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Abstract

In this examination, the study of thermal radiation, dissipation, non-uniform heat sources on hydro
magnetic rotating, convective heat and mass transfer flow of Eg based Cu nanofluid limited in a vertical
channel with asymmetric slips and convective boundary conditions in the course of a porous medium.
After evaluating the governing equations numerically, we find that increase in asymmetric slips (o0, al)
outcome in an augmentation in u (velocity), 6(temperature) and C (nano concentration) at n=0. An
upsurge in Biot numbers (Bio, Bil) augments u, 6 and C at n=t1. Stress, Nusselt (Nu) and Sherwood
(Sh) numbers enhance with increase in Bio and depreciate with higher values of Bil.

Keywords: Heat and mass transfer, EG based cu nanofluid, vertical channel, thermal radiation,
dissipation, non-uniform heat source, asymmetric slip, newtonian cooling, activation energy

Introduction

The transfer of warmth and mass difficulties are predicted to have increasingly notable usages
in the late decades due to their widespread use and value in technological areas. Over the
decades, many scholars have conducted significant investigations in MHD, natural and
induced convection, heat and mass streams, taking into account the effects of chemical
processes as well as Soret and Dufour impacts. Despite claiming that the journals on the issue
are exhaustive, an effort is made below to highlight the key studies, while confining the
references to the context and parameters of this study. Anghel et al. &, and Muralidhar ¢ and
Raju et al. 3 were investigated the Dufour and Soret effects on a free convection boundary
layer with heat and mass transfer flow across a vertical surface buried in a porous material
using a regular perturbation technique.

Nanoparticles with high thermal conductivity can be elements the oxides, the carbides, or
nitrides, while the base fluid can be water, kerosene, motor oil, toluene, ethylene, or tri-
ethylene glycol, depending on the procedure utilized. Several authors have been studied and
experimental examined by Choi and Eastman [*51, Choi [*6], Choi et al. '], Das et al. [*8 were
probably the first to employ a mixture of nanoparticles and base fluid that such fluids were
designated as nano-fluids.

Thermal radiation is the means whereby a warm surface emits energy in all instructions in the
outline of electromagnetic waves that arrangements in alluring and exciting waves. Mondal et
al. %1, Prakash et al. 2, Umamaheswar et al. &, and Vedavathi et al. ¥ Alam and
Ahammad Bl and Kumar et al. B% have investigated the influence of radiation on heat transport
difficulties with exothermic chemical processes and heat generation. A research investigation
of heat radiation on free convection flow has a variety of use cases, including high-speed
flights, space vehicle reentry, and thermal power plants.

The natural conduction of air within conduits is the focus of extensive investigation in the past
few decades due to its technical uses, including electronic cooling systems, nuclear reactors,
and exchanges of heat.
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The vertical channel is a commonly used set up in heating tools, such as solar power collectors and cooling devices for digital and
micro-digital equipment by Gill and Casal 231, Ostrach [*°l, Cebeci et al. 3], Datta and Jana [*%, Barletta [%, and Barletta et al. [*,

Non-Darcy effects on transpiration in porous surfaces have received a lot of focus lately due to testing done with different blends
of particles and water wrapping an array of dealing with variables, that reveal that data collected for platforms outside of a glass
liquid at tiny Rayleigh parameters conflict with theorems depending within the Darcy flow model. This discrepancy in radiation
transfer findings was quite thoroughly explored in Cheng et al. 4, many a few more.

The condition with Newton's law of thermodynamics occurs in what are often known as conjugate convective flows, in which heat
is given to the flowing fluid via a bounding surface with a limited heat capacity. Several researchers, including Merkin B4, Lesnic
et al. ¥4, Rao and Reddy [*], have examined a different but still applicable guiding system for convective flow across boundaries
close to a straight exterior. In these studies, it was thought that flow was started by Newtonian warming from the boundary,
meaning that the heat transfer from the surface was identical at the personal surface temperature.

