical imp[act on key parameters especially Casson fluid
parameter (f5), magnetic field factor (M) Darcy number
(Da), radiation parameter (Rd), Eckert number (Ec), heat
source or absorption factor (Q), chemical reaction factor
(0), Prandtl number (Pr), activation energy (E) and Sch-
midt number (Sc) of different quantities like that velocity
(@' (&)), concentration (¢p(&)), temperature (0(&)), friction
factor at the plate (Cy), Nusselt number (Nu) and Sherwood
number (Sh). This defect values of the parameters on the
analysis are:

» —— 3=0.1,04,0.7
_______ M=1.0,2.0,3.0

. 04F W .

-~ -

Fig. 2 Impact on  and M of velocity o' (&)

=05 M= 02,S¢q= 0.1, Pr= 0.71, Da
=0.1,Rd=05,0=0.1,06=2.0,¢ = 02,0, and

=0.1,6 =02, Sc= 0.62, 5, = 0.2, E= 0.5
Ec =0.2.

This importance of magnetism M by the velocity field
'(&) is investigated in Fig. 2 about different values of
Casson fluid parameter . That shows the '(&) depicts
dual behavior, when '(&) this velocity reduces and about
g [ 0:5 is velocity raises. This radial velocity decreases
nearby bottom plate along improvement on the magnetic
parameter; it was during the formation on resistive force
that was called by Lorentz force. This momentum on fluid
gets decreases being this Lorenz force act into opposite
direction by fluid motion. Although this dominating type
on squeezing effects, redial velocity improves nearby upper
plate. The related direction about velocity had been noted
into Bhaskar and Sharma [24] for non-conducting heat
generation. This fluid velocity reduces nearby the below
plate by ¢ = 0 being into improving this Casson parameter,
resistance composed by fluid flow when that principal
viscosity on this fluid and nearby & = 1 velocity increase
when this squeezing velocity v, by above plate. The similar
form on velocity response has being noted into Bhaskar
and Sharma [24] for non-conducting heat generation.

The impact on Darcy number Da and Squeezing
parameter Sq of the velocity field was investigated, and
related behaviors are displayed in Fig. 3. By developing
Darcy number, velocity on fluid increases into the middle
of the channel, although reverse direction was noted on the
vicinity by the conduit walls. This Darcy number is
inversely proportional to permeability by permeable med-
ium, so that higher the Darcy number, this lower would be
the permeability that gives high hindrance by the flow,
against Fig. 3, that was clear that the squeezing number
assumes the movement by the plates. This plates move

N\
0.8 F W 1
NN ———————Da=0.1,03,0.5
06F N, mmm---- Sq=-0.5,-0.25,0.25,0.5 -
AA\\ S
04F ‘\\ S \\\ 1
W N So 4
~ ~
o 02f ‘s N 1
:-/ N \\ 7 ‘~~~-
3 oF \ B e I,
~ Se o 4
NN S Tt - = o
0.2 Ff \\/\ T
AN \x\ ’zl,'
0.4t e Teeooo-- -, i
06t See - - 1
08 ‘ . . ‘
0 0.2 0.4 0.6 0.8 1
¢
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Fig. 4 Impact on Rd and Ec of temperature 0(&)

over by Sq >0, and plates act closely the Sg<O0.
Squeezing number had diverse impact of perpendicular
movement on every sheet. Actually, fluid was absorbed
along the channel by the plates act away, ensuing on the
increase to velocity; by the plates act closure simultane-
ously, fluid inward the channel was delegated out, ensuing
on the reduces on velocity.

Figure 4 displays that fluid temperature about various
values on this radiation parameter Rd and Eckert number
Ec that was find that into radiation parameter improves,
fluid temperature raises. On this boundary layer region,
greater values on radiation parameter donate more heat into
employing fluid that solution by the increases on heat
transfer rate and thermal boundary layer thickness. This
suppression on temperature had again calculated into
another investigators, i.e., Ahmed et al. [25] and Bhashar
and Sharma [24] about non-conducting heat generation.
Also, in Fig. 4 the impact on Eckert number (Ec) of
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Fig. 5 Impacts on Q and €; of temperature 0(&)

temperature profile had being definite. That was noted to
greater values on the Eckert number cause that increase on
the temperature profile. On the fluid, energy yield into
increase by Eckert number being on frictional heating that
solution on improving the temperature.

