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Present report intends to analyse heat and mass transfer characteristics of naturally convective hydro-
magnetic flow of fourth-grade radiative fluid resulting from vertical porous plate. The impression of
non-linear order chemical reaction and heat generation with thermal diffusion are also considered.
The coupled fundamental equations are transformed into a dimensionless arrangement by implementing
finite difference scheme explicitly. After initiating the stability test, the governing equations are con-
verged for Prandtl number, Pr � 0.43 and Schmidt number, Sc � 0.168. The impact of dimensionless sec-
ond, third and fourth-grade parameters with diversified physical parameters are being exhibited
graphically on different flow fields. An interesting fact is observed that as the grade of fluid develops it
starts to diminish the velocity fields, but a complete opposite scenario is examined for temperature fields.
In addition, for advanced visualisation, the impression of thermal radiation is being observed through
streamlines and isothermal lines. In which, the respective parameter upsurges the momentum as well
as the thermal boundary layers respectively.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

A vast scientific analysis of non-Newtonian fluid flow problems
on heat and mass transfer has done by many researchers. It has an
extensive range of impact on different sectors like power engineer-
ing, metallurgy, astrophysics and geophysics. The fourth-grade
fluid flow model is exceptional model which has opened a new
subway of fluid mechanics. This sort of model is being used to
explain the flow attitude of non-Newtonian fluids. Second-grade
fluid model exhibits variations of normal stress; these sorts of flu-
ids do not consider shear-thickening and thinning phenomena
because they exert constant shear viscosity. With the analysis of
third and fourth-grade fluids, the results can be described well
for shear thinning and shear thickening phenomena. Generally,
non-Newtonian fluids are categorised into three types which are
namely differential, rate and integral. Fourth-grade fluid is an
important subclass of differential type that’s capable of describing
shear thinning and shear thickening effects. However, despite
involving a large number of complex parameter in a Fourth-
grade fluid, Hayat et al. (2002) have experimented this by the effect
of uniform magnetic field combined with steady and unsteady
flows over a porous plate. They used differential equation of order
six for a numerical solution with a total three boundary conditions
related with momentum and finite difference. Lie point symme-
tries were applied by Hayat et al. (2002) to reduce the number
and order of distinct variable of partial differential equations. Here,
they have worked only unsteady of similar fluid past on porous
plate. The properties of non-Newtonian fluids have attracted
numerous scientists (Asghar et al., 2007; Eldabe et al., 2016;
Eldahab and Salem, 2005; Ezzat, 2010) in recent times. Applesauce,
tomato ketchup, shampoos contain the properties of

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2018.12.009&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jksus.2018.12.009
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:19243001@student.westernsydney.edu.au
mailto:mohammad.shakhaoath.khan@rmit.edu.au
mailto:mamun101730@gmail.com
mailto:mamun101730@gmail.com
mailto:rezarabbi06@gmail.com
mailto:pronabbiswas16@gmail.com
mailto:pronabbiswas16@gmail.com
mailto:ifsana.karim@uon.edu.au
https://doi.org/10.1016/j.jksus.2018.12.009
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com


Nomenclature

Bs magnetic component, (Wb m�2)
Cf local skin-friction, (–)
Cp specific heat at constant pressure, (J kg�1 K�1)
Nu local Nusselt number, (–)
Pr Prandtl number, (–)
qr unidirectional radiative heat flux, (kg m�2)
Sc Schmidt number, (–)
Sh local Sherwood number, (–)
T fluid temperature, (K)
Tw temperature at the plate surface, (K)
T1 ambient temperature as y tends to infinity, (K)
Us uniform velocity u, v velocity components

