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Effect of Buoyancy Force on the Flow Field in
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Abstract- In this paper, the effect of buoyancy force in a triangular enclosure are studied numerically. The governing
differential equations are solved by using finite element method (weighted-residual method). Here the left wall of the
triangle is assumed to be adiabatic, the right and horizontal wall are kept at cold and heated respectively. Also all the
wall are assumed to be no-slip condition. The effective governing dimensionless parameters for this problem are
Rayleigh number, Prandtl number and Hartmann number.
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[. [NTRODUCTION

Natural convection heat transfer and fluid flow are widely studied topics in engineering
due to their practical importance as reviewed by [1] and [2]. Nearly forty years ago as in [3] and
[4] studied the natural convection in enclosures with internal heat generation occurs in nuclear
reactors and geothermal heat extraction processes. Based on technological applications of
internal heat generation problems in nuclear reactors and geometrical applications, as in [5] and
[6] obtained several solutions. Besides regular geometries such as square or rectangle, many
studies wavy-walled enclosures with or without internal heat generation. Natural convection in
wavy enclosures with volumetric heat sources was investigated by [7]. They found that, both the
function of wavy wall and the ratio of internal Rayleigh number Ra: to external Rayleigh
number Rag affect the heat transfer and fluid flow significantly. The heat transfer is predicted to
be a decreasing function of waviness of the top and bottom walls in case of

& > land& <1
Ra. Rag

Most of the enclosures commonly used in industries are cylindrical, rectangular,
trapezoidal and triangular etc. In recent years, triangular enclosures have received a considerable
attention because of its applicability in various fields. Finite element analysis of natural
convection in triangular enclosure was studied by [8]. They found that at low Rayleigh numbers
(Ra <10%), the isotherms are almost parallel near the bottom portion of the triangular enclosure
while at Ra = 10°, the isotherms are more distorted. This is because the heat transfer is primarily
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due to conduction for lower values of Rayleigh number. As Rayleigh number increases, there is a
change from conduction dominant region to convection dominant region, and the critical
Rayleigh number corresponding to on-set of convection is obtained. The main objective of this
paper is to study natural convection heat transfer in a triangular shape enclosure. From the above
literatures, the aim of present investigation is to investigate the effect of buoyancy force in
triangular shape enclosure. The results are presented in terms of streamlines, isotherms, velocity
profiles, temperature profiles and local Nusselt number. NO tes

The Figure 1 shows a schematic diagram and the coordinates of a two-dimensional
triangular cavity, where the bottom wall is maintained at a uniform temperature Th and the left
wall maintained adiabatic whereas right wall T¢ colder. The fluid is permeated by a uniform
magnetic field Bo which is applied normal to the direction of the flow and the gravitational force
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(9) acts in the vertically downward direction.

«—
g <« By

«—
ol

— Th
X

The flow configuration and coordinate system

The fluid properties, including the electrical conductivity, are considered to be constant,
except for the density, so that the Boussinesq approximation is used. Neglecting the radiation
mode of the heat transfer and Joule heating, the governing equations for mass, momentum and
energy of a steady two-dimensional natural convection flow in a triangular cavity are as follows:
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The governing equations are nondimensionalized using the following dimensionless variables:
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Introducing the above dimensionless variables, the following dimensionless forms of the
governing equations are obtained as follows:
Notes
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Here Pr is the Prandtl number, Ra is the Rayleigh number and Ha is the Hartmann number,
which are defined as:
14 ) 0'802 L

Pr=—, Ha ,Ra
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B gpL (Th —Tc)Pr
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The corresponding boundary conditions then take the following form:
U=vV=060=1 ( on thebottomwall)

U =V =0, &=0(ontheright wall)

U=V=0, 20 =0 (at left wall)
oN

P_0 fluid pressure, at the inside and on the
- wall of the enclosure

NUMERICAL PROCEDURI

The Galerkin weighted residual method of finite element formulation is used to solve the
dimensionless governing equations with the boundary conditions. This technique is well
described by [9] and [10]. In this method, the solution domain is discretized into finite element
meshes and then the nonlinear governing equations are transferred into a system of integral
equations by applying the Galerkin weighted residual method. Gauss quadrature method is used
to perform the integration involved in each term of these equations. The nonlinear algebraic
equations which are obtained are modified by imposition of boundary conditions and Newton’s
method is used to transform these modified equations into linear algebraic equations, and then
these linear equations are solved by applying the triangular factorization method.
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[V. CODE VALIDATION

In order to verify the accuracy of the numerical results which are obtained throughout the
present study are compared with the previously published results. The present results of
streamlines and isotherms are compared with that of [11] while uniformly heated left
wall 6(0,Y)=1 and cooled right inclined wall 8(X,Y)=0,vX +Y =1 with Pr = 1000 and
Ra=10° and obtained good agreement which is shown in Fig. 2.
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Figure 2 (a) : Obtained results for Streamlines
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Figure 2 (b) © Obtained results Isotherms

