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The essence of the current examination is to predict the consequence of the simultaneous incorporation of
radiation absorption and chemical reaction on Casson fluid flow across an exponentially stretching surface
under the influence of various exponential order flow parameters. The regulating partial differential equations
are transitioned into ordinary differential equations by employing a best-suited similarity transformation. The
resultant equations are computed numerically using MATLAB bvp4c built-in technique. In order to justify
the precision of the numerical method used, the numerical values obtained in a constrained scenario are
correlated with the outcomes existing in the literature. The impacts of multifarious dimensionless parameters on
velocity profile, temperature and concentration distributions are illustrated graphically. The effect of involved
parameters on skin friction coefficient, Nusselt number and Sherwood number are tabulated. The Combined
influence of chemical reaction and radiation absorption with the incorporation of an exponential parameter
on the flow field is trailblazing since the radiation absorption skyrockets the temperature, but on the contrary,

chemical reaction decelerates the temperature.

1. Introduction

The preponderance of current research sheds light on the inqui-
sition of flow across a stretching surface in which the velocity is
presumed to be linearly proportional. Nevertheless, it is frequently
asserted that the sheet need not inevitably be linear. This brainwave
led innumerable researchers and scientists to probe into the fluid flow
past an exponentially stretching surface. Magyari and Keller! initiated
the inspection of similarity solution for the continuous exponentially
stretching surface, which incorporates an exponential dependence on
the temperature distribution, stretching velocity and also on the sim-
ilarity variable with respect to the direction in which the stretching
occurs. They procured the numerical solution as well as the analytical
solution. Moreover, their proposed model was compared with the ex-
isting power-law model. Following the pioneering work of Magyari and
Keller! and motivated by Gupta and Gupta,” Elbashbeshy® scrutinized
the impact of suction across an exponentially stretching continuous
sheet. Iteration algorithm was implemented by him to acquire the
solution of the governing equations numerically. He concluded that
suction enhances the coefficient of friction and heat transfer. In all
the above-mentioned studies, the intractable impact of magnetic field
was neglected. This motivated Al-Odat et al.* to investigate the flow in
light of the magnetic field effects numerically. The significance of the
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magnetic field and its modern applications were highlighted by Kataria
and Mittal® and Shamshuddin et al..®

Sajid and Hayat’” extended the evaluation of reference! by taking
thermal radiation into account. Analytical solutions were elicited by the
employment of Homotopy Analysis Method (HAM), which paved the
way to conclude that the radiation parameter influences the thermal
boundary layer thickness. Bidin and Nazar® numerically reinforced
Sajid and Hayat’s work using Keller box method. Numerical solution
for the same problem together with magnetic field effect was sifted
by Ishak.’ His discussions stated that the transverse magnetic field
opposed the transport phenomenon. Mandal and Mukhopadhyay!°
sidered the similar problem but of exponential order. It is evident
that enhancing the exponential parameter diminishes the velocity and
temperature. Overwhelming applications of thermal radiation have
prompted many authors to scrutinize the impact of thermal radiation
on several types of fluid for different flow geometries recently (See
Refs. 11-15). Combined influence of radiation and magnetic field past
an oscillating vertical plate was modelled by Kataria and Mittal.'® A
recent study was carried out by Rahman et al.!” past an exponentially
stretching sheet by considering thermal radiation and heat source'® or
sink effects simultaneously. In addition to the previous works, expo-
nential based heat source/sink effects were explored by Shamshuddin
et al..'?

con-
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Not long ago, Rajput et al.>° inspected the striking impact of buoy-
ancy past an exponentially stretching sheet. From this study, it is
obvious that, escalating the Eckert number skyrockets the temperature.
Over an exponentially stretching sheet, Shamshuddin et al.?! deduced
that the temperature distribution markedly elevates with a rise in ra-
diation parameter and Eckert number. Similarly, Shamshuddin et al.??
noted that under different types of fluid and flow past an exponentially
stretchable surface, the temperature distribution rises with an increase
in the magnetic field parameter and Eckert number. Adding to the
pre-existing literature, many authors like Kataria et al.?3?% shed light
on viscous dissipation under different geometries recently. Simulta-
neous heat and mass transfer play a major role since it is the core
science of many industrial processes, especially in the domain of chem-
ical engineering. In the immediate past, Reddy et al.>> explored the
impingement of chemical reaction across an exponentially stretching
sheet. Numerical solutions were resolved via the Keller box technique,
from which they surmised that higher values of chemical reaction
parameter curtail the particle concentration. Recently, analytical work
was carried out by Patel et al.>® and Shamshuddin et al.?’ to study
the effect of chemical reactions on different types of fluids. Moreover,
it was justified by Shamshuddin et al.?® that a weak rise in the wall
friction and temperature gradient was noticed, but a significant rise was
computed in the Sherwood number with an increase in the chemical
reaction parameter.

