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Abstract

Exploiting the impact of Lorentz force and convective heating boundary on second-grade nanofluid flow alongside a Riga
pattern is the main objective of the present work. Modelling of the present work is done through Grinberg term and a Lorentz
force applied parallel to the wall of a Riga plate. The nanoparticles fraction on the solid surface of Riga pattern maintained
a strong retardation because of zero mass flux. Theories of Cattaneo—Christov heat flux and generalized Fick’s relations
are employed by following the modern aspects of heat and mass transportations. In the current study, additional features of
thermal radiation are also included in the energy equation in terms of linear expressions. In order to make the analysis more
worthy, effect of chemical reaction is also included. By applying the suitable variables, constituted problem is converted
into dimensionless form. Solution of the problem with desired accuracy is obtained by utilizing popular method called
Runge—Kutta—Fehlberg. The graphical representations are used to illustrate the flow controlling parameters involved by their
attractive physical consequences. Velocity distribution is observed for the increase with the second-grade parameter. Further,
an improved nanoparticles temperature distribution is observed with the increase in radiation parameter and Biot number.
Additionally, the distribution of the concentration of nanoparticles increases with increase in values of the thermophoretic
parameter. Based on the scientific calculations obtained, it is established that the reported results may play a useful role in
production processes and in the improvement of energy and thermal resources.

Keywords Thermal radiation - Riga plate - Modified second-grade nanofluid - Zero mass flux - Cattaneo—Christov heat flux

1 Introduction

From the recent days, the development era of nanodevices
involves focusing on the nanotechnology-based fluid flow
which has been played as an important role. Heat transfer
in base fluid is introduced by the nanofluids which become
to create a new era in the engineering and technology field
at the same time. It is for sure needed to improve the heat
transfer characteristics for the effectiveness improvement of
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several processes along with the use of some new agents.
Particles with nanometer size called as nanoparticles are
therefore responsible in heat transfer improvement. So
these nanofluids find various applications in industry such
as micro-channel heat lubricants and sinks, heat exchangers,
coolants and anticancer therapy. Likewise, in late decades,
several examiners have been occupied with considering
nanofluids applications in different fields. For example, the
idea of nanofluids was built by the Choi [1] on advances in
cooling. Normal fluids such as ethylene glycol, oil and water
inherently have low thermal conductivity, which limits the
ability to transfer heat. Further advancement of heat trans-
fer is required by saving vitality due to the development of
innovations through the downsizing of electronic devices.
The elegance of a new fluid is resulted by tackling such chal-
lenging situation called a nanofluid. Nanofluid has a high
potential for improving the rate of heat transfer in building
structures, especially for cooling electronic devices because
thermal conductivity of nanofluid is higher compared to the
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normal fluids. In this point of view, Beiki [2] studied convec-
tive mass transfer of nanofluids in a circular tube.

Buongiorno [3] showed that if the single-phase model is
used in heat transfer coefficient of the nanofluid prediction
then it contradicts experimental perception and unadulter-
ated fluid relations (e.g. Dittus-Boelter). At that time, an
alternative model was created that eliminated the shortcom-
ings of single-phase/scattering (discrete phase models). He
thought of seven gliding tools when he hypothesized that
unique thermophoresis and Brownian diffusion were the
overwhelming gliding instruments in nanoliquids. Based
on these results, then the non-homogeneous two-phase
equilibrium model is proposed in nanoliquids for convec-
tive transport. Representing the influence of relative velocity
between the nanoparticles and the base liquid more mechani-
cally when contrasted to the scattering models is one of the
advantages of this new model. Because of vertical plate,
the convective boundary layer flow processed in the nano-
fluids is illustrated by the Kuznetsov and Nield [4]. Daniel
et al. [5] discussed nanofluid flow and slip mechanism over
a stretched sheet. So many contributions of works are made
in this direction in the past recent years [6—19].