The no-slip boundary condition (the assumption that a liquid clings to a solid border) is commonly used in flow issues involving
viscous fluids. Slip may occur on the boundary when the fluid is particulate, as in emulsions, suspensions, foams, and polymer
solutions. Many scholars have examined slip flows in different flow configurations. Abbasbandy and Shirzadi [, Rashidi et al.
(44 Hayat et al. 4, Hayat et al. 26281 Ellahi et al. ?4, Awais et al. ¥, Adetayo et al. 1, Anghel and Takhar [, Falade 2 use the
homotopy analysis approach to create asymmetric Navier slips.

In chemistry and physics, activation energy is the smallest quantity of energy necessary for a molecule to undergo a chemical
reaction. A reaction's activation energy (Ea) can be represented as joules per mole (J/mol), kilojoules per mole (kJ/mol), or
kilocalories per mole. Arrhenius [, a Swedish scientist, coined the word "activation energy" in 1889. Several writers have studied
the energy of activation, including Abu-Nada et al. 2 and Abu-Nada and Eiyad B, Tiwari ], Kathyani and Subramanyam [2],
Narayana and Ramakrishna [, Nagasasikala [, and Devasena [?%, Lalramngaihzuali and Rao Y, and Kumar et al. 1, who
addressed the effects of energy of activation on the hydromagnetic convective

In most of the studies the viscosity of the fluid was assumed to be constant, When the effects of variable viscosity is taken into
account, the flow characteristics are significantly changed compared to the constant property case. Ali (2006) was briefly
discussed the effect of variable viscosity on mixed convection heat transfer along a vertical moving surface are studied by Abu-
Nada et al. @ and Abu-Nada et al. ¥, Vajravelu et al. [*?], Makinde *4, Satya Narayana and Ramakrishna [“%1, Nagasasikala 3%,
Devasena 27,

Asymmetric slip and congested boundaries that characterize the MHD non-darcy turbulent mass and thermal flow of a Cu
nanofluid based on ethylene in a vertical channel with asymmetrical warmth sources. Using Galerkine Finite element method with
quadratic interpolation functions the non-linear, coupled equations governing the flow, heat and mass transfer have been executed.
The velocity, temperature & nanoconcentration, Stress, Nusselt and Sherwood numbers have exhibited through graphs and tables.

Formulation of the Problem

The fluid consists of an ethylene glycol base fluid and tiny copper nanoparticles in a vertical porous tube with heat radiation. A
homogeneous magnetic field with strength Ho is applied normal to the plate. Because of the fully matured assumption, the flow
variables are just y-dependent. Fig — 2.1 depicts both the problem under examination and a coordinate system.

X
A
Tw=T1 Tw=T2
CW=C1 CW=C2
— > y
Ho 0
y:—,'_ y=+L
g

Under Rosseland approximation can be written in dimensional form as :
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The boundary conditions > 431 are as follows

u(—L)zoc(')a—u ,knfa—T:yo(T -T,),.C=C_,on y=—-L
oy oy @
. ou oT

u(+L):—oel—8y , Ko _8y =y(T-T,),C=C, on y=+L

where (0((; , al') -Navier slip, ps -viscosity fluid, u-axial velocity, P-fluid pressure, ps is the density of the nanoparticle, vo=channel

porosity, Cp-constant pressure,(T,C)are the nanofluid temperature, concentration and kf is the thermal conductivity of the material

respectively,(To, T1)-temperature,(Co,C1)Concentration and y,:-Newtonian cooling. Dg is the molecular diffusivity, are the
effective thermal expansion of the nanofluid which are given by.

25 _ knf —_(1_
i = pe [ (1- ) Qy = (PC.)u Pu =(A=0)p; +op,
(0C,)w = (1= 0)(PCo) 1 +0(C,),  (PB)y = (A= 0)(PB), +(0P), ®)
ki (ks + 2k, —20(k; —k;) 3o —0,)¢
nt = 1O = (O'f + )
(kg + 2k, +2¢0(k; — k) (o, +20,)

where the addendums nf, f and s address the thermo actual properties of the nanofluid, base liquid and the nanosolid particles

individually and (7 is the strong volume part of the nanoparticles. The thermo actual properties of the nanofluid are given in Table
2.1.

