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Abstract : The present investigate deals with hydromagnetic convective heat and mass transfer flow of rotating Ethylene glycol
based CuO, Gold nanofluids with activation energy, variable viscosity, thermal radiation and heat sources. The governing
equations have been solved by employed Galarkin finite element analysis with quadratic intropolation function. The velocity,
temperature and concentration are shown graphically for different parametric variations. It is found that higher the activation
energy parameter(E1) smaller the temperature and larger the nanoconcentration in the flow region. The values of u,w ,0 and C in
Eg-Cuo nanofluid are greater than those in Eg-Gold nanofluid with higher values of nanoparticle volume fraction (¢). Velocities
decays in both types of nanofluids with larger values of nanoparticle volume fraction(¢).
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2. INTRODUCTION

Nanofluids are a classification of heat transfer fluids which are engineered suspension nanoparticles (1-100 nm) being
dispersed in the fluid. Usually base fluids incorporate water, organic fluids (e.g. ethylene, triethylene and so on) engine oil,
polymeric solutions, bio-fluids and other basic fluids. Medium normally utilized as nanoparticles encompass carbon in different
structures (e.g. carbon nanotubes, graphite, diamond) metals (e.g. copper, silver, gold), metal oxides (e.g titania, zirconia) and
functionalized nanoparticles. Utilization of nanofluids has found an extensive variety of potential applications. Choi was the first
one to study enhancement of thermal conductivity in nanofluids (Choi [8]). The fusion of specialized fluids that are designed
towards enhancing the performance of heat exchangers has turned out to be progressively appealing lately. Several authors (Chen
et al. [5], Zhou et al. [55], Kabeel et al. [22], Peyghambarzadeh et al. [39], Wongwises [14]) presented an approach to predict the
thermal conductivity of fluid containing nano-sized particles and the experimental data and computed thermophysical properties
of nanofluids on heat transfer phenomena, based on their rheological properties.

The homotopy analysis method (HAM) to analyze the entropy of a nanofluid consisting of water as the primary fluid and
one of four distinct kinds of nanoparticles: Ti02, Al203, Cu, and CuO flowing through a stretchable permeable surface.
Furthermore, Abolbashari et al., [1] and, Das and Jana [10] and Das et al., [11], Sandeep and Reddy [9], Reddy et al., [42] and
Mahanthesh et al., [29], Cheng [6 & 7] investigated the natural convective flow of nanofluids with radiation for moving vertical
plate and vertical channel, respectively. Rashidi et al., [14] looks for a lie group solution to the problem of how the nanofluid
moves past a horizontal plate reacting chemically.

The vertical channel is an often encountered configuration in thermal engineering equipment, as an example, collectors
of solar power, cooling devices of digital and micro-digital equipments and many others. Das et al. [10] have considered transient
natural convection in a vertical channel filled with nanofluids in the presence of thermal radiation. Fakour et al [15] have
described the mixed convection flow of a nanofluid in a vertical channel. Grosan and Pop [19] have presented the fully developed
mixed convection in a vertical channel filled with nanofluid. Furthermore, several authors (Maghrebi et al. [27], Maiga et al. [30,
31], Nield and Kuznetsov [37], Sacheti et al. [44], Sheikholeslami and Ganji [48], Sreedevi et al [50], Arundhati et al. [2, 4],
Sudarsana Reddy et al [52], Mahajan and Arora [28], Nadeem and Saleem [34], Sreedevi and Prasada Rao [49]) have studied the
forced convective heat transfer of nanofluids in a porous channel with uniformly heated tube through MHD and permeable
channel over a rotating disk through porous medium saturated by Cu-water and Ag-water nanofluid with chemical reaction.

Copper(Il) oxide or cupric oxide is an inorganic compound with the formula CuO. A black solid, it is one of the two
stable oxides of copper, the other being Cu.O or copper(l) oxide (cuprous oxide). Copper(ll) oxide belongs to the monoclinic
crystal system. The copper atom is coordinated by 4 oxygen atoms in an approximately square planar configuration (Forsyth and
Hull [16]). The work function of bulk CuO is 5.3 eV. (Koffyberg and Benko[24]).

It can be formed by heating copper in air at around 300-800 °C: 2 Cu + O, — 2 CuO
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For laboratory uses, copper(ll) oxide is conveniently prepared by pyrolysis of copper(ll) nitrate or basic copper(ll)
carbonate:(Glemser and Sauer[18])

2 Cu(NO3); — 2 CuO + 4 NO; + O (180°C) Cuz(OH),CO3 — 2 CuO + CO2 + H,0O

As a significant product of copper mining, copper(ll) oxide is the starting point for the production of many other copper
salts. For example, many wood preservatives are produced from copper oxide (Richardson and Wayne[43]). Cupric oxide is used
as apigmentin ceramics to produce blue, red, and green, and sometimes gray, pink, or black glazes[Richardson and
Wayne[43]]. Due to low bioactivity, negligible copper is absorbed (Baker and David[3]).

The model with potential reactants to produce a chemical reaction minimizing the energy in the chemical system is
focused nowadays in the industrial manufacturing of, extrusion of plastic, aerodynamics with rubber sheets crystal growing,
geothermal or oil reservoir engineering and so on (Dhlamini et al. [13]. The Arrhenius activation terminology was first indicated
by Svante Arrhenius around 1889. One significant measure in free convection boundary layer flows taking into account heat mass
transfer together is the specific chemical reactions with finite Arrhenius activation energy (Maleque [32], Netai and Dulal [36]).
The effect of activation energy on convective heat transfer flow of nanofluid in vertical channel have analysed by Devasena [12],
Gayathri [17], Kathyani and Subramanyam [23], Nagasasikala [35], Satya Narayana and Ramakrishna [46]. Madduleti
Nagasasikala, Bommanna Lavanya [26 have been analyzed the effects of dissipation and radiation on heat transfer flow of a
convective rotating Cuo-water nano-fluid in a vertical channel.

