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Abstract
This work presents the entropy analysis of Maxwell nanofluid containing gyrotactic microorganism
in the presence of homogeneous–heterogeneous reactions with modified heat and mass flux models.
Modified models are presented by utilizing Cattaneo–Christov heat flux and generalized Fick’s law.
Derived equations which shows the considered flow situation are modeled in the form of PDEs under
boundary layer theory, then suitable transformation is applied to convert arising PDEs into a set of
transformed ODEs which are then solved using a powerful scheme namely optimal homotopy
analysis procedure. Special cases of some published work are found to be in excellent agreement of
our work. The impact of physical parameters on velocity, temperature, concentration, reaction rate,
concentration of motile microorganism, and entropy generation are discussed graphically. Finally, the
convergence of applied scheme is presented in tabular form which confirms the efficiency of applied
method. It is reported that entropy generation increases for higher values of radiation parameter and
Brinkman number, whereas Bejan number is reduced for the higher values of radiation and magnetic
parameters. Also, fluid temperature and concentration fields are reduced by augmenting the values of
Prandtl and Schmidt numbers.

Keywords: Maxwell fluid, gyrotactic microorganism, homogeneous–heterogeneous reactions,
heat generation, thermal radiation, thermal conductivity
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Nomenclature

B magnetic field

B0 strength of magnetic field

u v w, ,1 1 1* * * velocity components

d0 fluid moderation time

n1 kinematic viscosity

rf
fluid density

rl
microorganisms density

rp
nanoparticles density

ga
gravitational acceleration

ba volume expansion coefficient

ca
ratio of operational heat capability of the
nanoparticle to that of fluid

a1 Brownian diffusion coefficient

a2 thermophoresis diffusion coefficient

Qa heat generation/absorption parameter
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l microorganism concentration

ac* rate constant

x dimensionless variable

( )e2 concentration difference parameter

D1 non-dimensional fluid relaxation time

Sc Schmidt number

cH
heat source/sink parameter

cB
Brownian motion parameter

l l,1 2 non-dimensional relaxation time parameters
for temperature and concentration

