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In this paper, the impact of magnetic field, thermal radiation, Brownian motion, thermophoresis, thermal radia-
tion, suction/injection, and first order chemical reaction on MHD boundary layer heat and mass transfer inherent
of over a vertical cone through nanofluid saturated porous medium under the convective boundary condition
with suction/injection is numerically criticized. The transformed boundary layer equations for momentum, tem-
perature and concentration subject to the sophisticated boundary conditions are solved numerically by using an
optimized, dynamic and extensively validated Finite element method. The sway of various pertinent parameters
on hydrodynamic, thermal and solutal boundary layers is cognized and the results are displayed graphically.
Furthermore, the value of local skin-friction coefficient, rate of temperature and rate of concentration is also
inspected for various values of non-dimensional parameters and the results are shown in tabular form. The com-
parison of present results with existing results shows good agreement.
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1. INTRODUCTION
Natural convection flow, heat and mass transfer through
porous medium over curved bodies is an important area in
recent years because of its wide range applications such
as chemical engineering, thermal energy storage devices,
heat exchangers, ground water systems, electronic cool-
ing, boilers, heat loss from piping, nuclear process systems
etc. Spherical geometries, cones, cylinders, ellipses, wavy
channels, torus geometries are some examples of curved
bodies. Good number of experimental and theoretical stud-
ies on transport phenomena over cylindrical bodies has
been reported in literature which deals the process of poly-
mer systems. All these studies are mainly focused on flow
and heat transfer characteristics of the commonly used
base fluids like water, ethylene glycol, oil etc. In recent
times, the study of nanofluids has become the topic of
extensive research because the presence of nanoparti-
cles would appreciably increase the thermal conductivity
of the fluids in heat transfer process. A nanofluid is a
fluid containing small volumetric quantities of nanometer-
sized (smaller than 100 nm) particles called nanoparti-
cles. Nanofluids are the emerging composites consisting
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of nanometer size solid particles dispersed in the con-
ventional heat transfer fluids like water, ethylene glycol,
toluene, and engine oil. The very key characteristic of
nanofluids is their high thermal conductivity relative to
the base fluids. The thermal conductivity enhancement of
nanofluids has become the most important phenomenon
than the limited heat transfer performance of available gen-
eral fluids. Choi1 was the first among all who introduced
a new type of fluid called nanofluid while doing research
on new coolants and cooling technologies. Eastman et al.2

have also exposed in their study that the thermal con-
ductivity has increased 40% when copper nanoparticles
of volume fraction less than 1% are added to the ethy-
lene glycol or oil. Buongiorno3 has developed an analytical
model for convective transport in nanofluids, in this study
he concluded that there are seven possible mechanisms
associating convection of nanofluids through moment of
nanoparticles in the base fluid. These are nanoparticle
size, inertia, particle agglomeration, Magnus effect, vol-
ume fraction of the nanoparticle, Brownian motion, ther-
mophoresis. Among all the mechanisms Brownian motion
and thermophoresis are found to be very important. The
thermophoresis acts against temperature gradient, so that,
the particles move from the region of higher tempera-
ture to the region of lower temperature. Also, Brownian
motion tends to move the particles from higher concen-
tration areas to lower concentration areas. Tiwari et al.4
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have presented heat transfer augmentation of nanofluids in
a two-sided lid-driven heated square cavity. Santra et al.5

have reported heat transfer augmentation of copper-water
nanofluid in differentially heated square cavity. Abu-nada
et al.6 have analyzed natural convection applications of
nanofluids over inclined two-dimensional enclosures filled
with Cu-water nanofluid. Kuznetsov et al.7 studied the
influence of Brownian motion and thermophoresis on nat-
ural convection boundary layer flow of a nanofluid past
a vertical plate. Chamkha et al.8�9 perceived the heat and
mass transfer analysis of nanofluids over truncated cone
and wedge respectively, by taking variable wall temper-
ature, concentration and chemical reaction. Khan et al.10

have discussed boundary layer flow, heat and mass trans-
fer of a nanofluid past a stretching sheet. Ghasemi et al.11

