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Abstract The present study sought to report the combined influences of frictional and irregular
heat on MHD non-Newtonian fluid (Casson and Maxwell) flows due to stretched surface. The
action of thermal diffusion and diffusion thermo is scrutinized. The flow will take place due to
stretched surface. The equations determining the flow condition are transfigured as coupled equations through self similarity transmutations. R.K. Fehlberg technique is implemented to acquire the
solution of the problem. Graphs are plotted to inspect the influence of sundry physical quantities on
the three routine profiles of the flow field. Further, expressions are procured for friction factor along
with the rate of heat and mass transfers and discussed comprehensively through tabular forms.
Results indicate that Casson fluid attains highest velocity when compared with Maxwell fluid.
The mass transfer rate in Maxwell fluid is better than that of Casson fluid whereas a dissimilar phenomenon is discerned in heat transfer rate. Also Eckert number and irregular heat parameters have
tendency to exalt the fluid temperature.
Ó 2017 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
The fluid that is not fulfilling the Newton’s rule of cooling is
termed as non-Newtonian. A few of them are shampoos,
sauce, pastes, paints, colloidal solutions and ketchup. At present, most of the researchers of fluid mechanics are concentrating their research on this type of fluids due to their rheological
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applications in chemical and mechanical engineering processes.
Hakiem and Amin [1] considered the comparative study of
heat transport impacts on the flow of non-Newtonian fluids
precipitated by buoyancy effects. Eldabe and Mohamed [2]
have given a mathematical model to explore the heat transplant features on viscoelastic fluid flow past a flat plate using
Kummer’s function. Similar type of study on Power-law fluid
was analyzed by Chamkha and Humoud [3] and deduced that
Sherwood number elevates with buoyancy ratio parameter.
The articles [4,5] deal with the Peristaltic transport of distinct
non-Newtonian fluids in a rectangular channel. The influence
of variable viscosity on MHD non-Newtonian fluid flows
was studied by Ellahi et al. [6] and Khan et al. [7] with different
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geometries and found that velocity is a decreasing function of
Hartmann number. Chamkha [8] discussed the impact of heat
transport in a Power-law liquid along a wedge using finite difference scheme, numerically. The heat transfer aspects of nonNewtonian liquid motion engendered by a nonlinearly
stretched surface with respect to viscous dissipation were
examined by Kishan and Kavitha [9]. Hayat et al. [10]
inspected the flow and heat transplant behavior of EyringPowell fluid across an inclined surface considering cross diffusion. Raju and Sandeep [11] analyzed the influence of Soret
and Dufour numbers on non-Newtonian bio-convective flow
past two different geometries with magnetic field.
The topic of heat plus mass transport in the flows occupies
a prominent place in controlling the quality of the products.
The same phenomena, especially on the flows of nonNewtonian fluids with magnetic field have numerous application situations such as pasteurization of liquid foods (milk,
juice), chemical/pharmaceutical processes, cooling of electronic devices and magnetic drug targeting and pumps. However the effectiveness of heat transport will stand on the
interpretation of working fluids. Ellahi [12] considered the
numerical study of MHD Couette flow of non-Newtonian fluid
with slip boundary conditions. Meanwhile, Abbas et al. [13]
considered the problem of stagnation point flow of a viscous
fluid caused by an unsteady surface. The mass transfer characteristics on natural convective flow were reported by Samad
and Mahebujjaman [14], numerically. Ibrahim and Shankar
[15] analyzed the influence of thermophoresis on MHD Brownian motion of a fluid due to stretching sheet.
Casson fluids are also non-Newtonian fluids. These fluids
act as solid elastics and have vital importance in food technology, metal processing, drilling machines and biological
sciences. The blood flow of Prandtl fluid through tapered stenosed arteries with permeable walls was illustrated by Ellahi
et al. [16]. Mahanta and Shaw [17] analyzed the heat transfer
behavior of 3D Casson fluid flow with magnetic field along a
heated sheet. Nadeem et al. [18] performed the similar kind
of analysis and found that higher the Casson parameter lowers
the momentum boundary layer thickness. The stretching flow
characteristics of Casson fluid with applied magnetic field were
reported by Shehzad et al. [19]. Similar type of analysis was
presented by Mahdy [20] to inspect the domination of heat
source in the flow field. The effects of cross diffusion on magneto hydrodynamic non-Newtonian fluid flow due to stretched
surface were inspected by Hayat et al. [21].
Maxwell fluid is also one type of non-Newtonian fluid.
Mukhopadhyay and Bhattacharyya [22] produced a mathematical formulation to look into the unsteady flow of a Maxwell fluid across a stretching sheet. Abel et al. [23] analyzed the
influence of Lorentz force on UCM fluid, in which the flow is
generated by a stretching sheet. The heat and mass transfer
attributes on the Maxwell fluid with first order chemical reaction were discussed by Shateyi [24], numerically. Further,
Abbasi et al. [25] examined the thermophoresis effect on the
aforesaid fluid. Abbas et al. [26] presented the dual solutions
for the problem of flow past a stretching/shrinking surface
with slip effects. Abbas et al. [27] have extended this analysis
to inspect the flow past a stretching/shrinking surface with
homogeneous and heterogeneous chemical reactions.