P1 Peclet number

Ns strength of heterogeneous reactions

e3 diffusion parameter

cp specific heat

( ) ( )x x¢ ¢f g, dimensionless velocities

( )j x dimensionless concentration
~
Q heat flux

T fluid temperature

C fluid concentration
~
Qr radiative heat flux

J mass flux

¥T ambiant fluid temperature

¥C ambiant fluid concentration

r¥ ambiant fluid density

A B,1 1* * concentrations of chemical species corresp-
onding to A and B

xc
chemotaxis parameter

Dc microorganism diffusion coefficient

d d,1 2 diffusion constants

eE thermal relaxation time

eC concentration relaxation time

Ka thermal conductivity

Da molecular diffusivity

M magnetic parameter

e1 temperature difference parameter

Pr Prandtl number

b1 ratio parameter

cT
thermophoresis parameter

cR
thermal radiation parameter

k1 strength of homogeneous reactions

L1 bio convection Lewis number

Sr Schmidt number for homogeneous–heteroge-
neous reactions

Br Brinkman number

( )xEG entropy generation

( )xBE Bejan number

( )q x dimensionless temperature

1. Introduction

Flow past over a stretched surface has numerous applications
in various discipline of applied sciences. In 1867, Maxwell
noticed that some fluids like air obeys the characteristics of
viscous and elastic behaviors mentioned in [1–3] and refer-
ences therein. Many fluids such as glycerin, crude oils or
some polymeric solutions behave as Maxwell fluids [4–6].
Vieru et al [7] studied fractional Maxwell fluid flow over a
plate. They computed the exact solutions for velocity by
operating Fourier and Laplace transforms. Fetecau et al [8]
explored the relaxation effects of unsteady boundary layer
flow of Maxwell fluid which cannot be foreseeable in other
types of non-Newtonian fluids over a stretching sheet. Exact
solutions of Stokes second problem for Maxwell fluid have
been computed via Laplace transform. They proved that for
large times their computed solutions ease to the steady-state
solutions which are periodic and independent of the given
initial data. Variable thermo-physical characteristics of upper
convicted Maxwell fluid over a melting surface is reported by
Adegbie et al [9]. Similarity solutions of liquid flow over a
melt surface where the flow is the result of thermal and dis-
solved stratification have been theoretically reported by them.
Bearing of thermal stratification, variable viscosity with
temperature dependent thermal conductivity is deliberated.
Derived set of equations are solved numerically via Runge–
Kutta procedure along with shooting scheme. Results in the
form of graphs and tables for the dimensionless stress, heat
transfer, mass transfer, concentration, and velocity and
temperature fields are presented and described for various
values of the emerging parameters. Applications in the fields
of transportation, and chemical and metallurgical sectors are
prominent due to heat enhancement that is encountered due to
the existence of microorganisms with magnetic field. Num-
erical solutions of stagnation point flow of Maxwell nanofluid
with heat transfer past a stretched surface is scrutinized by
Nadeem et al [10]. In their investigation they considered that
the fluid impinges on the wall obliquely and their considered
model incorporates the effects of Brownian motion and
thermophoresis. They converted the governing partial differ-
ential equations into nonlinear ordinary differential equations
by utilizing similarity transformation. The resulting ordinary
differential equations are tackled analytically by homotopy
analysis method. Numeric values of different amounts of
interest are calculated and described by tables and also have
indicated that a boundary layer is formed when the elongated
speed of the surface is smaller than the non-viscid free flow
rate. Soret and suction effects of Maxwell saturated Ferrofluid
flow are investigated by Majeed et al [11] with chemical
reaction and heat transfer phenomena past a permeable
stretching surface under the influence of magnetic dipole. The
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sheet was assumed to be permeable in a semi-infinite domain.
Solutions of the transformed nonlinear differential equations
is calculated by Runge–Kutta technique along with shooting
routine with MATLAB. The ferromagnetic flow past a stret-
ched surface with heat, mass, Brownian movements and
thermophoresis possessions in the incidence of magnetic
dipole are addressed by Hayat et al [12]. The obtained non-
linear expressions have been computed numerically by means
of shooting scheme. Graphical results for the impact of dif-
ferent variables are shown and analyzed. Temperature and
concentration gradients are numerically computed with the
help of tables. Their results described that ferromagnetic
variable escalates the thermal field. Ramzan et al [13] studied
the mixed convective flow of Maxwell nanofluid through
porous medium with Soret and Dufour effects and appearing
equations are handled analytically. Transformed nonlinear
equations are solved optimally with the help of Mathematica
package BVPh 2.0. Graphs are plotted for numerous emer-
ging parameters for velocity, temperature and concentration
disseminations solutions and discoursed accordingly. For
more recent contributions in nanofluid and magnetic field
effects, reader is referred to [14–19] and to the references
therein.

Chemical responding systems are categorized by homo-
genous and heterogeneous reactions that respond contrarily in
the incidence or nonexistence of a chemical agent. Belong-
ings of chemical reactions is specifically momentous in food
handling, manufacturing of tiles, polymer fabrication, metal-
lurgy and hydrometallurgical industry, chemical processing
apparatus design and crops destruction via freezing etc.
Heterogeneous–homogeneous reactions in flow of viscous
fluid are examined by Merkin [20]. Homogeneous reaction
for cubic auto catalyst and heterogeneous reaction on catalyst
surface is examined in his experiment. Numerical solutions of
the arising expressions disclose that the homogeneous reac-
tion is dominant in a narrow region situated away from the
surface and also an asymptotic analysis is achieved.
Chaudhary et al [21] scrutinized heterogeneous–homo-
geneous reactions with equal diffusivities for the flow of
viscous fluid having isotherm. They computed the solutions
for homogeneous–heterogeneous reactions when diffusion
coefficients of the reactant and auto catalyst are not same.
Stagnation point flow with heterogeneous–homogeneous
reactions by stretched surface is scrutinized by Bachok et al
[22]. They computed the solutions of subsequent equations
numerically via Keller-box procedure. Viscous fluid flow
having nanomaterial with heterogeneous–homogeneous
reactions produced by a penetrable elongating surface is
addressed by Kameswaran et al [23]. They scrutinized the
impression of copper-water and silver-water nanofluids in
their deliberation. Analytic solution for unsteady hydro
magnetic flow through a stretched surface with hetero-
geneous–homogeneous reactions are offered by Imtiaz et al
[24]. They reported that the surface drag force upsurges by
wavering curvature parameter and surface concentration

