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EFFECTS OF VARIABLE VISCOSITY AND THERMAL
CONDUCTIVITY ON MHD FLOW DUE TO THE
PERMEABLE MOVING PLATE
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Abstract- This work address the impacts of thermo-physical properties on convective heat transfer of Magneto
hydrodynamics slip flow due to permeable moving plate. The governing heat and mass transfer nonlinear partial
differential equations of fluid flow transformed into a system of nonlinear ordinary differential equations with the
help of suitable similarity transformations. The Runge-Kutta 4th order with shooting technique are used to solve
governing boundary value problems. Impact of prominent physical parameters like magnetic (M), prandtl number
(Pr), eckert number (Ec), schmidt number (Sc), variable viscosity (6,.), thermal conductivity (&), surface
convection (@), velocity ratio (1) and radiation (N7) along their various values for velocity, temperature ,and
concentration profile are represented as graphically and numerically. It is observed that the variable thermal
conductivity and wiscosity are the most prominent parameters responsible for different results of welocity,
temperature and concentration.
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Introduction

Boundary layer flow across a flat plate in a uniform stream of fluid has grown more relevant
due to its huge number of applications, including cooling nuclear reactors, polymer extrusion from a
die, cooling of metallic sheets inside cooling bath, crystal formation, and heat transmission. It has
numerous applications in the automobile industry, as well as in energy, such as boilers and home
appliances. Presence of fluidconducting electrically, withthe occurrence of a magnetic field causes a
resistance force that acts perpendicular to the magnetic field's direction. Many researchers have
noticed Lorentz Magneto Hydrodynamics (MHD) drag, which delays flow within the thickening of the
concentration boundary layer.

MHD is a concept of dealing between electrically conducting fluid and electromagnetic forces.
Its effect occurs in so many natural phenomena, including the generation of the magnetic field of
planets and stars, the Earth's magnetic field with solar wind as well as lightning. So many researchers
encountered with MHD problems previously and it has many applications in sensors, engineering,
geophysics, earthquakes and astrophysics etc [1]. The magnetic field causes the boundary layer to thin,
increasing wall friction, and this impact is stronger for shear thinning in compare to shear-thickening
fluids [2].A transition value Bc is a decreasing function of aspect ratio that divided the region of heat
transfer enhancement and reduction [3]. It is noticed that the concentration buoyancy effects are
increased with the rise in solutal Grash of number, and therefore, the fluid velocity also rises. The
existence of heat absorption effects causes a decrease in fluid velocity as a result of decay in fluid
temperature, and concentration level decreased as Sc¢ grew.

Existence of slip conditions also affects the heat transfer process [4]. In liquid flows, heat
transfer increases with respect to an increment in slip velocity where no temperature jump takes place.
In the case of the flow of gases, however, a temperature difference is introduced, and the velocity slip
is shown to scale with it. The heat transfer condition in the system decline in the occurrence of the
thermal jump [5] noticed that with the decreasing of chemical reaction parameter all profiles the rises.
The absorption parameterinfluence on velocity and temperature profile is alike [6] As power-law index
n and Chandrasekhar number rises corresponding hydrodynamic boundary layer thickness reduces.If

the convective heat transfer caused by the hot fluid on the plate's lower surface is proportional toxz, a
similarity solution is possible studied by [7,8] gets the interfacial slip boundary conditions are also very
effective for transfer in the respective boundary layer. For liquid slip flows, as a result of momentum
slip, the no-slip value is less than heat transfer augmented[9] noticed that on heat transmission,
the impacts of unsteadiness, suction/injection parameter, Prare systematically investigated [10]. The
mass suction and magnetic parameter is an increasing function of .

The thermal conductivity enhancement promote higher velocities and temperature into the
corresponding boundary layers[11] Whereas, as thermal conductivity increased, the wall shear stress
increased [12].The magnitude of heat transfer and shear stress rate are similar to variations in A ,but
M and R, follows opposite behavior with local nusselt number [13].The liquids with high Prandtlby
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means of a lowsslip coefficient, the heat transfer rate is high and a low magnetic parameter. In both
circumstances, the Ec is significant in lowering the heat transmission rate and the viscous dissipation
term is neglected for the high-slip coefficientinvestigated when there is no slip on the plate, the surface
temperature is more and temperature of surface of the plate can be regulated in both slip and no-slip
instances by varying the strength of the applied magnetic field[14].