Gold nanoparticles have a variety of applications in medical sciences, including photothermal (PT), gene transfection
agents, radiosensitizing, drug delivery, therapeutic etc. Especially in a lab, gold metallic nanoparticles are commonly utilized as a
tracer to indicate the existence of certain proteins or DNA in a sample and identify the different antibiotics. They are
biocompatible and can deliver heat energy to tumor cells via various therapeutic techniques. Because cancer cells are
microscopic, appropriately, nanosized gold nanoparticles were infused into the bloodstream for infiltration and found very
effective. Keeping in mind the applications of gold nanoparticles, Nanoparticulate Au catalysts are active under mild conditions,
even at ambient temperature or less, and this makes them unique. Use of mixed precious metal catalysts can produce even higher
activities than the use of Au alone [Huang et al.[21] & Thompson [53]]. Several authors (Hatami et al [20], Mohamed Ouni et al
[33], Shafig Ahmad et al [47], Srinivas et al [51], Umair Khan et al[54], Bentoto et al. [4]) have discussed the Flow and heat
transfer of gold-blood nanofluid in a porous channel with moving/stationary walls and the Computer, Simulation of MHD Blood
Conveying Gold Nanoparticles as a Third Grade Non-Newtonian Nanofluid in a Hollow Porous Vessel on Sisko Fluid Flow
Containing Gold Nanoparticles through a Porous Curved Surface in the Presence of Radiation and Partial Slip.

In this paper to investigate the combined influence of hydromagnetic convective heat and mass transfer flow of Ethylene
Glycol based Cuo and Gold Nanofluid in a vertical channel with Hall effecrs, activation energy and heat generating sources. The
nonlinear coupled equations governing the flow, heat and mass transfer of nanofluid have been solved by Finite element
technique with quadratic interpolation functions. The conclusions of the velocity, temperature and concentration have been
discussed for different parametric variations.

2.2. FORMULATION OF THE PROBLEM:
We consider the steady, three dimensional flow of a nanofluid consisting of a base -
fluid and small nanoparticles of CuO, Gold in a vertical porous channel with thermal S Cu=Cs
radiation. A uniform magnetic field of strength Ho is applied normal to the plate. It is | c.«c
assumed that there is no applied voltage which implies the absence of an electric field. The
flow is assumed to be in the x-direction which is taken along the plane in an upward
direction and z-axis is normal to the plate. Also it is assumed that the whole system is
rotating with a constant angular velocity vector Q about the z-axis. The fluid is assumed to _
be gray, absorbing emitting but not scattering medium. The radiation heat flux in the x-
direction is considered negligible in comparison with that in the z-direction. Due to the fully y=-L y=+L
developed assumption, the flow variables are functions of z and t only. Figure. 1 shows that i
the problem under consideration and the co-ordinate system.
In the present problem, the following assumptions have been made: The conservation equation

Figure 1. Schematic diagram of the problem

of

current density vVJ=0 gives Jz=constant.
Under the above mentioned assumptions, the equation of momentum and thermal energy respectively under Rosseland
approximation can be written in dimensional form as :
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The boundary conditions are:

u(£L)=0, w(xL)=0, T(-L)=T,,T(+L)=T,, C'(-L)=C, ,C'(+L) =C, (6)

where (u,v,w) are the velocity components along the (x,y,z) directions respectively.T,C are the temperature and Concentration in

the fluid region.Qy is the strength of the heat source,oy is the effective electrical conductivity, . is the effective magnetic

permeability, pnr is the effective fluid density,Ho is the strength of the magnetic field, B+ is the effective thermal volumetric

coefficient of expansion, k. is the chemical reaction coefficient , Dg is the solution diffusivity of the medium, Dt is the thermal

diffusion ratio, K is the Stefan-Boltzmann constan, the concentration susceptibility,C, is the specific heat at constant pressure, To

is the mean fluid temperature and gr is the radiative heat flux. 9B is the Hall parameter.Ea is the activation energy coefficient.
en

c

The properties of the nanofluids are defined as follows:

25 _ knf —_(1_
ty = ¢ [ (1—9) Ay = (PC.)u P = 1=0)p; +@p,
(0C,)w = (A=0)(0Co); +0(0Cy).  (pB)y =(A=0) (0B +0(pB), )
K, (k, + 2k, —2p(k, —k,) 3o, —0,)¢
nf = 'O-nf = (O.f +7)!
(k, + 2k +2¢0(k, — k) (o, +20,)

where the subscripts nf, f and s represent the thermo physical properties of the nanofluid, base fluid and the nanosolid particles

respectively and ¢ is the solid volume fraction of the nanoparticles. The thermo physical properties of the nanofluid are given in
Table 1.