V. RESULTS AND DISCUSSION

In this section, results of the numerical study on magneto hydrodynamic buoyancy force
in a triangular cavity filled with an electric conductive fluid with Pr = 0.71 are presented. The
results have been obtained for the Rayleigh number ranging from 10* to 10° and the three
Hartman numbers 0, 50 and 100. The results are presented in terms of streamlines and isotherms
inside the cavity, the horizontal velocity component, temperature and the local Nusselt number

along the vertical centerline X=0.5 of the cavity. Figures 3 and 4 presents the effects of the
Rayleigh number Ra=10* on the flow field for different Hartmann number (a) Ha=0; (b)
Ha=50; (c) Ha=100. They are illustrated by streamlines (Fig. 3) and isotherms (Fig. 4)
respectively. The results for Ra=10* and different Hartmann number given in Fig. 3 and it is
found that a triangle shape flow distribution is formed. The main flow moves in clockwise
direction and for Ha=0 it is not broken anywhere in the triangle. Also a small cell is formed at
the centre of the triangle and in this case flow becomes uniform within the whole enclosure. The
flow streamlines fill the whole enclosure geometry except at the corners. Also a large velocity is
distributed uniformly within the whole enclosure for Ha=0. As the value of the Hartmann
number increases to 0 to 100, the flow velocity decreases due to the insulated edge and the flow
started too broken due to the cold edge. Finally for Ha=100 the flow velocity become very weak
due to the insulated edge and the last cell of the flow is broken and twisted backward to the

© 2014 Global Journals Inc. (US)

Notes



Notes

adiabatic edge. The flow becomes motionless at these parts due to the insulated edge. The
isotherm lines showed in Fig. 4 indicates similar distribution with a benchmark problem of
differentially heated cavity except at the insulated edge. Figure 4(a) shows that, the boundary
layer decreases from heated edge to cold edge and isotherms lines are started bending due to
insulated edge and become smother near the cold edge for Ha=0. As we increase the Hartmann
number in this case the lines become smothering but the boundary layer increases. Figures 5 and
6 shows the streamlines and isotherm lines for (a) Ha=0, (b) Ha=50 and (c) Ha=100 while
Pr=0.71 and Ra=10°. As we increase Rayleigh number Ra=10°, the changes in streamlines
within the triangular enclosure are negligible ( same as above) but the isotherm lines are highly
bending at the middle of the triangular enclosure and become smother due to the cold edge for
Ha=0. Also the boundary layer become decreases due to the cold edge for Ha =0. But as we
increase Hartmann number the bending lines become smother and the boundary layer increases.
Finally Fig. 7 and Fig. 8 shows the streamlines and isotherms for (a) Ha=0, (b) Ha=50 and (c)
Ha=100 while Pr=0.71 and Ra=10°%. For Ra=10° , the flow velocity become weak and
streamlines are bended due to the insulated edge, isotherms lines are highly bended at the
middle of the triangular enclosure and become more smother near the cold edge for Ha=0. As
we increase Hartmann number the isotherm lines becomes smother and the boundary layer
increases. Thus, if we increase both Hartmann number and Rayleigh number the flow become
weak and boundary layer increases. The local Nusselt number along the vertical centerline
X=0.5 of the enclosure is plotted in Figs. 9(a) - 9(c) for different values of Rayleigh number
10%,10° and 10°. It is also plotted for different values of Hartmann number. The maximum value
of the local Nusselt number occur around Y= 0.7 for Ra=10° and Ha=0. Comparison of Fig.
9(b) and 9(c) indicates that the maximum value of local Nusselt number decreases for Ha=0 and
Ha=100 respectively while Ra=10°.

®
Figure 3 : Streamlines for (a) Ha=0; (b) Ha=50; (c) Ha=100 while Pr=0.71 and Ra=10*
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Figure 4 : Isotherms for (a) Ha=0; (b) Ha=50; (c) Ha=100 while Pr=0.71 and Ra=10*
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(b)
Figure 5 : Streamlines for (a) Ha=0; (b) Ha=50; (c) Ha=100 while Pr=0.71 and Ra=10*
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Figure 6 : Isotherms for (a) Ha=0; (b) Ha=50; (c) Ha=100 while Pr=0.71 and Ra=10°

The profiles of the dimensionless X-component of velocity U versus the vertical co-
ordinate are plotted at the middle of the enclosure based on the X-axis in Fig. 10(a) to (c). They
are plotted for different curved length of the enclosure. It is clearly seen in Fig 10(a), for Ha=0
the highest velocity is obtained for Ra=10°. The velocity profiles indicate the most important
parameter on the flow field is the shape of the enclosure. Figures 11(a) -11 (c) indicate the
temperature profile versus the vertical co-ordinate. It is clear from the above figure that, for
Ra=10* we get the smoothed temperature profile. As we increase Hartmann number the profile
become more smother.
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(b)
Figure 7 : Streamlines for (a) Ha=0; (b) Ha=50; (c) Ha=100 while Pr=0.71 and Ra=10°
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Figure 9 : Variation of local Nusselt number along the vertical centerline X=0.5 for different
Rayleigh number with Pr=0.71 for (a) Ha=0, (b) Ha =50 and (c) Ha=100.
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Figure 10 : Variation of velocity profiles along the vertical centerline X=0.5 at different
Rayleigh number with Pr=0.71 for a) Ha=0, b) Ha=50 and c¢) Ha=100.
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Figure 11 : Variation of temperature profiles along the vertical centerline X=0.5 at different
Rayleigh number with Pr=0.71 for a) Ha=0, b) Ha=50 and c¢) Ha=100.

Effect of buoyancy force on the flow field in a triangular cavity with uniform magnetic
field Bo which is applied normal to the direction of the flow was studied numerically. The
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governing equations of mass, momentum and energy were solved using the Galerkin weighted
residual method of finite element formulation. As indicated above that the governing parameters

were the Prandtl number Pr, the Rayleigh number Ra and the Hartmann number Ha. The effects
of Rayleigh number Ra with the variations Hartmann number Ha on the flow field have been
studied in detail while Prandtl number Pr=0.71. From the present investigation the following
conclusions may be drawn as: if the Rayleigh number increases, the local Nusselt number

increases without the effect of magnetic field whereas the local Nusselt number slowly increases
with the increase of Rayleigh number with applying the effect of magnetic field.
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