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Abstract: Present analysis has been carried out to study the two diomathsteady hydromagnetic convective fluid flow between two
parallel plates with heat and mass transfer in the preserberonal radiation and viscous dissipation. Here the Igulate is stretching
and porous. Governing equations are solved by forth ordegRu Kutta Method along with shooting technique. The efexdtthe
flow parameters such as magnetic parameter, radiation péegrauction parameter, Reynolds number, Eckert numbemd® number
and Schmidt number on the velocity, temperature and corat@nt profile are examined and the effects are explaineghgrally.
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1 Introduction been studied by Erickson et ab][ Giterere et al. 10|
analyzed MHD flow in porous media over stretching

surface in a rotating system with heat and mass transfer.

The heat and mass transfer due to a stretching surface in ;
channel, used in a present work, has important applicationélulotaand Guptalfl] inspected the effect of heat and

. mass transfer on a stretching sheet with suction or

in polymer techno'logy and metallurgy. FOI: example, abIowing. Hazem 12| discussed t?ﬂe effect of suction and

number of technical processes concerning pOIymer?njection on unsteady Couette flow with variable

gjvotl)ve dthe poolwg ofhconurr]]uous Strips extrudid ;romha Properties Boundary layer flow and heat transfer over an
ie by drawing them through a quiescent stretched. Othe ) . - .

examples are continuous casting of metals, manufacturg,?ztle a[tljz] Satﬁté:rg?fgc\tfrg?al\lﬂzu[;f?ﬁv's nggzﬁfe?cyhi'ﬁhak

of plastic and rubber sheets, glass blowing, the extrude ' ' P 9

material issues through die and spinning of fibers. In view ermeable sheet are examined by Kumarkj. [Kung
of these applications, Afifyl] studied Similarity solution and Srivastavalle] analyzed analytic transient solutions

) ) o S e of a cylindrical heat equation with oscillating heat flux.
in MHD: Effects of th'ermal diffusion and diffusion Several researches used different approaches and find
thermo on free convective heat and mass transfer over

: S : S Vel Some applications 13,17,18,19,20,21,2
stretching surface considering suction or injection. &]i [ Mukhopadhygyr/) 23 considerescEI tr;e ims,tea;dy, bo,ur?]dary

presented the thermal boundary layer on a power la .
stretched surface with suction or injection. Borkakoti anmayer flow and heat transfer past a porous stretching sheet

: . ) in presence of variable viscosity and thermal diffusivity.
Bharali 4] have studied hydromagnetic flow and heat : .
transfer between two horizontal plates. Chakrabarti an ubhas and Maheshaq estimated the heat transfer in

Gupta B] reported on the hydromagnetic flow and heat HD viscoelastic fluid flow over a stretching sheet with
transfer over a stretching sheet. The effect of heat transfevarlable thermal conductivity, non-uniform heat source

of a continuous, stretching surface with suction Orand radiation. Sheikholeslan¥] inspected the rotating
blowing has been investigated by Chen and Clgir | MHD viscous flow and heat transfer between stretching

Crane [] discussed the flow past a stretching pIate.anoI porous surfaces using analytical method.

Cortell [8] trailed the investigation of viscous dissipation The purpose of present study is to examine the effects
and radiation on the thermal boundary layer over aof mass transfer,viscous dissipation and suction paramete
nonlinearly stretching sheet. Heat and mass transfer on an two dimensional steady hydromagnetic viscous fluid
moving continuous flat plate with suction or injection has flow between two parallel plates in the presence of
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thermal radiation, where the lower plate is stretching andp is the base fluid density is the dynamic viscosity is

porous.In this study Runge-Kutta forth order methodthe thermal conductivity, is the specific heat arfdis the

successfully applied to solve the governing equations.  chemical molecular diffusivity. The boundary conditions
applicable to the present channel flow are

u=ax,v=—Vvp, T =Ty,C=Cyaty=0

u=0,v=0T=T,C=Chaty=h

2 Mathematical Formulation {
%)

Consider steady two dimensional flow of an electrically
conducting incompressible dissipative fluid between two
vertical parallel plates when the lower plate is a By using the Rosseland approximation consider the