shrinkages for homogeneous reaction parameter and unstea-
diness parameter. Flow of carbon nanotubes with hetero-
geneous–homogeneous reactions over a nonlinear stretched
surface with variable thickness are conveyed by Hayat et al
[25]. Convergence control parameters for series solutions and
residual errors for water, kerosene and engine oils in the
occurrence of single wall (SWNTs) and multi wall (MWNTs)
carbon nanotubes are discoursed via optimal homotopy ana-
lysis method (OHAM). Some other endeavors on hetero-
geneous–homogeneous reactions can be accessed through the
inspections mentioned in [26, 27].

The mechanism of bioconvection is established due to
the upswing of the suspensions of motile microorganisms.
The phenomenon of bio convection was first observed by
Kuzenstov [28]. The collaboration of Geng and Kuzenstov
[29–31] considers the mixture of nanoparticles and micro-
organisms. They reported that due to the inclusion of gyro-
tactic microorganisms, stability of the nanoparticles increases.
Involvement of time dependent second grade fluid containing
nanoparticles and gyrotactic microorganisms between two
parallel plates are studied by Zuhra et al [32]. They reported
that fluid velocity accelerates for increasing values of
unsteadiness parameter and it shrinkages for the augmenting
values of viscoelastic parameter. Rehman et al [33] studied
the viscous nanofluid flow containing gyrotactic micro-
organisms over a vertical stretching sheet. After the utilization
of similarity transformation, governing fluid flow equations
are reduces to the function of single independent variable and
then solution is computed via shooting scheme. They ana-
lyzed that the density of motile microorganisms decreases by
augmenting the values of bio convection Schmidt and Peclet
numbers. For the interest of readers, some other studies on
gyrotactic microorganism are mentioned in [34, 35].

For the exploration and optimization of thermal pro-
cesses, analysis of entropy generation has been widely taken
into consideration in recent times. Phenomenon of entropy
generation was first explained by Bejan [36]. He reported that
entropy generation occurs due to viscous forces and transport
of heat in flow of convective fluid. Akmal et al [37] inves-
tigated the entropy analysis for the squeezing flow of nano-
fluid under the appliance of hyperbolic heat flux. They
considered the effects of magnetic field and Joule heating.
Similarity transformation are used to transfigure the govern-
ing flow equations into ordinary differential equations. They
elucidated the governing equations numerically via Keller
box scheme. They found that increasing values of magnetic
parameter reduces the fluid velocity but increases the fluid
temperature and system entropy. Dalir [38] analyzed the
entropy generation for the forced convection laminar flow of
Jeffrey fluid over an isothermal impermeable sheet numeri-
cally. He described that mounting values of Brinkman num-
ber and Reynold’s number increases the Bejan number.
Shojaeian and Kosar [39] analytically studied the analysis of
entropy generation with isothermal conditions between par-
allel plates. They depicted that the entropy generation
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increases significantly for shear thickening fluids and entropy
reduces with slip conditions. Some recent literature covering
the entropy generation and magnetic field effects under dif-
ferent flow considerations are mentioned in [40–44].

