‘e o* inghialljl

4

Natural Convection Flow Over A Parabolic Cylinder
Bany Youness, Asad Aldeen M. H.

Haddad, Osamah Menwer(super)

2000

s,V wlac

1-69

568665

aue0l> Jilw,

Arabic

aiow>lo allw,

a5,V Li>glgisSilly polell ol

el wlwl)al ads

s,V

Dissertations

S0l abwaugl sljuall 3,2l wllglawl

https://search.mandumah.com/Record/568665

DAR ALMANDUMAH

Bpa Ml ey L a1l cig 82 alg 1

Ulgusll

syl algoll

ton>T paelso
1.S>Maodl gy, U
:&990
1olxaall

‘MD 8,

i Sgizall g9
raelll

rauolell as,all
Aol
raudsdi

saJgall

o loglanll aclgs

:&aolgo
ol

‘ ‘ albgaxo Ssall gaex anghiall ,ls 2020 ©
04 aclb ol Juos 2liSoy .abgamo ainill B9i> gans Ol Lale (pinill Bgi> ool go gdgall Byl sle by asbio 85kl 0in
2w 09> (csugySIVl 1yl ol iVl g8lgo Jio) dliws Si uc »aiuidl of Jugmill of drail giovy chasd (sasidl plaziwU 8sloll

oghioll )5 of sl Bsi> Llxol o s

www.manaraa


https://search.mandumah.com/Record/568665

Natural Convection Flow Over a Parabolic Cylinder

By: Asad Al-deen M. H. Bany-Youness

Advisor : Dr. Osamah Haddad

ABSTRACT

Steady, two-dimensional, symmetric and incompressible Natural
convection flow over a parabolic cylinder was investigated numerically.
The full Navier-Stokes and the energy equations were considered. These
equations has been solved using a commercial code called <COSMOS’
which is based on finite element. Solutions for the temperature and
velocity distributions are obtained for different values of the flow
parameters. In addition, the local and average Nusselt number
distributions are obtained and presented. For all cases, the surface was
considered to be isothermal, and the following parameters are studied:
nose radius of curvature of the parabolic body, Grashof number, and
Prandtl number.

It was found that as the nose radius of curvature of the parabolic
body is increased, the flow velocity will enhanced, but the local and
average Nusselt number is decreased. Also, the increase in Grashof or

Prandtl numbers will increase the local and average Nusselt number.
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NOMENCLATURE

A, The algebraic coefficients.

i

T
C Local Skin friction, C ,= —*,
b 7 U

2
g Gravitational acceleration,[m/s?].

gfh AT x°

12

Gr_ Local Grashof number, Gr_=
h Local heat transfer coefficient,[w/ m k].
L Characteristic length of the parabola.

Nu  Local Nusselt number at the surface of the parabola.

] ¢
— {Nu dx
Lo

Nu  Average Nusselt number, Nu=

Pr Prandt]l number, Pr =Y.
a
R Nose radius of curvature.
: . U_R
Re Reynolds number based on nose radius of curvature, Re = —=
v
T Dimensional Temperature, [k].
u Dimensional axial velocity, [ m/s?].

X,y Cartesian Coordinates, [m].




Greek Symbols:
o Thermal difusivity, [m?/s].

yij Volumetric coefficient of thermal expansion,[k™].

£ Dimensionless surface location.
n Dimensionless wall normal direction, = J]i
n modified normal direction, 7= Z(%LJ
X
¥ wall normal direction at the leading-edge.

5, Thermal boundary layer thickness.

& Modified thermal boundary layer thickness,

=%
3, (flat plate)’

v Kinematic viscosity, [m?/s].

P Density, [kg /m*].

¢ Variable.

. . -T
é Dimensionless Temperature, 6 = = ]i" .
Superscripts:

* Dimensional quantity.



