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Abstract. The aim of the present paper is to analyse the effect of MHD on unsteady natural
convection boundary layer flow and heat transfer over a truncated cone in the presence of
pressure work. Suitable transformation is utilized to form a system of coupled non-linear
partial differential equations for governing both the flow and heat transfer. These equations
have been solved numerically by utilizing an implicit finite difference scheme along with
quasilinearization method. Here, the computed numerical results are displayed graphically
in terms of the local Nusselt number, skin friction, temperature distribution, and velocity
distribution for various values of the magnetic and pressure work parameters along with
the fixed Prandtl number.
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1. Introduction

The study of the natural convection boundary layer flow is considered one of
the most basic flows in fluid mechanics. This is seen in many heat circulation
patterns in nature. Flow and heat transfer aspects are of considerable interest in
several engineering applications like design of spacecrafts, design of solar energy
collectors, power transformers and steam generators similar to atmospheric and
oceanic circulations. The discussion and analysis of natural convection flows and
pressure work impacts are generally ignored but here we have considered the
impact of pressure work on a natural convective flow along a vertical circular cone.

A few have researched laminar natural convection flows, particularly in the
field of non-uniform surface temperature [1, 2] built up the basic relationship for
similar solutions on isothermal axisymmetric shapes and demonstrated the same
for the flow past a vertical cone which provides a similar answer. Subsequently,
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many investigators [3-9] have done a great deal of work on the cone over the last
few years. Further some pressure work effect problems over a cone has been
studied in the articles [10, 11]. Also the impact of pressure work on free convection
flow over a truncated cone has been recently studied by [12].

There has been extraordinary enthusiasm for the investigation of MHD flow
and heat transfer in any medium because of the impact of applied magnetic field
on the control of the boundary layer flow and also on the output of many systems
using electrically conductive fluids. This sort of flow has grabbed the interest of
many investigators [13-18] because of its applications in MHD generators, plasma
studies, crystal growth and design for cooling of nuclear reactors.

The effect of unsteadiness is not considered in all the above published works
[1-18]. In the present study, the unsteady MHD laminar boundary layer flow and
heat transfer over a truncated cone in the presence of pressure work shall be
analyzed. Also, nowadays, many researchers have considered nanofluid for heat
transfer applications [19-21].

2. Mathematical formulation

Fig. 1. Co-ordinate system & flow configuration

Consider the unsteady two dimensional laminar boundary layer flow near a ver-
tical truncated cone (with half angle y) is as shown in Figure 1. In the coordinate
system (x, y), O is the vertex of the full cone called origin, x is the co-ordinate
measurement from ‘O’ along the entire cone surface and y is the coordinate normal
to the truncated cone surface. Here, let xy be the distance of the leading edge of the
truncated cone which is measured from the ‘O’. Moreover, it is assumed that the
thickness of the boundary layer is small when compared to a local radius () about
a truncated cone. The distance from the local radius to a point in the boundary layer
can be represented by » = xsiny . A magnetic field By(x) is applied in the direction
that is normal to the surface of the isothermal truncated cone in which it is assumed
that the magnetic Reynolds is minute, hence the induced magnetic field can be
ignored. The surface of the cone held at constant temperature T, is seen to be
uniform and more than the ambient fluid temperature 7, (T,,> T.,).
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Taking into account the aforesaid assumptions, the boundary layer equations
governing the flow on a truncated cone can be expressed as:
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The initial and boundary conditions are given by:
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t>0: u=0,v=0, T=T,=T, +wAT)at y=0
u=0,T=T7, at x=0
u—>0,T—>T, as y—>x 4)
Where 0p/0x = pg is the hydrostatic pressure.
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Substituting the above transformations from equation (1) to (4), we acquire:
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The boundary conditions are:
f=F=0,G=1+w at n=0
F=1, G=0asn—w (8)

Here the prime (') represents the derivative with respect to #. F and G are
the dimensionless stream function and temperature respectively. Gebhart [22] is the
one, who utilized the pressure work parameter ¢ = g 8x/C p first.

Respectively, the Skin friction and Heat transfer coefficients as Nusselt number,
can be communicated, as

2T ou
C,. = ¥ where 7. = u(—) _, then
U, HGa)e
(Gr.)""C, =2F (£,0) 9)
and Nu =—L, where ¢, = _k(a_T) =0
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Then —=-G (£,0 10
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3. Results and discussion

The coupled nonlinear partial differential Egs. (6) and (7) are solved alongside
the boundary conditions (8) by utilizing an implicit finite difference scheme along
with quasilinearization technique. Since the technique is described in [23], for the
sake of brevity, the description of the same has been omitted here. We have com-
pared our results with those of Na and Chiou [6] when ¢ = 0 (i.e., in the absence of
the pressure work parameter) for skin friction (/') and heat transfer (G) parameters
as shown in Table 1, having different Pr = 0.01 and 0.72, near the leading edge of
the truanted cone (¢ = 0). Also, we have compared our results with those given by
[12] for different pressure work parameters ¢ =0.0,0.3,0.9 and Pr=0.72 without
any magnetic field parameter (M), for both skin friction and heat transfer coeffi-
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cients (see Fig. 2a and 2b). Our results are found to be in excellent conformity for
correct four decimal places of accuracy with those of [6] and [12]. The obtained
results are presented through the graphs for skin friction and heat transfer coeffi-
cients, velocity and temperature distributions having different values for magnetic
and pressure work parameters in addition to a fixed Prandtl number (Pr=7.0)
which is as shown in Figures 3-6.