The flow due to stretching of a sheet has countless scientific
and industrial applications such as spinning of fiber, glass
blowing, metal continuous casting, manufacturing of plastic
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covers, paper plates production, cooling of a big magnetite
plates in a bath and suspension of particles and so on. The flow
driven by a linearly stretched sheet with heat transport in the
flow was contemplated by Chiam [28]. Meanwhile, Khan and
Pop [29] considered the case of laminar flow of nanofluid over
a stretched surface and showed that both thermophoretic and
Brownian parameters have inclination to reinforce the fluid
temperature. Hayat et al. [30] and Nadeem et al. [31] discussed
the motion of non-Newtonian fluids past a linearly stretching
surface and found that a growth in non-Newtonian fluid
parameter dominates the fluid velocity. The research of stagnation point flow of Oldroyd-B fluid past a stretched sheet was
contemplated by Sajid et al. [32]. Similar type of study on
micropolar fluid flow with heat generation was considered by
Abbas et al. [33]. A few researchers [34–36] analyzed the influence of cross diffusion on the fluid flow due to stretched sheet.
Babu and Sandeep [37] presented a comparative analysis on
the motion of Williamson fluid driven by a sheet of variable
thickness and observed a growth in Nusselt number with the
progress in Soret number. Very recently, Ramana Reddy
et al. [38] have given a new mathematical model to study the
cross diffusion effects on the flow with Cattaneo-Christov heat
flux.
The fluid temperature increases due to the friction near the
surface caused by the flow. This we also called as viscous dissipation, which plays a decisive role on the flows having high
viscosity such as polymers and oils. Partha et al. [39] tackled
the flow along a stretched surface with dissipation effect. Abel
et al. [40] stated a mathematical idea to delineate the merged
influence of dissipation and magnetic field on unsteady stretching surface. Tso et al. [41] examined the motion of nonNewtonian liquid between parallel plates by pondering frictional heat and constant heat flux. Khan et al. [42] discussed
the heat and mass transplant reactions on the Brownian
motion of nanofluid along a stretching sheet under the action
of thermophoresis with the assist of finite difference scheme. In
this study they accounted for viscous dissipation effect and
found that raising the values of Eckert number enlarges the
thermal boundary layer thickness. Das [43] investigated the
impact of frictional heat and Soret number on second grade
fluid flow over a stretching surface.
Akbar et al. [44] considered the problem of peristaltic flow
of nanofluid in a permeable channel and explored the impacts
of salient parameters on the flow field. Some researchers [45–
48] studied the heat transfer effects on the flow caused by an
oscillating stretching surface with various assumptions.
Through these studies, the authors concluded that velocity
and temperature are increasing functions of oscillation frequency of the surface. Sandeep and Sulochana [49] studied
the impacts of viscous dissipation and irregular heat transport
on non-Newtonian fluid flow past a shrinking surface with the
chemical reaction of first order. The study of heat transfer in
viscoelastic fluid flow caused by an impervious stretching sheet
with the action of non-uniform heat source was carried out by
Abel and Nandeppanavar [50]. Nandeppanavar et al. [51]
examined the heat transfer of Walter’s liquid B fluid. The
impact of irregular heat distribution in an unsteady flow was
characterized by Pal. [52]. Prakash et al. [53] conducted a
research on unsteady flow with heat transport by employing
Brinkman-Forchheimer model. The influence of heat transfer
over a square diamond shaped obstacle on 2D flow with
stream wise magnetic field was examined by Rashidi et al.
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[54]. The impact of varying heat on MHD ferrofluid flow
caused by a flat surface was reported by Raju et al. [55].
Ramana Reddy et al. [56] explored the effects of radiation
and Lorentz force on nanofluid along a surface of varying slenderness with non-uniform heat.
In the current exploration, we aimed at analyzing the heat
and mass transport effects on the flow of two different nonNewtonian fluids. The flow is generated by stretching of the
surface. The impacts of non-uniform heat generation/absorption, cross-diffusion and viscous dissipation are contemplated.
The transfigured equations of the flow are numerically solved
using bvp5c MATLAB package. Further, we look into the
impact of some pertinent parameters such as Casson parameter, Deborah number, Magnetic field parameter, buoyancy
ratio parameter, Dufour number, non-uniform heat parameters, Soret number and Schmidt number on the flow. The
results are conferred in detail with the confirmation of diagrams and tabular forms.
2. Mathematical model of the problem
We assumed the time independent, 2D flow of non-Newtonian
(Casson and Maxwell) fluids past a linearly stretching surface.
Induced magnetic field, Joule heating and electric fields are
ignored in this analysis, whereas the impacts of cross diffusion,
frictional heat and irregular heat are retained. The coordinate
system is taken such that x axis parallel to the flow surface
and y axis is orthogonal to it as shown in Fig. 1. A transverse
magnetic field of intensity B is imposed normal to the sheet. It
is assumed that the wall stretches with velocity Uw ðxÞ ¼ ax,
a > 0. Here the stretching sheet is not able to conduct
electricity.
With respect to the above said conditions, we can write the
governing equations of the flow as (see [21,23] and [55])
@u @v
þ
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The boundary conditions are
u ¼ uw ðxÞ ¼ ax; v ¼ 0;T ¼ Tw ¼ T0 þ bx; C ¼ Cw ¼ C0 þ cx;
u ! 0;T ! T1 ¼ T0 þ px; C ! C1 ¼ C0 þ qx;