The novelty of the present work contains the mechanism
of thermal radiation, heat generation/absorption with the
addition of hyperbolic heat and mass fluxes and also the
consideration of homogeneous–heterogeneous reactions with
the entropy generation makes the problem attractive for the
researches in the field of fluid dynamics. To the best of
authors knowledge, these effects for Maxwell model has been
not reported by any researcher yet. Present research fills this
huge gap in the existing literature. System of transformed
modeled expressions are solved via OHAM [45–47]. The
impact of numerous fluid flow parameters on obtained solu-
tion is discussed with the help of graphs.

2. Mathematical description and flow field analysis

Boundary layer flow of Maxwell nanoliquid containing gyro-
tactic microorganism over a linear stretched surface under the
transport phenomenon of heat and mass is considered in this
work. Involvement of thermal radiations and heat source/sink
are also considered. Cartesian coordinate system is adopted in
such a fashion that surface is coextensive with xy-plane and
fluid flow occupies the region where z 0. Magnetic field

[ ]= BB 0, 0, 0 is applied normal to the stretched surface and
the impact of Hall current is insignificant due to small magnetic
Reynolds number. Cattaneo–Christov theory is used to
describe the transport of mass and heat and the governing laws
are presented by using the prevailing boundary layer analysis
and the flow situation are shown in figure 1 and boundary layer
equations are as follows
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Figure 1. Geometry of the problem.
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Hyperbolic heat flux ( )~
Q and generalized Fick’s law for

mass flux ( )J are enunciated as:
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Using the assumptions of incompressibility and steady
state, equations (9)–(10) reduces to the following form:
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For e e= = 0,E C equations (11)–(12) shrinks to tradi-
tional Fourier’s law of heat conduction and Fick’s 2nd laws
respectively. Eliminating heat flux ( )~

Q between equations (4)
and (11) and mass flux ( )J between equations (5) and (12), we
achieve the following equations for heat and mass transposi-
tion:
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Exploiting the above declared renovations, mass conservation
equation is identically satisfied and rest of the equations
including momentum, energy, mass transfer, and gyrotactic
microorganism reduce to the following system of coupled
nonlinear ordinary differential equations
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Transformed conditions for equations (19)–(24) are
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3. Entropy generation investigation

Relation for the entropy generation for Maxwell nanofluid is
considered as:
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Equation (26) contains three terms namely thermal irre-
versibility, Joule heating irreversibility and concentration
irreversibility. The dimensionless form of entropy generation

is expressed as:
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4. Solution via OHAM

Many analytical and numerical schemes are used to compute the
solution of governing coupled system of fluid flow problems.
Here we, suggest the optimal homotopic scheme proposed by
Liao [47], which needs no discretization and small parameters
assumption like the numerical and perturbation approaches.
Moreover, the proposed algorithm deals the linear and nonlinear
problem in a similar fashion and there is no requirement of
Lagrange multiplier which is used in variational scheme which
overcomes the successive integral operators. Initial estimates for
dimensionless velocities, temperature and concentration fields
corresponding to linear operators are
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where ( )a = -i 1 14i* are the indiscriminate constants.

5. Optimal convergence constraint parameter

This portion addresses the idea of minimization of average
squared residuals errors which regulate the convergence zone
and homotopic solutions. A case of such reduction in error is
displayed in table 1, which is manipulated by BVPh 2.0. Table 1
presents that for higher order deformations, error reduces which

Table 1. Convergence examination of established series solutions.

a Êk
f* Êk

g* ˆ q
Ek
* ˆ j

Ek
* Êk

r* Êk
R*

2 ´ -3.036 10 2 ´ -1.192 10 2 ´ -1.937 10 2 ´ -1.317 10 2 ´ -1.294 10 2 ´ -2.728 10 2

4 ´ -2.248 10 4 ´ -2.925 10 3 ´ -1.193 10 3 ´ -1.294 10 3 ´ -1.174 10 3 ´ -3.613 10 3