Average quantity.
Subscripts:

¥ Under-relaxation coefficient.
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ABSTRACT

Steady, two-dimensional, symmetric and incompressible Natural
convection flow over a parabolic cylinder was investigated numerically.
The full Navier-Stokes and the energy equations were considered. These
equations has been solved using a commercial code called <COSMOS’
which is based on finite element. Solutions for the temperature and
velocity distributions are obtained for different values of the flow
parameters. In addition, the local and average Nusselt number
distributions are obtained and presented. For all cases, the surface was
considered to be isothermal, and the following parameters are studied:
nose radius of curvature of the parabolic body, Grashof number, and
Prandtl number.

It was found that as the nose radius of curvature of the parabolic
body is increased, the flow velocity will enhanced, but the local and
average Nusselt number is decreased. Also, the increase in Grashof or

Prandtl numbers will increase the local and average Nusselt number.
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NOMENCLATURE

A, The algebraic coefficients.

i

T
C Local Skin friction, C ,= —*,
b 7 U

2
g Gravitational acceleration,[m/s?].

gfh AT x°

12

Gr_ Local Grashof number, Gr_=
h Local heat transfer coefficient,[w/ m k].
L Characteristic length of the parabola.

Nu  Local Nusselt number at the surface of the parabola.

] ¢
— {Nu dx
Lo

Nu  Average Nusselt number, Nu=

Pr Prandt]l number, Pr =Y.
a
R Nose radius of curvature.
: . U_R
Re Reynolds number based on nose radius of curvature, Re = —=
v
T Dimensional Temperature, [k].
u Dimensional axial velocity, [ m/s?].

X,y Cartesian Coordinates, [m].




Greek Symbols:
o Thermal difusivity, [m?/s].

yij Volumetric coefficient of thermal expansion,[k™].

£ Dimensionless surface location.
n Dimensionless wall normal direction, = J]i
n modified normal direction, 7= Z(%LJ
X
¥ wall normal direction at the leading-edge.

5, Thermal boundary layer thickness.

& Modified thermal boundary layer thickness,

=%
3, (flat plate)’

v Kinematic viscosity, [m?/s].

P Density, [kg /m*].

¢ Variable.

. . -T
é Dimensionless Temperature, 6 = = ]i" .
Superscripts:

* Dimensional quantity.



Average quantity.
Subscripts:

¥ Under-relaxation coefficient.

xi




CHAPTER ONE

INTRODUCTION AND LITERATURE REVIEW

Most of the fluid motions and transport that affect our lives, our
immediate surroundings, and our near and far environment are induced
by buoyancy. Such flows are found in the air circulation around our
bodies, in the enclosures we frequent, in cooking, in processing, in pools
of water, and in atmospheric, lake, and oceanic circulation at every scale.
They are found inside planetary bodies and are presumed to occur in and
around celestial ones. The buoyancy force arises from motive density
differences resulting from inhomogeneities in temperature, differences in
concentrations of chemical species, changes in material phase, and many
other effects. Different kinds of buoyancy-induced flows are found
because of the various separate effects and their combinations, the
occurrence of many different geometric configurations, and the different

bounding conditions and force fields that arise.

Buoyancy induced motions are initially laminar at a small scale.
However, the vigorous flows at larger scales are inevitably turbulent.

Laminar and turbulent transport characteristics usually differ widely in



buoyancy-induced flows, as in the forced ones. It is interesting that the
flows in water and in atmospheric air, at the human size scale, are
initially laminar, before perhaps beginning a transition toward
downstream turbulence. Laminar transport characteristically persists to a
distance of order of 1 m, more or less, depending on bounding
conditions. Therefore, the many flows of smaller scale are treated as
laminar. For those at a much larger scale, the initial laminar portion may
often be ignored and the whole flow field treated as turbulent. At scales
between these there are important questions of when and how becomes
unstable and eventually proceeds to turbulence. In recent years there has
been a rapid increase in the intensity of research in this field. Some of
this effort represents a shift in interest from several conventional fields
of fluid mechanics of diminished relative importance. However, most of
it is due to a growing demand for detailed quantitative information
concerning buoyancy-induced motions in the atmosphere, bodies of
water, quasi-solid bodies such as the earth, enclosures, and devices of
process equipment. The result has been a rapid expansion of knowledge

in areas little considered only a few years ago.