Non-Newtonian fluids have been captivated by various researchers
by virtue of their overwhelming practical applications. The Casson
fluid® is a conspicuous one amidst many other non-Newtonian mod-
els. Mukhopadhyay et al.> examined the Casson fluid flow across
a surface that stretches exponentially. The analytical solution in a
constrained regime and numerical solution has been obtained via fourth
order Runge—Kutta scheme. They concluded that a rise in the Casson
parameter depletes the velocity but a reverse trend is observed in
the temperature distribution. Extending,’ Pramanik®' stated that the
temperature upswings with increasing radiation parameter in the case
of Casson fluid flow. Similar to Ref. 31, presence of thermal radia-
tion together with magnetic field effects was analysed numerically via
shooting technique by Mukhopadhyay et al..>?> They concluded that
magnetic parameter diminishes the transport rate. Of-late, Raju et al.>3
extended the exploration of Ref. 31 by considering the mass transfer of
Casson fluid along an exponentially stretching sheet together with heat
source and of exponential order. Numerical solutions were discussed by
Raju et al.>® for both Casson fluid and Newtonian fluid.

The existence of radiation absorption is, however, thought pro-
voking, as the flow becomes much more complicated. In planetary
atmosphere, absorption of radiation from adjoining stars is a paradigm
of radiation absorption. Shercliff,>* in his textbook, discussed the mass
transfer of an electrically conducting viscous fluid along with radiation
absorption. This is found to be efficacious in the domain of planetary re-
search. Trailblazing examination of radiation absorption coupled with
chemical reaction was carried out by Ibrahim et al..>> Out of this, it was
concluded that upliftment of absorption radiation parameter enhances
the velocity and temperature profile. Following Ibrahim et al.,>> Kumar
et al.>® employed Laplace transform technique to examine the impact of
radiation absorption across an exponentially accelerated moving plate.
Extension to micropolar fluid with radiation absorption for steady case
was carried out by Narayana et al..>” Both analytical and numerical
solutions were presented by them and results analogous to Ref. 35
were justified. Under different geometry and Kuvshinski fluid under
consideration, the influence of radiation absorption was solved using
perturbation technique by Balamurugan et al..>® Theoretically, Umama-
heswar et al.?° utilized similar technique of Balamurugan et al.>® for
Newtonian fluid. In such a case, it was stated that as the radiation
absorption parameter rose, the friction factor and temperature distri-
bution got enhanced. Governing equations were formulated by Reddy
et al.*0 and scrutinized for unsteady hydromagnetic fluid flow with
the addition of absorption of radiation and inferred that absorption
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radiation parameter diminishes adjacent to the wall and skyrockets
apart from the wall. In a constrained scenario, Ajibade and Umar’s*!
work match with those of Ibrahim et al.,>> which validates the es-
sentiality of radiation absorption. A complimentary study to existing
literature was accomplished by Sreedevi et al.,*? which summarized
that concentration escalates with augmenting radiation absorption. Not
long ago, Reddy et al.** undertook the inquisition of Casson fluid
with radiation absorption across a vertically oscillating plate. Finite
difference scheme was employed, and indistinguishable conclusions to
Ref. 35 were reckoned.

With these in mind, and as far as the authors are aware, there has
never been a prior effort to evaluate the flow impact of Casson fluid
along with radiation absorption and chemical reaction over an expo-
nentially stretching sheet, which embodies an exponential dependence
on the similarity variable, stretching velocity, temperature distribution,
and concentration distribution. The novelty of the current analysis is
the inspection of radiation absorption on Casson fluid flow past an
exponentially stretching sheet under the influence of exponential order
flow parameters as an extension to the work of Raju et al..> This
furnishes the motivation for the current perusal where we effectuated
similarity transformation to transfigure the partial differential equa-
tions (PDEs) that govern the flow into ordinary differential equations
(ODEs). Numerical solutions were reckoned and the utilized MATLAB
numerical technique was validated with the pre-existing literature. It
is anticipated that the outcomes reported will supplement the previous
studies and in addition yield vital information for practical applications
in the near future.