permeable and stretching plate and two equal oppositgadiative heat flux for optically thick fluid is given by
forces are applied along the- axis, so that the wall is

stretched & >0) keeping the origin fixed. The flow is 40 0T

assumed to be in the- direction which is taken along the O =— 3k dy (6)
plates andy - axis is normal to it. A uniform magnetic

field B is acting alongy - axis. The lower plate at =0 where is the Stefan-Boltzmann constant &hds the

and upper plate ay = h of the channel are kept at mean absorption coefficient. Assuming that the difference
temperaturély andTh. The lower plate is subjected to a in temperature within the flow are sufficiently small such

constant flow suction with a velocityg. Under these that T4 can be expressed as a linear function of the
assumptions, the Geometry and governing equations ofemperature, we expanf in a Taylor's series abouf,

the problem are: and neglecting higher order terms, thus

T4 =477 - 3T

T,.C, Let us introduce the following similarity transformations
n =4 u=axf'(n), v=—aht(n),
7
R T 1 6(n) = 1%, &) = &2 "
—_—. and non-dimensional parameters
) u=ax Ry M:Ugf}hz,Re:ahTz,R:%kT*hg,Pr:“Tcp,

e ®

Fig. 1: Geometry of the Problem

2
Ec= cp((%()—_Th)v S=% S=5
where M is the magnetic parameteRe is the
Reynolds numbemR is the radiation parametd?ey is the
Prandtl number,Ec is the Eckert numberS suction
parameter(S> 0), Sc Schmidt number and a prime
denotes differentiation with respectio
The above equations (6)-(8) reduces the equations

ou ov (1)-(4) into the following system of non-dimensional
——+5-=0 (1) .
ox oy equations
2 2 m 2 " /I
u@jtv@:udu oB“u @) f"" —Ref“+Reff" —Mf' =0 (9)

ox ady 2 p

(3R+4)8" + 3RePr (Rf 0’ +Ecf”?) =0 (10)

oT  dT k 0T 1 dg v ,du,

“ox oy ~bes oy e oy Tocy'ay) @
P P P £+ ReScf&/ =0 (11)

u9€ . ,9C _ 9°C ) Non- dimensional boundary conditions are

ox oy~ oy
I _ _ _ _ _
Hereu andyv are the velocities in the, y directions { F=11=56=1{=1an=0 (12)

respectivelyT is the temperaturé is the concentration, f'=0,f=00=0¢=0an=1
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The local skin-friction coefficient(t) on the lower
stretching wall is given by

0.8
T:T_W:> R_EXT: £7(0) M=0.5,3.0, 7.0, 10
p(ax)? h 0 0.6f
where the wall shear stress may be written as o4l
Tw=U <du) 0.2
W = —_— . .
9 )y
0 ‘ ‘ ‘ ‘ ‘
The rate of heat transfer (Nusselt number) and rate o 0 0.2 0.4 0.6 0.8 1
mass transfer (Sherwood number) on the lower stretching y

wall are defined below

g_T
Nu=h Y Nu= -6’
u <Th_Tw>y_0:> u 6'(0)

aC
Shzh( 9

Fig. 3: Temperature profiles for various values\dfwith Re= 2,
R=0.8Pr=3Ec=0.8,S=0.5.

1

= Sh=—¢&'(0)
e

0.81
M=05,3.0,7.0,10

0.6f
3 Numerical results and discussions §

0.4} 0.66
Using a similarity transformation, the governing 0655
equations (1)-(4) are transformed into a system of 02[ s

non-dimensional ordinary differential equations (9))11 0.2950.30.305
which are solved numerically using forth order Runge - % 6‘2 — 04 06 08 1
Kutta method along with shooting technique with the help ' oy '

of MATLAB (R2010a) software and throughout the

computations we employl = 0.5,Re=2,R=0.8,Pr =
3,Ec=0.8,Sc=0.3,S=0.5.

0.8r

06f M=05,1.0,2.0,3.0

0.4r

0.2r

0 0.2 04 y 06 0.8 1

Fig. 2: Velocity profiles for various values dfl with Re = 2,
S=0.5.