Due to rise in M results to decreases fluid velocity slow in the presence of increasing magnetic
parameter[15], due to effect of Lorentz force, which declining boundary layer thickness [16].At the
interface of melt substrate heat and melting rate decreases with the increase in Lykoudis number. Over
a melting substrate, a magnetic field is also utilised to calculate malting rate, free convection heat
transfer, and boundary layers thickness of velocity and temperature.[17]. In the case of a stretched
sheet, it has a single solution, however in the case of a shrinking sheet, numerous solutions were
obtained when nanofluid was taken into account.The increases in viscous dissipation term,
temperature rises, whereas it decreases with rise in radiation and suction [18].

With increasing Nb and Nt, the rate of heat transfer decreases.[19]. As Nt and Le are
enhanced the Sherwood number also rises. But a decreasing function of Nb[20]. The concentration is
decreasing function of the thermophoretic parameter{21].When the & rises, the rate of heat
transferand distribution of temperature at the wall drop. The Prandtl number holds thermal
boundary layer. As Pr rises, so slow diffusion takes place; finally decline in the thermal boundary
layer.

When variable viscosity increases, so does the flow and heat transfer. [22], but reverse tend
followed in case of variable thermal conductivity that momentum slip enhances the velocity profile
[23], but the impact is reverse for thermal and concentration profiles.

As per the above literature survey and our limited knowledge, due to permeable moving plate,
there is no investigation available of different parameters like magnetic (M), prandtl number (Pr),
eckert number (Ec), schmidt number (Sc), variable viscosity (8,.), thermal conductivity (€), surface
convection (a), velocity ratio (A) and radiation (N7) with their diverse values for convective heat
transfer of MHD slip flow problem. Hence, this paper aimed to discuss the effect of above-mentioned
parameters on a permeable moving plate with their different values. The numerical and graphical
result indicates that variable viscosity and thermal conductivity are the most noticeable parameters
responsible for various results of velocity, temperature, and concentration of the considered problem.

MATHEMATICAL FORMULATION

In current study, a 2-D steady MHD laminar boundary layer flow problem with the heat and mass
transfer over a flat plate and heat flux at boundary, with variable thermal conductivity and viscosity are
considered. The Bydenotes theuniform magnetic field strengthwhich is applied perpendicular to the
moving plate. Here Tyand T. are wall and ambient temperature, respectively. Also, C,, is wall
concentration and C. is ambient concentration, respectively. In light of the above points, governing
equations of heat and mass transfer are written by using boundary layer approximations:

ou ov
£+5_0 (D
f] ] ([ d
p (ua—: + va—;) = 5(“6_;) — 0By*(u — U.)(2)
aT or\ _ @ T au\2  aq,
pCp(ua+v5)— 5(1{5)‘{' 14(5) —g (3)
ac ac 92c
u a + Ua =D 6_312 (4)
with boundary conditions
u=uW+LZ—;‘, v =—v,, -kZ—; =hy (T, —T),C=C, fory=0 ®)
u-u, T->T, C- Cory > 6)

where u and v are velocities in the direction of x and y-axis respectively, L represents slip length,
thermal conductivity is k, fluid density is p, coefficient of viscosity is p,specific heat a constant pressure
is Cp, q, is radiative heat flux, T is temperature, mass diffusivity is D and h,, is convective heat transfer
and consideration the following dimensionless variables for the above equations (1)-(4) [19], where
kinematic viscosity of an ambient fluid denoted by U, = % The geometrical interpretation are given

as below in figure 1.
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Fig. 1 Geometry of the considered Problem

The mathematical analysis of the problem is simplify via by means of similarity transforms. Equations
(1) - (4) alongcorresponding boundary conditions (5) - (6), are transformed by appropriate similarity
transformations aregiven as follows:

= \/g‘”:@xfm), O
7

The equations of continuity hold good by using a stream function ¥(x, y) such that.

ow ow , 1 [9xUs _ ,
u= 5,17 = —azmdu = U.f'(n),v = (f —nf") (8)

Where @, is the radiative heat flux in the x-direction is notmeasured in comparison to the y-
direction. By,Rosseland approximation for radiation g, is given as follows [19].