The role of thermal stratification parameter (¢;) and heat
absorption/generation (Q) mechanisms of the thermal field
was inspected applying Fig. 5. Where, by improving the
numeric values on Q, that thermal layer system was dif-
fuse. This unfavorable value by Q(<0) shows that heat
sink form, Q > 0 indicates heat source form, and Q = 0
indicates no heat sink/source. That was being by added to
heat yield and the intense kinetic energy when the mech-
anisms on heat source and viscous heating. Again, the
magnitude by the temperature was lesser about heat sinks
form the heat source aspect. Figure 5 also marked the
features of the thermal stratification parameter & by the
temperature profile. Reduction by temperature field along
with thermal boundary layer thickness was noted. This
lesser region had maximal density about increased thermal
stratification parameter. By that result, this heated wall
gives resistance on that flow to the surrounding wall.

Figure 6 depicts the impact on chemical reaction
parameter o of its concentration profile. That was identified
to concentration reduces about greater chemical reaction
parameter. ¢ > 0 was considered by destructive and ¢ <0
named by the constructive chemical reaction. This rate of
mass transfer improves when the chemical reaction that
reduces concentration. That was noted into the fluid con-
centration reduces, destructive chemical reaction, and
about constructive that raises. Again Fig. 6 also shows the
evolution of concentration profile by the difference on this
Schmidt numbers. The concentration boundary layer
shrinks into Schmidt number Sc comes high. Actually, the
raise on Sc indicates the reduction by mass diffusivity that
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Fig. 6 Impacts on o and Sc of concentration ¢ (&)
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Fig. 7 Impacts on E and J, of concentration ¢ (&)

solution to improved mass transfer on solute against the
plate ensuing with greater concentration gradient by the
plate surface.

The activation energy assigns into this least amount of
energy needed into take up chemical reaction. Changed

m
. . _Ea . .
Arrhenius function k(z) (T—Th) e, describing reaction rate,

was anticipated into reduces/raises along developing acti-
vation fluid/energy temperature. That may noticed to that
reaction rate taken into Arrhenius function was exponen-
tially decomposing application on E, or E. When E/J,
comes high, it was, E/d, — oo, this reaction rate repre-
sented into Arrhenius function dissolve. Accordingly, the
concentration profile ¢ reaches the constant result by E/d,
gets high. Moreover, by E/d; — 0 or likewise E — 0, the
reaction rate differs substantially into temperature although
related into Ea. The result by £ = 0 was again contained in
Fig. 7. Also, in Fig. 7, this variation on ¢ into developing
parameter d, was depicted. By developing that parameter,

Fig. 8 Impacts on f and Sq of skin friction Re'/2C;

Fig. 9 Impacts on Da and M of skin friction Re'/>Cy

Table 2 Numerical values on Nusselt number about various values of

parameters f3,Sq,Rd,Ec. €, and Q

p Sq Rd Ec €

0

Re™'/2Nu

0.5 0.1 0.5 0.2 0.2
1
1.5
2
Slope
0.5 0
0.4
0.8
1.2
Slope
0.1 0.4
0.6
0.8

Slope
0.5 0
0.05
0.1
0.15
Slope
0.2 0
0.1
0.2
0.3
Slope
0.2

0.1

- 04
- 02

0.2
0.4
Slope

0.19571
0.49077
0.58908
0.63823
0.28518
0.03694
0.60925
1.01812
1.26983
1.02689
0.12591
0.25519
0.35115
0.42521
0.49692
1.08434
0.86218
0.64003
0.41787
-4.4431
0.35733
0.2855
0.19571
0.08027
- 0.921
0.25632
0.2322
0.20792
0.18346
0.15881
- 0.1219

by
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Table 3 The Numerical values of Sherwood number about different
values of parameters f3,Sq, Sc, E and ¢

p Sq Sc E o Re—1/2Sh

0.5 0.1 0.62 0.5 2 1.41786
1 1.41646
1.5 1.41594
2 1.41567
Slope — 0.0014
0.5 0 1.38208
0.4 1.52251
0.8 1.65619
1.2 1.78368
Slope 0.33462
0.1 0.5 1.34016
1 1.65493
1.5 1.94827
2 2.2233
Slope 0.58855
0.62 0 1.56073
04 1.44218
0.8 1.35549
1.2 1.29282
Slope — 0.2226
0.5 0.5 1.21138
1.5 1.35083
2.5 1.48322
35 1.60932