The thermo physical properties of the nanofluids are given in Table 1 (See Oztop and Abu-Nada [2008].
Table — 1 : Physical Properties of nanofluids

Physical properties | Fluid phase (Water) | Cu0-nanofluid Gold-nanofluid
Co(i’kg K) 4179 6320 19300
p(kg m®) 997.1 531.9 129.1
k(W/m K) 0.613 76.5 318
Bx10° 1/k) 21 1.80 1.40
c 0.05 2.7 452
We consider the solution of equation(1) as:
V=-Vp (8)
We introduce the following dimensionless variables:
7=yl WY p-T0h ¢ _C=G ©)
L v, A T,-T, C,-C,
Equations(2)-(4) in the non-dimensional form are
0= (2 [AA SV 4 2RW) + AAGH- AA M (u+ mw)] (10)
oy oz 1+m
o*w ow M?
O=(—)+ S——2Ru) - mu —w (11)
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Where
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S =E M = ou?HZ L o Q. Rd — 46°T? So— D;K;(C,-C) _ k L?
Hi Py K Bk T.(T,-T) De
T -T. |_3 2192 3
c=/r 9(T, > ) (Grashof number), M? = %LHO (Magnetic parameter), Rd = 2 1o (Radiation parameter),
v R™f
QL v v,L C
R =—, (Rotation parameter), Q = Qu (Heat source parameter), S = —2— (Suction parameter), Pr = Hip , (Prandtl
v f Hs f
k D.(T,-T
number), Le = v (Lewis number), ¥ = 4 (Chemical reaction parameter), Sr = M (Soret parameter),
DB L Ton (Cz - Cl)
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0, = _I_l,6 = 6, — 1, (Temperature difference ratio), E, =
0 [¢]
25 Koy Ps (oB)s (0Cs), 3(1-o0)¢ Os
=(1- =1 1- =1- —1- 1+
A=1-9)" A K, A =1-p+p(— ),A4 P+ (p((( ﬂ)f)As (C)fAs @+ o7 2)) o
The boundary conditions reduce to
u(z1)=0,v(x1)=0,60(-1)=0,,6+1)=1L,C(-)=0,C(+) =1 (14)

3. FINITE ELEMENT ANALYSIS

The finite element analysis with quadratic polynomial approximation functions is carried out along the axial distance
across the vertical channel. The behavior of the wvelocity, temperature and concentration profiles has been discussed
computationally for different variations in governing parameters. The Galerkin method has been adopted in the variational
formulation in each element to obtain the global coupled matrices for the velocity, temperature and concentration in course of the
finite element analysis.

Choose an arbitrary element ey and let u¥, vk 8and C* be the values of u, v,0 and C in the element ex. We define the error
residuals as

« d K K aiukz %kz M? ky2 (15)
El = dy( J-F[AlAAG(H) Suf —2Rw +ECPr[(8y) +(ay)]+AA51+m2(u) +(W)7]
d (dw dw* M2
Ef=— S——-2R wh 16
(G s B M w )
« A d[de K K di 2 %2 M? Ky2 Ky2
E", = Prdy{ dyj SPro Asu -Qd +Ec[(dy) +(dy)]+EC1+m2((u) +(wW)?%)
7
k k
EkC =— d dC SSCdL—yC @+ nso* E, . +SCSOi di (18)
dz dy dy 1+00 dz{ dy

where uk, w* 6K & CX are values of u,w, 0& C in the arbitrary element ey. These are expressed as linear combinations in terms of
respective local nodal values.
k_ Kk, k kKo Kk Kk Kk
um =ty +Uyy +UgVg, W =Wy + Wiy + Waly
0" = 0fwy +0y; + 035 C* =Clyy +Clyy +Ciysg (19)

where lk , ly; --------- etc are Lagrange’s quadratic polynomials.

Galarkin’s method is used to convert the partial differential Equations (15) — (18) into matrix form of equations which
results into 3x3 local stiffness matrices. All these local matrices are assembled in a global matrix by substituting the global nodal
values and using inter element continuity and equilibrium conditions. The resulting global matrices have been solved by iterative
procedure until the convergence i.e |uj.1-Ui|<10® is obtained.

4. COMPARISON:
Table 2 : In absence of m=0, Q=0, Ec=0, E1=0 the nusselt number in Copper(Cuo) and Gold (Au)- Eg agree with the results of
Madduleti Nagasasikala, Bommanna Lavanya [26] & Srinivas et al [51]

[0} Rd 0’ (+1) 0’ (+1) Present Results (0’ (+1)) | 0’ (+1) Present results
Madduleti Nagasasikala, Srinivas et al [51] Cuo-Eg Nanofluid Au(Gold)-Eg Nanofluid
Bommanna Lavanya [26] Au(Gold)-Eg
Cuo-Eg Nanofluid Nanofluid
0.05 | 0.5 0.49456 0.49499 0.49462 0.49489
0.10 | 0.5 0.49476 0.49502 0.49481 0.49495
0.12 | 05 0.49640 0.49506 0.49653 0.49504
0.05 | 1.0 0.48842 0.48124 0.48846 0.48890
0.05 | 15 0.49577 0.46097 0.49584 0.49644

5.RESULTS and DISCUSSION:

In this analysis an attempt has been to investigate the effect of activation energy, thermo diffusion, dissipation, Hall
current effects on the convective heat and mass transfer flow of rotating Ethylene Glycol based Cuo and Gold nanofluids in the
presence of heat generating sources. The non-linear, coupled equations governing the flow have been executed by employing
Runge-Kutta —fourth order along with Shooting technique. The behaviour of axial wvelocity(u), cross flow velocity(w),
temperature(6) and nanoconcentration(®) have been discussed through different profiles. The rate of heat and mass transfer on
the walls have been evaluated for different parametric variations (Grashof number(G),Magnetic parameter(M), Hall currents(m),
porous permeability parameter(K), suction parameter(S), Rotation parameter(R),radiative heat flux(Rd), Eckert number(Ec), heat
source(Q), nanoparticle volume fraction(¢),Prandtl number(Pr), molecular diffusivity(Sc), thermo-diffusion (Sr), chemical
reaction (y), radiation absorption parameter(Q1), activation energy(E1), temperature difference ratio(8), index number(n), skin
friction components (tx,7z),Nusselt(Nu) and Sherwood(Sh) numbers).
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u,w experience upsurge with rise in G in both types Eg based Cuo and Gold nanofluids (fig,2a&2b). 6&d reduces with
increase in G in both types of nanofluids (figs.2c&2d). This is due to the fact the rise in G leads to increase in the thickness of the
thermal and decay of the solutal boundary layers. In all the variations the values of flow variables (u,w,0 and @) in Eg-Cuo
nanofluid are relatively greater than those in Eg-Gold nanofluids at all points in the flow region.

