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example of heat and mass transfer. Mass transfer is
predominant, in some cases and heat transfer can be
insignificant. In other instances both are predominant. As long
as the concentrations of certain chemical species in the
mixture differ, mass transfers are proceeding. The
concentration gradient, therefore, acts as a driving force for
mass transfer, in the same way as the temperature gradient for
heat transfer.

Abstract
In this study, the effects of thermal radiation and chemical
reactions on unsteady free convective flow past a vertical cone
have been investigated. The governing dimensionless flow
equations, which are unsteady, coupled and non-linear partial
differential equations are numerically solved using the Finite
Differential Method (FDM) by developing suitable codes in
MATLAB. Fluid velocity, temperature, and species
concentration profiles have been drawn for time and different
flow parameters such as radiation parameters

Many scientists examined the flow, heat and mass transfer
problems of a cone. Since 1953, many investigations [1–9] for
axis symmetric problems in natural convective flows over a
vertical cone in steady conditions have developed for
similarity and non-Similarity solutions. In the presence of
magnetic field and thermal radiation effects, Chamkha [10]
considered the problem of steady-state laminar heat and mass
transfer by natural convection boundary layer flow around a
permeable truncated cone, non-similar solutions were
obtained and numerically resolved by an implicit method of
finite - difference. In the presence of a magnetic field, Takhar
et al. [11] developed an unsteady mixed convection flow over
a vertical cone rotating in an ambient fluid with a timedependent angular velocity. The coupled nonlinear partial
differential equations governing flow were solved numerically
by an implicit scheme of finite differences. Afify [12]
examined the effects of radiation and chemical reactions in an
Optically Dense, Incompressible and electrically conducting
fluid over a vertical isothermal cone in presence of magnetic
fields on the steady, free convective flow and mass transfer.
The similarity equations of Afify were numerically solved
with a Runge-Kutta fourth-order system using the shooting
method. Bapuji and Ekambavanan [13] have recently
analyzed the numerical solutions for steady flows past a
vertical cone and axi-symmetric bodies. The chemical
reaction, heat, and mass transfer on MHD flow have recently
been studied by Elkabeir and Modather [14] on a vertical
isothermal cone surface in micropolar fluids that are heat
generation and absorption. Free convection from a vertical
permeable circular cone with non-uniform surface
temperature has been studied by Paul and Hossain [15].
Takhar et al. Studied the unsteady mixed convection flow
from a rotating vertical cone with a magnetic field [16].
Sharma and Borgohain [17] consider the soret and dufour
effects on chemically reacting MHD mixed convection flow
from a rotating vertical cone in a porous medium.

 Ra  and

chemical reaction parameters  K r  and results are discussed.
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1. INTRODUCTION
Many researchers have recently drawn attention to the
problem of two - dimensional axi-symmetric free convective
flows past a vertical cone with various boundary conditions. A
large range of science and technology use simultaneous heat
and mass transfer in the natural convection flow in a vertical
cone. Fluid flow occurs due to differences in temperature and
also differences in concentration. These differences in
concentration also affect the flow and temperature near the
body surface embedded in a fluid. In engineering applications,
the concentration differences are created either by injecting
the extraneous gasses or by covering the surface with
evaporative material that evaporates due to heat from the
surface. The heat transfer rate is affected by these mass
transfer differences. In manufacturing industries, it plays an
important role in designing the reliable nuclear plant, gas
turbine and various propulsion devices for aircraft, missiles,
satellites and space vehicles. Free convection flows have been
thoroughly investigated under the influence of gravity because
they are often used in nature as well as science and
engineering, such as nuclear reactor safety, solar power plants,
metallurgy, dispersion of dissolved materials, etc. The
temperature difference increases the buoyancy force when the
heated surface is in contact with the fluid, which induces the
natural convection. There is some chemical reaction caused by
the presence of a foreign mass in air and water. Heat is also
produced during a chemical reaction. The evaporation of the
lake water into the wind that flows through it is a common

In the present study, chemical reactions and thermal radiation
effects for the unsteady free convective flow are taken into
consideration in the vertical cone. By developing suitable
codes in MATLAB, using a method (FDM), the governing
dimensionless, coupled, non - linear partial differential
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equations will be solved numerically. For time and various
flow parameters, fluid velocity, temperature, and species
concentration profiles have been drawn.

therefore x measures the distance from the apex ( x  0)
along the surface of the cone, and y usually measures the
distance outside.