6 ´ -3.621 10 6 ´ -1.813 10 4 ´ -3.419 10 4 ´ -1.395 10 4 ´ -2.739 10 4 ´ -2.839 10 4

8 ´ -5.054 10 7 ´ -3.207 10 5 ´ -1.715 10 6 ´ -1.283 10 5 ´ -1.451 10 5 ´ -4.714 10 5

10 ´ -2.913 10 7 ´ -1.253 10 6 ´ -4.205 10 7 ´ -2.638 10 6 ´ -5.729 10 6 ´ -5.937 10 6

12 ´ -4.022 10 8 ´ -1.138 10 8 ´ -2.403 10 8 ´ -1.763 10 7 ´ -1.502 10 6 ´ -7.827 10 6

16 ´ -2.916 10 9 ´ -2.162 10 9 ´ -5.927 10 9 ´ -7.395 10 8 ´ -1.623 10 7 ´ -3.726 10 7

20 ´ -1.104 10 11 ´ -3.571 10 10 ´ -1.924 10 9 ´ -4.163 10 8 ´ -1.539 10 8 ´ -2.427 10 8
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confirm the convergence of homotopic solution.
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6. Graphical results and solution analysis

This portion contains the analysis of obtained solution. The
involvement of different emerging parameters on computed
solutions is displayed and conferred through figures 2–18.

Table 2 is prepared in order to study the comparative analysis
of achieved solutions with the reported studies in the open
literature, as a limiting case of present investigation. We have
found that, our results are in good agreement with the pre-
vious findings. Figures 2–3 are demonstrated to notice the
combine bearing of magnetic parameter ( )M and non-
dimensional fluid relaxation time ( )D1 on fluid velocities ( )x¢f
and ( )x¢g and hydrodynamic boundary layer. Their combine
enactment perceived that fluid velocity decreases for higher
values of these influential parameters. Since ( )D1 is defined to
be the time taken by moving fluid in order to obtain equili-
brium in response of applied stress. Moreover, physically
with smaller ( )D1 materials shows liquid like behavior and
higher values of ( )D1 corresponds to establish the behavior of
solid like materials. The velocity profiles are slanted towards

Table 2. Comparative analysis of ( )- f 0 and ( )- g 0 for e= =M 0.

Present results Ammar et al [48] Wang [49] Liu and Andersson [50]

b1 ( )- f 0 ( )- g 0 ( )- f 0 ( )- g 0 ( )- f 0 ( )- g 0 ( )- f 0 ( )- g 0
0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 0.0
0.25 1.048810 0.194562 1.048811 0.194564 1.048813 0.194564 1.048813 0.194565
0.50 1.093096 0.465204 1.093095 0.465205 1.093097 0.465205 1.093096 0.465206
0.75 1.134482 0.794620 1.134486 0.794618 1.134486 0.794622 1.134486 0.794619
1.0 1.173719 1.173719 1.173721 1.173721 1.173720 1.173720 1.173721 1.173721

Figure 2. Influence of D1 and M on ( )x¢f .

Figure 3. Influence of D1 and M on ( )x¢g .
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the wall when ( )D1 is augmented which designate that fluid
velocity and associated layer wideness are diminishing
function of ( )D .1 The impact of magnetic parameter ( )M on
fluid velocities ( )x¢f and ( )x¢g is also presented in figures 2–3.
Magnetic parameter appears in the equation of motion for fluid
flow due to the consideration of conduction in fluids. This
consideration controls the turbulence in the fluid flow. Since
turbulence is controlled due to increasing the magnetic effect,
which shows the decline in the fluid velocity. Moreover,

magnetic effect links the appliance of Lorentz force, which is
resistive in nature and as a result, decline in fluid velocity is
noticed. Also, due to Lorentz force, high resistance between the
molecules of fluid occurs which results in declination in the
velocity field.