2. Mathematical formulation

Taken into account is a viscous MHD Casson fluid past a surface that
is exponentially stretching. Moreover, the Casson fluid is presumed to
be incompressible and electrically conducting. By retaining the origin
O fixed, the wall is stretched out about the x-axis. Likewise, y-axis is
held perpendicular to the x-axis. The surface under consideration is
inferred to coincide with y = 0. Additionally, the dynamics of the fluid
is constrained to y > 0. In the transverse direction to the surface flow,
under exertion is the magnetic field B(x) = ByeN*/2L, where B, is a
constant, N is the exponential parameter and L is the characteristic
length. The aforesaid hypotheses are distinctly portrayed in Fig. 1.

“The rheological equation of state for an isotropic and incompress-
ible flow of a Casson fluid is as follows

2 <MB+ p_y> e, mw>m,
T, = Var 2.1

ij
Py
2<MB+ \/2}7>eij, <7,
c

Here, 7 = ¢;;¢;; and ¢;; are the (i,j)th component of the deformation
rate, r is the product of the component of deformation rate with itself,
7, is the critical value of this product based on non-Newtonian model,
up is the plastic dynamic viscosity of the non-Newtonian fluid and p,
is the yield stress of the fluid”.'®

For the case of Casson fluid, we considered z > 7, and p, = %,
it is possible to say that the dynamic viscosity
P
f=pp+ —= (2.2)

\V2r
Substituting the value of Py in (2.2), we get
1
U= g <1+E) (2.3)

The governing equations corresponding to the framework under
deliberation by extending the work of Raju et al.>? is formulated as:

du  Jdv
=4+ ==0 2.4
ox  dy 24
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Boundary Layer

Fig. 1. Schematic representation of the fluid flow problem.
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where u and v are the velocity components in the x and y directions
respectively. v is the kinematic viscosity. Casson fluid parameter is

g = upy2m,

thermal and concentration expansion coefficient respectively. T, C,
T, and C, are the fluid temperature, fluid concentration, ambient
fluid temperature and ambient fluid concentration respectively. o is the
electrical conductivity, p is the density, pc, is the heat capacitance, « is
the thermal conductivity and D,, is the coefficient of mass diffusivity.
Heat source/sink is Q = Qye™*/L, chemical reaction is k; = kgeV¥/L
and radiation absorption is Q* = Q;eN x/L

Utilizing Rosseland approximation“* for thermal radiation, radiative
heat flux g, can be written as follows:

. g is the acceleration due to gravity. f; and p. are the

_ 4o* oT*
&= "3y
Here, ¢* is the Stefan-Boltzmann constant and k* is the absorption
coefficient.

“Assuming that the temperature difference within the flow is such
that T* may be expanded in a Taylor series and expanding T* about
T,, and neglecting higher orders, we get T* = 4T3 T - 3T% ”.3! And for
that reason, Eq. (2.4) becomes:

c u()_T+U0_T =K 1+166*T3° ()2—T+ 1+l Ju :
P \"ox T %y Kkt ) oy2 " MB 3 )\ oy

+0(T-T,)+0*(C-C,) (2.9)

(2.8)

3. Boundary conditions

The pertinent boundary constraints are enunciated as:

aty=0 u=U, v=-Vx), T=T, C=C, (3.1

as y — oo u—0, T->T,, C-Cgy (3.2)

At this juncture, stretching velocity U = UyeN*/L, surface tempera-
ture T,,, = T, +TpeV*/?L and surface concentration C,, = C, +Cpe™N*/2L,
U,.T, and C, are the reference velocity, reference temperature and
reference concentration respectively. V (x) = VyeN*/2L, “a special type
of velocity at the wall is considered where V, is a constant, V' (x) > 0 is

the velocity of suction and ¥ (x) < 0 is the velocity of blowing”.3!