Recently, priceless attempts have been performed for the
flow of non-Newtonian because of their incomparable sig-
nificance in chemical and processing industries, geophys-
ics, materials processing and nuclear engineering, invaluable
attempts have been made for them in recent times. Due to
the interdisciplinary character of the non-Newtonian fluids,
investigation on them has been an interesting research field
in recent time. Most commonly, several chemical and pro-
cessing industries have been using these fluids. It is needed
to concentrate deeply on the significant factor that deter-
mines the rheology of these fluids by the mathematicians,
physicists and engineers since that factor is very complex.
These complex properties because of the nonlinear behav-
iour are addressed by a variety of fluid models that have been
diversified by the several scientists. The differential type,
integral type and velocity type are the three non-Newtonian
fluids that were characterized into. The non-Newtonian
model that determines the properties of normal stresses
among those nonlinear models is categorized as second
degree fluid. Rivlin and Ericksen and [20] were imposed
the original basic tonsorial relations of that model in 1955.
The constant viscosity attained by the second degree fluid
model is often observed that it was not be interpreted for
fluid models with relatively high viscosity. In view of these
others related works [21-27].

It is well-acknowledged fact that electromagnetic forces
are very helpful to control the flow of electric conduct-
ing fluids as well as with other classical methods, i.e. wall
motion, suction and blowing. Electromagnetic force has the
ability to atone the prescribed momentum deficit by activat-
ing a boundary layer. The propagation of strong electrically
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conducting materials, i.e. semi-conductor melts and liquid
materials & ~ 106 S/m, has been affected by extrinsic mag-
netic fields of balanced strengths about ~ 17". Such kind
of flow is called “Classical Magneto hydrodynamic Flow”
control. However, in weakly electrically conducting materi-
als [seawater o ~ 1 X 10 S/m], the amount of induced cur-
rent due to an external magnetic field is very small, and
hence, an external field is necessary to obtain the effective
flow control. Such type of flow is known as electromagnet
hydrodynamic flow control. The pressure gradient formed
by boundary layer flow is affected by wall-parallel Lorentz
force which is produced due to the cross-wise magnetic and
electric field. This is also helpful to stabilize its propagation
by decreasing its growth.

The wall-parallel Lorentz was created by an effective and
efficient method which was introduced by the Lielausis and
Gailitis in [28]. Like span-wise aligned arrays, permanent
electrodes and magnets are designed with the inclusion of
electromagnetic actuator which is introduced by them [see
Fig. 1]. This geometry type can be identified as the Riga
plate [29]. The process of turbulence production reducing
and boundary layer separation prevention can be used to
decrease the friction force and pressure drag of subma-
rines. Then after this by using the Riga plates, Blasius flow
improved stability is used the wall-parallel Lorentz force
can be examined by Tsinober and Shtern [30]. Lorentz force
boundary layer flow calculations use the Grinberg term [31]
by Tsinober and Shtern [30]. Decoupling in the momentum
expression of boundary layer by using this Grinberg term, it
is independent on the stream velocity and it is reducing via
y. A Riga plate is developed by Pantokratoras and Magyari
[32], in which the permanent magnets and electrodes are
altered in the alignment array of span-wise in 2009. Accord-
ing to Riga plate, viscous nanofluid flow is described by
the Ahmed et al. [33]. By using the horizontal Riga plates,
nanofluid EMHD slip features are mathematically calculated

ur=Us=axi
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Fig. 1 Geometrical sketch
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by the Ayub et al. [34]. EMHD recent methods are described
in [35-41].

The information about EMHD and stretching sheets is fond
easily in the literature, but Riga plate information in the fields
of boundary layer formulations and mass and heat transport
mechanism studies are limited in the literature. Chemical and
thermal reactions in the Riga plate of second-grade nano-
fluid flow are affected by the Cattaneo—Christov model. An
incompressible second-grade viscous nanofluid movement is
considered along a convectively heated vertical Riga plate.
Through the Grinberg term, Lorentz force is involved. By
using suitably adjusted transformations, the nonlinear prob-
lems are converted into general differential equations. Nonlin-
ear problems are finding their solutions by implementing the
method of RKF-45. By the graphical illustrations, permanent
parameters influenced on the fluid flow are explained. In the
industrial applications, local Nusselt number and wall drag
coefficient expressions are highly interested. These expressions
are described.