The results are illustrated graphically in figures

Fig. 4: Concentration profiles for various valuesMfwith Re =
2,5 =0.3,S=0.5.

Eckert number Ec,Schmidt numberSc on velocity,
temperature and concentration profiles. Also, the skin
friction coefficient, Nusselt and Sherwood numbers are
discussed and given in tabular form.

For the case of different values of magnetic field
parameteM , the velocity, temperature and concentration
profiles are shown in Figures (2)-(4). It is noticed from
figure (2) that the velocity decreases with increase the
magnetic paramete. This is due to the fact that an
increase in transverse magnetic field develops the
opposite force to the flow direction (Lorentz force), which
results in retarding force on the velocity field. This force
has the tendency to reduce the velocity boundary layer
and increase the thermal boundary layer thickness. It is
clear from the Figures (3) and (4), that an increase in the
magnetic field parameter enhances the temperature and
concentration profile.

Influence of suction paramete® over velocity,

(2)-(14) for the non-dimensional parameters, namely theemperature and concentration profiles are displayed in

magnetic parametevl, suction parametef , Reynolds
numberRe, radiation parameteR, Prandtl numbeiPr,

Figures (5)-(7). We know that the effect of suction is to
bring the fluid closer to the surface and, therefore, to
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Fig. 5: Velocity profiles for various values dd with M = 0.5,  Fig. 7: Concentration profiles for various values ®fvith M =
Re=2. 0.5,Re=2,S<=0.3.
1
0.8t
$=05,10,15,2
06f
0
04t
02t
1

Fig. 8: Velocity profiles for various values d®e with M = 0.5,

Fig. 6: Temperature profiles for various valuessaith M = 0.5, S-05

Re=2,R=08Pr=3Ec=0.8.

. observed that increase in the radiation paramdRer
reduce the thermal boundary layer thickness. Thus, thesgecreases the temperature distribution in the thermal

ploﬁ ShL;JjW that veloglty,_f.templeratyrr]e_and ancemrat.'orboundary layer. This is because large values of radiation
profiles decreases significantly with increasing suctionyarameter correspond to an increase the conduction over

parameter. ) radiation, thereby decreasing the thickness of the thermal
Figures (8) - (10) depict the effects of the Reynolds poundary layer. From Figure (13), The Prandtl number
number Re on velocity, temperature and concentration gefines the ratio of momentum diffusivity to thermal
profiles, respectively. It is observed from the figures thatgifysivity. Therefore, an increase in the Prandtl number
an increase in the Reynolds number decreases thgeans slow rate of thermal diffusion.
velocity, temperature and concentration flow profile. Figure (14) illustrates the concentration profiles for
Figure (11) demonstrates the variations of temperaturelifferent values of the Schmidt numbge. The Schmidt
distribution for different value of Eckert numbEik. This number defined as the ratio of viscosity and molecular
figure reveals that an increase in the value of the Eckertjiffusivity, and it is physically related to the relative
number indicates that there is an increase in the viscoughickness of the mass-transfer boundary layer. It is clear
dissipation and thereby increases the temperature of thghat the concentration of the fluid reduces with an
fluid as the dissipative force adds energy to the fluid. increase of the Schmidt number. As can be expected, the
The temperature distribution for different values of concentration boundary layer thickness decreases as
radiation parameteR and Prandtl numbepr are shown  Schmidt number increases, with all other parameters
in Figure (12)-(13). From this figures it is noticed that fixed. All these physical behaviors are due to the increase
temperature decreases with the increase in radiatioof Schmidt number means a decrease of molecular
parameter and Prandtl number. From Figure (12), it isdiffusion.
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0.8

Ec=0.8,15,2.0,3.0
Re=2,4,6,8
0.6
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Fig. 9: Temperature profiles for various valuesRd with M = Fig. 11: Temperature profiles for various valueskxt with M =
0.5,R=0.8,Pr=3,Ec=0.8,5S=0.5. 0.5,Re=2,R=0.8,Pr=3S=0.5.

0.8

0.6 R=0.8,15,2,3
0
0.4r
0.2r
0 .
0 0.2 0.4 0.6 0.8 1
y

F|g 10: Concentration prOfiles for various valuesPith M = F|g 12: Temperature prof”es for various valuesPfvith M =
05,Re=2,S=05. 0.5,Re=2,Pr =3,Ec=0.8,S=05.