_ 40" 9T*
qr*%g
©)
WhereStefan-Botlzmann  constant and mean absorption  coefficient are defined as
o*and k*respectively.
Theflow temperature difference is adequately small in such a manner that the term T* is a linear
function of temperature inside the flow. The Taylor series expansion about a free stream temperature

T., for T*is given by [19].
T* = TA+4T3T — T+6TE(T — To)?+...... (10)

Equation (10) can be re-write as follows, after neglecting higher-order terms beyond the first order in

(T -T.),
T* ~ 4T3T — 3T (1

Here u is fluid dynamic viscosity which is an inverse linear function of temperature and denoted as

1_1 -
=T =T (12)

Wheredynamic viscosityat ambient temperature is given by ficand y as the thermal property of liquid.
Equation (12) can be re-written as follows.

Z=ar-1) 13)
U

c 1 X . . .
Where a = —and T, = T, — —are constants and define the dimensionless values are a function of

reference state and thermal property of liquid. A definite model of variable thermal conductivity
obtained as.

T-Tw
k = k.(l+¢ v ) (14)
Where thermal conductivity at ambient temperature is denoted by k.,AT = T,, — Twand € is thermo-
physical constant depend on liquid €< O for lubrication and hydromagnetic working liquidse> O for
water and equation (14) can be obtained as follows,

k = k.(1+£0) (15)
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The dimensionless form of temperature 6 is

T-Tx

g = TW—TW+HT
(16)

T,—T. 1 . ) L - Lo
where 6,. =Tr—T = ﬁand the value is obtained by the viscosity characteristics of the liquid in

consideration and the difference in operating temperatures. The value of 6, is large, with T,, — T.is
small. Flow is free from variable viscosity effect. On the other hand, for small 8,.either, the viscosity of
the liquid changes with temperature, or the operating temperature difference is significant. Notice that
the value of 6, is negative for liquids [20].

By using the equations (14) and (16), the following equation

GT
W= He (ar—e)
17)
By using transformation equation (7) the converted coupled nonlinear ordinary differential equation
is given as follows:

O\ i JE O g a1y

G o e [ 16 M- as)

(1+€0 + Nr)9""+£0"2+ (Il (1 - ?)(Hﬂﬂ)ﬂ”h(l - ?)(nﬂﬂ)@:o (19)
- .

n”+%=o (0)

with the corresponding boundary conditions

I=10,0= 0+ 0", n’=.n(%),ﬂ(0)=1 forn = 0.

') > 1,6(m) - 0,¢() > 0 asn — co.

Where prime denotes the derivative of variable with respect to 1.Where 1 is the function of two
variables x,y. The governing parameters are presented as follows:

16T 0"
3k*Keo

(Radiation Parameter), § =

M =B, K(Magnetic Parameter), Pr = 2(Przmdtl Number), Nr =
PUx a

2
LZ (Slip parameter), A = Yw (Velocity ratio Parameter), Ec = u—(Eckert Number), Sc = 2(Schmidt
\ 9% U CpAT D

h .
Number), a = \WF (Surface convection Parameter)
X
L
U

HereB (x)represents applied magnetic field andconvective heat transfer denoted h,, and both are
1

- -1 -1
function of xz. It is assumed that B(x) = Byx z, h,, = cxz, where By and c are constants. In the
case of the flow of liquids, slip parameter § can be defined as follows.

6 = Kn, 1/ Re,(21)

where the Kundsen number Kn,; is depends onLwhich represents the slip length and Re,
indicateslocal Reynolds number follows:

L Ux
KTLX’L = ;, Rex = ?

It's worth noting that because of the parameter §(x), the liquid doesn't develop self-similar solutions.
Also, the across the boundary layer viscosity and thermal conductivity also change. Pr also varies, and
the relation between Prandtl number and ambient Prandtl number is as follows.

0.
ucp (e,ze)‘““’cl’ 1
Pr=22 - - — P,
k koo(1+£0)  (1-7-)(1+£6)
-
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Where Pr,,is ambient Prandtl number. The values of engineering interest that are denoted in this way
are the skin friction coefficient (rate of shear stress), nusselt number (rate of heat transfer), and
sherwood number (rate of mass transfer).

2 a 1/ 6, ”
o= 5)_ s =2 (25)70

The local Nusselt number is denoted as

Xqw Lo aT 1 1
Nu, = (T_Tw)the heat flux is given by q,, = —k (E)yzo, Nu, = E‘/Re"% or

Nu,” = 6(0)whereNu," =%,/RexNux‘1, Also local Sherwood number is followed by Sh*= -
¢'(0). Physical parameters numerically obtained as C¢", Nu, and Sh* respectively.