2 Mathematical Formulation

The Riga plate placed at y = 0 considers electromagnet
hydrodynamic (EMHD) flow of viscous incompressible
second-grade nanofluid generated by the Riga plate subject
to thermal radiation and chemical reaction. Flow is gener-
ated by the Riga plate which is located at y = O [see Fig. 1].
On a plane sheet, electrodes and magnets are placed and
these are dividing from the different arrays of Riga plate.
Lorentz forces are generated from the magnets of span-wise
arrangements. According to constant heat fluid, the initial
temperature 7 = T is assumed with the opposite side plate
of the model. Apart from surface of Riga pattern, at larger
distance C,, ambient nanoparticles and 7, is the ambient
thermal state concentration. u = ax is free stream velocity
in which a is a positive factor. A disclosed of aiding flow
and mixed convective opposing. At thermal level, convective
boundary condition is influenced and wall of the plate uses
the zero mass flux condition.

The following expressions are satisfied by Catta-
neo—Christov model (Rasool and Wakif [42]):

For energy,

) 5 )
p+4,|(Vp).F — (Vi).p + a_l; +p(VD)| = —kVT, (1)
For concentration,
) ] ) 2 R
q+ /1(] (Vq).v — (V9).q + E +q.(V9)| = -DzVC, 2)

Here, heat flux term is represented with the p, whereas
mass flux term is represented with the q. Then, the Cat-
taneo—Christov defined the relaxation times of heat and

mass that are represented ads 4, and 4, respectively. The
above equations also represent the thermal conductivity as
k and Brownian diffusion parameter as Dy. The equations
represented in above are reduced for the sake of steady and
incompressible nanofluid in such a form as follows:

0

p+4, [0_1: -p- (Vi) +7- (Vp)] = —kVT, (3)
aq -~ o~

q+4, [E —q- (Vi) +7- (Vq)] = —=DgVC, 4

The Cattaneo—Christov model enables us to derive
the following equations (notice, for an instance, Ahmad
et al. [35]) together with using of Oberbeck—Boussinesq
approximation.
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u—>U;=ug asy — 0.

(10)
Such that, M(x) = Mx is the given magnetization, b is
width, j, is the density of applied electrodes and magnets,
k* is chemical reaction rate constant, kinematic viscosity
is given by v, dynamic viscosity is given by u, density is
given by p;, thermal diffusivity is given by a, 7 is defined
as effectively productive heat capacity for the given base
fluid and nanoparticles, (pc), is productive heat capacity of
liquid, Dy is the thermophoretic effect, Dy is the Brown-
ian motion, f; is thermal expansion, and hf is heat flux
coefficient.
Nonlinear radiative heat flux is [39-41]

=ax,%—>O,T—>TOO,C—>COO,
dy

166T oT
k9

45 oT*
Q =——— =
B™ 3% oy

1)

here, o is Stefan—Boltzmann constant, k is mean absorption
coefficient. Define

oy au/ \/E —
V=——"—", U= , = _y7 v=Xx Das(ﬂ)’
0x ay ) (12)

To=T+0(Ty —T;), f(N)Cy + Co = C.