2. MATHEMATICAL ANALYSIS

The governing boundary layer equations of continuity,
momentum, energy, and concentration are as follows under
Boussinesq approximation:

Equation of continuity
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Equation of energy
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A two - dimensional axi-symmetric that is unsteady and
laminar free convective MHD flow of a viscous,
incompressible fluid is considered. This fluid is electrically
conducting and can radiate past a vertical cone under the
influence of a chemical reaction with a non - uniform
temperature and concentration on the surface of the fluid. It is
assumed that the effects of viscous dissipation and pressure
gradient along the boundary layer are negligible. The first order chemical reaction is also assumed between the fluid and
species concentration. This neglects the effect of Joule heating
of the fluid. The uniform transverse magnetic field is normally
applied on the cone surface. In the form of a unidirectional
flux qr in the y direction, i.e. transverse to the cone surface,

Equation of concentration
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t   0 : u  0, v  0, T   T , C  C for all x and y .

t   0 : u  0, v  0, Tw  x   T  ax n , Cw  x 
 C  bx m at y  0
u  0, T   T , C   C at x  0
u  0, T   T , C   C as y  

Soret and Dufour are therefore neglected. The equations of the
magnetic field are the usual electromagnetic and hydro
magnetic equations, but the interaction between flow and the
magnetic field is taken into account. The fluid properties in
the equation of momentum are assumed to be constant except
the density variations that cause a body force. The surface of
the cone and the surrounding fluid are also assumed at the

(5)

In the above equations x represents the spatial coordinate
along the direction of the cone generator, y denotes the
normal to the generator and r is the local radius of the cone.
u and v represent the velocity components of the fluid along
the direction of x and y . t  represents the time of fluid flow,

same temperature T and concentration C . Suddenly the



cone surface temperature increases to T  ax at the time
n

represents the kinematic viscosity of the viscous fluid,




denotes the volumetric coefficient of thermal expansion,
denotes the volumetric coefficient of expansion which
depends on concentration, B0 implies the applied external

t   0 , and the concentration, which will remain at the same
m

(4)

The initial and boundary conditions are

thermal radiation exists. The radiative heat flux in the x
direction is considered negligible in comparison with that in
the y direction. It is assumed that the concentration C  of the
diffusing species is very small compared to other chemical
species far from the surface of the cone C . The effects of

level, also increases to C  bx

(3)

next to the cone surface.

magnetic field,  denotes the density of the considered fluid,
 implies the electrical conductivity which is shown by the

The system of coordinates is used (as shown in fig. 1),

1085

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 5 (2019) pp. 1084-1090
© Research India Publications. http://www.ripublication.com
considered fluid,  denotes the thermal diffusivity of the
viscous fluid, g is the acceleration due to gravity, T 
represents the temperature of the considered fluid near the

U

uL



GrL 1 2 , V 

vL



GrL 1 4 , t 

 T   T 
 C   C 
T 
,C  

T T
 C   C  

surface of the cone, Tw denotes the temperature of the cone,

w

T represents the temperature in the free stream of the fluid,

GrL 

C  denotes concentration of the species, C p represents the
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the concentration of the species in the cone, D implies the
chemical molecular diffusivity, qr denotes the radiative flux,

M

 B02 L2 1 2
Gr
GrL , N  C ,
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k r  represents the first order rate constant of the chemical

16 sT 3
k L2
Ra 
,K r  r GrL1 2
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specific heat capacity at constant pressure, C represents the
concentration of the species in the free stream, Cw represents

reaction and k implies the thermal conductivity
considered viscous fluid.
In the mentioned energy equation

of the

qr
is present which
y

2

.

,

(9)

Equations (1), (2), (3), (4) and (5) can then be written in the
following non-dimensional form:

implies the radiative term and it can be simplified by using
Rosseland approximation as given below:
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(6)

In the equation (6), the term  s represents the StefanBoltzmann constant and the term ke represents the mean
absorption coefficient. It is important to mention that the
present analysis can be done using the Rosseland
approximation only on the optically thick fluids.

When the temperature differences are sufficiently small within
the flow, in that case equation (6) can be linearized through
expanding T  into the Taylor series and when the higher
4

order terms are neglected T  transform into the following
form:
4

T 4  4T3T   3T4

The corresponding initial and boundary conditions are:

t  0 : U  0, V  0, T  0, C  0 for all X , Y

(7)

t  0 : U  0, V  0, T  X n , C  X m at Y  0

Using equation (6) and (7) equation (3) takes the following
form:

U  0, T  0, C  0 at X  0,

T 
T 
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2
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U  0, T  0, C  0 at Y   (14)

2

In the above equations X implies the dimensionless
coordinate along the direction of the cone generator and Y
implies the dimensionless coordinate normal to the generator,
R represents the local radius of the cone which is also
dimensionless, U represents the dimensionless velocity
component along the direction of X and V represents the
dimensionless velocity components along the Y direction, t
and T represents the dimensionless time and temperature, C
indicates the concentration which is also dimensionless, GrL

To write the governing equations the boundary conditions are
used in dimensionless form along with the following non
dimensional quantities:
Using the following non-dimensional quantities:

X

x
y
r
14
,Y   GrL  ,R  ,where r  x sin 
L
L
L
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Ti , j ,k 1  Ti , j ,k

indicates the Grashof number, M implies the Magnetic
parameter, N indicates the Buoyancy ratio parameter, the
symbol  indicates the semi vertical cone angle, Ra and Pr

Schmidt number.