Figs.3a-3d, Higher M, smaller u and larger w in Eg based Cuo nanofluid while in Eg Gold nanofluid it reduces in the
flow region(figs.3a&3b). The thermal boundary layer becomes thicker and the solutal layer becomes thinner with rising values of
(figs.3c&3d). The values of u, ®@ in Eg-Cuo nanofluid are relatively greater than those in Eg-Gold nanofluid while the values of 6
in Eg-Cuo nanofluid are smaller than those in Eg-Gold nanofluid in the flow region.

Fig.4a-4d ®. Increase in m “reduces u and @ in the flow region (-1.0,0.5) and enhances in the region(0.5,1.0) in Eg-Cuo
and Eg-Gold nanofluids(figs.4a&4d).A reversed behaviour is observed in w and 6 with increasing values of m in both the
nanofluids (figs.4b & 4c). The values of °,g,0 and C in Eg based Cuo nanofluid are relatively greater than those in Eg-Gold
nanofluid

w, and 0 depreciates in the in flow region (-1,0.5) and enhances in the region(0.5,1.0) with higher values of K (figs.5b,
5c). The thickness of the thermal boundary layer grows in Eg- Cuo nanofluid and decays in Eg- Gold nanofluid (fig.5c). u, w, ®@
in Eg-Cuo nanofluid are relatively greater than those in Eg-Gold nanofluid while in the case of temperature, an opposite effect is
noticed in its behaviour.

S leads to a depreciation in u, 6 and @ in the entire flow region in both types of nanofluids. (figs.6a,6c¢,6d). w reduces in
the flow region(-1.0,0.5) and enhances in the region (0,5,1.0) with increase in S in both types of nanofluids.(fig.6b). u, w, @ in
Eg-Cuo nanofluid are relatively greater than those in Eg-Gold nanofluid. 6 in Eg-Cuo nanofluid are lesser than those in Eg-Gold
nanofluid.

Higher the Coriolice force(R) smaller u and @ in Eg based Cuo and Eg-Gold nanofluid (figs.7a&7d). w and 0 experience
an enhancement with larger values of R in both types of nanofluids. Thus the thermal boundary layer becomes thicker and solutal
layer becomes thinner with higher values of R in Eg based Cuo and Eg-Gold nanofluids. The values of u, ® in Eg- Cuo
nanofluid are relatively are smaller than those in Eg- Gold nanofluid while in the case of w, 6, an opposite effect is noticed in its
behaviour.

An augmentation in u,w, 6 and reduction in ® with larger values of Rd(figs.8a-d) in both types of nanofluids. The values
of u,w, in Eg based Gold nanofluid are relatively smaller than those in Eg based Cuo nanofluiud while in the case of 0 its values
in Eg —Gold nanofluid are greater than those in Eg-Cuo nanofluiud.

Higher the dissipative energy, larger u,w,0 (figs.9a-9c) while @ depreciate in the entire flow region in both types of
nanofluids (fig.9d). The values of u,w, 6 in Eg-Cuo nanofluid are relatively smaller than those in Eg-Gold nanofluid while the
opposite effect is noticed in ® in Eg based Cuo and Gold nanofluids.

Figs.10a-10d, In Q>0, u reduces in the flow region(-1.0,0.5) and enhances in the region (0.5,1.0) in both types of
nanofluids. w, 6,® upsurge in the flow region(-1.0,10.5) and reduces in the region(0,5,1.0) in Eg-Cuo and Gold nanofluids(10b-
10d).The values of u,w, @ in Eg-Cuo nanofluid are smaller than those in Eg based Gold nanoflud while in Eg based Cuo
nanofluid, the values of ® in Eg- Gold nanofluid are relatively smaller than those in Eg- Cuo nanofluid.

Rising values of ¢ leads to depreciation in u, w and @ in the entire flow region while 6 upsurges in the flow region in
Eg-Cuo nanofluid and reduces in Eg-Gold nanofluid (figs.11a-11d). The values of u,w,0 and ® in Eg based Cuo nanofluid are
relatively greater than those in Eg —Gold nanofluid.

Figs.12a-12d in Pr, u,w, 6 reduce, ® upsurges in Eg based Cuo and Gold nanofluids The values of u,w, 6 in Eg based
Cuo nanofluid are relatively greater than those in Eg based Gold nanofluid while in the case of @, an reversed effect is noticed .

From figd.13c-13d we find that lesser the Sc smaller 6 and in both types of nanofluids. The values of 6 and C in Eg-Cuo
nanofluid are relatively greater than those in Eg-Gold nanofluid. Higher Sr larger 6 and @ in both types of nanofluids. Figs.15c-
15d, 6 depreciates in the flow region(-1,1) in y>0, in both types of nanofluids, while @ reduces in Eg-Cuo nanofluid, upsurges in
Eg-Gold nanofluid with increase in y>0. figs.16¢c-16d, Increase in Q1 smaller 6 in (-1,0.5) and larger in the region (0,5,1.0) in
both types of nanofluids. @ decays in Eg-Cuo and Eg-Gold nanofluids with higher values of Q1 in the entire flow region. The
values of 6 in Eg-Cuo nanofluid are smaller than those in Eg-Gold nanofluid while reversed effect is noticed in the values of ®
(Figs.17c-17d).