x, y cartesian co-ordinates
Greek symbols
a dimensionless second-grade fluid parameter
b, bA dimensionless third-grade fluid parameter
bT thermal expansion co-efficient
bC concentration expansion co-efficient
c, cA dimensionless fourth-grade fluid parameter
j thermal conductivity, (W m�1 K�1)
l dynamic viscosities
q density of the fluid, (kg m�3)
rs Stefan-Boltzmann constant, 5.6697 � 10�8 (W m�2 K�4)
m kinematic viscosity, (m2 s�1)
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non-Newtonian fluid. The non-Newtonian fluid flow model of non-
linear coupled differential equations was solved (Sahoo and
Poncet, 2013) with shooting and Broyden’s method. By assembling
the impressions of thermal radiation and thermo-diffusion (Bhatti
and Rashidi, 2016) examined the attitude of Williamson nanofluid
which was flowing from the stretched surface. Bhatti et al. (2018)
observed the bioheat and mass transfer phenomena for dual phase
flow of peristaltic propulsion via Darcy-Brinkman-Forchheimer
porous media. In recent times, (Ellahi et al., 2018a; Ellahi et al.,
2018b) investigated the impression of nano liquid namely
kerosene-alumina on hydromagnetic Poiseuille flow. In addition,
the impact of entropy generation was also examined with slip
influence on moving plate. The pioneer work of representing the
combine impressions of magnetic and porous term for diversified
motions was exhibited by Fetecau et al. (2018).

Moreover, (Hassan et al., 2017; Reza-E-Rabbi et al., 2018; Hassan
et al., 2018a; Hassan et al., 2018b) investigated diversified base flu-
ids with different nanoparticles to develop the area of heat transfer.
Considering the impact of electro-magnetohydrodynamics the flow
character of multiphase fluids were analysed by Hussain et al.
(2018) in a base fluid with the appearance of hafnium particles.
However, some reputed researchers (Khan et al., 2018; Majeed
et al., 2018; Mishra et al., 2017; Shahid et al., 2017) developed the
heat transfer as well as mass transfer phenomena for various fluids
flow on different surfaces in the very recent period. For examining
the character of blood flow, (Shahid et al., 2018) conducted their
experiment via a capillary with the appearance of gyrotactic
microorganisms. The model of Couette-Poiseuille flow was estab-
lished by Shehzad et al. (2018) to analyse aluminium oxide-PVC
nanofluid in a channel. Envisaging the impact of hydromagnetic
bio-bi-phase flow, (Zeeshan et al., 2018) exhibited the peristaltic
transportation of Jeffery fluid in a quadrate duct.

Diversified fluid models have been mentioned to analyse non-
Newtonian fluids attitude. A characteristic comparison between
non-Newtonian fluid of 4th grade and Newtonian fluid had been
analysed by Wang and Wu (2007) and studied numerically of this
fluid in case of unsteady MHD flow to an oscillating plate by using
finite differencemethod to solve higher order non-linear partial dif-
ferential equation after considering four asymptotic boundary con-
ditions. The recent work on comparing with analytical and
numerical by Aziz and Mahomed (2013), they have been investi-
gated reduction and solution of unsteady fourth-grade fluid on por-
ous pate by using translational symmetries. Arifuzzaman et al.
(2017a) analysed chemically reactive viscoelastic with nanoparticle
over porous stretching sheet by imposing explicit scheme. Similar
method was applied to micropolar fluid, Jeffrey nanofluid, optically
grey-nanofluid by considering different conditions with conver-
gence test (Arifuzzaman et al., 2018a; Arifuzzaman et al., 2017b;
Arifuzzaman et al., 2018b; Arifuzzaman et al., 2017c; Biswas et al.,
2017; Biswas et al., 2018; Khan et al., 2012a). In recent eras, the
study of radiation absorption (Arifuzzaman et al., 2017b;
Arifuzzaman et al., 2018b; Biswas et al., 2017; Umamaheswar
et al., 2016) and heat generation (Khan et al., 2012b; Khan et al.,
2017; Li et al., 2016; Srinivasa and Eswara, 2016) due to mass and
heat transfer in fluid flow is industrially significant because of engi-
neering and manufacturing needs for example heat insulation,
geothermal systems, combustion, metal waste, catalytic reactors,
reactor safety, oil reservoirs, etc.

To author’s best knowledge, the investigation of naturally con-
vective fourth grade radiative fluid flow resulting from infinite per-
pendicular porous plate has not done yet. Therefore, this
phenomenon is analysed in this work. The specific objectives of
this numerical investigation are listed below:

� To analyse unsteady naturally convective mass and heat trans-
fer flow of fourth grade radiative fluid resulting from infinite
perpendicular porous plate by considering non-linear order
chemical reaction and heat generation with thermal diffusion.