NUMERICAL APPROACH

The effects of thermophysical properties on convective heat transfer on mhd slip flow with non-linear
coupled ordinary differential equations were investigated in this study using a proficient 4thRunge-
Kutta method and shooting method ODE45 solver for equations (18){20) with various parametersPr,
Ec, M, Nr,Sc, 6,, €The system of firstorder seven differential equations is used to transform the
non-inear governing ordinary differential equations. Momentum, energy, and concentration
equations in f are third-order, 8 and ¢ second-order respectively. To solve the system of equations,
this technique required seven boundary conditions, but only four are available in this case: two initial
conditions for f and a single condition for both 6 and ¢, respectively. The values at ambient
conditions have already been provided, i.e. 1 = 00,When adopting the shooting method, the ambient
position plays a critical role in generating the unknown initial 1 = 0.The boundary value problem is
solved by using equations (18)-(20) to obtainf"'(0),8'(0), ¢'(0).Solution technique is repetitive with
a larger value of until just the requisite significant digit differences between two successive values
off""(0),6'(0), ¢'(0).Inside the boundary layer, the last value is regarded a finite number for the
various physical parameters for f’, 6 and ¢.Then a system of seven simultaneous first-order
differential equations with seven unknowns was used to condense a coupled third-order boundary
layer value issue in f, 8 and ¢second order.

The equations (18)-(20) can be expressed as follows.

= () (L - Grer+ MA( - D)

o, 2 (6,-0)2
22)

"o_ _ 1 ”2 _ 8 "2 _ 5 prfe’
9" = 7(1“9%)@9 + Ec Pr(l gr)(l +e0)f? + (1 GT)(1+s9) ! )
(23)
¢ =— scfe'

2
24)

Defined new variables as follows:

n=ry=1, V3 = f" Yo = 0,5 = 0, Ye= &, ¥s = ¢
25)

The following equations can be used to convert inhighly non-linear coupleddifferential equations
along with the corresponding  boundary conditions into seven equivalent first order differential
equations.

»n'= ¥a

¥2'= s

ys'= (1 - Z_:) (_% - ((;:fsyi;z + Mz(yz - 1))

275



EFFECTS OF VARIABLE VISCOSITY AND THERMAL CONDUCTIVITY ON MHD FLOW
DUE TO THE PERMEABLE MOVING PLATE

Yi'= ¥s

’

¥s'= eys?+ EcPr(1— 2t (L +ey)yd + (1- 21 (L +e3) 722)

- (1+ € y4+Nr ) (

Y6'= ¥z

Scy1y7
r_
y,'= -—

Prime sign indicates differentiation with respect to 1, and appropriate boundary conditions written in

that manner.

11(0) = fu, 72(0)=A+ 65(0), y:(0) = 4,3,(0)= B, y5(0) = -

C.

1_3’—4(0)) ) yé(o) = 1'y7(0) =

1+ £y4(0)

Where are A, B,C assumed valued to get the solution.This approach converts a boundary value

problem

into

an

initial

value

(IVP). Then IVP is solved by assuming the omitted beginning value for parameters via
an efficient shooting technique.The results are obtained represented by tables and graphically. Also,
main features are analyzed and discussed.

RESULT AND DISCUSSION

The obtained numerical and graphical results are discussed in this section as follows.
The comparison between [9], [14] and [23] for the values of - 8'(0) calculated for various values of Pr
and a when M=0, Nr =0, Sc =0, Ec =0, A =0, € =1,0,, — with f,, = 1 shows in Table 1.By table, it
can be pragmatic that the represented solution is better than the existing literature results.

problem

Table 1. 0'(0) for various values of a and Pr when M =0, Nr=0, Sc=0, Ec=0, =0, € =1,0,.
—cowith fw =1.