Figure 4 is designed to analyze that how temperature ( )q x
gets exaggerated with the discrepancy of ratio parameter ( )b1

and fluid relaxation time ( )D .1 It is depicted that fluid temp-
erature decreases due to negligible resistance by growing ( )b1

Figure 4. Influence of D1 and b1 on ( )q x .

Figure 5. Influence of l1 and M on ( )q x .

Figure 6. Influence of Pr and cH on ( )q x .

Figure 7. Influence of cB and cT on ( )q x .

Figure 8. Influence of D1 and b1 on ( )f x .

Figure 9. Influence of l2 and Sc on ( )f x .

8

Phys. Scr. 95 (2020) 045206 M Sohail et al



and a significantly rise in it is observed for mounting values
of fluid relaxation time ( )D .1 Increasing values of fluid
relaxation time ( )D1 corresponds that friction is produced in
the fluid which cause to rise in fluid temperature. Figure 5 is
plotted for ( )q x against the mounting values of thermal
relaxation parameter ( )l1 and magnetic parameter ( )M . It is
perceived that ( )q x decelerates by growing thermal relaxation
parameter ( )l .1 Physically, larger ( )l1 describes that heating
process in fluid flow lessens, which cools down the fluid and

as a result, fluid temperature decreases and also it tells that
due to increase in thermal relaxation time heated particles of
fluid requires more time transfer energy to their connected
neighboring fluid particles due to which system temperature
falls down. Increase in ( )M shows the involvement of strong
resistive force due to which the heated particles of fluid offers
more resistance and due to this temperature of the fluid
increases. Also, due to escalating values of magnetic para-
meter, strong Lorentz force is experienced between the

Figure 10. Influence of cB and cT on ( )f x .

Figure 11. Influence of k1 on ( )xr .

Figure 12. Influence of Ns on ( )xr .

Figure 13. Influence of Br on ( )xE .G

Figure 14. Influence of cr on ( )xE .G

Figure 15. Influence of M on ( )xB .E
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molecules of fluid and more friction occurs between the fluid
particles which results in enhancement in the temperature
field. Figure 6 is prepared to measure the combine involve-
ment of Prandtl number ( )Pr and the heat source/sink para-
meter ( )cH on temperature. Since Prandtl number ( )Pr
explains about fluid category and about the wideness of
thermal and hydrodynamic boundary layer. It has been
observed that by increasing Prandtl number ( )Pr , thermal
diffusion is much less than the momentum diffusion and due
to this non-dimensional temperature ( )q x and connected layer
thickness reduces. Also, higher values of Prandtl number ( )Pr
shows that heated fluid particles travels slowly towards the
cold region from hot. Figure 6 also exhibits the impression of
heat generation parameter ( )c > 0H on ( )q x . It is noticed that
an upturn in ( )cH upsurges the temperature field. When
( )c > 0H is increased, more heat is produced in the fluid that
causes higher temperature and stronger thermal boundary
layer wideness. Figure 7 shows the combined inspiration of
thermophoresis parameter ( )cT and Brownian motion para-
meter ( )cB on temperature ( )q x . Higher values of ( )cT pro-
duces a larger temperature field due to the thermal transport
within the boundary layer. Figure 7 also shows the impact of
( )cB on ( )q x . It is plotted to notify the involvement of ( )cB on
temperature. It demonstrates that due to increase in ( )cB more
heat is produced within the fluid particles. As a result temp-
erature field upsurges.