Table 1: Effects of various physical parameters on local skin

friction coefficientf” and Nusselt number 6’ at the lower plate. Table 2: Effects of various physical parameters on Sherwood

number—@’ at the lower plate.

7 7
Re S R Pr Ec f7(0) -0'(0) M Re S = =€)

05 2 05 08 3 0.8 -2.310084 0.988451

2 2 05 08 3 08 -2.645753 0.851188 02'5 5 82 8§ igfgggf
3 2 05 08 3 08 -2850548 0.763521 3 5 0'5 0'3 1'217432
05 4 05 08 3 0.8 -3.410390 1.595065 05 4 05 03 1447782
05 6 05 08 3 08 -4486997 2.258052 0'5 6 0'5 0'3 1.679041
05 2 1 08 3 08 -2980835 1507637 0'5 5 1 0'3 1'392227
05 2 15 08 3 08 -3.747670 2.102212 0'5 > 15 0'3 1' 575777
05 2 05 15 3 0.8 -2.310084 1.033381 0'5 5 0'5 1 1.829956
05 2 05 2 3 0.8 -2.310084 1.061181 0'5 > 0'5 15 2' 321273
05 2 05 08 23 0.8 -2.310084 0.974540 ) ) ) )

05 2 05 08 15 0.8 -2.310084 0.970477

05 2 05 08 3 15 -2.310084 0.147843

05 2 05 08 3 2 -2.310084 -0.452592

number —6’(0) and Sherwood number£&7(0) for
different values of involving physical parameters at the
lower stretching plate in Table 1 and Table 2. It can be
To assess the results of the analytical method, we haveeen that the skin friction coefficient decreased by
tabulated our local skin friction coefficient, Nusselt increasing the magnetic paramekér, Reynolds number
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concentration. The findings of the numerical results can
be summarized as follows:

0.81

-t is found that velocity, temperature and
concentration decreases with the increase of variable
suction parameter and Reynolds number.

—Also, the magnetic parameter has the effect of
decreasing the velocity profile.

—An increase in magnetic field parameter, Eckert
number and Prandtl number enhances the temperature

‘ ‘ ‘ ‘ profile. However, it decreases with the increase of

0 02 04y 06 08 1 radiation parameter.

—In the case of magnetic parameter and Schmidt number
increases, the concentration field increases.

Fig. 13: Temperature profiles for various valuesRyfwith M = -A rise in the values of magnetic parameter, Reynolds
0.5,Re=2,R=08,Ec=08,5=05. number and suction parameter reduces the local skin
friction for stretching wall and enhance the local skin

friction for upper wall.

—Nussult number increases with decreasing values of
magnetic parameter, Eckert number and increases
with increasing values of Reynolds number, suction
parameter, radiation parameter, Prandtl number for
the stretching wall.

—Reynolds number, suction parameter, Schmidt number
have the tendency to enhance the rate of mass transfer
(Sherwood number) and magnetic parameter have the
tendency to reduce the Sherwood number for the
stretching wall.

Pr=0.71,15, 2.3, 3.0
0.61

0.4r

0.2r

0.81
Sc=0.3,10,15,2.0

0.61 N
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Acknowledgement

Fig. 14: Concentration profiles for various valuesSafwith M = Authors are very much thankful to the reviewers for giving
0.5,Re=2,S=05. the constructive suggestion which helped us in improving
the quality of the manuscript.

Re and suction paramet& . Also it is noticed that the References

Nusselt number increases by increasing the Reynolds

numberRe , suction paramete , radiation parameteR [1] A.A Afify, Communication in Nonlinear Science and
and Prandtl numbelPr , whereas it decreased with Numerical Simulatiori4(5), 2202-2214 (2009).

increasing the magnetic paramekérand Eckert number [2] M.E Ali, International Journal of Heat and Fluid Floh6,

Ec . From Table 2, it is observed that the Sherwood 280-290 (1995).

number increased by increasing Reynolds nuniRer, [3] 1. Ahmad, V.N Mishra, R. Ahmad and M. Rahaman, Springer

suction paramete® and Schmidt numbegc , whereas it Plus5, 1-6 (2016). _ _
decreases with the increasing value of the magnetid4] A.K Borkakoti and A. Bharali, , Quarterly of Applied
parameteM .[J. Mathematic0(4), 461-467 (1983).