� To establish a mathematical solution of the flow governing
model which includes transient momentum, diffusion balance
and energy equations and solve it by employing finite difference
scheme explicitly.

� To present a details stability and convergence study for optimis-
ing appropriate parameters.

� To exhibit velocity, temperature and concentric fields graphi-
cally along with Nusselt number, skin friction and Sherwood
number profiles.

� To represent the tabular analysis of Cf, Nu, and Sh fields for a
steady-state solution.

� To present the advanced visualisation of fluid flow through
streamlines and Isothermal lines.

2. The mathematical fluid flow model

A naturally convective and thermally radiative incompressible
simple fourth-grade fluid is defined for unsteady case model, and
the fluid is passing through a vertical infinite porous plate with
destructive chemical reaction and heat generation effect (Fig. 1).
With the history of the deformation gradient, the current stress
of an element is constituted for an incompressible fluid flow
model, and it can be exhibited as,

Mðx; tÞ ¼ pIþ S1K¼0ðSttðKÞÞ ð1Þ
Where, pI = indeterminate portion of stress–tensor and

S = deformation gradient. Coleman and Noll (1960), prescribed dif-
ferent sort of incompressible fluid of category n as viscous fluid
agreeing on the following equation (Hayat et al., 2002; Sahoo
and Poncet, 2013),



Fig. 1. The physical configuration of the flow.
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Mðx; tÞ ¼ � pI þ
Xn
j ¼ 1

Kj ð2Þ

The asymptotic expansion is being employed for functional in
Eq. (1) via an obstacle parameter and the tensors Kj are achieved
for n = 4 as (Hayat et al., 2011, 2002; Sahoo and Poncet, 2013),

K1 ¼ lL1 ð3Þ

K2 ¼ a1L2 þ a2L
2
1 ð4Þ

K3 ¼ b1L3 þ b2ðL1L2 þ L2L1Þ þ b3ðtrL23ÞL1 ð5Þ

K4 ¼ c1L4 þ c2ðL3L2 þ L1L3Þ þ c3L
2
2 þ c4ðL2L21 þ L21L2Þ

þ c5ðtrL2ÞL2 þ c6ðtrL2ÞL21 þ ½c7trL3 þ c8trðL2L1Þ�L1 ð6Þ
Here, l = shear-viscosity coefficient, aiði ¼ 1;2Þ ¼ biði ¼ 1;2;3Þ ¼
ciði ¼ 1;2; :::8Þ = material constants and I = identity tensor. Here,
for 4th-grade fluid, Cauchy stress tensor M can be exhibited as,

M ¼ � pI þ lL1a1L2 þ a2L
2
1 þ b1L3 þ b2ðL1L2 þ L2L1Þ

þ b3ðtrL23ÞL1 þ c1L4 þ c2ðL3L2 þ L1L3Þ þ c3L
2
2

þ c4ðL2L21 þ L21L2Þ þ c5ðtrL2L2 þ c6ðtrL2ÞL21
þ ½c7trL3 þ c8trðL2L1Þ�L1 ð7Þ

The Rivlin–Ericksen tensors ðLnÞ are prescribed by following
recursion connection:

Ln ¼ dLn�1

dt
þ Ln�1ðgradVÞ þ ðgradVÞTLn�1; n > 1;

L1 ¼ ðgradVÞ þ ðgradVÞT ð8Þ
A third-grade model is achieved when n = 3 in Eq. (2) and

ci ¼ 0. For n = 2 in Eq. (2), bi ¼ 0 and ci ¼ 0 a second-grade fluid
is adopted, and the above-discussed model becomes a usual
Navier-Stokes fluid for ai ¼ 0, bi ¼ 0 and ci ¼ 0 (i.e. n = 1 in
(2)). The thermally radiative and chemically reactive flow is head-
ing in x-direction along infinite porous plate with heat generation.
Here, U0 is the uniform velocity where T1 and C1 are fluid temper-
ature and concentration away from the layer. A uniform magnetic
field ðBx ¼ 0;By ¼ B0Þ is imposed in the normal direction of the
flow. Under the above consideration, the equations that described
the physical circumstances are given below (Arifuzzaman et al.,
2018b,c; Gul et al., 2016; Hayat et al., 2011; Wang and Wu, 2007):