have discussed periodic natural convection flow and heat
transfer over enclosure filled with nanofluid under the
influence of oscillating heat flux. Chamkha et al.12 have
discussed the mixed convection flow about vertical cone
through porous medium saturated by a nanofluid with
thermal radiation. In addition, Gorla et al.13 have studied
nanofluid natural convection boundary layer flow through
porous medium over a vertical cone. Chamkha et al.14

were presented non-Darcy free convective nanofluid along
a vertical plate with suction/injection and internal heat
generation. Fernandez-Feria et al.15 have discussed the
mixed convection boundary layer radial flow over a hor-
izontal plate with constant temperature. Chamkha et al.16

have investigated Non-Newtonian nanofluid natural con-
vection flow over a cone through porous medium with
uniform heat and volume fraction fluxes. Zakari et al.17

have presented the natural convection boundary layer flow,
heat and mass transfer analysis of nanofluid influenced by
various aspects like, size, shape, type of nanofluid, type
of base fluid and working temperature of the base fluid.
Ghalambaz et al.18 have reported natural convection flow
over a heated vertical plate through nanofluid saturated
porous medium. Ghalambaz et al.19 have analyzed natu-
ral convection of Al2O3-water nanofluid over a vertical
cone with the influence of nanoparticles diameter, concen-
tration and variable thermal conductivity. Noghrehabadi
et al.20 have noticed the boundary layer natural convec-
tion of nanofluid over a vertical plate. Sheremet et al.21

presented Buongiorno’s mathematical model of nanofluid
over a square cavity through porous medium. Sheremet
et al.22 have deliberated three-dimensional natural convec-
tion Buongiorno’s mathematical model of nanofluid over
a porous enclosure. Zargartalebi et al.23 have discussed
Stagnation-point natural convection heat and mass transfer
flow of nanofluid over a stretching sheet under the variable
thermo-physical properties.

Magneto nanofluids have specific applications in
biomedicine, optical modulators, magnetic cell separa-
tion, magneto-optical wavelength filters, silk float sepa-
ration, nonlinear optical materials, hyperthermia, optical

switches, drug delivery, optical gratings etc. A magnetic
nanofluid has both the liquid and magnetic properties. The
used magnetic field influences the suspended particles and
reorganizes their concentration in the fluid regime which
powerfully influences the heat transfer analysis of the flow.
Magneto nanofluids are useful to guide the particles up
the blood stream to a tumor with magnets. This is due to
the fact that the magnetic nanoparticles are regarded more
adhesive to tumor cells than non-malignant cells. Such par-
ticles absorb more power than microparticles in alternating
current magnetic fields tolerable in humans i.e., for can-
cer therapy. Several authors24–27 have discussed the MHD
boundary layer flow, heat and mass transfer characteristics
of nanofluids.
Generally, natural convection boundary layer flow, heat

and mass transfer problems consisting of a heating condi-
tion along the boundary of the surface that forms a solid–
fluid interface is regularly recommended. The commonly
used condition is either a constant temperature or a con-
stant heat flux. In general, there is a question that arises
that what surface boundary condition has to be imple-
mented on the surface temperature. Despite the routinely
used boundary condition of either constant temperature of
constant heat flux, it arises in practice only that when the
solid body has more thermal conductivity compared to the
porous medium. This is equivalent to say that the Biot
number of the problem is not equal to zero, but has a finite
value. In real applications, therefore, the Biot number has a
finite value and the thermal boundary conditions can rarely
be known in advance. Neither, a prescribed temperature
nor heat flux would seem entirely appropriate, a convec-
tive condition, being in essence a combination of these
two conditions, is also realizable in practice and it should
provide further useful insights. Ram Reddy et al.28 exam-
ined the mixed convection flow, heat and mass transfer
analysis of nanofluid over a vertical plate under convective
boundary condition by taking Soret effect into the account.
Makinde et al.29 studied analytically the boundary layer
flow of nanofluid over a stretching sheet under convective
boundary condition. Non-aligned stagnation point flow of
nanofluid over a convective stretching sheet with influence
of partial slip effect is numerically analyzed by Nadeem
et al.30 Entropy analysis of pseudo-plastic nanofluid flow
over a vertical channel through porous media with the
impact of convective heating and magnetic field is exam-
ined by Das et al.31 Ibanez32 investigated the entropy
generation in a vertical porous channel under convective
boundary condition by taking magnetic field and hydrody-
namic slip into the account. Hayat et al.33 have reported
the impact of magnetic field in three-dimensional flow
of couple stress nanofluid over a nonlinearly stretching
surface with convective boundary condition. Ghalambaz
et al.34 analyzed the influence of variable viscosity and
thermal conductivity on natural convection flow over a ver-
tical plate. Sudarsana Reddy et al.35 have presented natu-
ral convection MHD boundary layer flow, heat and mass
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transfer analysis over vertical cone embedded in porous
media saturated by nanofluid by taking thermal radiation
and chemical reaction into the account. Ghalambaz et al.36