ð5Þ
ð6Þ

The proposed problem reflects two different flows based on the
following assumptions:
 d–0, c ! 1 is very large for Maxwell fluid flow.
 d ¼ 0, c is small for Casson fluid flow.
Here u; v signify the velocities along x; y directions correspondingly, q is fluid density, l is dynamic viscosity, d is the
relaxation time, r is the electrical conductivity, B is the
strength of the magnetic field, a is inclined angle of the magnetic field, c denotes the Casson parameter, g is the gravitational force, T and C respectively stand for temperature and
concentrations, and T0 and C0 are reference temperature and
concentration respectively. bT and bC are thermal and concentration expansion coefficients, T1 and C1 are ambient temperature and concentrations of the fluid respectively, Cp is heat
capacitance, k is thermal conductivity, Dm is the mass
diffusivity, KT is the thermal diffusion ratio, Cs is concentration susceptibility, a is the stretching rate, and b, c, p, q are
constants.
In Eq. (3) Q denote the non-uniform heat source or sink
and


kUw ðxÞ
@f
Q ¼
ð7Þ
A ðTw  T0 Þ þ ðT  T1 ÞB ;
xt
@n
Here A > 0, B > 0 signifies the heat source and A < 0,
B < 0 the internal heat sink.
It is possible to convert Eqs. (1)–(4) as a group of nonlinear
O.D.E along with the Eqs. (5) and (6).
Let us insert the stream function vðx; yÞ defined by,
pﬃﬃﬃﬃﬃ
v ¼ atxfðnÞ;
ð8Þ
Here n is the similarity variable, which is defined as
rﬃﬃﬃ
a
n¼y ;
t