Continuity Equation,

@v
@y

¼ 0 ð9Þ

Momentum Equation,

@u
@t

þv @u
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¼ t
@2u
@y2 þ

a1t
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@3u
@y2@t

þb1t2

q
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� �2
@2u
@y2

þc1t3

q
@5u

@y2@t3
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Energy Equation,
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þ v
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¼ j @2T
qcp@y2 þ

t
cp
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þ a1t
qcp
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qcp
@4u

@y2@t2
@u
@y
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Concentration Equation,

@C
@t

þ v
@C
@y

¼ Dm
@2C
@y2

 !
þ DmjT

cscp
@2T
@y2 � KcðC� C1Þp ð12Þ

with boundary condition,

u ¼ 0; T ¼ Tw; C ¼ Cw at y ¼ 0
u ¼ 0;T ! T1; C ! C1 at y ! 1 ð13Þ

Here, qr ¼ � 4rs=3keð Þ @T4=@y
� �

is the Rosseland approximation

for radiative heat flux. The temperature differences are chosen
small inside the flow. Then expanding T4 by approximating Taylor
series at T1, it is adopted that T4 ffi 4T3

1T � 3T4
1 (higher terms are

deducted).
Then the Eq. (11) becomes,
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To find the solutions of the governing Eqs. (9)–(14) the non-
dimensional quantities are adopted as:

Y ¼ yU0

t
; U ¼ u

U0
; s ¼ tU2

0

t
; h ¼ T� T1

Tw � T1
; / ¼ C� C1

Cw � C1
; V ¼ v

U0

ð15Þ



Fig. 2. Numerical grid setup.
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Continuity Equation,

@v
@y

¼ 0 ) v ¼ �v0 ð16Þ

where, v0 > 0 and v0 < 0 are suction and injection velocity. Here,
v0 > 0 is considered.

Momentum Equation,

@U
@s

� S
@U
@Y

¼ @2U
@Y2 þ Grhþ Gc/�MU� 1

Da
Uþ a
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Energy Equation,

@h
@s

� S
@h
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¼ 1
Pr

1 þ 16R
3
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Concentration Equation,

@/
@s

� S
@/
@Y

¼ 1
Sc

@2/

@Y2 þ Sr
@2h

@Y2 � Kr/
p ð19Þ

with boundary condition,

U ¼ 0; T ¼ 1; C ¼ 1 at y ¼ 0
U ¼ 0; T ¼ 0; C ¼ 0 at y ! 1 ð20Þ

where the dimensionless parameters are: Suction parameter,
S ¼ v0=U0, Grashof number, Gr ¼ gbTðTw � T1Þt=U3

0, mass Grashof

number, Gc ¼ gbCðCw � C1Þt=U3
0, magnetic parameter, M ¼

r0B2
0t=qU

2
0, second-grade fluid parameter, a ¼ a1U

2
0=qt2, third-

grade fluid parameters, b ¼ b1U
4
0=qt3, bA ¼ 6ðb2 þ b3ÞU4

0=qt3;
fourth-grade fluid parameter, cA ¼ c1U

6
0=qt4, c ¼ 2ð3c2 þ c3 þ c4þ

c5 þ 3c7 þ c8ÞU6
0=qt4, Darcy number, Da ¼ kU2

0=t2, radiation param-

eter, R ¼ rT3
1=k1k, heat source parameter, Q ¼ Q0t=U

2
0q cp, Prandtl

number, Pr ¼ q cpt=j, Eckert number, Ec ¼ U2
0=cpðTw � T1Þ, Schmidt

number, Sc ¼ Dm=t, order of chemical reaction = P, Soret number,
Sr ¼ DmjT Tw � T1ð Þ=Tmt Cw � C1ð Þ and chemical reaction,

Kr ¼ tKcðCw � C1Þp�1
=U2

0.
U0
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In addition, the physical momentum, heat and mass properties
such as skin-friction, the Nusselt and Sherwood number, which are
elucidated as (Arifuzzaman et al., 2018b),

Cf ¼ � 1
2
ffiffi
2

p G�3=4
r

@U
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� �
Y¼0;

Nu ¼ 1ffiffi
2
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r
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2
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2
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Y¼0:

9>>>>=
>>>>;

