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Abstract. The prime objective of the current investigation is to explore the variation of viscosity and thermal conductivity impacts
on MHD convective flow over a moving non-isothermal vertical plate in presence of the viscous-dissipative heat and thermal-
radiation. The compatible transformation of similarity are employed to obtain the non-linear ODE with the appropriate boundary
conditions from the governing equations and the numerical solution of the boundary value problem so obtained are solved via
MATLAB bvp4c solver. Naturally, the fluid viscosity and thermal-conductivity may vary from liquid to metal with temperatures and
therefore, the impact of viscosity and thermal-conductivity in this investigation is quite significant. The physical parameters along
with several influences on momentum, temperature, and concentration are explicated and portrayed with graphs. In addition, the
velocity, temperature and concentration gradients at the surface are evaluated and displayed in tabular form. A decent agreement
is found in the present outcomes with previously issued work. Furthermore, it is found that the growth of the thermal-radiation
increases the gas temperature. The present study is useful for various industrial applications like metal and polymer extrusion,
continuous casting, cooling process, nuclear plant and many more.
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1. Introduction

In nature, viscosity and thermal conductivity may vary with the variation of temperature and experimentally they have
important applications in different branches of manufacturing industries such as metal and polymer extrusion, drawing of plastic
sheets, Optimizing and assessing dispersion stability, Viscoelastic fingerprinting of materials to determine the extent of solid-like
or liquid-like behavior. The law of viscosity has important uses in such areas as inkjet printing, protein formulations and injections,
and even food and beverage manufacturing.

The hydromagnetic flow in electrically conducting fluid is necessarily play an important role in the fields like- agriculture,
engineering, petroleum industry and can control the rate of cooling and the desired quality of product can be achieved [1, 25]. Also
in the presence of magnetic field, the convection heat transfer is very useful in astrophysics and geophysics. Sakiadis [2] was the
first researcher who has developed a numerical solution using similarity transformations for a steady flow over a surface. Some
pioneer works on MHD heat transport have incorporated here. Heat transfer along an isothermal vertical plate with natural
convection had investigated by Cheesewright [3]. Two-dimensional laminar natural convection flow due to unsteadiness of viscous
fluid over an infinite plane vertical surface in a porous medium was examined by Helmy [4]. Molla et al. [5] investigated the waviness
of surfaces on free convection heat transport. Soundalgekar et al. [6] had presented the behaviour of constant suction and heat
source for unsteady natural convection flow. Steady-state solutions of unsteady MHD free convective heat and mass transfer flow
for Soret effect on induced magnetic field and thermal diffusion investigated by Zueco et al. [7] and Ahmed et al. [8] studied 3D flow
with twin effects of magnetic field and heat flux.

The physical properties of the ambient fluid had considered constants in the above-mentioned citations by the authors. It is
worth mentioning that the physical properties of fluid like viscosity [9 - 13] may change with temperature significantly. Within the
momentum boundary layer, transport phenomena may be raising by suppressing the fluid viscosity when the fluid temperature
increases and therefore, more effect of rate of heat transfer will occurred at the wall. In such situations, it is necessarily to consider
the effect of viscosity of the fluid, which depends on temperature for the present investigation. On the effects of variable viscosity
and thermal conductivity, some investigators like Salem [14], Chiam [15], Pantokratoras [16] and Mukhopadhyay and Layek [17] have
devoted their research in viscous fluids over surfaces with various constrains and they discussed the necessity of variable viscosity
significantly.
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Mahanti et al. [18] presented the steady natural convection flow for the variation of viscosity and thermal-conductivity.
Researchers [19, 21] have studied the thermal-conductivity of liquids with MHD heat transport due to low Prandtl number. The
effect of viscosity and thermal-diffusivity on mixed convection flow over a stretching sheet was discussed Seddeek and Salem [20].
The similarity solution of MHD natural convection on an inclined plate with internal heat generation / absorption has obtained
Chamkha and Khaled [22]. Convective MHD heat and mass transfer flow along a moving non-isothermal vertical surface in
association with heat generation has analyzed by Subhakar et al. [23]. Micropolar fluid in a vertical cone with the effect of variable
viscosity and thermal conductivity has analyzed Hazarika et al. [24]. Numerous latest studies have been done on heat transport for
the use of different fluid and physical factors in recent years [26-36]. Hazarika et al. [38] has investigated the behaviour of
hydromagnetic heat transport of Cu-water nanofluids due to the application of diffusion-thermo in porous regime by infinite series
solution and they explained that the velocity of Cu-nanoparticles are higher in comparison to water base fluid by the impact of free
convection and diffusion-thermo. Hazarika and Ahmed [39] have analyzed the behavior of MHD free convective flow of Casson-
fluid in a vertical channel of porous structures covered by Carbon Nano-tubes, where thermal radiation and heat generation assume
a significant role in CNT's. Ahmed et al. [37] have developed a numerical solution through bvp4c for the impact of viscosity and
thermal conductivity of heat transport in hydromagnetic fluid over a non-isothermal vertical surface and the importance of such
analysis is found in metal and polymer extrusion.