[5] A. Chakrabarti and A. S. Gupta Quarterly of Applied
Mathematics837(1), 73-78 (1979).
. [6] C.K and M.l Char, Journal of Mathematical Analysis and
4 Conclusion Applications135(2) 568-580 (1988).
7] L.J Crane, Zeitschrift fur angewandte Mathematik ungi$th
A theoretical analysis is performed to study the heat and = 21(4), 645-647 (1970).
mass transfer flow in the presence of thermal radiationg] R. Cortell, Physics Letters 872(5) 631-636 (2008).
and viscous dissipation between two parallel plates[9]L.E Erickson, L.T Fan and V.G Fox, Industrial and
where the lower plate is stretching and porous. The Runge  Engineering Chemistry Fundamentald), 19-25 (1966).
- Kutta Method along with shooting technique is [10] K. Giterere, M. Kinyanjui, and S. Uppal, International
employed to find the results of velocity, temperature and  Journal of Pure and Applied Mathematigs9-32 (2012).

(@© 2017 NSP
Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci. Lett5, No. 3, 81-87 (2017) www.naturalspublishing.com/Journals.asp NS = 87

Kiran Kumari working
as an research scholar in
Department of Mathematics,
University of Rajasthan,
Jaipur (India). She is pursuing
research work under the
supervision of Mamta Goyal.
Her area of research are Fluid
Dynamics, MHD, Heat and
Mass Transfer in Channels
and mathematical modeling with numerical method.

[11]P.S Gupta and A.S Gupta, The Canadian Journal of
Chemical Engineering5, 744-746 (1977).

[12] A. Attia Hazem, Kragujevac Journal of Scieng2 17-24
(2010).

[13] S. Husain, S. Gupta and V.N Mishra, Fixed Point Theory
and Applications304, 11-21 (2013).

[14] A. Ishak, R. Nazar and |. Pop, Meccanidd(4), 369-375
(2009).

[15] V. Kumaran, A.K Banerjee, A.V Kumar and K. Vajravelu,
Applied Mathematics Computatidil0(1) 26-32 (2009).

[16] K.Y Kung and H.M Srivastava, Applied Mathematics
Computation 195(2), 745-753 (2008).

[17]L.N Mishra and R.P Agarwal, Dynamic Systems and
Applications25, 303-320 (2016).

[18] L.N Mishra, R.P Agarwal and M. Sen, Progress in
Fractional Differentiation and Application&(3), 153-168
(2016).

[19] L.N Mishra and M. Sen, Applied Mathematics and
Computatiorn285, 174-183 (2016).

[20] L.N Mishra, H.M Srivatava and M. Sen, International
Journal of Analysis and Applicatiorisl (1) 1-10 (2016). Dynamics, Boundary Layer

[21] V.N Mishra, Thesis, Indian Institute of Technology, f 8 / theory of Newtonian and
Roorkee, Uttarakhand, India, 247-667(2007). Non-Newtonian fluids, MHD,

[22] VN Mishra and L.N Mishra, International Journal Heat and Mass Transfer in Channels. She has published
of Contemporary Mathematical Scienc@¢19) 909-918 many research papers in national and international
(2012). journals.

[23] S. Mukhopadhyay, Heat Mass TransféR, 5213-5217
(2009).

[24] AM Subhas and N. Mahesha, Applied Mathematical
Modelling 32(10) 1965-1983 (2008).

[25] M. Sheikholeslami, H.R Ashorynejad, D.D Ganji and A.

Kolahdooz, Mathematical Problems in Engineerfii 1, 1-
17 (2011).

Mamta Goyal is
currently working as
Associate  Professor, in
Department of Mathematics,
University of Rajasthan,
Jaipur (India). Her field
of research are: Fluid

(@© 2017 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

	Introduction
	Mathematical Formulation
	Numerical results and discussions
	Conclusion