Existed literature results

Present results

a Pr=0.1 Pr=0.72 Pr=0.1 Pr=072 Pr=01 Pr=0.72 Pr Pr=0.72
191 191 (14] (14] (23] (23] =0.1
0.05 0.0373 0.0428  0.036900 0.042781 0.036844 0.042767 0.0297  0.0373
0.10  0.059%4 0.0747 0.058423  0.074757 0.058339 0.074724 0.0423  0.0596
0.20 0.0848 0.1193 0.082477 0.119358 0.082365 0.119295 0.0537  0.0850
0.40  0.1076 0.1700  0.103865 0.170089  0.103722 0.169994 0.0621  0.1079
0.60 0.1182 0.1981 0.113688  0.198155 0.113536  0.198051 0.0655  0.1186
0.80 0.1243 0.2159  0.119329 0.215976 0.119174 0.215864 0.0673  0.1247
1 0.1283 0.2282  0.122999 0.228303 0.122833 0.228178 0.0685  0.1287
5 0.1430 0.2791 0.136400 0.279283  0.136219 0.279131 0.0725  0.1437
10 0.1450 0.2871 0.138279  0.287291 0.138100 0.287146  0.0730  0.1455
20 0.1461 0.2913 0.139242  0.291478  0.13906  0.291329 0.0732  0.1470

Table 2. Values of f"' 0), 0(0),8'(0) and —¢'(0) for various values of 0,.,& and a for
Pr=1, M=1,Nr=1,Sc =2, Ec=1 and }.=-0.2.

Parameter 5=0 §=0.5

0, ¢ a f'(0) 6(0) -6'(0) —¢'(©) f'(0) 60 -6 -—¢'(0)
3 0 0.0 2704 096326 09976 1.2263 2.127 0.46460 0.0146 1.5884

1 7 1 1 5
0.5 2.687 0.98476 0.0207 1.2239 2.011 0.78259 0.2955 1.5531

4 8 6 1
1 2.682  0.99046 0.0259 1.2233 1979 0.86506 0.3668  1.5430

8 6 0 0
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1.5 2.680 099306 0.0283 1.2230 1964 0.90221 0.3987 1.5382

7 2 0 7
0.0 2704 096326 0.5083 1.2263  2.127 0.46460 0.0099  1.5884
1 7 1 1 5
1 0.5 2.687 098476 0.0104 1.2239 2.011 0.78259 0.1658 1.5531
4 8 6 1
1 2,682 099046 0.0130 1.2233 1979 0.86506 0.1967  1.5430
8 6 0 0
1.5  2.680 099306 2.0458 1.2230 1964 0.90221 0.2096 1.5382
7 2 0 7
5 0. 0.0 2965 1.00223 0.5051 1.2642 2.185 0.46078 0.0134  1.6066
2 1 7 1 7 7
0.5 2966 1.00097 0.0011 1.2643 2.125 0.76558 0.2763  1.5889
2 5 7 8
1 2966  1.00062 0.0014 1.2643 2.108 0.85055 0.3472  1.5836
4 0 3 9
1.5 2996 1.00045 0.7394 1.2643 2.108 0.89023 0.3799  1.5836
5 4 3 8
o 0. 0.0 3350 1.10484 0.0137 13147 2.264 0.46513 0.0133  1.6307
2 1 5 6 8 4
0.5 3350 1.04413 0.0594 13147 2.264 0.76598 0.2758  1.6307
5 0 8 3
1 3.350  1.02770 0.0622 13147 2.264 0.85032 0.3477  1.6307
5 3 8 4
1.5 3350 1.02018 0.0820 1.3147 2.264 0.88987 0.3812  1.6307
5 4 8 0
o 0 0.0 3350 1.14562 0.0039 1.1924 2.264 0.47246 0.0143  1.6307
1 5 0 8 6
0.5 3350 1.05568 0.0757 1.1924 2.264 0.78308 0.2948  1.6307
5 0 8 3
1 3.350  1.03415 0.0928 1.1924  2.264 0.86449 0.3683 1.6307
5 4 8 7
1.5 3350 1.02463 0.1004 1.1924 2.264 0.90147 0.4017  1.6307
5 2 8 5

It can be observed that from Table 2 When the surface convection parameter (a) is
increased, skin friction coefficient (f"'(0)) and rate of heat transfer (-8'(0)) decline whereas
rate of mass transfer number (—¢'(0)) increases. When thermal conductivity parameter
(€) is increased, the (f"'(0)) increases, while (-6'(0)) and (—¢'(0)) decrease. Furthermore,
variable viscosity parameter ((6,-) has the effect of decreasing (f''(0)) and (—¢'(0)) while
increasing (-6'(0)).Finally, the (f"(0)), (-6'(0)) and (—¢'(0)) drop as slip parameter (&)
enhanced.The impact of surface convection parameter (a@)on velocity profile presented in
fig. 2. Velocity profile increases when a increases.