An increase in E1(Figs.17a-d) depreciates 6 in the flow region(-1,1) in both types of nanofluids. ® rises in the flow region
(-1.0,0.5) and decays in (0.5,1.0) in Eg-Cuo and Eg-Gold nanofluids with higher values of E1. The values of 6 in Eg-Cuo
nanofluid are relatively greater than those in Eg-Gold nanofluid while values exhibit an opposite behaviour in both types of
nanofluids. Higher & larger 6 and smaller @ in the flow region in both types of nanofluids(fig.18c-18d). The values of 6 in Eg-
Cuo nanofluid are relatively greater than those in Eg-Gold nanofluid, while the values of @ in Eg-Cuo nanofluid are smaller than
those in Eg-Gold nanofluid. Increase in index number(n) (figs.19¢-19d) leads to a decay in temperature and nanoconcentration in
both types of nanofluids.

The skin friction components (tx,tz),Nusselt and Sherwood number on the boundaries n=+1 are shown in table.3a &3b for
different parametric variations in Eg-Cuo and Gold nanofluids. The skin friction component(tx) upsurges at n=+1 with rising
values of Grashof number(G)/rotation parameter(R)/radiation parameter(Rd)/Eckert number(Ec) in Eg based Cuo nanofluid and
Eg-Gold nanofluid. tx reduces with porous parameter(K)/nanoparticle volume fraction(¢) at both the walls in Eg-Cuo and Gold
nanofluid. Increase in magnetic parameter (M) enhances tx in Eg-Cuo nanofluid and reduces in Eg —Gold nanofluid atn=+1.tx
reduces in Eg-Cuo nanofluid and enhances in Eg-Gold nanofluid at n=+1lwith rising values of Hall parameter(m)/heat
generating/absorbing source(0<Q<0)/Prandtl number(Pr).

The skin friction component(tx) augments at both walls, while 1z enhances at left wall and reduces at the right wall with
higher values of G/Ec in Eg based Cuo nanofluid Increase in M/m/R/Rd reduces 1x, enhances 1z at n=+1 in Eg-Cuo nanofluid.
Higher the K/ Q/Pr decays at both walls in Eg-Cuo nanofluid. In the case of Eg based Gold nanofluid, tx and 1z grows at the both
walls with increasing values of Rd/Ec/Q/Pr while they decay with M. Higher the m reduces tx at the left wall, enhances at the
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right wall while tz enhances at both the walls. Increase in R reduces tx and enhances tz at both the walls. tx enhances at n=-1,
reduces at n=+1 and 1z, grows at both the walls with higher values of s. An upsurge in ¢ grows tx, decays tz at both the walls in
Eg-Gold nanofluid. Higher the thermal buoyancy force (G) larger tx at the left wall, decays at the right wall while tz exhibit an
opposite behaviour at the wall with G in Eg-Gold nanofluid (table.3a &3b).

The rate of heat transfer(Nusselt number) at n=+1 decays at the left wall and enhances at the right wall with increasing
values of G/M/Rd/Ec/¢/Sr/Q1 in Eg based Cuo nanofluid while in Eg-Gold nanofluid, Nu reduces at n=-1 and enhances at
enhances with rising values of m in Eg-Cu and Gold nanofluids. Nu reduces at n=-1,grows at n=+1 with increasing values of
G/M/Ec/Q1/8.Nu enhances at n=-1 and decays at n=+1,in Eg based Cuo nanofluid with increase in m/K/Q/Pr/y/Sc/n while in Eg-
Gold nanofluid, it behaves in the same manner with S/Rd/Q/¢/Scly at the walls. Nu reduces at n=%1 with E1 in Eg-Cuo nanofluid
while in Eg based Gold nanofluid it exhibit in the same manner with higher values of S/Rd/Q/¢/Scly. Nu enhances at n=+1 with
larger values of m/Pr/Sr in Eg based Gold nanofluid.

The rate of mass transfer(Sherwood number) at n=%1 shows that increase in G/ M/R/y in Eg based Gold nanofluid while
in Eg-Cuo nanofluid, Sh enhances with higher values of m/Q1 leads to an enhancement at both the walls, Sh enhances at the left
wall and reduces at the right wall with increase in G/R/Ec/¢/Scly/6/n in Eg based Cuo nanofluid while in Eg—Gold nanofluid, it
behaves in the same manner with higher values of m/S/Rd/Ec/Sc/Q1/E1/n. Increase in M/K/q/P1/Rd/St/E1 reduces Sh at n=-1 and
enhances at 1=+1 in Eg based Cuo nanofluid while in Eg-Gold nanofluid, Sh exhibit the same behaviour with larger values of
Q/¢/Pr/Sr/é(table.3a &3b).

6. CONCLUSIONS:

The effect of activation, Hall effect, thermo-diffusion and heat sources on the hydromagnetic flow of Eg based Cuo and Gold

nanofluids in a vertical channel has been analysed by using by numerical method. The important findings of this analysis are:

1) Increase in G/Rd/Ec enhances both u,w. 6 upsurges, @ decays in the flow region.

2) Increase in M/R decays u and grows the w. 6 upsurges, @ decays in the flow region.

3)  Higher Ksmaller u and ®. w and 6 reduces in the region(-1,0.5) and enhances in the region(0.5,1,0) with rising values of K.

