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Mixed Convection Flow over a Vertical Cone
with an Applied Magnetic Field

KR Jayakumar®, A H Srinivasat and A T Eswara#

Abstract

An analysis is performed to investigate the mixed
convection flow over a vertical cone with an applied
magnetic field when the axis of the cone is in line with the
flow. The results have been obtained for assisting and
opposing flows. The partial differential equations
governing the non-similar flow have been solved by an
implicit finite difference scheme in combination with the
quasilinearization technique. Numerical results are
reported here to account the effects of magnetic field in
presence of buoyancy parameter at different stream wise
locations on skin friction and heat transfer coefficients.

1. Introduction

Convective heat transfer in steady flows over a stationary cone is
important for thermal design of various types of industrial
equipment’s such as heat exchanger, conisters for nuclear waste
disposal, nuclear reactors cooling system and geothermal reservoirs
etc. In early study, Hering and Grosh [1] investigated the practical
case of steady mixed convection from a vertical cone for Pr = 0.7.
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In a further study, Himasekhar et al. [2] found the similarity
solution of the mixed convection flow over a vertical cone in an
ambient fluid for a wide range of Prandtl numbers. Kumari et al.
[3] has presented non-similar solution for mixed convection along a
vertical cone. The objective of this paper is to analyse the steady,
nonsimilar, mixed convection, laminar incompressible boundary
layer flow of an electrically conducting fluid over a vertical cone
along with an applied magnetic field.

2. Analysis

Figure 1. Flow model and co-ordinate system

Consider a vertical circular cone with a half angle ¢ along which a
forced flow moves parallel to the axis of the cone with the free
stream velocity u.and temperature T, . The surface of the cone is at
a uniform higher temperature Tyi.e., T > T, and the forced flow is
in upward direction. The physical model and co-ordinate system is
presented in Fig.1. The stream wise coordinate x is measured from
the apex of the cone along its generator and the transverse
coordinate y is measured normal to it into the fluid, respectively.
Thermo-physical properties of the fluid in the flow model are
assumed to be constant. A magnetic field B, fixed relative to the

fluid is applied in y-direction. It is assumed that magnetic
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Reynolds number is small so that the induced magnetic field can be
neglected. Under the above assumptions, the continuity,
momentum and energy equations governing mixed convection
flow along a vertical cone can be written as:
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The boundary conditions are
u(x,0)=0, v(x,0) =0, T(x,0) =T,

u(x,0) =U(x), T(x,0) =T,

Applying the following transformations
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to Egs. (1) - (3), it is found that Eq. (1) is satisfied identically, and
Egs. (2) and (3) reduce to
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The transformed boundary conditions are

F=0,G=1atn=0 and F=1,G=0 asm—>o (9
for £ > 0.

The quantities of physical interest are as follows [4]: The skin
friction coefficient and heat transfer coefficient in the form of
Nusselt number, can be expressed as
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Here F is the dimensionless velocity; T and G are dimensional and
dimensionless temperatures, respectively; & and n are transformed
coordinates; y and f are the dimensional and dimensionless stream
functions, respectively; Pr is the Prandtl number; p, v, a are
respectively density, kinetic viscosity and thermal diffusivity; Re
is the Reynold’s number; u, is the free stream velocity; M is the
non-dimensional magnetic parameter. The subscripts e, w and o
denote conditions at the edge of the boundary layer, on the wall
and in the free stream, respectively; the subscripts x, y, & denote
partial derivatives with respect to X, y, & respectively and prime (')

denotes derivatives with respect to n.
3. Results and Discussion

The set of coupled partial differential equations (6) and (7) along
with the boundary conditions (9) have been solved by an implicit
finite difference scheme along with quasilinearization technique
[5]. Computations have been carried out for various values of
M (0.0 < M <1.0) for assisting (1 = 1.0)and opposing (4 = —0.5)
flows. In all numerical computations m is taken as 1.0, Pr is taken as
0.7 (air) and the edge of the boundary layer n. is taken as 5.0. In
order to verify the correctness of the procedure, solutions have
been obtained for m = 0.0 and M = 0.0 compared for various
Prandtl numbers with those of Hering and Grosh [1], and
Himasekhar et al. [2]. The results are found in an excellent
agreement and only some of the comparisons are shown in Table 1.
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Table 1. Comparison of skin friction and heat transfer parameter
results [£"(0), — G'(0)] with those of Hering and Grosh [1], and

Himasekhar et al. [2] for m = 0.0 & M = 0.0.

Hering and Grosh Himasekhar et al.

(1] (2]
") | =G'(0) | f"(0) | =G'(0) | f"(0) | =G'(0)

Present Results
Pr A

1.0 | 22078 0.6120 2.2012 0.6120 2.2019 0.6125

0.7
10.0 | 8.5246 1.0173 8.5041 1.0097 8.5049 1.0105
1.0 | 2.0881 0.6998 2.0886 0.7010 2.0901 0.7015
1.0
10.0 | 7.9420 1.1233 7.9425 1.1230 7.9445 1.1294
1.0 | 1.5630 1.5657 1.5636 1.5662 1.5658 1.5785
100

10.0 | 5.0818 2.3574 5.0821 2.3580 5.0861 2.3587

Fig. 2 shows the effect of magnetic field (M) on skin friction
[Cf (Rex)l/z} and heat transfer [Nu(Rex)_l/z} coefficients for

assisting (1>0) and opposing (1<0) flows. As magnetic
parameter increases, it is found that, both C, (Rex )l/zand

Nu(ReX )_1/2 increases in case of assisting as well as opposing flows.
However, initially the skin friction and heat transfer coefficients
decreases for small values of & and then increases with the
increasing values of &, before attaining a constant value in case of
assisting flow [See Fig.2 (a) and 2(b)], whereas it is just opposite in
case of opposing flow [See Fig. 2(c) and 2(d)]. This trend is same for
all the values of magnetic parameter M. The percentage of decrease

of C,(Re,)"? is 7471% and Nu(Re )"'’is 1.33% in case of

assisting flow and the corresponding percentage of skin friction
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coefficient is 76.62% and heat transfer coefficient is 1.25% in case
of opposing flow at & = 2.5 in the range of M(0.0<M<1.0). Easily
we can observe that the percentage of increase is more in skin
friction coefficient as compared to heat transfer coefficient, since
the magnetic parameter is present only in momentum equation.
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Fig. 2 (a) Skin friction coefficient (b) Heat transfer coefficient for assisting Flow
and (c) Skin friction coefficient (d) Heat transfer coefficient for opposing Flow
for different values of magnetic parameter (M).

4. Conclusions

Non-similar solution of steady mixed convection flow over a
vertical cone has been obtained for both assisting and opposing
flows with an applied magnetic field. The non-linear two point
boundary value problem of partial differential equations has been
solved by an implicit finite difference scheme along with

quasilinearization technique. It is found that the magnetic
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parameter enhances the skin friction and heat transfer coefficients
in both the flows.
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