ð9Þ

Further the velocity components u; v in terms of n are defined
as follows
u¼

@v
@v
;v ¼  ;
@y
@x

ð10Þ

The expressions for temperature and concentration in terms of
n are given by
T ¼ T1 þ hðnÞðTw  T0 Þ; C ¼ C1 þ /ðnÞðCw  C0 Þ;

ð11Þ

In view of Eqs. (8)–(11) AND Eqs. (2)–(4) can be written as,
ð1 þ c1 Þf000 þ b1 ð2f0 f00  f2 f000 Þ þ ð1 þ Mb1 sin2 aÞff00
 M sin2 af0  ðf0 Þ þ kh þ kN/ ¼ 0;
2

h00 þPrfh0 þPrEcð1þc1 Þðf00 Þ þPrDf/00 þA f0 þB h ¼ 0;
2

Fig. 1

Physical model and coordinate system.

ð12Þ
ð13Þ
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/00 þ Scf/0 þ SrSch00 ¼ 0;

ð14Þ

and the relevant boundary restrictions are
f ¼ 0; f0 ¼ 1; h ¼ 1  s1 ; / ¼ 1  s2 ;
f0 ! 0; h ! 0; / ! 0;

at n ¼ 0;

as n ! 1;

ð15Þ
ð16Þ

where f0 is the dimensionless fluid velocity, h and / are dimensionless temperature and concentration respectively, b1 ¼ da is
2
the Deborah number, M ¼ rB
is the magnetic field parameter,
qa
w C0 Þ
k ¼ gbT ðTauwwT0 Þ is the thermal buoyancy parameter, N ¼ bbCT ðC
ðTw T0 Þ

is the buoyancy ratio parameter, Pr ¼

ber, Ec ¼

a2 x
Cp ðTw T0 Þ

lcp
k

is the Prandtl num-

ðCw C0 Þ
is the Eckert number, Df ¼ DCms CKpTtðT
is
w T0 Þ

the Dufour number, A and B are non-uniform heat source/
sink parameters, Sc ¼ Dtm is the Schmidt number,

T ðTw T0 Þ
is the Soret number, s1 ¼ pb and s2 ¼ qc are therSr ¼ DTmmKtðC
w C0 Þ
mal and concentration stratification parameters.
Some other salient physical quantities are friction factor
(Cfx ), local Nusselt number (Nux ) and Sherwood number
(Shx ). These are defined as,

Fig. 3

Response of hðnÞ with a.

Fig. 4

Response of /ðnÞ with a.

2sw q1
xqw k1
xqm D1
m
; Shx ¼
ð17Þ
; Nux ¼
2
2
ax
ðTw  T0 Þ
ðCw  C0 Þ
 
 
@T
where sw ¼ l @u
is
the
shear
stress,
q
¼
k
and
w
@y
@y
y¼0
  y¼0
correspondingly indicate the heat and mass
qm ¼ Dm @C
@y
Cfx ¼

y¼0

fluxes near the wall.
On simplifying Eq. (17), we get
00
1=2 0
Cfx ¼ Re1=2
h ð0Þ;Shx ¼ Re1=2
/0 ð0Þ;
x f ð0Þ;Nux ¼ Rex
x

Here Rex ¼

a2 x2
t

ð18Þ

is the Reynolds number.