In view of the above analysis, it is worth mentioning that the physical properties like viscosity and thermal conductivity always
vary with temperature in boundary layer. In the above cited analysis, it is observed that most of the studies are depends on variation
of viscosity and thermal conductivity. In this investigation, the fluid is supposed to have variable viscosity and thermal-conductivity
by means of an inverse linear function of temperature. Therefore, the main objectives of this study is that to examine the major
effects of variation of viscosity and thermal conductivity on steady MHD convection radiating flow over an stretched sheet with
Soret and Dufor effects. Impact of low and high radiation along with free convection due to mass transfer and viscous dissipation
are also included. By similarity transformations, the highly coupled non-linear PDE'’s are converted to a set of high order ODE’s and
then solved numerically by employing MATLAB bvp4c solver method.

2. Mathematical Formulation

In this investigation, we have presented a flow model in Fig. 1, for a steady state laminar convective flow along a non-isothermal
and non-conducting vertical plate moving with a uniform velocity U,in a saturated porous medium. Here the fluid is viscous,
electrically conducting, incompressible and H, is the intensity of magnetic field normal to the surface. The coordinate system is
considered as the ¢ -axis is taken along the surface and ¢ -axis is normal to the surface oriented into the fluid medium. At the
surface, £ =0, the temperature of fluid is Tw and away the surface itis T. At{ =0, the fluid temperature is To. Also temperature
of the fluid is T. As the magnetic field is not very strong in this study, therefore, the external electric field for charge polarization
and Hall effects become vanishes.

Therefore, the boundary layer equations of the proposed model in connection with the variation of fluid viscosity and thermal-
conductivity are [11, 15, 25]
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Fig. 1. Flow Model and Coordinate System.
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where () and( ), stand for partial differentiations w.r.t. ( and ¢, respectively. The fluid viscosity [11] is given by
pt = [1+8(T-Tx)|,
or
wt= a(fffc) ,where a=6x_" and Te=Tw«—6".
The thermal conductivity [11] is defined as
A=A [1+€(T-Ta)],
or
A= b(f—i) ,where b=6¢0" and T, =T.—¢".
The radiative heat flux [38, 39] is given by,
(4,), = 40’ (T~ Tx), where T' ~ 4T — 3T~
The equations are subjected to the following boundary conditions

U=U,,V=0,T=Tw=To+b(,C=Cy at £=0
U—0,T=Tx=To+a¢,C—Cuy as £—0

The equation of continuity (1) is satisfied identically by the Cauchy-Riemann equations
UZI/Q»V:—TZQ )

where (¢, €) is the stream-function. Let us introduce the following non-dimensional quantities and similarity variables

2,2 777 777
Ha = O-Hog ’Grh = gﬁT(T ZT%)Q,GYm = gﬂC(C ZCx)g’ n:g l’
uRe Ug U, v(
Du:DmKT(gigx),sr:DMKT(Iizx)’S:g<1,yx:H7x’K: ve ,
vCs Co(T — Tx) vCsCp(C—Cu) b U,K,
1Cp v U, ¢ Qo ¢ T—Tw C-Cx
Pr= ,S5c=—,Re= ,Q= yT(n)==——=,C(n)==———,
B D, Qe T =g, CO =g .
325 T2 U? T-T, T—Tec
b= JvCU, JRR=""> Ec=—=0 T == T.===
V=AU fln), R = =307 AMTo—Tx) " Tu-Ta' ¢ Tu-Ta