4. Solution technique

As mentioned by Magyari and Keller,! it is not very surprising
that in the current content there occurs a well-known similarity so-
lution corresponding to the present problem. In this concern, with 5
as the similarity variable, the following similarity transformation is
introduced:

[ Uo NxjoL
=1/ — 4.1
n WL e y 4.1)

u=Uye™*'E ' () (4.2)
_\/@ Nx/2L ’

S PENLS O+t ) (4.3)

T =T, + Toe"Lo(n) (4.4)

C =Cy + CoeV* L) (4.5)

Upon substitution of Egs. (4.1)-(4.5) in Egs. (2.5), (2.9) and (2.7),
the governing equations transmute to the coupled ODEs of the form:

<1+ %)f”’+N(ff”—2f’2) +2Gro+2Gco-Mf' =0 (4.6)

1 4 " ! ! 1 "

o (1+3R)0 —N(f6’—f9)+Ec<1+E> (")
+0u0+R,p=0 4.7)

@' = NSc(f'o—fo')—kScop=0 (4.8)

Similarly, the employment of (4.1)-(4.5) in Egs. (3.1) and (3.2) pro-
duce:

ffam=1, fm=S., 6(m=1lande@m=1 aty=0. 4.9

f')—0, 6@ —0and () —0 (4.10)

as n — oo.

Here, prime notation points to # - dependent differentiation.

Several non-dimensional parameters obtained after transmogrifica-

2L53(§

tion are as follows: Magnetic field parameter M = T Thermal
0
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Grashof number Gr = W

, Solutal Grashof number Gc¢ =

W, Prandtl number Pr = 5 where « is the thermal diffusivity,
o 40*T3 2
Radiation parameter R = Z_k:" , Eckert number Ec = MT[]—_T), Heat
pPHw oo

. _ 200L o . 200G L
source/sink Qp = Tope,” Radiation absorption parameter R, _kU(iTopcp
Schmidt number Sc¢ = DL, Chemical reaction parameter k = (‘]’— and

m 0

suction/injection § = —=

2
The interest-generating physical quantities, namely skin-friction co-

efficient C,, Nusselt Number Nu, and Sherwood number Sh, are
procured as follows:

Cf— V2 = <1 + l) (0
X/L ﬂ

Nu, ,
=-6"(0)

Sh,

NN

where Re, = Ux/y is the Reynolds number.

=—¢/ (0

5. Numerical procedure

MATLAB furnishes a platform to resolve the boundary value prob-
lems (BVPs). The transmogrified equations (4.6)-(4.10) are solved
numerically by employing the MATLAB package bvp4c.*> bvp4c is a
finite difference algorithm that incorporates the three-stage Lobatto IIla
collocation formula.*® bvp4c can be effectuated by altering the BVP as
an initial value problem (IVP). By utilizing the linearity technique*”
such as (see Ref. 48)

”»

“vo=fim=f =" y=0,y5=0, yo=9pand y; = ¢
Egs. (4.6) to (4.10) emerge as simultaneous first-order ODEs as follows:
1
!

V=T [-N(1y3 = 2y,3n) — 2Gry, — 2Geys + My,]
(1+5)
;
, Pr 1
Vs=ET—~ [N(ym —y1ys) — Ec <1 + —> ¥3¥3 = Qpys — Ryys
(1 + -R) p
3
and

¥5 = NSe (y296 = y1¥7) + kScyes

with the boundary conditions

Y1 (0) = 55 y2(0)= 15 y4(0)= 15 y6(0)= 15 yZ(OO) _)05 y4(0°) -0
and yg (c0) = 0.

The values are calculated at the far field boundary condition #,
(= 10).

= nmax

6. Results and discussion
6.1. Justification of the numerical findings

In order to validate the precision of the numerical method used, the
values of f”" (0) and [-6’ (0)] evaluated for Newtonian fluid (for special
cases) are compared with the prior findings that have been published
in the literature. In the absence of mass transfer, magnetic field, heat
source/sink, radiation absorption, buoyancy effects, viscous dissipation
and suction/injection, and for the case in which the exponential param-
eter is of unity, the values obtained match with those of Mukhopadhyay
et al.,3? Pramanik,’! Bidin and Nazar,® Elbashbeshy® and Magyari and
Keller! (See Tables 1 and 2).