3. Solution methodology and deliberation of the results
The set of nonlinear coupled Eqs. (12)–(14) in view of their
boundary conditions is resolved numerically by utilizing an
effective Runge-Kutta-Fehlberg integration scheme. At first,
they have been converted into first order linear differential
equations using Fehlberg integration scheme and then

Fig. 2

Response of f0 ðnÞ with a.

Fig. 5

Response of N on f0 ðnÞ.
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Fig. 6

Response of hðnÞ with N.

Fig. 7

Response of /ðnÞ with N.

Fig. 8

Response of f0 ðnÞ with Ec.
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Fig. 9

Response of hðnÞ with Ec.

Fig. 10

Response of /ðnÞ with Ec.

Fig. 11

Response of f0 ðnÞ with A .
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Fig. 12

Response of hðnÞ with A .

Fig. 13

Response of /ðnÞ with A .

Fig. 15

Response of hðnÞ with Du.

Fig. 16

Response of /ðnÞ with Sc.

Runge-Kutta fifth order method is used to solve the first order
differential equations. The procedure is as follows.
First we assume that
f ¼ y1 ; f0 ¼ y2 ; f00 ¼ y3 ; h ¼ y4 ; h0 ¼ y5 ; / ¼ y6 ; /0 ¼ y7
Therefore, we get


1
f000 ¼
½2b1 y2 y3  ð1 þ Mb1 sin2 aÞy1 y3
1 þ c1  b1 y21
þ M sin2 ay2 þ ðy2 Þ2  ky4  kNy6 ;
h00 ¼




1
½Pr y1 y5 Pr Ecð1 þ c1 Þy23
1  Pr Df Sr Sc

þ Pr Df Sc y1 y7  A y2  B y4 ;
/00 ¼ Sc y1 y7  SrSc
1

Pr Ecð1 þ c
Fig. 14



Þy23


1
ðPr y1 y5
1  Pr Df Sr Sc


#



þ Pr Df Sc y1 y7  A y2  B y4 Þ ;

Response of /ðnÞ with Sr.
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and the relevant boundary restrictions are
y1 ¼ 0; y2 ¼ 1; y4 ¼ 1  s1 ; y6 ¼ 1  s2 ;
y2 ! 0; y4 ! 0; y6 ! 0;

the fluid moves faster along the vertical direction of the surface. Meanwhile, rising values of N suppresses both thermal
and concentration boundary layers, that can be seen in Figs. 6
and 7 respectively.
The role of Eckert number (Ec) on the curves of f0 ðnÞ, hðnÞ
and /ðnÞ is probed in Figs. 8–10. In general, higher values of
Ec lead to an improvement in the fluid velocity. As fluid moves
faster along the surface, frictional heat will be generated. So,
we observe a hike in both velocity and temperature of the fluid
as shown in Figs. 8 and 9. Further, from Fig. 10 we notice a
reduction in /ðnÞ for higher values of Eckert number.
Figs. 11-13 are plotted to know the nature of velocity, temperature and concentration fields for disparate irregular heat
parameter (A ) values. Figs. 11 and 12 enable us to agree that
swelling the values of A results in enlarge the curves of velocity and temperature fields. Scientifically, increasing values of
A enhances the thermal boundary layer thickness and hence
it acts as an agent to generate heat. Due to this cause, a magnification in velocity and temperature distributions are
observed for higher values of A . From Fig. 13 we may discern
that fluid concentration retards with an elevation in A .
Figs. 14 and 15 are made to study the response of the curves
hðnÞ and /ðnÞ correspondingly, due to the change in Soret
number (Sr) and Dufour number (Df). From Fig. 14, one
can conclude that higher values of Sr elevate the concentration
distribution. Because, increasing values of Sr means that the
contribution of temperature gradients to species diffusion is
more. Fig. 15 is drawn to look into the temperature profiles
for different values of Dufour number (Df). We see that higher
values of Dufour number are to heighten the fluid temperature. From Fig. 16, we may distinguish that heavier diffusing
species (i.e. increase in Sc) have significant decelerating effects
on the concentration distribution.
Tables 1 and 2 are provided to delve into the effects sundry
problem parameters on skin friction coefficient (f00 ð0Þ), local
Nusselt number (h0 ð0Þ) and Sherwood number (/0 ð0Þ) for
Casson and Maxwell non-Newtonian fluids, respectively.