have perceived flow and heat transfer analysis over paral-
lelogrammic porous cavity.
Sucking the fluid and injecting the fluid into the bound-

ary layer regime is one of the important research areas in
recent years because of its numerous applications in engi-
neering and technology. The influence of suction/injection
on boundary layer heat and mass transfer flow over vertical
plate was studied by several others.37–39

Although there are good number of publications in
the literature on heat and mass transfer characteristics of
nanofluids over a vertical cone, to the best of author’s
knowledge, no studies have been reported that considered
convective boundary condition and first order chemical
reaction. The objective of present study is, therefore, to
investigate numerically the impact of key parameters such
as magnetic field, thermal radiation and first order chem-
ical reaction on natural convection flow, heat and mass
transfer analysis over a vertical cone through nanofluid
saturated porous medium under convective boundary con-
dition. The transformed ordinary differential equations
so obtained are solved numerically by using finite ele-
ment analysis. The problem addressed here has immedi-
ate applications in biomedicine, magnetic cell separation,
magneto-optical wavelength filters, silk float separation,
hyperthermia, drug delivery etc.

2. MATHEMATICAL ANALYSIS
We consider two dimensional, study, MHD, heat and
mass transfer boundary layer flow of nanofluid over a
vertical cone saturated porous medium under convective
boundary condition with suction/injection, as illustrated in
Figure 1. The coordinate system is chosen as the x-axis
is coincident with the flow direction over the cone sur-
face. It is assumed that Tw , to be determined, is the result
of connective heating process which is characterized by

Fig. 1. Physical model and coordinate system.

a temperature Tf and heat transfer coefficient hf , and
Cw is the nanoparticle volume fraction of ambient fluid
are T� and C�. An external magnetic field of strength
B0 is applied in the direction of the y-axis. By consid-
ering the works of Kuznetsov et al.7 and by employing
the Oberbeck–Boussinesq approximation the governing
equations describing steady-state conservation of mass,
momentum, energy as well as conservation of nanoparti-
cles for nanofluids in the presence of thermal radiation and
other important take the following form:
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The associated boundary conditions are

u= 0� v = V1�x�� −k
�T

�y
= hf �Tf −T ��

C = Cw at y = 0

(5)

u→ 0� T → T�� C → C� at y →� (6)

In the above equations x and y represents coordinate axis
along the cone surface in the direction of motion and
perpendicular to it, u and v are the velocity components
along x and y directions, respectively. The term V1 =
−S��3/4���/x�Ra1/4

x 	V0 represents the mass transfer at the
surface with V1 < 0 for suction and V1 > 0 for injection.
The radiative heat flux qr (using Rosseland approxima-

tion) is defined as

qr =− 4�∗

3K∗
�T 4

�y
(7)

We assume that the temperature variances inside the flow
are such that the term T 4 can be represented as linear
function of temperature, so, it has Taylor series expansion.
After neglecting higher-order terms from the Taylor series
expansion of T 4 about T�, we get

T 4 � 4T 3
�T −3T 4

� (8)

Thus substituting Eq. (8) in Eq. (7), we get

qr =−16T 3
��

∗

3K∗
�T

�y
(9)
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We now introduce the following similarity variables to
transform the governing equations into system of ordinary
differential equations:

� = y

x
Ra1/4

x � f ��� = �

�Ra
1/4
x

�

���� = T −T�
Tw −T�

� ���� = C−C�
Cw −C�

(10)

where, Rax = �g��f��Tw − T���1−���x3�/����, is the
Rayleigh number. Here r can be approximated by the local
radius of the cone, if the thermal boundary layer is thin,
and is related to the coordinate by r = x sin
.