Using Eq. (12) into Egs. (6)—(10), the velocity, temperature
and nanoparticle concentration with boundary conditions
are presented as follows:

5" +ss -5+ 5(2s’s” -5 ss™) + (0 — Nrf) + He™ " +1=0,

(13)
(1+ %Rd)%e” +560 +NbfO +Nto = A,(20" +5560) =0,
(14)
f+ %9” +Le Prsf —PrLedy(ssf +s*f ) —PrLeyf =0,
15)
With following BC’s
! ’ / Nt /
5(0) =5 (0) =0, 0 (0) = B,(6(0) — 1), f (0) = “xpd ©
s (00) = 1, 5 (00) = 0, 8(c0) = 0, f(c0) = 0,
(16)

where 6 = 5“4—”, Ay = Aya and 4, = A a are known as fluid
parameters, f; = =

\/g is a strictly dimensionless parameter,

b
Pr= § is Prandtl factor, Nb = % Brownian motion
D, (T,~T .
parameter, Nt= TT(UT—f"") thermophoresis factor,
h . ®
B, = f\/g is Biot number, H = 8]" ¢ is known as modified

45T .
Hartman number, Rd = (6)‘”; is radlatlon parameter, Le =
pc / B

is Lewis factor, and I" = R 2 is Richardson number known as

mixed convection parameter for the values of (I' > 0)

Springer

accounts for heated surface, (I' < 0) corresponds to cold sur-
face, and (I' = 0) indicates the forced convection flow,
Gr = gﬂ,(l —Cy Zz(Tf T )x3 pf
tiony = ; such that (y > 0) allied to destructive chemical
reaction and (y < 0) connected to the generative chemical
reaction.

The important physical quantities are given by using
Re, = )%

Cf = Re!/2Cf, = 5" (0) + 365 (0)s” (0),
Nu = Re["/?Nu, = —0'(0).

is Grashof number, chemical reac-

a7

3 Method of Solution

In addition with shooting technique and fourth—fifth-order
method of Runge—Kutta—Fehlberg used in the solutions of
boundary conditions (16) and nonlinear ordinary differential
Egs. (13)—(15) in the system, differential equations of second
order are 0 and f and fourth order is s in the system. s, 8 and
f are reduced in the first step to the first-order differential
equations which are as follows:

¥ =¥, (18)
¥, =¥, (19)
v, =W, (20)
¥, = [tp4 +P Y, - P24+ 26P, 9,

—5\1@ + (W5 —Nr'¥,) + He P + 1,

W, =¥, (22)
’ 3 2
Y =——— 2 PprP, W, + PrNbW, ¥, + PrNt¥?],
6 3+4Rd—3/11l11§[ e °os g

(23)
¥ = ¥, (24)
r 1
57 14 PrLet,¥?
+Prle4, 25)
[PrLeﬁz‘I‘]‘Pz‘P8 - —b‘I"6 —PrLe¥, ¥, + PrLey ‘1’7],
w h e r e

Y, =5V =5V =5V =5"¥s=0,TY =0,¥, =f¥ =f
and according to # derivative of the function is denoted by
the prime.
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Then, the conditions of the corresponding boundary are.

¥, =Y, =0, l116=Bl.,(\115—1),\118+%\116=0, atn =0,
(26)
Y,-1,Y¥Y%-0%¥Y—-0Y -0 an—0. 27

The unknown values of ¥5(0), ¥4(0) and Wg(0) are cal-
culated by using the technique of shooting. The calcu-
lating process of ¥5(0), ¥4(0) and Wg(0) starts with some
parameters guessing. The process of guessing is repeated
with 5, awaiting of difference of desired accuracy with the
repeated values of ¥5(0), ¥4(0) and W¢(0). At # = 10, the
calculated values of 5,0 and f are compared with prede-
fined boundary conditions and for better approximation,
estimated values are adjusted to s"(0),6'(0) and £'(0).
There is an occurrence of small changes in temperature
and velocity in the finite value of # and one value must be
taken from the infinity condition as large. Far-field bound-
ary conditions are achieved by considering the bulk com-
putations with value at 7, = 8 or 10 where all parameters
are to be considered.

Runge—Kutta—Fehlberg fourth—fifth-order (RKF-
45) method is used in the integration process after the
finite value for n fixing. If step size & is proper then
it is used in the integration process to find the solution
through this method. Two different approximations are
considered and comparison happens between them in the
first step. This process of approximation is carried out
until the two results are close to each other. If this state
obtained then the approximation is accepted if not then
this process is continued with reduced step size. Step size
An =0.001, 5, = 8 or10 are taken for the current problem,
and eight places are considered for accuracy.