3) u, ® reduces in Eg-Cuo nanofluid while they enhance in Eg-Gold nanofluid. wand 6 grow in Eg-Cuo nanofluid and reduces
in Eg-Gold nanofluid with higher values of m

4)  Higher Rd/Ec larger u,w both types of nanofluids. 6 upsurges, ® decays in the flow region.

5)  u,wdecays in both types of nanofluids with larger values of ¢/Pr.

6) 6 and @ depreciate with Sc/Q1 and grows with Sr in the flow region in both types of nanofluids. Higher the activation
energy parameter(E1) smaller the temperature and larger the nanoconcentration in the flow region.

7) Inall the variations, the values of u, ® in Eg-Cuo nanofluid are lesser than those in Eg-Gold nanofluid with increase in R.

8)  The values of u,w,C in Eg-Cuo nanofluid are relatively greater than those in Eg-Gold nanofluid while the values of 6 in Eg-
Cuo nanofluid are smaller than those in Eg-Gold nanofluid.

9)  The values of u,w,0 in Eg-Cuo nanofluid are lesser than those in Eg-Gold nanofluid while values of C in Eg-Cuo nanofluid
are greater than those in Eg-Gold nanofluid.

10) The values of u,w ,0 and C in Eg-Cuo nanofluid are greater than those in Eg-Gold nanofluid with higher values of
nanoparticle volume fraction (¢).

11) With respect to variation of Activation energy parameter(E1),we find that the values of 6 in Eg-Cuo nanofluid are greater
than those in Eg based Gold nanofluid, while opposite behaviour is noticed on the values of @ in the flow region.

12) Increase in R reduces tx and enhances 1z in both types of nanofluids.

13) Anincrease in ¢ upsurges tx and decays 1z at both the walls.

14) Nu enhances at left wall and reduces at the right wall in Eg-Cuo nanofluid with rising values of m/Q/y while in Eg-Gold
nanofluid, it exhibit the same behavior with higher values of Rd/Q/¢/Scly.Nu reduces at both the walls with larger values of
El at n=11.

15) The Sh grows with m/Q1 in Eg-Cuo nanofluid while in Eg-Gold nanofluid, it upsurges with G/M/R/y.

16) Sh decays at n=-1 and grows at n=+1 with increase in M/K/Q/Rd/Se/E1 in Eg based Cuo nanofluid while in Eg-Gold
nanofluid, Sh exhibits the same nature with Q/¢/St/P1/6.
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Fig.2 : Variation of [a] Axial velocity (u), [b] Secondary velocity(w), [c] Temperature(6), [d] Nanoconcentration(d) with
G
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Table 3a: Skin friction components(tx,tz)at n=+1
Parameters Eg-Cuo-nanofluid Eg-Gold nanofluid
x(-1) x(+1) 12(-1) 7z(+1) x(-1) x(+1) 12(-1) 72(+1)
G 2 | 0.774688 | -0.194917 | -0.0273761 | 0.5423885 | 0.682837 | -0.171903 | -0.0234494 | 0.5104154

4 | 1.549644 | -0.389953 | -0.0547656 | 0.5421125 | 1.378096 | -0.346942 | -0.0473259 | 0.5103574
6 | 2.328353 | -0.586753 | -0.0823387 | 0.5354045 | 2.067246 | -0.520463 | -0.0709945 | 0.5102694
M 0.5 | 0.734333 | -0.179382 | -0.0254672 | 0.0098273 | 0.682837 | -0.171903 | -0.0234494 | 0.2281794
1.0 | 0.712043 | -0.170903 | -0.0386945 | 0.0149439 | 0.667963 | -0.165241 | -0.0361606 | 0.0143254
1.5 | 0.690537 | -0.162828 | -0.0536632 | 0.0207593 | 0.647586 | -0.157383 | -0.0502985 | 0.0199584
R 0.5 | 0.734333 | -0.179382 | -0.0254672 | 0.0098273 | 0.682837 | -0.171903 | -0.0234494 | 0.0092817
1.0 | 0.730973 | -0.177971 | -0.0568281 | 0.0219125 | 0.686013 | -0.172166 | -0.0524722 | 0.0207551
15 | 0.724792 | -0.175382 | -0.0858058 | 0.0330399 | 0.690387 | -0.189746 | -0.0791177 | 0.0312526
m 0.25 | 0.774688 | -0.194917 | -0.0273761 | 0.0106344 | 0.682837 | -0.171903 | -0.0234494 | 0.0092817
0.5 | 0.770075 | -0.193123 | -0.0291402 | 0.0112996 | 0.692762 | -0.174934 | -0.0256167 | 0.0101366
1.0 | 0.767035 | -0.191951 | -0.0293524 | 0.0113713 | 0.691433 | -0.175987 | -0.0260764 | 0.0103209
S 0.1 | 0.774688 | -0.194917 | -0.0273761 | 0.0106367 | 0.682837 | -0.171903 | -0.0234494 | 0.0092817
0.3 | 0.821854 | -0.149557 | -0.0280647 | 0.0073107 | 0.729822 | -0.134911 | -0.0543017 | 0.0146046
0.5 | 0.859642 | -0.113917 | -0.0297297 | 0.0048655 | 0.761653 | -0.104023 | -0.0820867 | 0.0150571
K 0.3 | 0.774688 | -0.194917 | -0.0273761 | 0.0106355 | 0.682837 | -0.171903 | -0.0234494 | 0.0092817
0.4 | 0.748248 | -0.184697 | -0.0249241 | 0.0095983 | 0.664673 | -0.163829 | -0.0478951 | 0.0188116
0.6 | 0.724663 | -0.175662 | -0.0228426 | 0.0087255 | 0.641102 | -0.154525 | -0.0666068 | 0.0258871
Rd 0.5 | 0.774688 | -0.194917 | -0.0273761 | 0.0106367 | 0.682837 | -0.171903 | -0.0234494 | 0.0092817
1.5 | 0.783668 | -0.199045 | -0.0278292 | 0.0108295 | 0.687918 | -0.173064 | -0.0526838 | 0.0208506
5.0 | 0.782876 | 0.205306 | -0.0279407 | 0.0108786 | 0.692716 | -0.174846 | -0.0795124 | 0.0314314
Ec 0.1 | 0.774688 | -0.194917 | -0.0273761 | 0.0106367 | 0.682837 | -0.171903 | -0.0234494 | 0.0928179
0.3 | 0.774709 | -0.194927 | -0.0273772 | 0.0106305 | 0.686017 | -0.172167 | -0.0524726 | 0.1020755
0.5 | 0.774967 | -0.195048 | -0.0273898 | 0.0106261 | 0.690393 | -0.173979 | -0.0791184 | 0.0312532
Q 0.5 | 0.774688 | -0.194917 | -0.0273761 | 0.0106356 | 0.682837 | -0.171903 | -0.0234494 | 0.0092879
1.0 | 0.761845 | -0.189208 | -0.0267354 | 0.0103501 | 0.683234 | -0.170896 | -0.0521666 | 0.0206183
1.5 | 0.749666 | -0.183829 | -0.0261286 | 0.0100858 | 0.674928 | -0.167253 | -0.0782018 | 0.0308443
¢ 0.05 | 0.774688 | -0.194917 | -0.0273761 | 0.0106367 | 0.682837 | -0.171903 | -0.0234494 | 0.0092816
0.10 | 0.307996 | -0.090518 | -0.0073847 | 0.0034311 | 0.751236 | -0.176434 | -0.0056781 | 0.0027653
0.12 | 0.093789 | -0.031611 | -0.0014638 | 0.00079925 | 0.067179 | -0.024087 | -0.0009158 | 0.0005371
Pr 0.71 | 0.787912 | -0.200995 | -0.0280436 | 0.0109245 | 0.685626 | -0.173216 | -0.0235886 | 0.0093443
1.71 | 0.785501 | -0.199883 | -0.0279217 | 0.0108703 | 0.691327 | -0.174547 | -0.0237766 | 0.0094176
3.71 | 0.774807 | -0.194973 | -0.0273819 | 0.0106326 | 0.693024 | -0.175461 | -0.0239619 | 0.0098658