Substituting Eqs. (9) and (10) into Eqs. (1)–(4),
we obtain the following non-linear ordinary differential
equations

f ′′′ + �f ′�2+ ff ′′ + ��−Nr��− �M+K�f ′ = 0 (11)

�1+R��′′ +Prf�′ +Nb�′�′ +Nt��′�2 = 0 (12)

�′′ +Lef�′ −LeCr ·�+ Nt
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�′′ = 0 (13)

The transformed boundary conditions are
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�→�� f ′ = 0� � = 0� �= 0

(14)

where, prime denotes differentiation with respect to �,
and the significant thermophysical parameters dictating the
flow dynamics are defined by
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Quantities of practical interest in this problem are the
skin-friction coefficient, local Nusselt number Nux, and the
local Sherwood number Shx, which are defined as

Cf =
2w
�

� Nux =
xqw

k�Tw −T��
�

Shx =
xJw

DB�cw − c��

(16)

The set of ordinary differential Eqs. (11)–(13) are highly
non-linear, and therefore cannot be solved analytically. The
finite-element methods31–34 has been implemented to solve
these non-linear equations.

3. NUMERICAL METHOD OF SOLUTION
3.1. The Finite-Element Method
The finite-element method (FEM) is such a powerful
method for solving ordinary differential equations and par-
tial differential equations. The basic idea of this method is
dividing the whole domain into smaller elements of finite
dimensions called finite elements. This method is such
a good numerical method in modern engineering analy-
sis, and it can be applied for solving integral equations
including heat transfer, fluid mechanics, chemical process-
ing, electrical systems, and many other fields. The steps
involved in the Finite element method are as follows.
(i) Finite-element discretization. In the finite element
discretization the entire interval is divided into a finite
number of subintervals and this subinterval is called an
element. The set of all these elements is called the finite-
element mesh.
(ii) Generation of the element equations

a. Variational formulation of the mathematical model
over the typical element (an element from the mesh) is
performed.
b. An approximate solution of the variational problem
is assumed, and the element equations are made by sub-
stituting this solution in the above system.
c. Using interpolating polynomials the stiffness matrix
is constructed.

(iii) Assembly of element equations. By imposing inter
element continuity conditions all the algebraic equations
are assembled. This result a large number of algebraic
equations called global finite-element model and it repre-
sents the whole domain.
(iv) Imposition of boundary conditions. The boundary
conditions which represent the flow model are imposed on
the assembled equations.
(v) Solution of assembled equations. The assembled equa-
tions so obtained can be solved by any of the numeri-
cal techniques, namely, the Gauss elimination method, LU
decomposition method, etc. An important consideration is
that of the shape functions which are employed to approx-
imate actual functions.

4. RESULTS AND DISCUSSION
The system of Eqs. (11)–(13) together with the bound-
ary conditions (14) is solved for different values of the
parameters that describe the flow characteristics and the
results are illustrated graphically and in tabular form.
The sway of various pertinent parameters, such as, suc-
tion/injection parameter V0 (−0.3–0.3), Biot number B1
(0.1–0.9), Brownian motion parameter Nb (0.5–2.5), ther-
mophoresis parameter Nt (0.1–0.9), radiation parameter R
(0.1–1.5), chemical reaction parameter Cr (0.2–1.0), Lewis
number Le (1.0–3.0) and magnetic parameter M (0.1–1.5)
on hydrodynamic, thermal and solutal boundary layers is
cognized and the results are displayed graphically and are
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Vo = –0.3, –0.1, 0.1, 0.2, 0.3