3. SOLUTION OF THE PROBLEM

U i , j ,k 1  U i , j ,k

Equations

Flow parameters which are used to describe the characteristics
of flow which results in the terms of graph and velocity U  ,

temperature T  and concentration  C  profiles are plotted
for

t
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(Y )2

U i 1, j ,k  U i , j ,k
X
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of
are

t , K r and Ra

 K r  ,  Ra 

 t  .Numerical

and

carried out for various values of
and for definite or fixed values of

Pr,Sc, N and M .

 2U U i 1, j ,k  2U i , j ,k  U i 1, j ,k
,

X 2
(X ) 2

 U (i, j , k )

variation

calculations

The values are used for the computation given below:

t  0.1, N  1, M  1, Pr  0.71, Sc  0.66,
Ra  5, Kr  1 .

11  13 are of the form given below:

U i , j ,k 1  U i , j ,k

Ti , j 1,k  Ti , j ,k

4. RESULTS AND DISCUSSION

U U i 1, j ,k  U i , j ,k U U i , j 1,k  U i , j ,k U

,

,
X
X
Y
Y
t

t

 V ( i, j,k )

11  13 represents the dimensionless

governing differential equations and applying the boundary
conditions (i.e. equations 14 ) and the finite difference scheme
(which are given below) in that equations all these equations
are reduced to a system of difference equations, and iterative
method is applied to that system of difference equations and
these are solved by numerically. The scheme for variable U
can be given by
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represent the Radiation parameter and the Prandtl number,
K r and Sc implies the Chemical reaction parameter and the

The equations from

 U( i, j,k )

U i , j 1,k  U i , j ,k
Y

 T (i, j , k )  NC (i, j , k )  MU (i, j , k )

1.4

0.7

t=0.1
t
t=0.2
t=0.3

1.2

t=0.1
t=0.2
t=0.3

0.6

1

0.5

0.8

0.4

U0.6

T 0.3

0.4

0.2

0.2

0.1

0
0

0.5

1

1.5

2

2.5

0

0.5

1

1.5

2

2.5

3

Y

Y
Figure 1: Velocity profile for variation of t .
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Figure 3: Concentration profile for variation of t .

of t leads to an increase in the values of velocity, temperature
and concentration.

The velocity, temperature and concentration profiles against
Y for several values of the time t are shown in the above
figures 1, 2 and 3. It is observed that the increasing the values
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Figure 4: Velocity profile for variation of K r

Figure 5: Concentration profile for variation of

Kr

Figures 4 and 5 show the effect of chemical reaction  K r  on

Due to the increase in K r , the constituents of the higher

the velocity and concentration profiles. Velocity and
concentration are observed to decrease with the increasing
K r values.

concentration zone (adherent to the surface) move to the
species in the lower concentration zone (free stream), which
reduces the thickness of the boundary layer of concentration,
thus reducing the concentration values.

When the values of K r increase, the concentration of fluid
particles near the cone surface reduce the effect of the mass
buoyancy force and thus decrease the fluid velocity.
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Figure 6: Velocity profile for variation of Ra .

Figure 7: Temperature profile for variation of Ra .
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Figure 8: Concentration profile for variation of Ra .
Figures 6, 7 and 8 show the effect of thermal radiation  Ra 

cone and the concentration boundary layer thickness increases

on profiles of velocity, temperature, and concentration.

with an increase in the radiation parameter

In figure 6, it is observed that the velocity increases with the
increasing values of Ra because the velocity boundary layer

5. CONCLUSIONS
In the presence of chemical reactions and thermal radiation
effects, a numerical study was carried out for an unsteady free
convective flow past a vertical cone. By developing
appropriate MATLAB codes, the governing dimensionless
coupled linear partial differential equations are numerically
solved with the help of Finite differential Method (FDM).For

thickness increases. Which means the velocity gradients at the
surface enhances the fluid velocity.
In figure 7, we have seen that the increasing radiation
parameter

 Ra  .

 Ra  makes the fluid thick and ultimately causes

time and different parameters such as chemical reaction  K r 

the temperature and the thermal boundary layer thickness to
decrease hence we observe the decrease in temperature
profiles for the presence of magnetic field and radiation
effects.

and thermal radiation  Ra  , the results are obtained.
The following conclusions are drawn:

In figure 8, the species concentration is highest at the cone
surface and decreases to zero far away from the surface of the

(i) The velocity, temperature, and concentration increase with
the increase in time  t  .
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(ii) The velocity and concentration decrease as the chemical
reaction parameter  K r  is increased.

[14]

(iii) The velocity and concentration increase, but temperature
decreases with an increase of the thermal radiation parameter

 Ra  .

[15]
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