The thermo physical properties of the nanofluids are given in Table 2.1 (See Ozotop and Abu-Nada [“1),

Table 2.1: Physical Properties of nanofluids

Physical properties Fluid phase (Ethylene Glycol) Cu nanofluid

Co(i’kg K) 2430 385

p(kg m®) 1115 8933

k(W/m K) 0.253 401

Bx10-° 1/k) 5.7 1.67

c 10.7 5.96

By using Rosseland approximation for radiative heat flux, gr is simplified as
4o OT'"
qr =T (6)
3fr Oy

This is done by expanding T “ina Taylor series about top wall temperature Ti as follows:

TAOT +3THT -T)+6T(T-T,) +———— )

Neglecting higher order terms in the above equation beyond the first order in (T —T,), wae get
T =477 -31) 8)
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In view of the equations (2.6) and (2.8),equation(2.2) becomes

T kg T 1 160T7 0T 1

_ = . (T =T u+B,(T-T,
v, oy (pC,)y oy’ + (/C.)w 3Be O + e (A ( Ju+ B, ( ) o

2 [(Z;)Z " (Zvyvﬂ Yo JPHE(UD) +Q(C-C,)

and solution of eq (1) becomes
V=-V (10)
Introducing the following dimensionless variables:

T-T, co C-C, (11)
) C _

prZ, T, =T, =G

appropriate boundary conditions of ordinary differential equations are

(%_ B%%) +[1+ AZS%UAiAsG(H) - AM?(u) - A(u*)]e” =0 12)
(A, %)Z;—% (AS Pr)%+ AU+ B0 +Ec Pr[e‘B"(%u)z +AM*(U*)]=0
oc, (AﬁSc)% " ScSr(%) — yC(L+n36) E xp(- :159) =0 =

The transformed boundary conditions (3) reduce to

u(-1) = o, ‘2—;(—1), u(+1) = —aI%J(+1),
Bi, (14)
A

how good u defines the undefined flow rate, a1 are the undefined slip factors at the barrier, S is the fluid suction/injection factor
due to duct pores, and Bi0,1 are the Biot coefficients.

00 00 Bi,
5(_1) =( )9(—1),E(+1) = —(E)Q(Jrl)

T, -T)L? L
G= M (Grashof number), S = Y- (Suction parameter)
J7RS U
2 H 2 L2 L
M = Ot o™ (Magnetic parameter), A = G (Forchheimer parameter)
P 1 \/E

00

L2 B, L 46°T3
A, :L(Space dependent heat source), B, = 11— (Temperature dependent heat source), Rd = (Radiation
pf p pf p R
:qup

f

parameter), Pr = (Prandtl number),

U 2 Vi . . DT (Cf - Co .
EC = —————— (Eckert parameter), SC = — is the Schmidt number, St = ——————— is the Soret parameter,
Cp(Tf _To) DB Tm(Tf _To)
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f . . .
y = —,0 =6, —1 is the temperature difference ratio, E; =

0 0

A=-g)*, A =1- <o+(p< ) A=1- ooy A =14

| (0P),
( 3(1- 0')¢) o,

ASAS()of

The limiting case ag1 —>oo parallels to the seamless lubricated plate surface.

3. Finite Element Analysis

https://www.mathsjournal.com

Using quadratic polynomial estimation functions, a study of finite elements is performed along the axial distance across the
vertical channel. For various changes in the controlling parameters, the behavior of the pressure, temperature, and velocity profiles
is being computationally studied. Throughout the finite element analysis, the Galerkin method was used in the variational
formulation of each element to get the global linked matrices for the degrees of freedom, quantity, and velocity. Select any

element ek and assign the values of uk, and C to it (uk, 6k, and Cy).

The error residuals are defined as

g = ¢ (d“j + AAG(6") + SU + A — AAM?(UF) - AU’

dy\ dy

k k
:ii(dg ]— SO*AU* + AU +BLO" + Ec[(ddiy)z]+

 Prdyl dy
+ECcM?A, (u*)?
k

Ef. = d (dCt —SSc(u")+ScSri do” | _

dy | dy dy{ dy

E,

—7Sc(C*)(L+nSe* ) Exp(—
rSc(CH)( JEXp( " §9k)

The linear combinations in terms of respective local nodal values are

k _,k Kk k k k k
U =Upyy +Usyy +Usys 0% = 0fw ) + 05wy + 0¥yl C*

where l//lk , 1/15 ... etc are Lagrange’s quadratic polynomials.