The flow around a parabolic body is of a great importance in

practice which have received little attention [1]. For example, in



Aerospace the aerodynamic bodies designed for subsonic flow generally
have finite thickness distributions with a parabolic leading edge [2].
Also, in Turbomachinery applications, the cross-section of blades is
usually identical with that of an airfoil. The objective of this study is to
solve the Navier-Stokes and energy equations which govern the natural
convection flow from a parabola. An attempt will be made to cover a
wide range of flow parameters (e.g. nose radius of curvature, Prandtl
number (Pr)). Solution will be checked against the flat plate solution,
which can be obtained when the nose radius of curvature of the parabola

is equal zero.

All past solutions of the flow over a parabola have considered
only the hydrodynamic part of the problem [1,3,4,5,6 and 7]. The only
exception to this is the numerical study carried out by Haddad et al. [8]
in which the energy equation was solved with the Navier-Stokes
equations for forced convection laminar flow from parabolic bodies. The
goal of this study is to solve the Navier-Stokes and energy equations
that govern the natural convection  heat transfer from parabolic
cylinders. The effect of the different flow parameters (e.g. Grashof
number, Prandtl number, nose radius of curvature ) will be investigated.

Finally, Nusselt number distributions will be obtained and all results




relevant to the parabolic body will be compared with the flat plate

results.

Davis [1] used parabolic coordinates to solve the laminar
‘incompressible flow past a parabolic cylinder using different values of
Reynolds number. In the limit as the Reynolds number based on the nose
radius of curvature goes to zero, the solution for the flow past a semi-
infinite flat plate is obtained. All solutions are found by using an implicit
alternating direction method to solve the time-dependent Navier-Stokes
equations. Davis focused careful attention on extracting the singularities
from the problem in the limit as Reynolds number goes to zero ( i.e. flat
plate solution ). The same flow problem was treated also by Dennis and
Walsh [4] using finite difference approximations to the partial
differential equations for the stream function and vorticity as dependent
variables. In their study, Dennis and Walsh were not able to get a
solution for Reynolds number smaller than 0.25 because of singularity
problem, although their results were in good agreement with those of .
Davis [1]. They had a small but significant difference between their
results and those of the second order boundary layer approximation

especially in skin friction.



The flow past a semi-infinite flat plate using truncation series or
local similarity method applied on full Navier-Stokes equations was
investigated by Davis {5]. The difficulty of matching approximations of
low Reynolds number (Stokes) approximation with high Reynolds
number (Boundary Layer) approximation is avoided, and solutions are
obtained for all values of Reynolds number. Van De Vooren and Dijkstra
[6] applied the same approach used by Davis [5] to solve numerically the
nature of the flow near the leading edge of flat plate. They used simple
finite difference expressions and the system of equations was solved by
iterative technique. Their solution was also valid for any value of
Reynolds number. They have shown that there is about 5% error near the

leading edge in skin friction in the results of Davis [5].

The method of Van De Vooren and Dijkstra [6] for semi-infinite
flat plate was extended to the case of parabolic cylinder by Botta,
Dijkstra and Veldman [7]. They managed to extend the solution for the
case of Reynolds number approaches infinity (boundary layer). The drag
coefficient have been checked by means of application of the momentum

theory to an infinitely large circular contour and the deviation was within

2% for smallest mesh size.




Numerical Solutions of the Navier-Stokes and Energy equations
for Laminar Incompressible Flow Past Parabolic Bodies is investigated
by Haddad, et.al [8]. The full Navier-Stokes and energy equations in
parabolic coordinates with stream function, vorticity and temperature as
dependent variables were solved. These equations were linearized using
Newton’s linearization technique. The resulting set of equations were
solved using a second order accurate finite difference scheme on a non-
uniform grid. Results were presented for pressure, velocity and
temperature distributions in addition to local and average skin friction
distributions. The effect of both Reynolds number and Prandtl number
on the local and average Nusselt number is also presented. The obtained
solutions were compared with the previous solutions in the literature

showing good agreement with them.