M = 0.5, Nt = 0.5, Nr = 0.5,
B1 = 1.0, R = 0.1, Pr = 2.0,
Cr = 0.2, Le = 2.0, Nb = 0.5

1 2 3 4 5 6
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0.10
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0.20
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0.30

f

Fig. 2. Effect of V0 on velocity profile.

presented in Figures 2–13. The results are compared with
Khan et al.45 for different values of (Nt) and (Nb) with
V0 = 0 and are shown in Table I that the results are in good
agreement with the existing results. The values of skin-
friction coefficient �−f ′′�0��, Nusselt number �−�′�0��
and Sherwood number �−�′�0�� for different values of
key parameters is shown in Table II.
Figures 2–3 illustrates the variation of velocity and tem-

perature profiles for various values of suction/injection
parameter (V0�. It is observed from this Figure 2 that the
velocity impedes with increase in the value of suction
parameter. This is because of the reality that the momen-
tum boundary layer thickness drops with increment in
suction/injection parameter (V0�. It reveals that the tem-
perature profile diminishes with rising values of suction
parameter (V0�. This is due to the fact that the presence

Vo = –0.3, –0.1, 0.1, 0.2, 0.3

M = 0.5, Nt = 0.5, Nr = 0.5,
B1 = 1.0, R = 0.1, Pr = 2.0,
Cr = 0.2, Le = 2.0, Nb = 0.5

1 2 3 4 5 6

0.1

0.2

0.3

0.4

0.5

0.6

Fig. 3. Effect of V0 on temperature profile.

B1 = 0.1, 0.3, 0.5, 0.7, 0.9

M = 0.5, Nt = 0.5, Nr = 0.5,
Pr = 1.0, R = 0.1, Le = 2.0,
Cr = 0.2, Nb = 0.5, V0 = 0.1

1 2 3 4 5

0.1

0.2

0.3

0.4

0.5

0.6

Fig. 4. Effect of B1 on temperature.

Nb = 0.5, 1.0, 1.5, 2.0, 2.5

M = 0.5, Nt = 0.5, Nr = 0.5,
B1 = 1.0, R = 0.1, Pr = 2.0,
Cr = 0.2, Le = 2.0, V0 = 0.1

1 2 3 4 5 6

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Fig. 5. Effect of Nb on temperature profile.

Nb = 0.5, 1.0, 1.5, 2.0, 2.5

M = 0.5, Nt = 0.5, Nr = 0.5,
B1 = 1.0, R  = 0.1,  Pr = 2.0,
Cr = 0.2, Le = 2.0, V0 = 0.1

1 2 3 4 5

0.2

0.4

0.6

0.8

1.0

Fig. 6. Effect of Nb on concentration profile.

482 J. Nanofluids, 6, 478–486, 2017



IP: 62.215.193.29 On: Tue, 07 Dec 2021 12:11:56
Copyright: American Scientific Publishers

Delivered by Ingenta

Sreedevia et al. Heat and Mass Transfer Flow Over a Vertical Cone Through Nanofluid Saturated Porous Medium

A
R
T
IC
LE

Nt = 0.1,0.3,0.5,0.7,0.9

M = 0.5, Nr = 0.5, B1 = 1.0,
Pr = 1.0, R = 0.1,  Le = 2.0,
Cr = 0.2, Nb = 0.5, V0 = 0.1
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0.3

0.4

0.5

0.6

1 2 3 4 5

Fig. 7. The effect of Nt on temperature profile.

of wall suction has the tendency to reduce the thermal
boundary thickness which results the reduction in the tem-
perature profiles.