=Clyy +Coy; +Cyy

(15)

(16)

a7

(18)

The partial differential equations (3.1)—(3.2) are transformed into matrix form of solutions using Galarkin's approach, yielding 3x3
local stiffness matrices. Through the use of inter element continuity, a state of equilibrium, and a substitution of nationwide nodal
values, all of these local matrices are integrated into a global matrix. The global matrices that were produced were then solved

iteratively until integration or |ui.1-u; |<108, was achieved.

4. Comparison

In the absence of convection (G=0), heat sources (A11=0=B11), variable viscosity (B=0), activation energy (E1=0), =0 the

results are in good agreement with Falade John 22

~G~
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Para-meter Falade John [22 Present results

7(-1) 1(+1) Nu(-1) Nu(+1) 7(-1) T(+1) Nu(-1) Nu(+1)
1.07612 0.93072 0.264868 0.678584 1.07616 0.93074 0.264869 0.678587
M 1.06352 0.91948 0.264384 0.677301 1.06355 0.91949 0.264385 0.677307
1.03616 0.89501 0.263057 0.673813 1.03614 0.89502 0.263056 0.673819
1.07611 0.93072 0.264870 0.678586 1.07613 0.93073 0.264872 0.678589
S 1.14285 0.87496 0.261245 0.677394 1.14286 0.87498 0.261245 0.677397
1.20148 0.81987 0.255948 0.661667 1.20149 0.81988 0.255948 0.661664
0.332844 0.858343 .. .. 0.332847 0.858344
Ec .. ... 0.399164 1.010345 0.399166 1.010346
0.448915 1.011167 0.448917 1.011166
0.026506 0.067915 .. .. 0.026507 0.067916
Pr 0.069255 0.177434 0.069256 0.177435
0.119911 0.286912 0.119913 0.286913
1.07613 0.93073 0.264871 0.678585 1.07614 0.93074 0.264872 0.678586
a0 0.97714 1.01155 0.311924 0.807821 0.97715 1.01156 0.311925 0.807822
0.89847 1.07582 0.349923 0.912144 0.89848 1.07583 0.349924 0.912145
1.12742 0.88861 0.265258 0.752469 1.12749 0.88869 0.265259 0.752466
al 1.20334 0.82628 0.340627 0.862844 1.20336 0.82629 0.340626 0.862845
1..26932 0.77213 0.380441 0.959778 1..26929 0.77214 0.380442 0.959779
0.264866 0.678584 0.264863 0.678586
Bio 0.541767 0.955267 0.541769 0.955269
1.016422 2.205502 1.016424 2.205509
0.118607 0.532444 0.118605 0.532446
Bil ... 0.045989 0.459881 ... ... 0.045987 0.459882
0.015638 0.429554 0.015634 0.429558

5. Results and Discussion

An investigation of the effects of changing viscosity, thermal radiation, asymmetric slip, and non-uniform warmth source on the
mass transfer and convective heat flow of an EG-based nanofluid in an upward channel under Newtonian cooling is being
attempted in this work. Different parametric modifications have been considered with regard to Temperature (), Velocity (u), and
Nano concentration(C).

1.

10.

Figs.2a-2c are Grashof number (G) & magnetic parameter (M). An increase in thermal buoyancy parameter G leads to an
enhancement in the magnitude of nanofluid velocity field in Ethylene based Cu nanofluid. u increases in the flow region(-
1.0,0) and decreases in the region (0,1.0) with increasing M. An increase in G increases 6 & C at n=0.

Figs.3a-3c are Inverse Darcy parameter K (=D1) and Forchheimer parameter (A). u distribution decreases at -1.0,1.0 with
increasing K(=D!) in Eg-Cu nanofluid. A on u shows, an effect of inaction and boundary diminishes u and enhance 0 in Eg
based Cu-nanofluid. 6 distribution and C decays along upsurges standards of K as a findings of fester in the depth of the
thermal and solutal boundary layers. Also C depreciates with higher values of porous parameter and grows with A.