Slope 0.13262

ambient temperature and wall variation enlarge that subject
into the obvious heat transfer. Significance by Arrhenius
function, moreover, raise into developing o, that in turn
bring on the reduction by concentration boundary layer
thickness.

Figures 8 and 9 present the impact on different param-
eters of the shear stress. From Fig. 8, it is noted that fric-
tion increases as the Casson fluid parameter increases,
whereas the squeezing parameter decreases. This progres-
sively lesser matrix resistance into Casson fluid flow
solution on the acceleration that bring on higher shearing
by the sheet surface and improved friction factor magni-
tudes. One may be noted against Fig. 9 the friction
decrease into the Darcy number increase, whereas mag-
netic parameter decreases. By first, the effect on magnetic
field shows future by odds into this established concerning
performance on Lorentz magnetohydrodynamic body
force. Moreover, review on this momentum boundary layer
equation informs to that pressure gradient parameter
change into effect on magnetic field.

Table 2 consists of local Nusselt number information
acquired into changing physical parameters. It is found that
heat transfer rate was reduced into the Eckert number
(comparison into the hike on temperatures by that bound-
ary layer). Thermal radiation had the potent effect of heat
transfer performance by the plate (comparison into larger
radiative heat flux contribution). Casson parameter
increases to heat transfer rates. This heat transfer rates
increase by this squeezing parameter increase. However,
stratification parameter decreases the heat transfer rates.
Completely, heat generation impact reduces the rate of heat
transfer whereas opposite for heat absorption impact.

By Table 3, they admit the information by local Sher-
wood number find into changing embedded parameters.
Developing direction to local Sherwood number was noted
although either chemical reaction rate or squeezing
parameter enlarges. Related performance was observed
then Schmidt number comes high. By Schmidt number Sc
constantly raises, the comparative significance on
momentum diffusion decreases and, by mass transfer rate,
the consequence was reduced. The mass transfer rate
reduces with increase in Casson parameter. Furthermore,
mass transfer rate was essentially considered by activation
energy about chemical reaction increases.

6. Conclusions

This object reported to unsteady squeezing flow on the
radiative Casson magneto-fluid through porous channel
below the effect on constructive-destructive reactions and
examined it numerically. Moreover, this present thermal
system is doubled into heat—mass transfer form and thermal
system is regulated about this cooling by -electronic
equipment over essential parameters into gives the more
ability extrusion amount by manufacturing methods. This
condition on activation energy is held with account. This
analysis problem was then determined mathematically by
applying finite element method. This following investiga-
tion was contained against their graphical table and data:

1. The velocity profile reduces nearby the low plate and
raise nearby the above plate into increasing values on
Casson parameter and magnetic field.

2. By the point within the heat source parameter improve
fluid temperature, boundary layer, although heat sink
parameter was the opposite.

3. As developing reaction parameter, reaction rate ampli-
fies that orderly decreases that concentration on
chemical species current inside of boundary layer. In
this reason of, concentration layer restrain by reaction
parameter comes high.
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4. As developing the activation energy, this (destructive)
reaction rate hang up, and thus, the improvement on
concentration boundary layer happen.

5. This thermal stratification mechanisms, viscous heat-
ing was unfavorable similar into the rate on heat
transfer by the plate.

6. Mass transfer rate was noted into reduced into higher
values on activation energy and the Casson parameter
whereas opposite for Schmidt number and chemical
reaction.

Later favorable computational effort on parametric
effect on this fluid dynamics, the analysis may have
approaching into future by Oldroyd-B fluid, Maxwell-fluid,
approximate analysis among tangent-hyperbolic and vis-
coelastic Jeffrey’s fluids and Maxwell fluid.
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