Table1 The results validation RKFM for
sf”(0), with those of the literature when
P=5,p =05 Nt=.5 Nr=0.1, Nb=0.5, Le = 0.1, B;, = 50 and
=4 =Rd=Kr=4,=0

H r Ahmad et al. [35] Present outcomes
RKM bvpdc RKF-45
1) Q) 1)
0.0 0.5 1.4294038 1.4294037 1.42940372
0.5 1.7243537 1.7243587 1.72435366
1.0 2.0099196 2.0099297 2.00991955
1.5 2.2874751 2.2874603 2.28746020
0.5 0 1.5394682 1.5394732 1.53946801
1 1.9023442 1.9023488 1.90234428
2 2.2416224 2.2416273 2.24162262
3 2.5631502 2.5631452 2.56314556
4 2.8705968 2.8706019 2.87059730

Table2 The results validation of RKFM
for —0'(0), with those of the literature when
Pr=5, =05 Nt=0.5 Nr=0.1, Nb =0.5, Le = 0.1, B, = 50
andé6 =4, =Rd=Kr=4,=0

H d, B;  Ahmad et al. [35] Present outcome
RKM bvpdc RKF-45
—0'(0) —6'(0) —6'(0)
00 02 5 0.52262732  0.52262707  0.52262702
0.5 0.55588512  0.55592229  0.55588488
1.0 0.58383262  0.58389767  0.58383242
1.5 0.60801213  0.60809909  0.60801194
05 01 5 0.56029900  0.56030037  0.56017544
0.2 0.55592167  0.55592274  0.55588488
0.3 0.55232480  0.55232517  0.55231292
0.4 0.54930674  0.54930711  0.54930274
02 0.0 0.00000000 0.00000000 0.00000000
0.5 0.27715283  0.27715312  0.27714344
1.0 0.38397307 0.38397360  0.38395525
1.5 0.44069949  0.44070018  0.44067615

Present results are compared with the previously pub-
lished results Ahmad et al. [35], for Nusselt number
and local skin friction for several values of the Hartman
and Richardson numbers as a special case and shown in
Table 1 and 2. An excellent agreement is achieved and
confidence in the present RKF 45 solutions is, therefore,
justifiable high.

4 Results and Discussion

Second-grade nanofluid generated by the Riga plate sub-
ject to thermal radiation and chemical reaction in the con-
vective theoretical investigation is performed. By using
the Runge—Kutta—Fehlberg fourth—fifth-order method, the
given differential equations are numerically solved with the
present formulation. In order to study the behaviour of tem-
perature, volume fraction profile of nanoparticle for Hart-
man number (H), velocity distribution, Richardson number
(I"), fluid relaxation parameters (/11, )»2), radiation param-
eter (Rd), Biot number (B;,), thermophoresis factor (Nt) and
Brownian motion parameter (Nb), graphs are plotted and
behind the graphs physical reasons are discussed. The val-
uesPr=7,B, =2, =0.2,Nt=0.1,4, = 1073,Nb = 0.1,
A =103, Le=0.1,y=0.1, H=1,6 =0.5, and ' = 0.1
are taken as default parameters; otherwise, graphical and
tabular description is made.

The flow pattern produced for Hartman number in Figs. 2
and 3. It is observed that streamlines are closed to the stag-
nation point for higher values of Hartman number. On liquid
movement, impact of number of fluid parameters is analysed
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Fig.2 Streamlines for H = 1
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Fig.3 Streamlines for H = 10

in Figs. 4 and 5. With higher numerical values of 6 fluid
velocity decreased, the second-grade nanofluid parameter
¢ influence is sketched graphically in Fig. 4. The obtained
results are very close to Riga plate surface rather than the
away from surface. Viscosity of the fluid and fluid parameter
of second-grade augmented values have the direct relation
between them.