ð21Þ
3. Numerical solution

Explicit finite difference technique is being performed for
resolving Eqs. (16)–(20) within conferred boundary conditions. A
rectangular flow field is adapted for distributing the grid lines
which are collateral to X and Y axes (Fig. 2). For the current inquiry,
the following things are chosen as,

Grid space: m = 200, n = 200, Plates height: Xmax = 15, Ymax = 60
as Y?1,

Mesh sizes: DY ¼ 0:30 0 6 Y 6 50ð Þ and DX ¼ 0:075 0 6 X 6ð
15Þ, Ds = 0.005

Now, Eqs. (16)–(20) are changed into the following finite differ-
ence form,

Ui;j � Ui - 1;j
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þ Vi;j � Vi;j�1
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¼ 0 ð22Þ

Momentum Equation,
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Energy Equation,
h0i;j � hi;j
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Concentration Equation,

/0
i;j ¼ /i;j þ Ds 1
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ðDYÞ2
þ Sr
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The initial and boundary condition with a finite difference
scheme as,

Un
i;0 ¼ 0; hni;0 ¼ 1; /n

i;0 ¼ 1

Un
i;L ¼ 0; ¼ hni;L ¼ 0; /n

i;L ¼ 0 where L ! 1 ð26Þ

where, the subscripts i and j designate the grid points with X
and Y coordinates respectively and value of time,s ¼ nDs, where,
n ¼ 1;2;3;4:::::..

4. Stability and convergence analysis

The ongoing analysis requires the study of the stability and con-
vergence test because an explicit procedure is being performed.
Here, Eqs. (16) is disregarded because Ds is not available there.
The Fourier expansions are attained as in Eqs. (27) and (28) for
all U ; h and u.

U : wðsÞeiaXeibY
h : hðsÞeiaXeibY
u : uðsÞeiaXeibY

9>=
>; at time sð Þ ð27Þ

and

U0 : w0ðsÞeiaXeibY
U00 : w00ðsÞeiaXeibY
U000 : w000ðsÞeiaXeibY
h0 : h0ðsÞeiaXeibY
u0 : u0ðsÞeiaXeibY

9>>>>>>=
>>>>>>;

after a time stepð Þ ð28Þ

Now, imposing Eqs. (27)–(28) into Eqs. (17)–(20) and choosing
U, V as constant we obtain the following equations as;

The momentum equation becomes,

w0 ¼ A1wþ A2hþ A3u ð29Þ

where,

A1 ¼ 1� S
Ds
DY

ðeibDY � 1Þ



� M þ 1
Da

� �
Dsþ Ds

ðDYÞ2
ðcosbDY � 1Þ

� a
2ðcosbDY � 1Þ

ðDYÞ2
þ b

2ðeibDX þ 1Þ
DsðDYÞ2

þ bA
2DsðcosbDY � 1Þ

DY2 þ cA
2ðcosbDY � 1Þ

Ds2ðDYÞ2

� c
2DsðeibDY � 1Þ

DY
2DsðcosbDY � 1Þ

DY2

2ðcosbDY � 1Þ
DY2

� 2ðcosbDY � 1Þ
DY2

	
; A2 ¼ GrDs; A3 ¼ GmDs: ð30Þ
The energy equation becomes,
h0 ¼ A4hðsÞ ð31Þ
where,

A4 ¼ 1� S
DsðeibDY � 1Þ

DY
þ Ds

Pr
1þ 16

3
R

� �
2ðcosbDY � 1Þ

ðDYÞ2
"

þQDs� aEcwðsÞDsðeibDY � 1Þ2
DsDY

þ b
DswðsÞ
DY2Ds

eibDY � 1
� �2# ð32Þ

And the concentration equation becomes,

u0 ¼ A5/þ A6h ð33Þ
where,

A5 ¼ 1þ 1
Sc

2DsðcosbDY � 1Þ
ðDYÞ2

þ S
DsðeibDY � 1Þ

DY
� KrDs

" #
;