The temperature profiles developed throughout the
regime as the values of Biot number (B1) values improves.
This is due to the fact that as the values of Biot number
(B1) increases the thickness of the thermal boundary layer
is boosted (Fig. 4). The temperature and concentration
profiles for different values of Brownian motion parame-
ter (Nb) is summarized in Figures 5 and 6. It is investi-
gated that an increases in (Nb), the temperature is extends
as shown in Figure 5, whereas the concentration pro-
files depreciates (Fig. 6). This is because of the Brownian
motion is the random motion of suspended nanoparticles
in the base fluid and is more influenced by its fast moving
atoms or molecules in the base fluid. It is mentioned that

Nt = 0.1,0.3,0.5,0.7,0.9

M = 0.5, Nr = 0.5, B1 = 1.0,
Pr = 1.0, R = 0.1,  Le = 2.0,
Cr = 0.2, Nb = 0.5, V0 = 0.1

1 2 3 4 5

0.2

0.4

0.6

0.8

1.0

Fig. 8. The effect of Nt on concentration profile.

R = 0.1, 0.4, 0.7, 1.0, 1.5

M = 0.5, Nt = 0.5, Nr = 0.5,
B1 = 1.0, V0 = 0.1,  Pr = 2.0,
Cr = 0.2, Le = 2.0, Nb = 0.5

1 2 3 4 5 6

0.1

0.2

0.3

0.4

0.5

Fig. 9. The effect of R on temperature profiles.

Brownian motion is related to the size of nanoparticles and
are often in the form of agglomerates. Clearly, it can be
concluded that Brownian motion parameter has significant
influence on the both temperature and concentration.
The Variation of non-dimensional temperature and

concentration distributions for different values of ther-
mophoretic parameter (Nt) is depicted in Figures 7 and 8.
It is noticed from these Figures 7 and 8 that both tem-
perature and concentration profiles boosted in the bound-
ary layer region for the accrual values of thermophoretic
parameter (Nt). This is because of the fact that as the val-
ues of (Nt) increases the hydrodynamic boundary layer
thickness is reduced. This is from the reality that particles
near the hot surface create thermophoretic force; this force
enhances the temperature and concentration of the fluid in
the fluid region.

Cr = 0.2, 0.4, 0.6, 0.8, 1.0

M = 0.5, Nt = 0.5, Nr = 0.5,
B1 = 1.0, R = 0.1, Pr = 2.0,
Cr = 0.2, Nb = 0.5, V0 = 0.1

1 2 3 4 5

0.2

0.4

0.6

0.8
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Fig. 10. The effect of Cr on concentration profile.
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Le = 1.0, 1,5, 2,0, 2.5, 3.0

M = 0.5, Nt = 0.5, Nr = 0.5,
B1 = 1.0, R = 0.1, Pr = 2.0,
Cr = 0.2, Nb = 0.5, V0 = 0.1
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Fig. 11. The effect of Le on concentration profile.

The effect of thermal radiation parameter (R� on tem-
perature profile is shown in Figure 9. It is acknowledged
that, the thermal boundary layer thickness is enlarged with
improving values of radiation parameter (R� in the entire
boundary layer region of fluid. This is due to the fact that
imposing thermal radiation into the flow warmer the fluid,
which causes an increment in the temperature.
Figure 10 depicts the sway of concentration profiles for

the different values of chemical reaction parameter (Cr).
The concentration profiles are highly influenced and are
subtracted with the increasing values of chemical reaction
parameter (Cr). The influence of Lewis number (Le) on
the concentration profile is depicted in Figure 11. It is esti-
mated that the solutal boundary layer thickness compresses
with the increasing values of Lewis number in the entire
boundary layer regime. By definition, the Lewis number

M = 0.1, 0.4, 0.7, 1.0, 1.5

Nt = 0.5, Nr = 0.5, B1 = 1.0,
Pr = 1.0, R = 0.1, Le = 2.0,
Cr   0.2, Nb  0.5, V0 = 0.1

1 2 3 4 5 6
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0.3

0.4

0.5

0.6

Fig. 12. The effect of M on temperature profile.