£f'(m)

Velocity

b= I I L I L L I I
0 01 02 03 04 05 06 07 08 09

n—»
Fig. 2 f'(n)Vsnfor different a

The role of Eckert number Ec on velocity is shown in fig. 3. From this figure, it is analyzed that
velocity increases while E¢ increases.
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f'(n) =

Velocity

17—

Fig. 3 f'(m)Vsmnfor different Ec

fig. 4 and fig.5 indicate the effect of velocity ratio parameter A for A >0 and A<0 on velocity profile,
respectively. It is analyzing that with the increase in A (positive and negative) the velocity enhanced.
25 T T T

>

')

Velocity
T

% L I | | I 1 L 1
o 1 02 03 04 o 06 or 08 09 1

2
Fig. 5 f'(n) Vsnfor different 2 (Neagative)
Fig. 6 and 7 represents the role of variable viscosity parameter 8, on velocity and temperature

distributions. It can be seen in these graphs that when the 6,.grows, the velocity and temperature
profile drops and increases respectively.
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Velociity f'(n) =

L L L

-

Fig. 7 (n)Vsnfor differentd,. (Positive)
fig. 8 and fig. 9 indicate the velocity and temperature profile for variable viscosity parameter -6,.,
respectively. As the value of -6, enlarges then velocity and temperature reduces.

16 T T T T T T T T T
14
_ee=t
el
12 —g
b ! A A (] = o
- 1 et
B o
= =
Z e
G ol b
2 =
L = e
2 e
08
04| 4
- L 1 I L 1 1
o 01 0z 03 0s 05 o5 o7 08 0s

n—
Fig. 8 f'(n)Vsn for different@,. (Negative)

— T T

a1t

1 L 1 L
o8 [ or os

n—

Fig. 9 6(1;) Vs n for different 0, (Negative)
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fig. 10 indicates the role of variable thermal conductivity &€ on velocity profile. As the € rises, so does
the velocity profile. Because € rises, momentum boundary layer thickness rises as well, hence the
velocity distribution improved.

>

£ m

Velocity

Fig. 10 f'(n) Vsn for different £

The analysis of Hartmann number Mon velocity and temperature distributionillustrated in fig. 11 and
12. It is analyze that increasing, M causes the velocity reduces while temperature profile increases
respectively. It demonstrates that momentum is ebbing due to Lorentz forces that can act against the
flow. and as M increases the thickness of corresponding thermal layer increases.Because applied
magnetic field transfer heat to the fluid, heat transfer from the plate is reduced. Which results to
increase in temperature.

16 < 1

WHo e —————————— e

I'(n) —

Velocity

01 02 03 04 05 08 07 08 09 1

n—

Fig. 11 f'(n) Vs nfor different M

I
(] 01 02 03 04 05 08 o7 08 09
=¥

Fig. 12 6(n) Vs n for different M

Impactof radiation parameter N7 on velocity and temperature profile illustrated in fig. 13 and14.
From the graphs show that as the Nr is increased, the velocity profile reduces but the temperature
distribution grows. Furthermore, the temperature profile reveals that as the N7 is increased,As the
rate of heat transfer to the fluid increases, the temperature of the fluid rises.
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I

1211~ - -Ne2) - .

-—-Ne T 07822 07826 0783

velocity f'(n) —

Temprature 6(n)

& 1 L 1 L L 1 L 1
o 01 02 03 04 05 06 07 08 09 1

Fig. 14 6(n) Vs n for different N1

The impact of prandtl number Pr on velocity and temperature profile indicated in fig. 15 and16.
These figures show that increasing Pr increases velocity profile while decreasing temperature
distribution. An increase in the Pr by definition, indicates a slow rate of thermal diffusion and
temperature profile drops.

Velocity f/(n) —

Fig. 15 f'(n) Vs n for different Pr
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Temprature (1) —

02 04 06 08 1 12 14 16 18 2

n—

Fig. 16 6(n) Vs nfor different Pr

The behavior of surface convection parameter a on temperature distribution is represented in
fig. 17. It is analyzed that the increase in @ which results to decline in temperature profile.
s & | ! ’ i ! | ‘

n-

Fig. 17 6(n) Vs n for different a

The impact of Eckert numberEc on temperature distributionillustrated in fig. 18. As the increase
inEc causes, the temperature profile decreases.
o ) : D - ;

