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Abstract The present article investigates the combined influence of thermal radi-
ation, radiation absorption, Soret and Dufour effect, and non-uniform heat source
on the steady convective heat and mass transfer flow of a viscous incompressible
fluid past a stretching sheet. The non-linear equations governing the flow, heat and
mass transfer have been solved by using a Runge–Kutta fifth-order together with
shooting technique. The influence of Sr/Du, A1, B1 on all flow characteristics has
been analysed.
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1 Introduction

The analysis of boundary layer heat and flow transfer of fluids over a continuous
stretching surface has gained much attention from numerous researchers. Stretching
brings a one-sided direction to the extradite; due to this, the end product significantly
relies upon the stream and heat and mass process. Many researchers have studied
the flows with temperature-dependent viscosity in different geometries and under
various flow conditions with Hall effects (1–8). Some of its applications in Industrial
and Engineering domains are in polymeric sheets extraction, insulating materials,
fine fiber matters, production of glass fibre and sticking of labels on surface of hot
bodies. Some of the other applications are drawing of hot rolling wire, drawing of
thin films of plastic and the study of crude oil spilling over the surface of seawater.
In liquids-based applications such as petroleum, oils, glycerin, glycols and many
more, viscosity exhibits a considerable variation with temperature. The viscosity
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of the water decreases by 240% when the temperature increases from 10 °C (μ
� 0.0131 g/cm) to 50 °C (μ � 0.00548 g/cm). To estimate the heat transfer rate
accurately, it is necessary to take the variation of viscosity with temperature into
consideration.

2 Formulation of the Problem

The consequent equations, which are highly non-linear, are explained by using the
fifth-order Runge–Kutta–Fehlberg method (denoted by RKF method) with shooting
technique. Figure 1 explains the problem configuration of a stretching sheet having
momentous convective stream of Nu and Sh of a viscous and electrically conducting
liquid. A constant magnetic field B0 is introduced across the y-axis considering
Hall current effect. The temperature and the species concentration are maintained at
prescribed constant values Tw,Cw at the sheet and T∞,C∞ are the fixed values far
away from the sheet.

Taking Lai and Kulacki [1] proposition, μ the liquid viscosity is assumed to
change as inversely proportional to the linear function of temperature is provided by

1

μ
� 1

μ∞

[
1 + γ0(T − T∞)

] ⇒ 1

μ∞
� α(T − T∞) (1)

where α � γ0
μ∞ and Tr � T∞ − 1

γ0
in which α and Tr are constants, and their

respective values are based on the liquid’s thermal characteristic. Generally, α > 0,
α < 0 represent for liquids and gases, respectively. The governing equations taking
thermal radiating approximated by Rosseland approximation (Pal [2]) are

∂u

∂x
+

∂v

∂y
� 0, (2)

Fig. 1 Physical sketch of
the problem
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The pertinent boundary conditions are

u (0) � uw (x) � bx , v (0) � w (0) � 0, T (0) � Tw, C (0) � Cw (7)

u (∞) → 0 , w (∞) → 0, T (∞) → T∞, C (∞) → C∞ (8)

where Dm , KT , K f ,Cs andCp denotesMass diffusivity coefficient, thermal diffusion
ratio, thermal conductivity coefficient, concentration susceptibility and specific heat
at constant pressure. The below similarity transformations are introduced to study
the stream adjoining the sheet.

u � bx f ′(η); v � −√
bv f (η);w � bxg(η)

η �
√
b

v
y; θ (η) � T − T∞

Tw − T∞
;ϕ � C − C∞

Cw − C∞
(9)

where f , h, θ and ∅ are non-dimensional stream function, similarity space variable
and non-dimensional temperature and concentration, respectively. Equation (9) is
satisfiedbyu and v in the continuity equation (Eq. 2). SubstitutingEq. (9), Eqs. (2)–(6)
reduce to

(
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2
+

(
A1 f

′ + B1θ
)
+ PrDu∅′′ + Q1∅ � 0 (12)

ϕ′′ − Sc( f ϕ′ − γ ϕ) � −ScSrθ ′′ (13)

Similarly, the transformed boundary conditions are given by

f ′(η) � 1, f (η) � 0, g(η) � 0, θ (η) � 1, ϕ(η) � 1 at η � 0 (14)

f ′(η) → 1, g(η) → 0, θ (η) → 1, ϕ(η) → 0 as η → ∞ (15)

3 Formulation of the Problem

The non-linear ordinary differential Eqs. (10–13) with boundary conditions (14–15)
are solved numerically using Runge–Kutta–Fehlberg integration coupled with shoot-
ing technique. This method involves, transforming the equation into a set of initial
value problems (IVP) which contain unknown initial values that need to be deter-
mined by first guessing, after which the Runge–Kutta–Fehlberg iteration scheme is
employed to integrate the set of IVPs until the given boundary conditions are satisfied.
The initial guess can be easily improved using the Newton–Raphson method.