M = 0.1,0.4,0.7,1.0,1.5

Nt = 0.5, Nr = 0.5, B1 = 1.0,
Pr = 1.0, R = 0.1, Le = 2.0,
Cr = 0.2, Nb = 0.5, V0  = 0.1
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Fig. 13. The effect of M on concentration profile.

represents the ratio of the thermal diffusivity to the mass
diffusivity, Lewis number increases means lesser the mass
diffusivity which causes deceleration in the concentration
boundary layer thickness.
The effect of magnetic field parameter (M) on the

temperature and concentration profiles is depicted in
Figures 12 and 13. It is declared from Figures 12 and 13
that the temperature and concentration profiles heighten
with improving values of magnetic field parameter (M).
This is because of the fact that, the presence of magnetic
field in an electrically-conducting fluid produces a force
called Lorentz force which acts against the flow direction
causing the depreciating in the velocity profiles of the flow
field. This is from the reality that, to overcome the drag
force imposed by the Lorentz retardation, the fluid has to
perform extra work and this supplementary work can be
converted into thermal energy which increases the temper-
ature of the fluid.
The values of the Skin-friction co-efficient �Cf �, Nusselt

number (Nux� and Sherwood number (Shx� for different
values of the non-dimensional parameters is exhibited in
Table II. It is reported that the rates velocity �−f ′′�0�� and
rates of heat transfer �−�′�0�� accumulates with the opti-
mizing values of Magnetic field parameter (M) step ups.
However the rates of mass transfer �−�′�0�� degenerate

Table I. Comparison of �−�′�0�� and �−�′�0�� for 
 = 0, K = 0,
Cr= 0, Pr= 10, Le= 10, B1 = 0�1, V0 = 0.

Parameter −�′�0� −�′�0�

Nt Nb Khan et al.45 Present study Khan et al.45 Present study

0.1 0.1 0.0929 0.0927 2.2774 2.2772
0.5 0.0383 0.0385 2.3560 2.3558

0.3 0.1 0.0925 0.0924 2.2238 2.2236
0.5 0.0269 0.0267 2.4576 2.4574

0.5 0.1 0.0921 0.0920 2.1783 2.1781
0.5 0.0180 0.0178 2.5435 2.5434
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Table II. The values of skin-friction coefficient (−f ′′�0��, Nusselt num-
ber (−�′�0�� and Sherwood number (−�′�0�� for different values of M ,
V0, Nb, Nt, Cr.

M V0 Nb Nt Cr −f ′′�0� −�′�0� −�′�0�

0.1 0.5 0.5 0.5 0.5 1.00582 0.37756 0.97089
0.4 0.5 0.5 0.5 0.5 1.13801 0.37031 0.95044
0.7 0.5 0.5 0.5 0.5 1.25791 0.36376 0.93294
1.0 0.5 0.5 0.5 0.5 1.36830 0.35780 0.91777
0.5 −0.3 0.5 0.5 0.5 1.07376 0.19334 0.60670
0.5 −0.1 0.5 0.5 0.5 1.17022 0.23322 0.77198
0.5 0.1 0.5 0.5 0.5 1.27389 0.26784 0.97155
0.5 0.2 0.5 0.5 0.5 1.32841 0.28304 1.08391
0.5 0.5 0.5 0.5 0.5 1.27389 0.26784 0.97155
0.5 0.5 1.0 0.5 0.5 1.26833 0.24021 1.05779
0.5 0.5 1.5 0.5 0.5 1.26334 0.21164 1.08724
0.5 0.5 2.0 0.5 0.5 1.25841 0.18308 1.10225
0.5 0.5 0.5 0.1 0.5 1.16746 0.38448 0.97089
0.5 0.5 0.5 0.3 0.5 1.17635 0.37220 0.95044
0.5 0.5 0.5 0.5 0.5 1.18462 0.35970 0.93294
0.5 0.5 0.5 0.7 0.5 1.19217 0.34703 0.91777
0.5 0.5 0.5 0.5 0.2 1.25753 0.19964 1.04346
0.5 0.5 0.5 0.5 0.4 1.25646 0.19895 1.15605
0.5 0.5 0.5 0.5 0.7 1.25483 0.19791 1.34835
0.5 0.5 0.5 0.5 1.0 1.25362 0.19715 1.51197