Using the transformations (7) to (10), equations (2) to (4) reduced to

I "t I " ! 1 "
— "7 f"—-(H, +K) [+ G, T+Gr, C+= =0,
(T Tr>2f T Trf ( a ).f h m fo

(T +PrDuC”+PrQT+%PrfT/+Ec(f”)2 +R,T"=0,

c +%Scfc/ +5,5cT" =0,
where primes denote differentiation with respect to n . With boundary conditions,

f(0)=0, f'(0)=1,T(0)=1-S,C(0)=1,
f'(n) =0, T(n)— 0,C(n) = 0 as n— oo

3. Calculations of physical parameters atn=0

The coefficient of skin friction (C; ) physically means that shear stress at the wall =0 and is defined as
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Table 1. Variation of magnetic body force (Ha) on Cy, Nu and Sh.

H, C; Nu Sh
Present Subhakaretal [23] Present Subhakaretal [23] Present Subhakar et al. [23]
0.0  0.15209 0.15210 0.160241 0.161103 0.231075 0.231105
0.2 0.61321 0.61341 0.210571 0.211057 0.201632 0.201627
04 1.05716 1.05720 0.161210 0.161221 0.176150 0.176161
0.6  1.36102 1.36113 0.105131 0.105180 0.136034 0.136109

Table 2. Variation of Schmidt number (Sc) on C;, Nu and Sh.

H, [op Nu Sh
Present  Subhakar et al. [23] Present  Subhakar et al. [23] Present  Subhakar et al. [23]
0.24 0.751625 0.751631 0.181207 0.181217 0.243264 0.243261
0.62 0.765314 0.765407 0.159127 0.159131 0.327015 0.327021
0.78 0.790124 0.790129 0.154751 0.154759 0.361068 0.361071

Table 3. Variation of Stratification parameter (S) on C;, Nu and Sh.

S ¢, Nu Sh
Present  Subhakaretal. [23] Present Subhakaretal [23] Present Subhakar et al. [23]
0.0 0.610671 0.611054 0.350184 0.350210 0.251831 0.251820
0.2 0.561370 0.561410 0.251504 0.251520 0.242940 0.242951
0.4 0.531042 0.531059 0.161073 0.161151 0.241519 0.241610
0.8 0.501873 0.501792 0.102573 0.102492 0.238354 0.238347

27, U
Cf = 2 Tw = H ]| )
P It M|, _,

where 7, is the shear stress atn =0 . The skin friction at 7 = 0 with the use of (10) becomes

2T, _ 1 T
Cf — e, Re 1/2)c//(0) = ERel/zcJr — T f”(O) (15)

In fluid dynamics, Nu is defined as Nu = (convection heat transfer) / (fluid conduction heat transfer) at a boundary in a fluid
where convection includes both advection (fluid motion) and diffusion (conduction). Nu is introduced to calculate the transfer of
heat between a moving fluid and a solid body. The Nusselt number is calculated by multiplying the temperature gradient (9T / 81)
and the thermal conductivity (). A Nusselt number of value one represents heat transfer by pure conduction. The Nusselt number
(Nu) physically gives the temperature gradient from the surface 7 =0 to the fluid and is defined as

Nu=— 3% o _ 9T
AL (TW - T%) o, ,

where g, is the heat flux. On using (10), Nusselt number at 7 = 0 is transformed to

Nu=_Tc_Rei? T'(0) = Re ™*Nu = T T'(0) (16)

1-T, —T,

The Sherwood number (Sh) physically gives the concentration gradient from the surface =0 to the fluid and is defined as

sh_ CM,Sc poC
129 (Ew — Ex) ' v on =0

where M, is the mass flux. With the help of (10), the Sherwood number (Sh) reduces to

Sh=—Re"?C'(0) = Re V/*Sh = —C/(0) (17)

4. Validity and Accuracy

A comparative analysis of this investigation and the previous result by Subhakar et al. [23] over the physical coefficients C;,
Nu and Sh have illustrated in Table 1, when Pr=0.71, Sc=0.24, Gr,=0.1, Gr, =05, S=0.2, Du=0.1, S, =02, Q=0.2,
T=-6, T,=—6.