4 Comparison

The results of this chapter are comparedwith the results of previously published paper
of Shit et al. [3] as shown in Table 1, and the outcomes are in good concurrence.

5 Results and Discussion

An increase in heat source (A1, B1 >0) generates energy in the thermal boundary
layer, and as a consequence, the axial velocity rises. In the case of heat absorption
(A1, B1 <0), the axial velocity falls with decreasing values of A1, B1 <0, an increase
in the space-dependent/temperature-dependent heat generating source (A1, B1 >0),
and reduces in the case of heat absorbing source. The concentration increases with
the increase of space-dependent heat/temperature-dependent generating source (A1,
B1 >0) and reduces in the case of heat absorbing source (A1, B1 <0). And an increase
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Table 1 Comparison of Nu and Sh at η �0 with Shit et al. [3] with Sr�0, Du�0, A1 �0, B1 �
0, Ec�0, Q1 �0

M Nr γ λ θ r Shit et al. [3] Results Present results

Nu(0) Sh(0) Nu(0) Sh(0)

0.5 1 0.5 0.5 −2 −0.6912 0.6265 −0.69119 0.626499

1.5 1 0.5 0.5 −2 −0.6977 0.6543 −0.69765 0.654309

0.5 3 0.5 0.5 −2 −12.3751 0.9278 −12.7586 0.927799

0.5 1 1.5 0.5 −2 −0.6956 1.0959 −0.69559 1.095899

0.5 1 −0.5 0.5 −2 −0.6966 0.4898 −0.696599 0.489799

0.5 1 0.5 1.5 −2 −0.6968 0.4245 −0.696799 0.424489

0.5 1 0.5 1.5 −2 −0.5974 0.4071 −0.597399 0.407099

in A1, B1 enhances the skin friction component |τx| (Figs. 2, 3, 4, 5, 6, 7, 8 and 9).

An increase in the strength of space-dependent/temperature-dependent heat gen-
erating source (A1, B1 >0) results in an enhancement in |Nu| at η �0 and we find
that Sherwood number grows with A1, B1 >0 and reduces with A1, B1 <0 in the case
of heat source absorption. It can be observed from the profiles that increase in Sr (or
decrease in Du) smaller the axial velocity and cross flow velocity in the boundary
layer. It is also found that higher the radiative heat flux smaller the axial velocity in
the flow region and larger the cross flow velocity. It can be observed from the profiles
that increase in Sr (or decreasing Du) reduces the temperature and concentration in
the boundary layer. Increasing Soret parameter Sr (or decreasing Dufour parameter
Du) leads to an enhancement in |τx| at the wall. |τz|, |Nu| and |Sh| at η �0 (Table 2).
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Fig. 2 Variation of f ′ with A1, B1: G � 5, N � 1, Nr � 0.5, Sc � 1.3, Sr � 2, Du � 0.04,
θ r �−2, Q1 � 0.5
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Fig. 3 Variation of f ′ with Sr and Du: A1 � 0.1, B1 � 0.1, G �5, N � 1, Nr � 0.5, Sc � 1.3, θ r
�−2, Q1 �0.5
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Fig. 4 Variation of g with A1, B1: G � 5, N � 1, Nr � 0.5, Sc � 1.3, Sr � 2, Du � 0.04, θ r �−
2, Q1 � 0.5
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Fig. 5 Variation of g with Sr and Du: A1 � 0.1, B1 � 0.1, G � 5, N � 1, Nr � 0.5, Sc � 1.3, θ r
�−2, Q1 � 0.5
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Fig. 6 Variation of θ with A1, B1 G � 5, N � 1, Nr � 0.5, Sc � 1.3, Sr � 2, Du � 0.04, θ r �−2,
Q1 � 0.5