at n ¼ 0;

as n ! 1;

The above system of equations with the corresponding boundary conditions has been resolved by adopting R.K. fifth order
method. Further, the impact of several dimensionless parameters such as Casson parameter (c), Deborah number (b1 ),
inclined angle of the magnetic field (a), thermal buoyancy
parameter (k), buoyancy ratio parameter and other salient
parameters on the flow field has been shown through plots.
Further, we investigated the influence of same parameters on
Cfx , Nux and Shx , and results are presented in tabular forms.
Results are acquired by allotting the values of dimensionless
parameters as a ¼ p=4, N ¼ 1:2, Ec ¼ 0:5, A ¼ B ¼ 0:1,
Sr ¼ 0:2, Df ¼ 0:3, k ¼ 0:5, Sc ¼ 0:6, M ¼ 2, Pr ¼ 0:7,
s1 ¼ 0:3 and s2 ¼ 0:2. We have taken these values as common
for the complete study of results, unless otherwise shown in
respective plots and tables. In all the plots f0 ðnÞ, hðnÞ and
/ðnÞ symbolize the velocity, temperature and concentration
of the fluid.
Figs. 2-4 depict the changes in f0 ðnÞ, hðnÞ and /ðnÞ for multiple values of inclined angle of the magnetic force (a). It is
conspicuous that increasing the values of a suppresses the fluid
velocity, whereas an opposite result can be found in temperature and concentration fields. Customarily, a growth in a
strengthens the applied magnetic field and generates the Lorentz force, which has capability to restrict the fluid motion.
Meanwhile, Lorentz force releases some thermal energy on
the flow. Due to these reasons decay in fluid velocity and a
growth in the remaining two profiles are observed.
Figs. 5–7 are constructed to shed light on the impact of
buoyancy ratio parameter (N) on f0 ðnÞ, hðnÞ and /ðnÞ, correspondingly. From Fig. 5, it is noted that elevating the values
of N intensifies the fluid velocity. Physically, an increase in N
has propensity to enhance the buoyancy effect, due to which

Table 1
a

Numerical exploration of f00 ð0Þ, h0 ð0Þ and /0 ð0Þ for Casson fluid flow.
N

Ec

A

Sr

Df

Sc

f00 ð0Þ

h0 ð0Þ

/0 ð0Þ

0.22
0.60
1.00

0.4916
0.6249
0.7378
0.7434
0.6874
0.6325
0.6148
0.5685
0.5293
0.6278
0.6186
0.6090
0.6278
0.6269
0.6259
0.6306
0.6264
0.6221
0.6196
0.6278
0.6339

0.0452
0.2128
0.3643
0.3728
0.2931
0.2238
0.7110
2.4079
3.7083
0.2062
0.4440
0.6897
0.2062
0.2099
0.2141
0.1472
0.2361
0.3280
0.1588
0.2062
0.2439

0.6354
0.6203
0.6101
0.6096
0.6146
0.6194
0.6787
0.8710
1.0160
0.6209
0.6486
0.6771
0.6209
0.6620
0.7046
0.6139
0.6244
0.6352
0.4764
0.6209
0.7506

p=6
p=4
p=3
1.0
3.0
5.0
0.5
2.5
4.0
0.1
0.3
0.5
0.2
0.4
0.6
0.1
0.4
0.7
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Table 2
a

Numerical exploration of f00 ð0Þ, h0 ð0Þ and /0 ð0Þ for Maxwell fluid flow.
N

Ec

A

Sr

Df

Sc

f00 ð0Þ

h0 ð0Þ

/0 ð0Þ

0.22
0.60
1.00

1.1458
1.5106
1.8147
1.8348
1.6370
1.4446
1.4531
1.4274
1.4033
1.4598
1.4457
1.4306
1.4598
1.4591
1.4582
1.4648
1.4573
1.4496
1.4489
1.4598
1.4695