Through these Tables 1 - 3, it is seen that the accuracy of the adopted model is well in deed and so the investigation may carry
out for better findings over the impact of viscosity and thermal conductivity on the steady state 2D flow.

4.1. Stability and Convergence

In Table 4, we have examined the stability of the numerical scheme through grid invariance test for the nano-fluid velocity,
temperature and nanoparticle concentration. When we reducing the step size (d) as well as increasing the number of elements in
the same domain, the stability remains unchanged. This shows that the adopted scheme is workable and so it is stable and
convergent.
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Table 4. Stability Test for the proposed investigation of velocity, Temperature and Concentration.

f'(n) T(n) C(n)
d

0.01 0.001 0.0001 0.01 0.001 0.0001 0.01 0.001 0.0001

1.000000 1.000000  1.000000  1.000000  1.000000  1.000000  1.000000  1.000000  1.000000
0.513123  0.419063 0.357358  0.328021 0.271272 0.207135 0.371072 0.311085 0.245101
0.376033  0.209139 0.210514 0.227086 0.151850 0.107105 0.259417 0.203221 0.131381
0.246682 0.119974 0.067595 0.151564 0.052445 0.013844 0.154187 0.103520 0.037324
0.094096  0.008781  0.002219 0.041105 0.008411 0.004254 0.007462 0.008050 0.001034
10  0.003076  0.000205 0.000205 0.000512 0.001181 0.000251 0.000691 0.000513  0.000057
12 0.000010 0.000031 0.000010 0.000010 0.000102  0.000037  0.000018  0.000014  0.000004
14  0.000000  0.000000 0.000000  0.00000  0.000000 0.000000 0.000000 0.000000 0.000000

=

0 OB NO

5. Results and Discussion

To analyze the major effects due to viscosity and thermal conductivity on the proposed boundary value problem for thermal
radiation (R, ) and Solutal Grashof number (Gr,, ), we assumed the default physical parameters, unless otherwise stated: H, = 0.1,
Ec=0.001,Gr, =0.1,Du=0.2,S,=0.3,Pr=0.7,5c=0.2,5S=0.2,Re=0.2.

In fluid mechanics, viscosity (T, > 0) is defined as the measure of the resistance of a fluid to gradual deformation by shear or
tensile stress, which means that viscosity, describes a fluid's resistance to flow. In liquids and gases, viscosity is caused by their
molecular makeup. The concept of negative viscosity (T, <0) asserts that the momentum is transferred from a region of lower
velocity toward a flow of higher velocity, increasing the mean wind shear. In general, for any fluids, when the temperature is
increased, its density decreases, thus the fluid becomes less viscous. In general when temperature is high, T increases in gases
and reduces in liquids, and the same will happen for the drag force.

The thermal conductivity is expressed by the well know Fourier's Law of heat conduction which is gw= —\0T / dn) , where qgw is
the heat flux, )\ is the thermal conductivity, and (3T /dn) is the temperature gradient. The negative sign in g means that
temperature declines in the direction of heat transport and, therefore, (9T /) is a negative quantity. A signifies the intrinsic
ability of a material to transfer heat or to conduct heat. Heat transfers along a temperature gradient, from high temperature and
high molecular energy region to a lower temperature and lower molecular energy region. A is the heat flows from one part of the
body to another body with contact. Basically, A depends on the (9T / d7) , the properties of molecules, and the path of heat transfer.