Table 1. Comparison of F’and —G for Pr=0.01, 0.7 at ¢ = 0, £= 0 with [6]

e=0
Ref. [6] Present results

Pr F' -G F' -G

0.01 1.3948 0.0574 1.3947 0.0574

0.7 0.9584 0.3533 0.9584 0.3532
12 08

(a) A— Present Results (b)
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Fig. 2. Comparison of skin friction (a) and heat transfer coefficient (b) for Elbashbeshy et al. [12]
when ¢ = 0.0, 0.3, 0.9 with Pr=0.72

Figure 3 shows the variation of skin friction coefficient [C, (er* )41 and heat

transfer coefficient [N, (er*)"” *] for various values of & = (0.0, 0.25, 0.5) along-
side a stream wise location ¢ = 1.0 with fixed magnetic field parameter M = 0.5

and Pr = 7.0. It shows that the C, (er* )'* decreases and N, (er* )""* rises with

)1/4

the enhancement of ¢. The level of decrease in C f(er* is 10.3% and increase

in N,(Gr.)""™ is about 22.9%.
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Fig. 3. Skin friction (a) and heat transfer coefficients (b) for various values of &

Figures 4a and 4b demonstrated the velocity and temperature distribution for
different values of the pressure work parameter (¢) and fixed Prandtl number (Pr).
From Figure 4a, it was observed that as ¢ increases, the velocity rising up to the
position of 7 = 0.9835 and from that # spot, velocities are slowly falling down and
eventually reaching zero. It is also observed from Figure 4b that the temperature
profile decreases with &. The maximum values of velocity witnessed as 0.1997,
0.1877, 0.1781 for the ¢ = 0.0, 0.25, 0.5 respectively at the same position 7 = 0.9835
and the maximum velocity decreases by 1.56%. Temperatures witnessed as 0.4807,
0.4447, 0.4158 for the ¢ = 0.0, 0.25, 0.5 respectively at the same position 7 = 0.9835
and the temperature decreases by 6.49%. Both velocity and temperature profiles
are suppressed and compressed towards the surface of the truncated cone. Hence,
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it shows that both the thicknesses of thermal and momentum boundary layers are

found to be diminishing,.
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Fig. 4. Velocity profile (a) and temperature profile (b) at for various values of ¢

The variation of skin friction [C /(er*)l/ *] and heat transfer co-efficient
[N, (er* )47 for different values of M = (0.0, 0.25, 0.5) alongside fixed pressure

work parameter (¢ =0.5) and Prandtl number (Pr=7.0) are shown in Figure 5.
The impact of M on Cf(GrX* )'* and N, (er* )""* is less close to the apex of
the cone and increases slowly with expanding the distance along the surface of
the cone. The level of decrease in Cf(er* )'* is about 12.68% and N, (er* )4

1s around 7.52%.
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Fig. 5. Skin friction (a) and heat transfer coefficients (b) for various values of M

Figure 6 illustrates the variation of velocity and temperature profiles for various
values of M. It is seen from the Figure 6a that for the values of magnetic field
parameter the velocity decreasing up to the position of # = 4.1 from the wall. At the
n=4.1 velocity position, the velocity profiles intersect at one point, then cross
the side and rise slightly with magnetic parameter M. This is due to the velocity
profiles having lower peak values for higher M values. Also, a transverse magnetic
field applied to an electrically conducting fluid ascends to a resistive kind of force
known as the Lorentz force. This force has an inclination to slow the movement of
the fluid in an axial direction. Furthermore, the change in the temperature profile in
the 7-direction (Fig. 6b) also shows the typical temperature profiles for free con-
vection boundary layer flow that is temperature profile value is 1.2 at the boundary
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wall, then the temperature profile gradually decreases to the asymptotic value

along # direction. As such, we express that magnetic field causes the decline of
the boundary layer.
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Fig. 6. Velocity profile (a) and temperature profile (b) for various values of M

4. Conclusions

The effect of a magnetic field on unsteady natural convection flow from a trun-

cated vertical cone along with a pressure work is considered here. From the current
investigation the result can be summarized as follows:
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. The skin friction coefficient decreases and heat transfer coefficient increases

as the pressure work parameter rises for the fixed Prandtl number and a magnetic
field.

. Both velocity and temperature profiles deteriorates corresponding to stream

wise locations as pressure work parameter enhances, hence thicknesses of
thermal and momentum boundary layers are diminished.

With rising values of the magnetic field parameter with the fixed Prandtl number
and pressure work parameter prompts a decline in both the skin friction and heat
transfer coefficients.

Temperature distribution escalates but an opposite trend in velocity distribution
as magnetic field parameter upsurges, hence the magnetic field causes the
decline of the boundary layer.

Nomenclature

Cp
Cf
g

specific heat
(Gr. )'/* skin friction coefficient
gravitational acceleration

er* Grashof number

NL{

NN

RS
<

SE A

Gr

S MHRETRTIT™/ION

(Gr. )" heat transfer coefficient

Prandtl number

fluid temperature

ambient fluid temperature

fluid pressure

fluid velocity components in x,y direction
stream wise coordinate

co-ordinate normal to the surface of the truncated cone
magnetic field

dimensionless magnetic parameter
dimensionless stream function
dimensionless temperature

eek letters

thermal diffusivity

pressure work parameter
coefficient of thermal expansion
similarity variable

viscosity of the fluid
dimensionless stream function
dimensionless distance
kinematic viscosity
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