Figure 4 also influences display of Hartman number
(modified) (H) on fluid movement. To enhance the momen-
tum flow in fluid flow along the x;-axis the parallel direc-
tion, Riga pattern actives the Lorentz force effectively in
physical and increases the thickness of connected bound-
ary layer. In the flow profile, against the augmented values
a mixed nature is noticed and in Fig. 5 these convection
parameters are presented. Velocity profile is increased when

@ Springer
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Fig.6 Variation regarding 6 and B;, over temperature
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H=0,1,2,3,4,5

—————— Nt=0.1,0.5,1.0,1.5,2.0,2.5
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N

0 ()

Fig.8 Variation regarding Nt and I" over temperature

on the fluid high intensive buoyancy forces are augmented
in I". For upward flow close to the Riga surface, supportive
pressure gradient is supposed by the larger I" physically and
enhances the s’. The point at which the behaviour is changed
and Lorentz force is dominated by velocity of free stream at
large values of T'.

Thermal distribution versus different fluid parameters
graphical results are plotted from Figs. 6, 7, 8§ and 9. The
nanofluid parameter 6 of second grade and the variation in
the Biot factor B;, versus temperature distribution behaviour
are plotted in Fig. 6. The Biot factor larger values are noticed
in the thermal profile elevation. Because of Biot number, a
major strength is evolved. Iso-flux situation is achieved for
Biot number which is close to 0, whereas isothermal state
is achieved for more values of Biot number. In Fig. 6 fluid

0.7 T T T

0.6
A, =0.001, 0.003, 0.005, 0.007, 0.009

0.5

0.085
0.4 0.084 |
E
= 0.083
03 1
0.082
0.2r 0.081 1
0.95 0952 0.954 0.956 0.958 0.96
0.1F 1
0 1
0 0.5 1 1.5 2

Fig.9 Variation regarding 4, over temperature

under consideration, second-grade nanofluid factor impacts
on fluid thermal state are plotted. Heat transfer enhance-
ment is achieved by noticing the elevated trend in the wall
temperature.

The influence of the temperature field on modified radia-
tion factor (Rd) and Hartman factor (H) is plotted in Fig. 7.
Between H and 0, an inverse relationship is noticed. Hart-
man number modified values; in temperature field certain
decline is noticed. Thermal profile is reduced by the fluid
flow which is assisted by the induced Lorentz force. The
impact of thermal radiation factor is also plotted in Fig. 7,
in which the temperature is enhanced by the radiation factor
Rd and its influences are indicated. Temperature is increased
with the help of radiation factor Rd which gives the heat to
equivalent fluid.

The effect of thermophoresis factor and mixed convection
in thermal state is illustrated in Fig. 8. For stronger thermo-
phoresis, temperature field enhancement is noticed. Here,
the thermophoresis is a method of moving from hot region
hot particles to cold region and then rises the temperature
consequently. In the energy equation, mixed convection
parameter I is not appeared directly, but small temperature
profile is anticipated. I" is incremented with decrement in
temperature which is depicted in Fig. 8. The thermal pro-
file versus relaxation time parameter A, display is illustrated
in Fig. 9. Furthermore, thermal relaxation parameter A, is
increased in physical interpretation that requires more heat
for transmitting heat to its corresponding material particles
(which are non-conducting type), for the temperature profile
reduction as a fundamental.

Figures 10, 11, 12 and 13 are depicted by the changes
noted in concentration fluid distribution according to the
different parameters of fluid elevated values. In particular,
Fig. 10, second-grade nanofluid parameter versus a mixed
behaviour of the concentration distribution is observed.
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Reduction is noticed at the closer to surface and increment
is noticed at far away from surface. Figure 11 describes the
behaviour of nanoparticle concentration (f) for Hartman
modified factor. For large H, nanoparticles concentration is
improved when velocity field is opposite. Riga plate gener-
ates Lorentz forces and variation is depended on these for
ces.