A6 ¼ Sr
2ðcosbDY � 1Þ

ðDYÞ2
: ð34Þ

Eqs. (29), (31) and (33) can be presented in the matrix form as,
g0 ¼ Tg,

w0

h0

u0

2
64

3
75 ¼

A1 A2 A3

0 A4 0
0 A6 A5

2
64

3
75

w

h

u

2
64

3
75

where,

g0 ¼
w0

h0

u0

2
64

3
75; T ¼

A1 A2 A3

0 A4 0
0 A6 A5

2
64

3
75

and

g ¼
w

h

u

2
64

3
75 ð35Þ

Diversified data of T makes the analysis quite hard thus consid-
ering Ds? 0, hence, A2 ! 0;A3 ! 0 and A6 ! 0.)T ¼
A1 0 0
0 A4 0
0 0 A5

2
4

3
5. As a result, the achieved Eigenvalues are

A1 ¼ k1;A4 ¼ k2 and A5 ¼ k3 which satisfy the following stability
condition as,

and

A1j j 6 1; A4j j 6 1 and A5j j 6 1 ð36Þ
Let,

a1 ¼ Ds; d1 ¼ 2
Ds
DYð Þ2 ; d2 ¼ Ds

DY
; d3 ¼ �Sj j Ds

DY
and d4 ¼ Ds

DY2

where, a1, d1, d2, d3 and d4 are real non-negative numbers and
aDX ¼ mp ; bDY ¼ np.
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Now, using Eq. (36) and considering the assumed criterions, A4

and A5 are attained as,

A4 ¼ 1� 2
d3

2
þ d1

1
Pr

1þ 16
3

R
� �

þ Q
2
a1 � aEc

2
d2 þ b

2
d4


 	
;

A5 ¼ 1� 2 d1
1
Sc

þ d3

2
� a1

2
Kr


 	
:

The allowable maximum negative numbers are A1 ¼ �1,
A4 ¼ �1 and A5 ¼ �1. Thus, the stability criterion is established as,

2Ds
Pr DYð Þ2

1þ 16
3

R
� �

þ QDs
2

þ SDs
DY

� aEc

2
Ds
DY

þ bDs
2DY2

6 1;
2Ds

Sc DYð Þ2
þ SDs

DY
� DsKr 6 1:

For, U ¼ V ¼ T ¼ C ¼ 0 together with the data of
Ds ¼ 0:005 and DY ¼ 0:30 the existing work is converged for
Pr P 0:43 and Sc P 0:168.
Fig. 3. Dominance of M on U.
5. Results and discussion

Theoretical work on the laminar flow of fourth-grade fluid has
been investigated numerically. The study has been analysed on
thermally radiative, and chemically reactive convective fourth-
grade fluid flow over a vertical infinite porous plate with the effect
of heat source, magnetic field and viscous dissipation has been
studied numerically. To validate the present numerical analysis, a
numerical comparison is provided in Table 1. It can be seen that
the present simulation can predict the previous results with an
insignificant deviation. Moreover, the impression of system param-
eters on Cf, Nu, and Sh are also investigated in Table 2.
Table 1
Validation of present study against Sahoo and Poncet (2013), where Gr = Gc = 1.0, Da = 10,

a b c Pr M Ec Non-dimensional temperatu

0.01 0.043378
0.02 1.0 2.0 2.0 1.0 1.0 0.043233
0.03 0.043090

1.0 0.026147
2.0 1.0 1.5 1.0 1.0 0.3 0.026142

2.0 0.026137
1.0 0.020760

3.0 1.0 2.0 2.0 1.0 0.5 0.020759
3.0 0.020757

Table 2
Computational values of Cf, Nu, and Sh for variation of flow parameters for a steady-state

S R M Pr a b c

0.20 0.05 0.30 0.71 0.05 0.05 0.05
0.30
0.40 0.10
0.50 0.15

0.20 0.60
0.80
1.00 1.00

1.50
2.00 0.10 0.10

0.80 0.20 0.20
0.30 0.30 0.10

0.20
0.30
The impact of diversified physical parameters along with
dimensionless second-grade, third-grade and fourth-grade param-
eters are depicted graphically on different flow fields. The default
values for the pertinent parameters are taken as Ec = 0.0001,
Sc = 0.50, Pr = 0.71, a = 0.20, b = 0.05, bA = 0.05, c = 0.05, cA = 0.05,
R = 0.05, Sr = 0.003, Kr = 0.50, Da = 1.0, Gr = 10.0, Gc = 5.0, S = 0.10,
M = 0.30. In addition, for advanced visualization of fluid, streamli-
nes and isotherms are also exhibited. The interaction of electrically
R = 0.05, Q = Kr = 0.06, Sc = 0.6, Sr = 0.003.

re (Sahoo and Poncet, 2013) Non-dimensional temperature (Present work)

0.04304
0.04351
0.04308
0.02530
0.02249
0.02107
0.02089
0.02074
0.02023

solution.