Figure 8 is drafted to notice the combine bearing of ratio
parameter ( )b1 and fluid relaxation parameter ( )D1 on fluid
concentration ( )j x . It portrays that ratio parameter ( )b1 and
fluid relaxation parameter ( )D1 are directly related to ( )j x .
Impact of concentration relaxation parameter ( )l2 and
Schmidt number ( )Sc on concentration profile ( )j x is pre-
sented in figure 9. It shows that ( )l2 is inversely related to

( )j x . Physically, increase in ( )l2 tells us that fluid particles
requires more time to transfer mass to the neighboring par-
ticles due to which concentration field lessens. Figure 9 is also
planned to notice the inspiration of Schmidt number ( )Sc on
concentration ( )j x . Since Schmidt number ( )Sc is the
dimensionless number which is the ratio between momentum
and mass diffusion and also it tells us about the momentum
and concentration boundary layers. Larger ( )Sc produces
weaker mass diffusion due to which concentration field
diminishes. Figure 10 is drafted to observe the involvement of
Brownian motion parameter ( )cB on fluid concentration. It
depicts that the concentration of nanofluid reduced with an
increase in ( )c .B Furthermore, figure 10 is also prepared to
measure the bearing of ( )cT on concentration. It is detected
that ( )j x varies directly with an increase in ( )c .T Figure 11
presents the comportment of ( )k1 on ( )xr . It shows that ( )k1

reduces ( )xr . Figure 12 is conscripted to notice the bearing of
( )Ns on ( )xr . It depicts that ( )xr is in direct relation with ( )Ns .
Figure 13 explains the influence of ( )Br on ( )xE .G It shows
that ( )xEG upsurges for larger values of Brinkman number.
Since Brinkman number ( )Br is defined to be the ratio of heat
transfer by conduction to heat produced by viscous heating.
Due to increase in Brinkman number ( )Br higher amount of
heat is engendered in the system which augments dis-
orderliness of the system and as a result ( )xEG boosts up.
Figure 14 is plotted to inspect the involvement of ( )cR on

( )xEG . It is perceived that ( )xEG boosts for larger ( )c .R It is
worth mentioning that due to larger ( )c ,R more disorderliness
occurs. Figure 15 explains the bearing of ( )M on ( )xB .E It
depicts that an increase in ( )M corresponds to decay in ( )xB .E

Figure 16 is plotted to measure the inspiration of ( )Br on
( )xB .E It is perceived that mounting values of ( )Br diminishes
( )xB .E Figure 17 delineates the bearing of bio convection

Lewis ( )L1 and Peclet numbers ( )P1 on density of motile
microorganisms ( )xR . Increase in ( )L1 and ( )P1 corresponds to

Figure 16. Influence of Br on ( )xB .E

Figure 17. Influence of L1 and P1 on ( )xR .

Figure 18. Influence of L1 and W1 on ( )xR .
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decrease in the diffusion of microorganisms and as a result
( )xR decreases. Figure 18 elucidates that increasing values of

concentration difference parameter ( )W1 has the same impact
like ( )L1 and ( )P1 on ( )xR .

7. Summary of main observations

From the performed exploration, the key findings are listed as

• Velocity field diminishes for larger fluid relaxation
parameter and magnetic parameter.

• Augmentation in Schmidt and Prandtl numbers lessens
the concentration and temperature fields.

• Increasing values of thermal and concentration relaxation
parameters reduces the temperature and concentration
fields.

• Temperature field upsurges for mounting values of heat
generation parameter.

• Bearing of ( )b1 and ( )D1 on species profile is opposite to
that of solutal relaxation parameter and Schmidt number.

• Similar and contrasting comportment of temperature and
concentration is discerned for ( )cT and ( )c .B

• Higher values of ratio parameter boosts the dimensionless
temperature.

• Impact of ( )b1 and ( )D1 on temperature field is opposite to
that of ( )l1 and Prandtl number ( )Pr .

• Thermal and concentration boundary layers decreases for
the higher values of Prandtl and Schmidt numbers.

• Reaction of concentration is larger for ( )Ns and it lessens
for ( )k .1

• Entropy generation upsurges for ( )cr and ( )B ,r whereas,
magnetic parameter decreases the Bejan number.

• Large values of ( )L ,1 ( )W1 and ( )P1 has the similar impact
on ( )xR .
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