T

P ~ S

n—

Fig. 18 0(n) Vs nfor different Ec

The impact on temperature profile with variable thermal conductivity €is depicted in fig. 19.
Temperature profile decline as & rises.As thermal boundary layer thicknessreduced with the
enhancement in €. Therefore, the temperature profile drops.
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n—
Fig. 19 6(1n) Vs nfor different &
fig. 20 and fig. 21 indicate the impactof velocity ratio parameter A for A> 0 and A< O cases on
temperature profile, respectively. Here the effect of A greatly affects the temperature. The temperature

profile elevates as A> 0 increases. Whereas the temperature profile decline as A< 0 increases.
‘ ; - T .

o2

Temprature

ol

03t B 3

Temprature 6(n) —

sk L L L L L L L L L
o o1 02 ) mn 0s o5 o7 08 a9 1

n—

Fig. 21 0(n) Vs nfor different 2 (Negative)

The role of radiation parameter Nron concentration profile illustrated in fig. 22. It analyze that with

the increasing in N7 causes the concentration profile increases.
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The effect of Eckert number Econ concentration is illustrated in fig. 23. The results indicates that the
increase in Ec gives to an increase in solute concentration. Therefore, the concentration profile was
reduced. The impact of Ec on concentration is non-similar in comparison to temperature profile.
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fig. 24 indicates the role of variable thermal conductivity € on concentration profile. Impact of € on
concentration distribution is reversed, whereas €= 0 implies constant thermal conductivity.
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fig. 25 and 26 show the results for the velocity ratio parameter A on concentration. It is indicated from

these figures that with the increase in A for A> 0 and A< 0 decrease in concentration profile.
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Fig. 26 ¢(n) Vs nfor different A(Negative)
fig. 27 indicates the role of magnetic parameter M on concentration profile. Thesolute concentration

rises forhigher values of M. Therefore concentration profile increases.
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The behavior of Schmidt number Sc on concentration distribution discussed in fig. 28. As the
Schmidt number Sc enlarges, the solutaldistribution reduces. With the increase in Sc, by definition,
indicates a slow rate of mass diffusion. As a result, the concentration profile is reduced.
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Fig. 28 ¢p(1n) Vs nfor different Sc¢

fig. 29 depict the impact of Prandtl number Pr on concentration profile. It is analyzed that with the
rise in Pr brings a decrease to the concentration profile.
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fig. 30 shows the role of surface convection parameter (a) on concentration distribution. It is revealing
that as increase in a reduces the concentration distribution.
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fig. 31 and fig. 32 indicate the influence

of variable viscosityf, on concentration profile. Here

influence of 6, greatly affects the concentration. It is observed that an increasing in 8, for 8,> 0 and
6,< 0 increases concentration profile.
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CONCLUSION

In order to analyze steady 2-D boundary layer MHD fluid flow over a permeable moving plate
alongthermo-physical properties. The similarity transformations were used to derive the dimensionless
boundary value problem. The governing equations of fluid flow governed by various prominent
parameters like slip parameter (&), radiation (N7), Hartmann number (M), Schmidt number (Sc),
Prandtl number (Pr), variable thermal conductivity (€), variable viscosity (6,).Numerical solution is
given by RungeKutta 4th order shooting technique with the help of the ODE45 solver. The key
outcomes are listed below.
i. The velocity profile is decreased on increasing magnetic field M. Whereas velocity distribution
decreases on the enhancement of variable viscosity parameter 6,, for both positive and
negative value of 6,.

ii. The influence of variable thermal conductivity € on velocity is that as € increase, the velocity is
also enhanced.
iii. The reverse trend is followed by temperature profile with surface convection parameter

(a) i.e., as surface convection rises , the temperature profile becomes diminishes, but
temperature profile increases in increment of value of 8,. Whereas temperature profile
becomes reduced as the thermal conductivity parameter € is increased.

iv. The reverse trend is followed by € i.e. as € increases concentration profile is reduced. But for
positive 8,.concentration profile increased with increase in 6,.. And for - 8,.the concentration
profile is also increased.

v. As Schmidt number (Sc) decreases the concentration distribution.

The provided research work contributes new dimensions to the engineering field in determining the
flow characteristic of hydrocarbon in oil and gas reservoirs, soil mechanics, groundwater in aquifers,
chemical engineering (filtration). In these applications, the present solution provided help for solving
permeable condition with variable fluid properties.The current simulations have been proven to be
extremely useful in the investigation of engineered magnetic materials manufacturing. Despite the fact
that the in the current study restricted on steadystate is only, but unstable state can be considered for
future work.
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