Figs.4a-4c are nanoparticle volume fraction (¢) and variable parameter (B). B decays the momentum boundary layer
thickness at -1.0, 1.0. Also B leads to a reduction in the 6 and C distributions. ¢ increases the thermal conductivity and hence
enhances the momentum boundary layer thickness at n (-1.0,0) and decays in the flow region(0,1.0). ¢ decreases 6 decays in
thermal boundary layers while C grows in Eg-Cu nanofluid.

Figs.5a-5¢ are space / temperature dependent heat source parameters (A1l & B11). u decelerates in the flow region (-1.0,0)
and enhances in (0,1.0) with increase in the strength of A11. u grows with higher values of B11. A11, B11 presence of heat is
absorbed in the boundary layer which leads to a depreciation in 8 & C (A11) grows with rise in B11.

Fig.6a-6¢ are thermal radiation parameter (Rd) and Eckert number (Ec). Higher the Ec larger the magnitude of u. 6 enhances
and C distributions decelerates with increasing Rd and opposite effect is noticed with variation in Ec in the flow region.
Fig.7a-7c are asymmetric slips (00, al). a0, al on the walls demonstrate an increasing tendency in the magnitude of u. 6
distribution grows and C distribution decays with rising values of ao, al. Thus the thermal layer turn into strong and solutal
layer look good on narrow with higher values of slips (00, al).

Fig.8a-8c are convective boundary conditions (Bio.Bil). An increase in Bio on the left wall (n=-1) decays the magnitude of u
at -1,0 and enhances at 0,1 while the Biot number(Bil) on the right wall(n=+1) upsurges u in magnitude. Increase in Biot
number (Bio) leads to a growth in the thickness of the thermal and solutal boundary layers while increase in Bil leads to
decay in thermal and solutal layers. An augmentation in 6 and C with Bio and reduction with Bil in the flow region.
Fig.9a-9c are Suction parameter(S) and Prandtl number (Pr). u enhances in the flow region (-1,0) and reduces in the region
(0,1) with increasing S. 6 & C grows with rising values of S in the entire flow region. u velocity reduces in -1,0 and enhances
in (0,1). 6 upsurges and C decays with increasing values of Prin -1, 0 & 0,1.

Figs.10a-10c demonstrate the influence of Schmidt number (Sc) and Soret parameter (Sr) on 6 and C. Lesser the molecular
diffusivity larger the temperature in the entire flow region. The nanoconcentration depreciates in the flow region (-1, 0) and
upsurges in the region (0,1.0). The thermal boundary layer becomes thicker with Sc and solutal boundary layers become
thinner with Sc. The thickness of thermal and solutal boundary layers decays in the region in (-1,0)and grows in (0,1).with Sr.
The effect of chemical reaction parameter (y) on 6 and C in figs.11b-11c. 6 & C experiences depreciation in y>0 and upsurges
in y<0. This is owing to the fact that thickness of the thermal and solutal boundary layers become thinner with values of y>0
and opposite effect is noticed in y<0.

~G~


https://www.mathsjournal.com/

International Journal of Statistics and Applied Mathematics https://www.mathsjournal.com

11. Fig.12b-12c are activation energy parameter (E1) and temperature difference ratio (3). From the profiles we find that the
thickness of thermal and solutal boundary layers become thicker with rising values of E1 and 6. This results in an upsurges in
0 and C with higher values of E1 and 3 in the flow region.

12. Figs.13b-13c are Radiation absorption (Q1) and index number (n). The effect of Q1 is to upsurge 6 and C. Grows in n leads
to a growth in 0 and C in the entire flow region. This amount to the fact that the thermal and solutal boundary layers becomes
thicker with rising values of Q1 and n.