6 Conclusions

This paper studies the influence of Soret andDufour effects, non-uniformheat source,
dissipation and radiation absorption and variable viscosity on mixed convective heat
andmass transfer flow past stretching sheet. Influence of Soret and Dufour parameter
on uniform heat source, dissipation and radiation absorption parameter on mixed
convective heat and mass transfer flow has been explored in detail. Increasing Sr (or
decreasing Du) reduces |Nu| and |Sh| at η � 0. |Nu| reduces and |Sh| enhances the
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Fig. 8 Variation of θ with A1, B1: G � 5, N � 1, Nr � 0.5, Sc � 1.3, Sr � 2, Du � 0.04, θ r �−
2, Q1 � 0.5

increase in Ec. Nu and Sh at the wall grow with increase in the strength of A1/B1

and reduce with that of absorbing source. Excellent agreement with the present study
and Shit et al. [3] has been obtained.
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Fig. 9 Variation of φ with Sr and Du: A1 � 0.1, B1 � 0.1, G � 5, N � 1, Nr � 0.5, Sc � 1.3, θ r
�−2, Q1 � 0

Table 2 Shear stress, Nusselt number and Sherwood number at h �0

Parameter τx (0) τy(0) Nu(0) Sh(0)

Sr/Du 2.0/0/03 −0.53308 0.458635 0.0584519 0.755636

1.5/0/04 −0.524227 0.46209 0.0548956 0.700006

1.0/0.06 −0.51499 0.465679 0.0508996 0.642667

0.6/0.1 −0.757774 0.493944 0.0451896 0.608179

A1/B1 0.01/0.01 −0.53308 0.458635 0.0584519 0.755636

0.03/0.03 −0.534201 0.45682 −0.120486 0.987539

−0.01/−0.01 −0.532554 0.460894 0.326161 0.411181

−0.03/−0.03 −0.799178 0.488237 0.45532 0.25806

References

1. Theuri, D., Makind, O.D., Nancy, W.K.: Unsteady double diffusive magneto hydrodynamic
boundary layer flow of a chemically reacting fluid over a flat permeable surface. Aust. J. Basic
Appl. Sci. 7(4), 78–89 (2013)

2. Lai, F.C., Kulacki, F.A.: The effect of variable viscosity on convective heat transfer along a
vertical surface in a saturated porous medium. Int. J. Heat Mass Transfer 33(5), 1028–1031
(1990)

3. Rahmanm, M., Salahuddin, K.M.: Study of hydro magnetic heat and mass transfer flow over
an inclined heated surface with variable viscosity and electric conductivity. Commun. Nonliner
Sci. Numer. Simul. 15(8), 2073–2085 (2010)

4. Chamkha, A.J., El-Kabei, S.M.M., Rashad, A.M.: Unsteady coupled heat and mass transfer by
mixed convection flow of a micro polar fluid near the stagnation point on a vertical surface in
the presence of radiation and chemical reaction. Prog. Appl. Fluid Dyn. 15, 186–196 (2015)



140 J. Deepthi and D. R. V. P. Rao

5. Pal, D., Mondal, H.: Soret and dufour effects on MHD Non-darcian mixed convection heat and
mass transfer over a stretching sheet with non-uniform heat source/sink. Int. J. Phys. 13(407),
642–651 (2012)

6. Shit, G.C., Haldar, R.: Combined effects of thermal radiation and hall current on MHD Free-
convective flow and mass transfer over a stretching sheet with variable viscosity. J. Appl. Fluid
Mech. 5, 113–121 (2012)

7. Sarojamma, G., Mahaboobjan, S., Sreelakshmi, K.: Effect of hall current on the flow induced
by a stretching surface. IJSIMR 3(3), 1139–1148 (2015)

8. Das, S., Jana, R.N.,Makinde, O.D.:MHDBoundary layer slip flow and heat transfer of nanofluid
past a vertical stretching sheet with Non-uniform heat generation/absorption. Int. J. Nanosci.
13(3), 1450019 (2014)


	Combined Influence of Radiation Absorption and Hall Current on MHD Free Convective Heat and Mass Transfer Flow Past a Stretching Sheet
	1 Introduction
	2 Formulation of the Problem
	3 Formulation of the Problem
	4 Comparison
	5 Results and Discussion
	6 Conclusions
	References