with improving values of magnetic field parameter (M).
It is explained from this table the dimensionless rates of
velocity �−f ′′�0��, rates of heat transfer �−�′�0�� and
rates of mass transfer �−�′�0�� elaborates with hiked val-
ues of Suction/injection parameter (V0�. It is founded that
the skin friction coefficient and Nusselt number enhances,
whereas the Sherwood number escalates with the increas-
ing values of Brownian motion parameter (Nb). The Skin-
friction co-efficient (Cf � escalates with an increment in
the value of thermophoresis parameter (Nt) in the entire
boundary layer region. However, the Nusselt (Nux) and
Sherwood numbers (Shx) are both declines in the fluid
region with growing values of thermophoresis parameter
(Nt). The Skin-friction co-efficient and Nusselt number
(Nux) are both deteriorates with an increment in the value
of chemical reaction parameter (Cr). However, the values
of Sherwood number (Shx� upgrades in the fluid regime
with growing values of (Cr).

Nomenclature
A Constant
B1 Biot number
B0 Magnetic field strength
C Nanoparticle volume fraction
Cf Skin-friction coefficient
cp Specific heat (J/kg K)
Cw Nanoparticle volume fraction on the cone
C� Ambient nanoparticle volume fraction
Cr Scaled chemical reaction parameter
DB Brownian diffusion coefficient (m2/s)
DT Thermophoretic diffusion coefficient (m2/s)
g Gravitational acceleration vector (m/s2�

Jw Wall mass flux
k∗ Permeability of porous medium
K∗ Mean absorption coefficient
Km Thermal conductivity (W m−1K−1�
Kr Chemical reaction parameter
K Porous parameter
Le Lewis number
M Magnetic parameter
Nb Brownian motion parameter
Nr Buoyancy ratio parameter
Nt Thermophoresis parameter

Nux Nusselt number
P Pressure (Pa)
Pr Prandtl number
qr Radiative heat flux
qw Wall heat flux
R Radiation parameter

Shx Sherwood number
T Fluid temperature (K)
Tw Temperature at the cone surface
T� Ambient temperature attained

(u� v) Velocity components in x- and y-axis (m/s)
(x� y) Cartesian coordinates

V0 Suction/injection parameter.

Greek Symbols
� Thermal diffusivity of base fluid (m2/s)
� Thermal expansion coefficient (1/K)
� Electrical conductivity
�∗ Stephan-Boltzman constant
v Kinematic viscosity of the base fluid (m2/s−1)
w Skin-friction coefficient
�f Fluid density (kg m−3)
�p Nanoparticle mass density
� Stream function

��cp� Heat capacitance of the base fluid (J/m3 K)
 Parameter defined by ���c�p/��c�f

��cp�nf Heat capacitance of the nanofluid
� Dimensionless nanoparticle volume fraction

���� Dimensionless temperature.

Subscripts
w Condition at cone surface
� Condition far away from cone surface
� Similarity variable
f Base fluid.

5. CONCLUSION
In the present analysis we have investigated the influence
of suction/injection on the MHD boundary layer flow of a
nanofluid through saturated porous medium under convec-
tive boundary condition. Here similarity transformations
are used to transfer the resulting partial differential equa-
tions into the set of highly non-linear ordinary differential
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equations and are solved numerically by using Finite ele-
ment method. The highlights of the present problem can
be summarized as follows:
(i) The velocity, temperature and concentration profiles
are highly influenced with different values of magnetic
parameter (M). Velocity profiles shrinks because of the
Laurentz force, whereas the thickness of thermal and con-
centration boundary layer are both elevates with higher
values of (M).
(ii) With increasing values of (Nb) temperature profiles
optimized, whereas, concentration profiles declines in the
entire fluid regime.
(iii) The momentum boundary layer, thermal boundary
layer and solutal boundary layer distributions are elevates
with higher values of Biot number (B1).
(iv) Temperature and concentration profiles upsurges with
accrual values of thermophoretic parameter (Nt). How-
ever, the non-dimensional temperature and concentration
rates depreciate with enlarging values of thermophoretic
parameter (Nt).
(v) The Skin-friction coefficient, Nusselt number and
Sherwood number optimized with upgrading values of
suction/injection parameter (V0�.
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