Kr Sc Cf Nu Sh

0. 50 0.50 0.16788 0.49308 0.61085
0.18042 0.46521 0.59553
0.19254 0.58207 0.44022
0.20423 0.41780 0.57015
0.24553 0.39764 0.55949
0.22167 0.37984 0.53648
0.21822 0.31149 0.51186
0.32467 0.29147 0.67940
0.30946 0.29013 0.62314
0.45349 0.47985 0.82461
0.43687 0.56348 0.83454
0.41886 0.65942 0.85431

1.0 0.39424 0.64875 0.84754
1.50 0.70 0.64263 0.53185 0.77892
2.0 0.80 0.71631 0.49821 0.74651

1.20 0.89300 0.41235 0.67135
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conducting fluids with magnetic fields, through electromagnetic
forces called Lorentz forces. Strong magnetic parameter (M) cre-
ates retarding force namely Lorentz force which diminishes fluid
velocity.

Fig. 3 depicts the drag force effect on fluid flow and decreases
the velocity profiles with the increase (0:10 6 M P 1:50) of the
magnetic parameter (M). The Curve to curve fluctuation for veloc-
ity profiles declines 23.025%, 22.53%, 22.17%, 21.80% and 21.46% as
M changes from 0.10 to 1.50 respectively at s ¼ 4:0. Physically, as
the intensity of the magnetic field develops a resistive force
namely, Lorentz force occurs and impedes the fluid motion. Skin
friction behaviour occurred because of the friction loss is the
reduction of pressure that happens inside the pipe for the impres-
sion of fluid’s viscosity close to the surface of the pipe.

Fig. 4 illustrates the skin friction profiles for the increment of
magnetic parameter (M). The fields of Cf plunge with rising data
Fig. 4. Dominance of M on Cf.

Fig. 5. Dominance of a on U.
of M because the imposed magnetic field tends to decelerate the
fluid flows and hence the surface friction force declines.

For the increase of higher order material parameters, elastic
characteristics deformation leads to the changes of shape or size
of fluid due to an applied force or transformation of heat. For the
increase of viscoelastic property, the momentum boundary layer
thickness becomes more conservator with the plate, for this rea-
son, velocity profiles decrease. With the rise of higher order mate-
rial parameters, the viscoelasticity property enhances the
molecular particles gathering and temperature absorption rate
increase. As a result, the fluid region temperature increases for
higher order material parameters.

Figs. 5 and 6 demonstrate the velocity and temperature fields
due to the increment (0:50 P a P 3:50) of the dimensionless
second-grade fluid parameter (a). Velocity profiles diminish, and
temperature fields increase for the upsurging second-grade fluid
Fig. 6. Dominance of a on h.

Fig. 7. Dominance of b and bA on U.
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parameter (a). Curve to curve fluctuation of velocity profile with
the variation fora at s ¼ 3:0and 9.24%, 8.97%, 17.48%, 8.51%,
16.59 and 16.03% changes for increment of 0.5 (0.50–3.50).

Figs. 7 and 8 depict the impact of third-grade fluid parameters
(0:05 6 ðb ¼ bAÞ P 0:35) on velocity and temperature fields.
Velocity fields diminish, and temperature fields develop with the
increase of third-grade fluid parameter (b and bA).

Figs. 9 and 10 demonstrate the velocity as well as temperature
fields for the increment (0:05 6 ðc ¼ cAÞ P 0:35) of dimension-
less fourth-grade fluid parameters (c and cA). Velocity profiles
decrease, and temperature profiles develop for the increment in
fourth-grade fluid parameter (c and cA). Variations of concentric
fields are exhibited for different values of Kr with considering the
order p = 4.