13. The Shear stress(t) is exhibited in table.3 at the walls n=*1 for different parameters G,M,K,S,Rd,Ec,B,A11,B11,B,6, A
,00,a1,Bio,B11 and Pr. An upsurge in G/¢/Rd/A11 grows stress at n=+1 in Eg based Cu nanofluid. Higher the Lorentz force
(M)/Suction parameter (S) decays stress at n=+1 & grows at n=-1 in Eg based Cu nanofluid. Increase in B/R/A/Ec diminishes
the stress at n+1. K reduces stress at n=-1 and enhances at n=+1 in Eg Cu nanofluid. An increase in oo, al decays the stress
at left wall while at n=1, it upsurge with a0 and decays with a1. Upsurge in Biot number (Bi0) leads to a fall in stress at n+=1
while stress grows at n=-1 and diminishes at n=+1 with higher values of Biot number (Bil). t with Pr, the thermal diffusivity
smaller the stress at the walls.

14. Table 3 are the local Nusselt number (Nu) at the walls n=%1. An upsurge in G/ a0, al/ Bi0/Pr/Sc/E1/6/n/Q1/Ec grows Nu at
both the walls. Upsurge in M/ K/A/ ¢/B/ All, B11/ S/Sr/Bil diminishes Nu at n=+1. Higher Rd, larger Nu at n=-1 and
smaller Nu at n=+1. Nu decays at n=-1 and grows at n=+1 in both y>0 and y<0.

15. Sherwood number (Sh) is the rate of mass transfer, at the walls n==1 in table.3. The values of Sh reduces at n=-1 & upsurges
at n=+1 by rising principles of G/¢/A11/E1/5. An increase in M/K/ B/B11/ Bil/ S/Pr/Sr/Ec grows Sh at n=-1 and falls at
n=t1 in Eg based Cu nanofluid. Increase in A/a0, al/Sc/Q1 grows the Sh at n=t1. Higher the Bio/ Rd smaller the Sh at
n=x1. Sh enhances at n=-1 and decays at n=+1 in y>0 while in y<0 an opposite effect is noticed at n=+1.
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Table 3: T £1(Skin friction), Nu + 1(Nusselt number) and Sh+1(Sherwood number) at n==1

Parameter 7(-1) 1(+1) Nu(-1) Nu(+1) Sh(-1) Sh(+1)
2 -1.05292 0.914314 0.00149484 0.00388044 0.530345 0.533396
G 4 -1.05481 0.916246 0.00149796 0.0038885 0.530164 0.533592
6 -1.05671 0.918186 0.00150109 0.0038966 0.529981 0.533789
0.5 -1.10916 0.862577 0.00147898 0.0038558 0.551647 0.509683
M 1 -1.15527 0.809755 0.00145603 0.00381153 0.573466 0.486967
1.5 -1.17966 0.747541 0.00142837 0.00375405 0.597966 0.463297
0.2 -1.05292 0.914314 0.00149484 0.00388044 0.530345 0.533396

K 0.4 -1.04368 0.906014 0.00147919 0.00383976 0.531279 0.53243
0.6 -1.03641 0.899491 0.0014669 0.00380782 0.532014 0.53167
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0.1 -1.07315 0.835067 0.00141713 0.00369411 0.55514 0.506339

A 0.2 -1.08687 0.764558 0.00134195 0.0035117 0.579834 0.481289
0.3 -1.06305 0.680771 0.00122498 0.00321688 0.608394 0.454634

0.2 -1.10992 0.862785 0.00147401 0.00384296 0.551563 0.509752

B 0.4 -1.16074 0.813041 0.00144698 0.00378803 0.572927 0.487437
0.6 -1.20716 0.763294 0.00141302 0.00371423 0.595452 0.465389

0.05 -1.05292 0.914314 0.00149484 0.00388044 0.530345 0.533396

) 0.1 -1.05513 0.921486 0.00146733 0.00386749 0.529892 0.534021
0.12 -1.05622 0.927226 0.00143978 0.00385075 0.52957 0.534497

0.5 -1.05292 0.914314 0.00149484 0.00388044 0.530345 0.533396

Rd 1.5 -1.05371 0.91527 0.000576266 0.00149586 0.530256 0.533561
5 -1.0539 0.915499 0.000356317 0.000924911 0.530234 0.533601
0.1 -1.11242 0.865065 0.00166442 0.00435909 0.55134 0.509974