25¢ 1
—— T.=0.6 H,=0.1,0.3,05,0.7
2 0.8F
---- T,=-0.6
0.6}
o R, =2, Grm =3
r ¢
1 H, —0.1,0.3,0.5,0.7 04T
0.5 0.2
0 ) 0
0 2 4 n 6 8 10 0 2 4 n 6 8 10

3.5t 1¢
R, =0.2,Gr, =5.0
0.8
0.6
=50 - S, =1,3,5,7
04r
=—0.6
—— T,=06 0.21
J 0 ')
8 10 0 10
Fig. 3(a). Velocity distribution due to viscosity and Soret. Fig. 3(b). Temperature distribution due to viscosity and Soret.
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The variation of viscosity on velocity and concentration for the effect of magnetic drag force has illustrated in Figs. 2(a - b).
Julius Hartmann [42] was the initiator to introduce Hartmann number for fluid flows in presence of magnetic field, and is defines
as H, = (electromagnetic force) / (the viscous force). This force is called drag force, and is due to the interaction of electrically
conducting fluids with an externally applied magnetic field, which thereafter dragging the magnetic system along the flow
direction. The force depends linearly on the mean velocity of the fluid flow. Under this drag force the movement of molecules of
the fluid become slow, and it is caused by the Lorentz force (after Hendrik A. Lorentz [43]) which resists the flow motion. Physically
it is well known that, MHD drag force always retard the movement of fluid particles and the Concentration equation has a partial
involvement with MHD, and so it raises. Here T, >0 means natural viscosity and T, <0 is against the viscosity that means no
viscosity. Hence the free movement of the fluid particles may exists for T, < 0 and slow movement is occurred for T, > 0 towards
n=0, however away the surface it is quite reversed. Conversely, the behaviour of viscosity on Concentration plays a significant
role, opposite to fluid velocity.

In Fig. 3(a), all the paths of the fluid particles are perfectly elevated near the surface by the influence of S, and T, . Soret number
(S,) after the name of C. Ludwig [40, 41] is defined as S, = (temperature difference) / (concentration difference) and it is also known
as thermal diffusion, and under this effect the molecules of mixtures are separated in presence of temperature gradient. Therefore,
higher temperature differences and gradient precipitous can be found due to large thermal diffusion and hence higher thermal
diffusion enhances the fluid velocity. The Soret effect is available in the lighter molecules of little amount and large heavy molecules
under a temperature gradient. This effect is found in the species continuity equation and it is a mass flux due to a temperature
gradient. This physical effect is marked in mixtures of moving molecules which responses to the force of a temperature gradient.
Here all the curves of velocity have been increased by the Arithmetic Progression of S,. Conversely, negative viscosity raises the
curves of f' and positive viscosity suppresses the curves of f'. The movements of the particles are looking reversed due to the
variation of viscosity away the surface n = 0. The behaviour of T is presented in Fig. 3(b) whose trend is reversed to f’ cited in Fig.
3(a). Due to variation of T, , the thickness of thermal layer of T is enhanced, while heat is transmitted from higher medium to lower
medium towards the surface when S, is upraised.

1
R, =02,Gr, =1.0
= 0.6 @ Thm
. 0.8
1. =-0.6 S.=1,3,5,7
06}
R, =0.2,Gr,, = 3.0
C
04r
S, =1,3,5,7
0.2
0 ! 0
0 2 4 7 6 8 10 2 4 7 6 8 10
Fig. 4(a). Temperature distribution due to variation of thermal- Fig. 4(b). Concentration distribution due to variation of thermal-
conductivity and Soret. conductivity and Soret.
2r 1
. R, =0.2,Gry, =5.0 K =0.1,0.3,0.5,0.7
Y
TR 08
" -~ m —
13 l::-\\‘:\ T, =0.6 R, =2,Gry =05
f’ [2r- s Y -ee- T.=-0.6 06k
1 C
K =0.1,0.3,0.5,0.7 04r
0.5
02F
0 ! 0
0 2 4 n 6 8 10 0 2 4 7 6 8 10
Fig. 5(a). Velocity distribution due to variation of viscosity and Porosity. Fig. 5(b). Concentration distribution due to variation of viscosity

and Porosity effect.
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Figures 4(a - b) indicate the variation of thermal conductivity and Soret effect in temperature (T) and Concentration (C)
distributions. The S, reduces the thickness of thermal layer, while it is increased in Concentration layer. An increase of thermal
conductivity of a gas (Pr =0.7), increases the free electrons and lattice vibrations and which leads to increase in gas temperature.
Moreover, the species Concentration is partially depending upon thermal conductivity, and so a similar behaviour has occurred like
gas temperature. T, > 0 responds the faster rate of heat transfer by the fluid molecules and it increases the energy, while T, <0
asserts the negative heat transfer which leads to decrease the energy of the fluid molecules. In this study, the fluid is considered as
gas (Pr=0.7) which signifies that the thermal conduction has been influenced by the molecules diffusion from higher energy to
the lower energy.