0.0460
0.1063
0.2354
0.2505
0.1189
0.0196
0.2096
0.9576
1.6513
0.0133
0.2060
0.4084
0.0133
0.0124
0.0117
0.0405
0.0407
0.1247
0.0286
0.0133
0.0492

0.5053
0.4729
0.4529
0.4507
0.4722
0.4922
0.5184
0.6101
0.6949
0.4943
0.5215
0.5497
0.4943
0.5127
0.5315
0.4857
0.4986
0.5115
0.3823
0.4943
0.5993

p=6
p=4
p=3
1.0
3.0
5.0
0.5
2.5
4.0
0.1
0.3
0.5
0.2
0.4
0.6
0.1
0.4
0.7

Table 3
[23].

The numerical validation of the present results is proved
with the aid of Table 3, in which we made a comparison
between current investigation and Abel et al. [23] by taking
c ! 1; a ¼ p=2; k ¼ 0; Pr ¼ Ec ¼ Df ¼ Sc ¼ Sr ¼ s1 ¼ s2 ¼ 0.
Another comparison is also made with Hayat et al. [21] by taking a ¼ p=2, Pr ¼ 0:7; Sc ¼ 1:0, Df ¼ 0:5; Sr ¼ 0:4, k ¼ 0;
Ec ¼ 0, s1 ¼ s2 ¼ 0 and given in Table 4.

Comparison of the present results with Abel et al.

b1

f00 ð0Þ
Abel et al. [23]

Present results

0.2
0.4
0.6
0.8

0.99962
1.051948
1.101850
1.150163

0.999999
1.052001
1.012105
1.151210

4. Concluding remarks

From these tables we may say that a rise in the values of a minimizes f00 ð0Þ; h0 ð0Þ and /0 ð0Þ in case of both Casson and
Maxwell fluid flows and the result is reversed with higher values of buoyancy ratio parameter. It can be observed that
increasing values of Ec; A and Df can enhance the friction factor and Sherwood number for both fluid flows but suppresses
the Nusselt number. An elevation in Soret number reduces the
Nusselt number of the Casson fluid flow but a quite opposite
result is observed in the case of Maxwell fluid flow. Boosting
the values of Schmidt number reduces the Nusselt number
and friction factor but enhances the Sherwood number.

Table 4

This article describes the magneto hydrodynamic flow of two
different non-Newtonian fluids namely Casson and Maxwell
fluids. The thermo diffusion and diffusion thermo, dissipation
and irregular heat impacts are incorporated in the governing
equations. Some important conclusions are listed below.
 Eckert number shows significant impact on the heat transfer rate of Casson fluid when compared with Maxwell fluid.
 The mass transfer rate in the flow of Casson fluid is better
than that of Maxwell fluid.
 Fluid velocity is observed to be more in Casson fluid compared to Maxwell fluid.

Comparison of the present results with Hayat et al. [21].

c

M

h0 ð0Þ

/0 ð0Þ

Hayat et al. [21]

Present values

Hayat et al. [21]

Present values

0.8
1.4
3.0
2.0
2.0
2.0

0.5
0.5
0.5
0.0
0.6
1.2

0.65027
0.62182
0.59241
0.63157
0.59648
0.51923

0.650278
0.621825
0.592411
0.631570
0.596486
0.519233

0.71096
0.68252
0.63305
0.69227
0.65714
0.57903

0.710963
0.682529
0.633051
0.692274
0.657142
0.579033
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 All the parameters involved in the present study exhibit similar behavior on mass transfer performance.
 The impact of heat generation on temperature and concentration fields is opposite.
 Dufour and Soret numbers have tendency to enhance the
fluid temperature and concentration respectively.
 Nusselt number is a decreasing function of Soret number
for Casson fluid flow but a quite opposite result is discerned
for Maxwell fluid flow.
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