Table 3b : Nusselt and Sherwood number(Nu,Sh)at n=+1

Parameters | Eg-Cu o-nanofluid Eg-Gold nanofluid
Nu(-1) Nu(+1) Sh(-1) Sh(+1) Nu(-1) Nu(+1) Sh(-1) Sh(+1)
G 2 | 0542388 | 0.476204 | 0.691196 | 0.366828 | 0.51041 | 0.494039 | 0.695191 | 0.364984

4 | 0.542112 | 0.476392 | 0.691231 | 0.366809 | 0.510357 | 0.494076 | 0.695198 | 0.364988
6 | 0.535404 | 0.479052 | 0.692055 | 0.366525 | 0.510269 | 0.494136 | 0.695209 | 0.364994
M 0.5 | 0.542401 | 0.476195 | 0.691194 | 0.691194 | 0.510416 | 0.494039 | 0.695191 | 0.695191
1.0 | 0.542375 | 0.476215 | 0.691178 | 0.691198 | 0.510403 | 0.494044 | 0.695192 | 0.695192
1.5 | 0.541826 | 0.476414 | 0.691265 | 0.691265 | 0.510399 | 0.494047 | 0.695195 | 0.695199
R 0.5 | 0.542401 | 0.476195 | 0.691194 | 0.366829 | 0.51041 | 0.494039 | 0.695191 | 0.364984
1.0 | 0.542381 | 0476194 | 0.691196 | 0.366822 | 0.51042 | 0.494044 | 0.695193 | 0.364986
1.5 | 0.541804 | 0.476013 | 0.691268 | 0.366806 | 0.51045 | 0.494049 | 0.695199 | 0.364989
m 0.25 | 0.542388 | 0.476204 | 0.691196 | 0.366828 | 0.51041 | 0.494039 | 0.695191 | 0.364984
0.5 | 0.542396 | 0.476202 | 0.691199 | 0.366829 | 0.51045 | 0.494044 | 0.695195 | 0.364983
1.0 | 0.542716 | 0.476154 | 0.691278 | 0.366901 | 0.51049 | 0.494049 | 0.695199 | 0.364980
K 0.3 | 0.542388 | 0.476204 | 0.691196 | 0.366828 | 0.51041 | 0.494039 | 0.695191 | 0.364984
0.4 | 0.542396 | 0.476198 | 0.691195 | 0.366829 | 0.510412 | 0.494038 | 0.695193 | 0.364988
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Parameters | Eg-Cu o-nanofluid Eg-Gold nanofluid