The variation of viscosity and Porosity are studied for flow velocity and species Concentration in Figs. 5(a — b). A porous
medium is a material containing pores or voids. A porous medium can be defined as a solid, or collection of solid bodies, with
sufficient open space in or around the solids to enable a fluid to pass through or around them. Porosity (K) is defined asK =
( volume of pores) / (volume of bulk solid bodies) and is usually expressed as a percentage. Porosity = (Volume of Voids / Total
Volume) x 100%. Different applications are encountered in geothermal sciences, engineering, biological applications and agriculture.
The drag force of porosity retards the motion by the particles of fluid velocity, but the molecules of species is enhanced the
Concentration in porous medium. The viscosity retards the motion of the fluid particles near the surface =0, while this trend is
opposite towards to the free stream. On the other hand, the molecules of species reduce the width of concentration layer by the
variation of viscosity.

AtT,=-6, T.=-6,the variation of Ec andR, over f’and T has been displayed in Figs. 6(a - b) respectively. The Eckert number
(Ec) in fluid dynamics was named after Ernst Rudolph Georg Eckert is a dimensionless number and is measured as Ec = (kinetic
energy of the flow) / (enthalpy difference). Positive values of Ec correspond to plate cooling, i.e. loss of heat from the plate to the
fluid. Also we note that increasing Ec causes an increase in Joule heating as the magnetic field adds energy to the fluid boundary
layer due to the work done in dragging the fluid. Due to the variation of dissipative heat, f’ declines closer to the surface (1 — o)
and enhances away from the surface (7 — oo ), while T raises for Ec . Thermal radiation, process by which energy, in the form of
electromagnetic radiation, is emitted by a heated surface in all directions and travels directly to its point of absorption at the speed
of light; thermal radiation does not require an intervening medium to carry it. The Stefan-Boltzmann law of radiation determines
the rate of heat transfer by emitted radiation. The thermal radiation arises only in the energy equation in the thermal diffusion
term, and via coupling of the temperature field (T) with the buoyancy terms in the momentum equation, the velocity field is
indirectly influenced by thermal radiation effects. For R, > 1 thermal radiation is dominant over conduction and vice versaforR, <1.
Higher values of R, augmented the numerical values of T . However, f’is elevated closer to the surface whenR, is greater, but at
n — oo the higher R, = 5.0 declines the curves of f’ and gradually all the paths of the particles moves asymptotically towards the
free stream.

The effects of Hartmann drag force (H, ), viscosity (T,) and thermal conductivity (T, ) overC; and Nu are exhibited in the
following Tables 4 -5 when: Pr=0.7,5c=0.24,Gr, =0.1,Gr, =0.5,5=0.2,Du=0.1,5,=03,Q=03,T,=-6 ,T, =-6.

061
15k Eec = 0.01,0.03,0.05,0.07
f
] —— R,=5.0
- R, =05
05}
0 . )

0 2

4 1 6 8 10

Fig. 6(a). Velocity distribution due to variation of Ec and R..

Fig. 6(b). Temperature distribution due to variation of Ec and R..

Table 5. Variation of H, and T over C, and Nu .

H, 0.0 0.2 0.4

T op Nu C; Nu C; Nu

-6 0.25192 0.21387 0.75187 0.12790 1.31581 0.10531
-4 0.24087 0.21207 0.71804 0.11539 1.31207 0.10089
-2 0.21309 0.21172 0.64709 0.10318 1.18075 0.08719
2 0.56109 0.21351 1.41995 0.14817 2.14904 0.11715
4 0.46275 0.20647 1.12224 0.13591 1.71504 0.10518
6 0.43715 0.20492 1.05663 0.13418 1.62701 0.09152
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Table 6. Variation of H, and T, over C; and Nu .