Ec 0.2 -1.16529 0.816444 0.00182093 0.00481059 0.572554 0.48778
0.3 -1.21385 0.767428 0.00195089 0.00519953 0.594943 0.465821

0.1 -1.05292 0.914314 0.00149484 0.00388044 0.530345 0.533396

All 0.3 -1.05297 0.914364 0.00144664 0.00375561 0.530341 0.533405
0.5 -1.053 0.914411 0.00140074 0.00363671 0.530336 0.533413
0.3 -1.11261 0.865237 0.00147697 0.00385071 0.551313 0.510004

B11 0.5 -1.16569 0.81673 0.00145161 0.00380032 0.572497 0.487836
1 -1.21448 0.767765 0.00141724 0.00372582 0.594855 0.465895

0.1 -1.05292 0.914314 0.00149484 0.00388044 0.530345 0.533396

a0 0.2 -0.952083 0.990892 0.00175318 0.00460254 0.503433 0.547418
0.3 -0.872489 1.05131 0.00196019 0.00518078 0.482196 0.558483

0.2 -0.98803 0.930473 0.00171956 0.00453335 0.524768 0.522637

al 0.3 -0.905657 0.91214 0.00184532 0.00491628 0.52746 0.507412
0.4 -1.48283 0.682803 0.00212238 0.00548334 0.559549 0.518449

1 -1.05292 0.914314 0.00149484 0.00388044 0.530345 0.533396

Bi0 2 -1.05258 0.913734 0.00301642 0.0053987 0.530314 0.53339
3 -1.05128 0.911577 0.00868028 0.0110502 0.530198 0.533369

2 -1.11337 0.865821 0.000656611 0.00303697 0.55137 0.510006

Bi1 3 -1.16694 0.817444 0.000237073 0.00259717 0.57258 0.487832
4 -1.21599 0.768398 5.99996E-05 0.0023859 0.594951 0.465883
0.1 -1.11261 0.865236 0.00147811 0.00385362 0.551313 0.510004

S 0.2 -1.16569 0.816728 0.00145367 0.00380555 0.572497 0.487835
0.3 -1.21448 0.767763 0.00142181 0.00373743 0.594856 0.465895

0.24 i — 0.00153683 0.00401861 0.534073 0.529555

Sc 0.66 ---- ---- 0.0015388 0.00402306 0.603443 0.582943
1.3 - — 0.00154081 0.00402752 0.691525 0.641188

0.5 — S 0.00153681 0.00401856 0.53438 0.529331

Sr 1 === m=m- 0.0015368 0.00401853 0.53447 0.529228
15 i — 0.00153679 0.00401851 0.534561 0.529125

0.5 ---- ---- 0.00153683 0.00401861 0.534073 0.529555

1 - — 0.00153364 0.00401013 0.590505 0.502787

1.5 — S 0.00153065 0.00400218 0.644606 0.477975

¥ -0.5 === m=m- 0.00154796 0.00404813 0.346894 0.624682
-1 i — 0.00155214 0.00405922 0.27976 0.661103

-15 - - 0.00155675 0.00407143 0.207461 0.70163

0.5 i S 0.00153683 0.00401861 0.534073 0.529555

Q1 1 — S 0.00158891 0.00416851 0.534076 0.529558
1.5 === m=m- 0.00163057 0.00428843 0.534078 0.529566

0.2 S S 0.00153683 0.00401861 0.534073 0.529555

El 0.3 - - 0.00153816 0.00402213 0.511058 0.540732
0.4 i S 0.00153915 0.00402478 0.493845 0.549187

0.1 — S 0.00153682 0.00401859 0.534214 0.529476

) 0.2 === m=m- 0.00153683 0.00401862 0.534048 0.529569
0.3 S S 0.00153685 0.00401866 0.533806 0.529703

0.2 - - 0.00153682 0.00401858 0.534249 0.529456

n 0.4 i S 0.00153685 0.00401859 0.534208 0.529479
0.6 === m=m- 0.00153689 0.0040186 0.534169 0.529501

0.71 -1.0541 0.915736 0.000129048 0.000335103 0.530212 0.533641

Pr 1.71 -1.05389 0.91548 0.000374199 0.000971453 0.530236 0.533597
6.2 -1.05368 0.915225 0.000619182 0.00160737 0.53026 0.533553

6. Conclusions

The influence of activity energy, variable viscosity, solar radiation, and dissipation on the convective warmth and mass flow of an
Eg-based Cu with asymmetric slips & convective limits at lack of irregular heating elements. The nonlinear, mixed problems were
solve by the Finite-element approach using quadratic interpolation function. The results of the above review are:
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1.