The influences of thermophoresis on Brownian diffusion
are illustrated in Fig. 12. Figure 12 witnesses that Brown-
ian motion produces resistance in concentration of nano-
particle. Profile of nanoparticle concentration and thickness
of boundary layer is reduced by the collision of particles
enhancement with the Brownian motion parameter increases.
Figure 12 also gives thermophoretic force augmented values
impact on the nanoparticles concentration.

Cf

Fig. 14 Variation regarding H and 6 over skin friction
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Fig. 15 Variation regarding H and § over heat transfer rate

(f

Fig. 16 Variation regarding B;, and Rd over skin friction

Fig. 17 Variation regarding B;, and Rd over heat transfer rate

Nanoparticles gaps are created by the fluid in-predictive
movement which is enhanced by the thermophoretic stronger
forces. Figure 13 explains the behaviour of Lewis number Le
on concentration distribution. It is seen that the distribution

concentration is a diminishing function of Le. Justification
of such a decreasing behaviour is elaborated as Le and Lewis
number leading values concentrated as low by mass diffusiv-
ity with reverse relations.

Figures 14, 15, 16 and 17 give the 3D graphical illustra-
tions of Nusselt factor (heat flux) and skin friction (wall drag
force) for several fluid parameters elevated values. Clearly,
the drag force intensifies for second-grade parameter aug-
mented nature and stronger Lorentz forces. Mixing behav-
iour is observed in drag force with the impact of radiation
parameter. The heat flux reduces for increasing values of
nanofluid parameter second-grade and radiation factor, but
the larger Lorentz force and Biot number result in increment
in heat flux.

5 Concluding Remarks

The main aim of this work is to utilize the Cattaneo—Chris-
tov heat flux and generalized Fick’s theories with the inten-
tion of study the mass and heat transportation in the modi-
fied nanofluid second-grade over a Riga plate with thermal
radiation additional features and chemical reaction. Moreo-
ver, the assumptions of convective heating for temperature
distribution and new zero mass flux condition for distribu-
tion concentration are forced for the recognized flow situ-
ation. Through appropriate adjusted transformations, ordi-
nary nonlinear equations are obtained from the proposed
flow. These equations are solved by using the method of
Runge—Kutta—Fehlberg fourth—fifth order (RKF-45) to
obtain numerical solution. The present discussed analysis
gives the following results:

1. Augmented trend for incremental values of modified fac-
tor of Hartman showed by the associated boundary layer
and velocity field.

2. Temperature distribution and fluid horizontal movement
reduction are confirmed by the second-grade parameter.

3. Temperature field rejection and thermal profile are influ-
enced by the modified Hartman factor. Cattaneo—Chris-
tov model is dominated by the Fourier’s model trend
which is confirmed by the thermal boundary layer.

4. Thermal profile and temperature field are significantly
influenced with radiation factor.

5. For Biot number augmented values, in the thermal pro-
file noticed an enhancement, the temperature for larger
Biot number is raised with convective heating results
of significant strength. Iso-flux situation is achieved for
Biot number which is close to 0, whereas isothermal
state is achieved for more values of Biot number for the
temperature field.
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6. Dimensionless concentration is negative in the vicinity
if the plate illustrating that nanoparticle concentration
at the wall is smaller than that at the ambient.

7. Nanofluid second-grade parameter and modified Hart-
man number larger values are amplified by the skin fric-
tion.

8. The heat flux enhanced for elevated values of modi-
fied Hartman number and Biot number; it reduces for
second-grade nanofluid parameter and radiation factor.

9. From the special cases of previously discussed, the
present work is extracted and the obtained results are
compared with the existing results [35]. A better agree-
ment between the already published work and present is
found.

The present model has considered non-Newtonian nano-
fluids. Further investigation will address non-Newtonian
bioconvection nanofluid in porous media considering slip
mechanism and will be reported in due course.
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