H, 0.0 0.2 0.4

T. C, Nu [op Nu [op Nu
-6 0.27410 0.21706 0.79103 0.14198 1.18617 0.07519
-4 027573 0.21372 0.79210 0.13718 1.18719 0.07354
-2 027613 0.19072 0.79317 0.13131 1.18857 0.06638
2 0.28137 0.25417 0.79017 0.17618 1.18358 0.12523
4 0.28149 0.23827 0.79025 0.16917 1.18516 0.12218
6 0.28161 0.23197 0.79041 0.16410 1.18674 0.11087

In Table 5, increasing hydro-magnetic drag force (H, ) leads to incline C;, while opposite behavior of Nu occurred for H, .
The variation of viscosity (T, ) declinesboth C; and Nu.Higher numerical valuesof C; and Nu arelanded in Table -5 for the
positive viscosity (T, > 0) than the negative viscosity (T, <0).

For the variation of H, and T. in Table - 6, the skin-friction (C; ) raises, while reverse numerical values of Nu emerges
over H, and T, . Positive thermal conductivity (T. > 0) gives rise the higher values of Nu at H, =0.0,0.2,0.4, in comparison
with T, <0 . However, negative thermal conductivity (T, <0) signifies the maximum values for C; at H,=0.0,0.2,0.4, and
opposite numerical values of C; are calculated without H, .

6. Conclusion

In this investigation, we have presented the suitable impact of Viscosity and thermal-conductivity on steady 2D flow along a
vertical surface with the drag force of magnetic field and porosity. During calculations, the fluid medium is considered as gas (Air
Pr=0.7). Viscosity of fluid always resists the movement of fluid particles and significantly negative viscosity helps to free movement
of particles means propel the flow, which is nothing but adding energy to the flow out of nowhere, which is against the law of
thermodynamics. When temperature raises, the number of free-electrons and lattice-vibrations gradually increase and so Tc of the
metal is likely to rise. In gases, molecular collisions rise with the growth in temperature. Thus, the Tc of a gas upsurges with growth
in temperature. As Tc of a specific material is extremely depend on the temperature gradient, the properties of the material, and
the path where the heat flows. Due to viscosity, the slow motion has occurred when magnetic drag force is active, while the free
movement of particles is seen when porosity is working.
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Nomenclature
C dimensional concentration [mol/m?] Re Reynolds number
C dimensionless concentration Sc Schmidt number
G, specific heat at constant pressure S, Soret number
Cs concentration susceptibility T dimensional temperature [K]
Cuw species concentration at the surface [mol/m? T, dimensionless thermal conductivity
Cw species concentration at away from the surface [mol/m?| T, mean fluid temperature [K]
D,, mass diffusivity T dimensionless viscosity
Du Dufour effect Tw temperature at the surface [K]
Ec Eckert number T temperature at away from the surface
f' dimensionless velocity U, surface velocity
g acceleration due to gravity U dimensional velocity along ¢ -axis [m/s]
Gr, thermal Grashof number v dimensional velocity along ¢ -axis [m/s]
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Gr, solutal Grashof number Greek symbols

H, Hartmann number Br thermal spreading coefficient [K™]
H, magnetic field strength B concentration spreading coefficient
K; thermal diffusion ratio o electrical conductivity of the fluid [Sm™]
K, dimensional porosity parameter A thermal conductivity [W(mK)]

K dimensionless porosity parameter " dynamic viscosity [m™.s™]

Pr Prandtl number 1, dynamic viscosity at T [m™.s7]

Q dimensionless heat generation parameter v, kinematic viscosity at T~ [m™.s?)

Q, dimensional parameter of heat generation n non-dimensional similarity variable
a, dimensional thermal radiation P Steam function

R, dimensionless thermal radiation parameter p density of the fluid [kg/m?

stratification parameter thermal conductivity at T- [W(mK)]

8>4

a,b constants
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