10.

11.

12.

13.

14,

Grows in G upsurges u, 6 and C in n=%1. T and Nu grow at n=%1lwith rising values of G. Sh diminishes by n=-1 &
upsurges by n =+ 1 with G.

M smaller with u, 6 and larger C. T and Sh decays by n = - 1 and downwards by n = + 1. Nu decays at n=£1 with superior
values of M.

K & A smaller u, 6. C upsurges with K and grows with A. Nu decay among upsurges in K & A. T upsurges by n = - 1 and by
n =+ 1, it upsurges with K & diminishes with A with K and A. Sh grows at left wall with K and A and at n=+1, it enhances at
n=-1, reduces at n=+1.

An upwards in suction(S) enhances velocity, reduces temperature and concentration. Stress and Sh enhance at n=+1 and

reduce at n=-1. Nu decays at n=11 with S.
The velocity, temperature reduces with Rd and upsurge with higher values of Eckert Number in the flow region. The

nanoconcentration enhances with Rd and decays with Ec. Stress increase and Sh reduces with Rd. Nu enhances at n=-1 and

decays at n=+1 with Rd. Nu enhances at n=%1 with Ec. Stress and Sh upsurges at n=-1 and decays At n=+1 with rising
values of Ec.
Increase in space/temperature dependent heat source (All, B11) decays temperature. C enhances with A1l and reduces with

B11 n==1. u enhances with B11 in the entire flow region. t upsurges by n=- 1 with A11, B11 by n =+ 1,t grows with Al1,
decays with B11. Nu depreciates with A1l and B11 at n=t1, while Sh enhances with A1l and enhances with B11 at n=-1
and at n=+1, Sh upsurges with Al11, diminishes with B11.

Grow in ¢ upsurges u, C and diminishes 0. T grows and Nu decays with upsurge in ¢. Sh diminishes at n=-1 and upwards at
n=+1 with ¢.

Higher B, smaller u, 6 and C in n=%1. Nu decays with B. T and Sh upsurges at n=-1 and decays at n=+1 with rising values of
B.

Lesser the molecular diffusivity, larger 6 and smaller C in n£1. Nu and Sh upsurge with higher values of Sc on n=+1

Higher the thermo-diffusion (Sr) smaller temperature and nanoconcentration. Nu reduces at both walls. Sh upsurges at n=-1
and decays at n=+1 with rising values of Sr.

Temperature and nanoconcentration upsurge with E1, 8, n and Q1.Nu enhances with E1, §, Q1, n at n=x1. Sh diminishes at
n=-1 and upsurges at n=+1 with E1, & while it enhances at both the walls with n/Q1.

Higher the inertia and boundary effects smaller u, 6 and larger C in n+=1. Nu decays and Sh grows with A. T upsurges by n =
- 1 and decays by n =+ 1 with grows in A.

Enlarge in asymmetric slips (o.o,a1) consequences in an augmentation in velocity and temperature =21 and concentration
decays with higher values of (a0,a1). Increase in oo and al enhances Nu and Sh at both walls. Stress diminishes by n=-1

and by n =+ 1, it upsurges with (c.0) and reduces with o.1.
Increase in Biot numbers (Bio) upsurges temperature and concentration while velocity decays. Velocity enhances,

temperature and nanoconcentration decays with upper values of Bil n=x1. Stress and Sherwood number decay, Nu grows

with increase in Bio. Nu decays with Bil. Stress and Sherwood number enhance at n=-1 and reduces at n=+1 with rising
values of Bil.
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