Nu(-1) Nu(+1) Sh(-1) Sh(+1) Nu(-1) Nu(+1) Sh(-1) Sh(+1)
0.6 | 0.542417 | 0.476006 | 0.691066 | 0.366837 | 0.510413 | 0.494037 | 0.695196 0.364992
S 0.1 | 0.542388 | 0.476204 | 0.691196 | 0.366828 | 0.510415 | 0.494039 | 0.695191 0.364984
0.3 | 0.545487 | 0.476278 | 0.761892 | 0.322049 | 0.511194 | 0.493268 | 0.766298 | 0.320092
0.5 | 0547921 | 0.470543 | 0.836982 | 0.281496 | 0.511979 | 0.492498 | 0.841732 | 0.279462
Rd 0.5 | 0542388 | 0.476204 | 0.691196 | 0.366828 | 0.510416 | 0.494039 | 0.695191 | 0.364984
1.5 | 0516441 | 0.490667 | 0.694437 | 0.365332 | 0.504012 | 0.497696 | 0.695991 | 0.364605
5.0 | 0.510027 | 0.494261 | 0.695239 | 0.364967 | 0.502485 | 0.498572 | 0.696182 | 0.364514
Ec 0.1 | 0.542388 | 0.476204 | 0.691196 | 0.366828 | 0.510415 | 0.494039 | 0.695191 | 0.364984
0.3 | 0.542342 | 0.476235 | 0.691202 | 0.366825 | 0.510401 | 0.494046 | 0.695192 0.364983
0.5 | 0.540921 | 0.476782 | 0.691376 | 0.366767 | 0.510393 | 0.494051 | 0.695193 0.364982
Q 0.5 | 0.542388 | 0.476204 | 0.691196 | 0.366828 | 0.510441 | 0.494039 | 0.695191 | 0.364987
1.0 | 0.581456 | 0.457577 | 0.686328 | 0.368728 | 0.520158 | 0.489222 | 0.693975 | 0.365065
1.5 | 0.618725 | 0.440173 | 0.681685 | 0.370499 | 0.529831 | 0.484469 | 0.692769 | 0.3651236
) 0.05 | 0.542388 | 0.476204 | 0.691196 | 0.366828 | 0.510416 | 0.494039 | 0.695191 | 0.364984
0.10 | 0.542201 | 0.476402 | 0.691225 | 0.366807 | 0.510453 | 0.494001 | 0.695185 | 0.364988
0.12 | 0.541965 | 0.476624 | 0.691249 | 0.366783 | 0.510482 | 0.493974 | 0.695182 | 0.364991
Pr 0.71 | 0.504291 | 0.497551 | 0.695956 | 0.364623 | 0.501044 | 0.499467 | 0.696362 | 0.364428
1.71 | 0511188 | 0.493635 | 0.695094 | 0.365025 | 0.502727 | 0.498434 | 0.696151 | 0.364528
3.71 | 0541697 | 0.476463 | 0.691281 | 0.366801 | 0.510414 | 0.504046 | 0.695191 0.364984
Sc 0.24 | 0.542388 | 0.476204 | 0.691196 | 0.366828 | 0.510414 | 0.494039 | 0.695091 0.364989
0.66 | 0.542911 | 0.475766 | 1.055984 | 0.206286 | 0.510545 | 0.493934 | 1.067641 0.202395
1.30 | 0.543855 | 0.475606 | 1.592865 | 0.090335 | 0.511684 | 0.493625 | 1.615284 0.085407
Sr 0.5 | 0.542388 | 0.476204 | 0.691196 | 0.366828 | 0.510414 | 0.494039 | 0.695191 0.364984
1.0 | 0.542384 | 0.476207 | 0.688573 | 0.368048 | 0.510437 | 0.494044 | 0.694546 0.365289
15 | 0.541689 | 0.476469 | 0.686171 | 0.369187 | 0.510488 | 0.494049 | 0.693915 0.365589
Y 0.5 | 0542388 | 0.476204 | 0.691196 | 0.366828 | 0.510414 | 0.494039 | 0.695191 | 0.364984
1.0 | 0.542434 | 0.476167 | 0.723438 | 0.355039 | 0.510421 | 0.494035 | 0.727455 | 0.353221
1.5 | 0.543786 | 0.476091 | 0.754357 | 0.343963 | 0.510432 | 0.494022 | 0.758204 | 0.358198
Q1 0.25 | 0.542388 | 0.476204 | 0.691196 | 0.365789 | 0.510414 | 0.494039 | 0.695191 | 0.364984
0.5 | 0.540535 | 0.477039 | 0.691427 | 0.376799 | 0.509967 | 0.494246 | 0.695247 | 0.364963
1.0 | 053836 | 0.477968 | 0.691696 | 0.380786 | 0.509678 | 0.494414 | 0.695292 | 0.364946
El 0.1 | 0.542388 | 0.476204 | 0.691196 | 0.366828 | 0.510417 | 0.494039 | 0.695191 | 0.364984
0.2 | 0542372 | 0.476217 | 0.679761 | 0.371255 | 0.510406 | 0.494043 | 0.683783 | 0.369388
0.3 | 0541668 | 0.476187 | 0.671122 | 0.374588 | 0.510403 | 0.494045 | 0.675076 | 0.372742
5 0.2 | 0.542388 | 0.476204 | 0.691196 | 0.366828 | 0.510413 | 0.494039 | 0.695191 | 0.364984
0.3 | 0.542393 | 0.476256 | 0.694738 | 0.365934 | 0.510411 | 0.494036 | 0.698763 | 0.364074
0.5 | 0.541705 | 0.476459 | 0.697844 | 0.365136 | 0.510402 | 0.494032 | 0.701805 | 0.363293
n 0.2 | 0.542388 | 0.476204 | 0.691196 | 0.366828 | 0.510413 | 0.494039 | 0.695191 | 0.364984
0.4 | 0542391 | 0.476202 | 0.693281 | 0.366321 | 0.510411 | 0.494037 | 0.697296 | 0.364467
0.6 | 0.541702 | 0.476159 | 0.695259 | 0.365832 | 0.510410 | 0.494033 | 0.699207 | 0.363998
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