The quantities C, Nu, and Sh, pin hopes on (1 + /l]) 1" (0), —0" (0)

and —¢'(0). From Table 3, it is obvious that C s Nuy and Sh, diminish
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Table 1
Correlation of f” (0) under special case and for Newtonian fluid.
Magyari and Elbashbeshy®  Bidin and Mukhopadhyay Present
Keller! Nazar® et al.*? study
—1.28180 —1.28181 —1.28180 —-1.28182 —-1.28182
Table 2
Correlation of [—6’ (0)] for variation in Pr and R, and for Newtonian fluid.
Pr R Bidin and Pramanik® Mukhopadhyay Present study
Nazar® et al.®? with N =1
1 0 0.9547 0.9547 0.9547 0.9548
2 1.4714 1.4714 1.4714 1.4715
3 1.8691 1.8691 1.8691 1.8691
5 2.5001 2.5001 2.5001
10 3.6603 3.6603 3.6603
1 0.5 0.6765 0.6765 0.6767
1 0.5315 0.5315 0.5313
2 0.5 1.0735 1.0734 1.0735
1 0.8627 0.8626 0.8629
3 0.5 1.3807 1.3807 1.3807
1 1.1214 1.1213 1.1214

with enhancement of M and rises with an upliftment in the values of Gr
and Gc. Enhancement of R, Ec and R, depreciates Nu, and skyrockets
C; and Sh,. A rise in the values of k and N declines C, but augments
Nu, and Sh,. Increasing Q suppresses C, and Sh, whereas reverse
trend is perceived in the case of Nu,.

6.2. Impact of multifarious apposite parameters on f' (n), 0(n) and ¢(n)

In order to keep things brief, the illustrations through figures are
propounded for the influence of several pertaining parameters on ve-
locity profile f’(n), temperature distribution () and concentration
distribution ¢(). The values Ec = 0.01, M = 0.5,R, = 0.5,Gr = Gc =
I,Pr = 0.71,8¢c = 06,5 = 05,N = 05,R = 03,0y = 04, = 0.5
and k = 0.1 are treated as fixed for numerical results, all through this
inspection, with the exception that the varied values are mentioned
explicitly in corresponding figures.

Fig. 2 depicts the dominance of M on f’ (). For N = 1, enhance-
ment of M depreciates f” (). The transport rate is notably dwindling as
a consequence of the transverse magnetic field, which instigates drag.
This drag is induced in terms of Lorentz force. Moreover, Lorentz force
skyrockets as M augments, which in-turn resists the flow to a greater
extent. Moreover, escalating M, proliferates the thermal and solutal
boundary layer thickness. On the grounds of this, 6(n) and ¢() gets
soared as M rises. This is seen vividly in Figs. 3 and 4 respectively.

Fig. 5 illustrates the impact of incorporating thermal radiation.
It is obvious from the figure that an intensification of R augments
6(n). Incorporating thermal radiation into a flow model does, in fact,
amplify the fluid flow’s temperature domain. This is attributable to the
enlargement of « in a fluid that conducts electricity. Moreover, this is
in agreement with the physical fact that the thermal boundary layer
thickness increases with increasing R. Thermal radiation enhances the
effective thermal diffusivity and thus the temperature increases.

The effect of exponential parameter has been depicted in Figs. 6-8.
In f’ (n), for smaller values of N, the trend increases suddenly and, at
some point, starts to decrease gradually. But this is not the case for
larger values of N. Contrariwise, for both larger and smaller values of
N, the trend tends to decline. As N rises, f’ (1), 8(n) and ¢(y) declines.
Since the flow parameters are of exponential order, the value of N has
a noticeable impact on the velocity field, temperature distribution and
concentration distribution. Both for smaller and larger values of N, the
novel results are procured.

The conversion of species takes place as a result of chemical reac-
tions. Fig. 9 depicts the repercussions of encompassing k in the equation
regulating the mass transfer. The curve rises in the neighbourhood of
the wall and suddenly decreases far away from the wall. Further it is
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Table 3
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Tabulation of numerical values of (1 + %)/” (0), —0' (0) and —¢'(0) for Casson fluid and for fixed values Pr=0.7, Sc =0.6 and S =0.5.