Due to the rise in a destructive chemical reaction (Kr) parameter
from 0:50 6 Kr P 10:0, the concentration fields get decrease
Fig. 8. Dominance of b and bA on h.

Fig. 9. Dominance of c and cA on U.
(Fig. 11). Physically, a destructive chemical reaction occurs with
more disturbances which develops the molecular motion and
upsurges the heat transport phenomena, as a result the concentric
profiles diminish. Fig. 12 is plotted to visualise the impression of
Prandtl number (Pr) on h. The parameter (Pr) is the proportion of
kinematic viscosity and thermal diffusivity which changes physi-
cally with temperature. For instance, water Pr = 7.0 (At 20 �C) and
Ammonia gases Pr = 1.38 decline more rapidly than air Pr = 0.71.
However, Pr � 1 and Pr 	 1 depict the domination of thermal
and momentum diffusivity respectively. Prandtl number is used
roughly to determine whether heat transport occurs with either
conduction or convection process. Since, Prandtl number is inver-
sely proportional to thermal diffusivity so that increasing Pr led
the temperature profiles to decrease.

Thermal radiation is known as electromagnetic radiation or the
conversion of thermal energy, which generates the thermal motion
Fig. 10. Dominance of c and cA on h.

Fig. 11. Dominance of Kr on u.
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of particles in matter. Thermal radiation (electromagnetic
radiation) could be attributed due to thermal excitation. The tem-
perature could be affected in the presence of thermal radiation at
moderate temperatures which are significant. Thermal radiation
for a mediumwhich contains it inevitably has pressure and density
gradients, and the treatment requires the use of hydrodynamics.
Fig. 13 display the variations of Nusselt number profiles for differ-
ent data of thermal radiation (R) parameter. It is seen that, with the
increase (0:05 6 R P 0:70) of R, the Nusselt number profiles are
also increasing. Because for larger values of R the mean absorption
coefficient get declines and accelerates the divergence of heat flux.
Here, the curve to curve fluctuations are 20.64%, 13.92%, 10.35%,
8.57%, 7.28% and 6.28% when the value of R are changes from
0.05 to 0.70 with the following data 1.1993, 1.21994, 1.24082,
1.25117, 1.25974, 1.26702 and 1.27330 respectively. Fig. 14 repre-
Fig. 12. Dominance of Pr on h.

Fig. 13. Dominance of R on Nu.
sents the Sherwood number profiles for the increment of Schmidt
number. For the data of Sc = (2.0–6.0), Sh profiles increase but
decrease for Sc = 8.0 and again increase for the values of Sc
(8:0 6 Sc P 14:0). Physically, Schmidt number helps to develop
the fluid concentration as well as the concentration buoyancy
force. Furthermore, streamlines and isotherms profiles can be used
to improve the visualisation of fluid fields. Here, the line view is
presented to explain the influence of thermal radiation on stream-
lines and isotherms. In Figs. 15 and 16 represent the thermal and
velocity boundary layer from 0 to þ X the region for X-axis
through the vertical plate. It can be seen that thermal and momen-
tum boundary layers increase within the flow region for strong
thermal radiation (R) with s ¼ 0 to 30 non-dimensional time
steps.
Fig. 14. Dominance of Sc on Sh.

Fig. 15. Isotherms for different data of R with s ¼ 10 to 30 time steps.



Fig. 16. Streamlines for different data of R with s ¼ 10 to 30 time steps.
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6. Conclusions

The numerical solution for fourth-grade fluid towards an infi-
nite vertical porous plate with chemical reaction, thermal radia-
tion, heat source, uniform suction, MHD, streamlines and
isotherm lines representation has been analysed. The key findings
are given below:

� Velocity and skin friction fields decline due to the increment in
magnetic parameter.

� Velocity profiles decrease, and temperature fields go up when
dimensionless second, third and fourth-grade parameters get
to raise.

� For upsurging data of destructive chemical reaction concentric
fields diminish.

� Increasing Prandtl numbers tend to diminish the temperature
profiles.

� Nusselt number distribution rises due to the enhancement in
thermal radiation.

� Strong values of Schmidt number increase the boundary layers
in Sherwood number fields.

� Higher values of thermal radiation expand the thickness of ther-
mal and momentum boundary layers in streamline and isother-
mal lines.
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