Kuehn and Goldstein [9] studied the laminar natural-convection

heat transfer from horizontal isothermal circular cylinder by solving the
Navier-Stokes and energy equations using an elliptic numerical
p;ocedure. Results are obtained for 10° <Ra <10’. The flow approaches
natural convection from a line heat source as Ra— 0 and laminar
boundary layer flow as Ra—>. Boundary layer solutions do not

adequately describes the flow and heat transfer at low or moderate values
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of Ra because of the neglect of curvature effects and the breakdown of
the boundary layer assumptions in the region of the plume. Kuehn and
Goldstein achieved good agreement with experimental results.

Finally, as it can be seen in the pre-mentioned literature there exist
no experiment relevant to natural convection over a parabolic cylinder,

nor a theoretical or numerical study, which considers this type of flow.



CHAPTER TWO

MATHEMATICAL FORMULATION

2.1 Introduction

A schematic diagram of the problem under consideration is
shown in Figure 1. The equation of the surface of the parabolic body

is given by
*(y) = — (v*-Rr?)
2R (2.1)

based on this, the radius of curvature r(x) of the parabola x (y) is given

by :

rx) = (1'”‘ )j [S(R;xl}m (2.2)

at the nose where y = 0 and x = -R/2 one can get from equation (2.1) that

the radius of curvature is

r(x=-R2)=R 23)

thus, R 1s recognized as the nose radius of curvature,



2.2 Formulation of Governing Equations

The full Navier — Stokes (N-S) and energy equations for 2-D
laminar steady incompressible with constant viscosity fluid flow in the

Cartesian coordinates system take the form:

Continuity equation:

L]

aL‘f‘Jr o _ 0. (2.4)

Ox oy

X _momentum equation:

pu.a_u‘+ pv._é’_u_:_ _oF N o'’ . o'’ (2.5)
ax. a}}o pg axa l‘l ax-2 @}-2

Y _ momentum equation:

Lo oP {azv' azv'} (2.6)
+ +—

Energy equation:

(2.7)

+v =a 2 + -
ox oy

u.aT' . OT’ o' 8T
P o

it is assumed that there is no heat source or sink, the thermophysical

properties are constant, and the viscous dissipation is negligible. In order



to generalize the results, the following non-dimensional variables are

introduced:
* * * *
x y u
X=—, RV =—, UH=—-
YT T o o/l
* (2.8)
T -TOO P —P(JO
0= , P=
T —-T* [M)z/l2
o8]

substituting these variables back into equations (2.4,2.5,2.6 and 2.7),
using the Boussinesq approximation leads to  the following
dimensionless set of equations:

Continuity equation :

ML, P 60 2.9)
ox oy
X_momentum equation:
2 2
u@+v@=Gr*9+6u+6u (2.10)
ax ay axZ 8})2

Y momentum equation:

U—+y—=——— b — (2.11)

Energy equation :

88 860 1(329 629]
—+tv—= + (2.12)

U— +V—=—| —
o gy Prioxt &t

- 10




where (Gr) is the Grashof number and (Pr)is the Prantdl number.
Equations (2.9,2.10,2.11,and 2.12) form a system of non-linear, elliptic

partial differential equations.

2.3 Boundary Conditions:

For an elliptic system of eqﬁations, boundary conditions for the
unknown variables must be specified on all boundaries of the flow
domain. Since the x-axis is an axis of symmetry (Figure 1), only one half
of the domain can be considered as the solution domain. Also the
required boundary condition is been specified. At the wall, the no-slip
no-penetration (u =0, v =0) are applied at an isothermal wall. Far down
stream, the temperature is ambient, and the axial velocity is set to be
zero. These boundary conditions are sufficient to achieve a convergent
solution.

The above boundary can be sumxﬁarized as follows :

- Wall boundary conditioﬁs:

-aty=y, u=0,v=0and =10 (2.13)

- Free stream boundary conditions :

-asy > u=00and =00 (2.19)
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