M R N k 0y Ec R, Gr Ge (1 + i) A0 —0' (0) —¢/(0)
0.5 0.3 1 0.1 0.4 0.01 0.5 1 1 ~2.15093 1.51960 1.88878
0.8 ~2.39913 1.50956 1.87934
1.2 ~2.70901 1.49698 1.86753
0.5 0.5 ~2.08778 1.38133 1.89157
0.8 ~2.00546 1.22846 1.89527
03 2 —4.06909 2.21543 2.75070
3 ~5.49492 2.78490 3.46661
0.5 0.3 ~2.16559 1.52072 1.93097
0.5 ~2.17925 1.52178 1.97204
0.1 0.6 ~2.17228 1.57026 1.88784
0.8 ~2.19174 1.61912 1.88700
0.4 0.05 ~2.14197 1.50801 1.88920
0.1 ~2.13085 1.49371 1.88973
0.01 0.7 ~2.13498 1.47448 1.88945
0.9 ~2.11913 1.42942 1.89012
0.5 3 ~0.47057 1.56408 1.93364
5 1.10905 1.60084 1.97172
1 3 ~0.70275 1.55479 1.92468
5 0.67996 1.58520 1.95634
1 \ | | L] L]
\ - = M=15
0.9 " N=1 _— - M=3 L
M=45
oskMN -
i\
0.7F W\ -
\\
0.6 \\ A
=,
S (%Y
~05F -
04} W -
W
0.3}F VW -
(Y
0.2} VL 4
N\
N
01F N ~ -
Sy
— — -~
0 1 1 e e e e e
0 2 4 6 8 10
n

Fig. 2. Velocity profile for various M.

noted that for larger values of g, as k increases, f’ () subsides. For
negligible values of N, the influence of k on 6(x) and ¢() are depicted
in Figs. 10-11. It is seen vividly that 6(n) and ¢ () declines as k gets
magnified. Since every flow parameter has an exponential dependence
on the flow field, the simultaneous effect of the exponential parameter
and the chemical reaction parameter is significant.

Figs. 12 and 13 disclosed the significant effect of O on f’ () and
0(n) respectively. For larger values of f, enhancing O decreases f’ (17)
as well as 6 (n). Additionally, it demonstrated that temperature en-
hancement takes place when heat is produced. Moreover, this variation
is predicted to be caused by declination of fluid’s thermal and kinetic
energy. It is expected that the increase in the heat source parameter
releases the heat energy to the flow, which causes enhancement of
temperature distribution. But the dominance of external heat produces
a reverse trend, contrary to the expected outcome.

The Eckert number provides a measure of the kinetic energy of the
flow relative to the enthalpy difference across the thermal boundary
layer. It is used to characterize heat dissipation in high-speed flows for
which viscous dissipation is significant. From Fig. 14, it is evident that
0(n) skyrockets as Ec augments. This occurs due to frictional heating
in the fluid which causes heat to be generated as Ec increases. Conse-
quently, an upsurge in Ec leads to work being done against the stresses
of the viscous fluid, which transmutes kinetic energy into internal
energy. Also, Eckert number signifies the quantity of mechanical energy
converted via internal friction to thermal energy i.e., heat dissipation.
This indirectly emphasizes the vitality of viscous dissipation in the
energy equation.

Figs. 15 and 16 portrays the effect § on f/ () and 0(n) respectively.
It is perceived from Fig. 15 that as g increases, f’ () decreases. As
p increases, the yield stress p, falls, and consequently, the velocity
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Fig. 3. Temperature distribution for various M.
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08 M
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Fig. 4. Concentration distribution for various M.

boundary layer thickness decreases. But on the contrary, for N = 1,
as # enhances, (i) proliferates. A rise in # actually resists the flow of
the fluid since it drastically reduces p,, of the Casson fluid and raises up.
This resistance is accountable for the escalation of temperature as well.
It is important to note that the higher value of § leads to Newtonian
fluid.

Absorption of electromagnetic radiation transforms electromagnetic
energy into internal energy. This transformation generates heat, which

in turn escalates the temperature distribution. Distinguishing the con-
sequences of R, for Prandtl number Pr = 6.83 (methanol) and Pr = 0.7
(air) is noted in Fig. 17. In the case of higher Pr, i.e., for methanol
(in this case), the curve slightly rises close to the wall and diminishes
smoothly apart from the wall. But this is not the trend for smaller Pr,
i.e., air (in this case). Thus, as R, boosts up, 6(y) increases. This clearly
shows that absorption of radiation is a significant phenomenon, which
has a striking effect on the temperature distribution.
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7. Conclusions » An upsurge in the values of O and N augments the heat transfer

rate and tends to curtail the friction factor.

The outcomes of this study can be briefly summarized as follows: - The increasing effect of M increases 6(7) and ¢(n).

« The effect of k suppresses 8(y) and ¢(7) which in turn causes the « It is intriguing to note that the effect of N is so influencing and

enhancement of Nu, and Sh,. depreciates the velocity field.
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« It is further seen that, that role of Prandtl number in the temper-
ature distribution is vital, for their effects on radiation absorption
are significant.

+ In the absence of R,, the results are identical to that of Raju
et al.?
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