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ABSTRACT

The present work presents a numerical solution of combined convective and radiation heat transfer from a vertical
rectangular air-cooled aluminum fin. There are three governing equations (Continuity, Momentum and Energy
equation) are solved numerically by using (TDMA) for fluid and the fin. Heat transfer by both mixed convection
and radiation is considered. Mixed convection effect should be appreciable for low speed air flow over the fin.
Radiation heat transfer mode is important for large temperature difference between the fin and the surrounding as
well asfor high emissivity fin material and low speed air-flow. Conjugate heat transfer should be taken into account
asit gives rise to non-uniform heat transfer coefficient the consideration of which ismorerealistic in contrast with
the assumption of uniform heat transfer coefficient in conventional fin theory. Results shown at constant of Re with
large value for CCP means increased convective cooling and the fin requires shorter time to attain steady stat
temperature.
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Nomenclature

Greek Symbols

b Thickness
CCP  Convection-conduction parametaiRe kL / ksb)
Gr  Grashof number (f (Tw- T.,) L3/V?)

he Radiation heat transfer coefficient

k Thermal conductivity

K¢ Thermal conductivity of the fluid

Pr Prandtl number (= w/)

Re  Reynolds number (=L /v)

t Time

u Non-dimensional velocity in x-direction (zu/u

u, Free stream velocit

X Coordinate along the length of the fin

y Coordinate perpendicular to the fin surface
AX  Grid size in )-directior

o Thermal diffusivity (= kp c)

€ Emissivity of the fin material

p Density

0 Non-dimensional temperature (= T TTy- T.)
At Non-dimensional time-step

XSSP QO0

fe]
N

aqcmz-<><<c;:—|

Specific heat

Acceleration due to gravity

Convection heat transfer coefficient

Total heat transfer coefficient (zh h)

Thermal conductivity of fin material

Length of the fin

Local heat flux from one surface of the fin (= R¢TT.)
Temperature

Velocity of the fluid in x-direction

Velocity of the fluid in y-direction

Non-dimensional velocity in-direction (= / u,)
Non-dimensional x-coordinate (=x/L)
Non-dimensional y-coordinate (=y/L)

Grid size in \-directior

Coefficient of volumetric thermal expansion [ pl/ (8 p/ 3 T),
Kinematics viscosity

Stefar-Boltzman constant, 5.67* & w/m?k*
Dimensionless timeo(t/ L?)
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Subscripts
b Base of the fin c Convection
f Fluid p Constant pressure
r Radiation s Fin material
w Wall or fin surface 0 Ambient
INTRODUCTION

Multi-mode heat transfer continues to be a ferilea of research due to its application in seviegglls. The most
frequent application is one in which an extendetfiese has been used specifically to enhance thetfaeesfer rate
between a solid and an adjoining fluid. Such areméd surface has been termed a fin. There areasdire
applications. Consider the arrangement for cooéingine heads on motorcycles, automobiles, lawnmswvar-
conditioner, refrigerators, and for electric powransformers . Literature reports quite a few stadnumerically,
which pertains to interaction between two modebegzft transfer, namely, convection and radiationniemtion a
few, [1]( Gorski & Plumb) investigated, numericalthe problem of conjugate heat transfer from atated heat
source in vertical flat plate. Here, the problemsvgalved using well-known Blasius velocity proffler laminar
force convection as the input. However, the tramsiixed combined of convection and radiation conicey the
geometry of the flat plate has been studied tosadledegree. For example, [2](Hossain & Takhargstigated,
numerically, the effect of radiation on mixed cootven from a vertical rectangular plate. In thisntext, [3](
Rao,et all) have preformed exhaustive humeriaadies on conjugate mixed convection with radiatiomm a
vertical fin. [4](Rao, et all) numerical investigat into the fundamental problem of combine conuuct
convection-surface radiation from a vertical plai¢h three identical flush-mounted discrete heairses. Here
resulting partial differential equations are ficsinverted into algebraic form and solved using Gaesiglel iterative
technique. No studies are available in literatiia provides a transient combined mixed convectiot radiation
from a vertical rectangular aluminum fin. The olfees of the present study are (i) to develop adgoomerical
procedure to handle transient conjugate heat afrsfm vertical fin when radiation is taken intcaunt and (ii) to
see how important the radiation mode as comparedixed convection is when the problem is solved dar
aluminum fin.

2-Problem Formation

2-1 Physical Description

The fin and the coordinate system are depictedgriFThe fin has a thickness 'b' and length 'be Tip of the fin is
insulated. The fin is cooled by an air flow haviinge-stream velocity and temperaturg,and T, respectively. In
the beginning, the fin is at the temperature ofgherounding, i.e., at I Then, suddenly the temperature of the
base of the fin is raised tq T, > T., ) and thereafter maintained at that temperature.

The analysis is based on the following assumptions:

1. The density of the fluid (air) is constant extcepthe buoyancy force term where it is assumeldeta function of
temperature. Other physical properties are constant

. The width of the fin is small and hence one-digienal heat conduction can be taken.

. A two-dimensional laminar boundary layer flowstg around the fin.

. Gravity is the only acting body force.

. Viscous dissipation and pressure work termsagbected.

. Axial conduction in the fluid is neglected asPRés high.

. The flow is not affected by the base of the fin.

. The temperature difference between the fin hedimbient is not very high.

CO~NO O WN

2-2.Governing Non-dimensional Differential Equatiors

The continuity equation, the x-momentum equatiba,dnergy equation for the fluid and the energyaéqo for the
fin are non-dimensionalised using dimensionlesampatersX, Y, U, V, randd) and are shown as Eq. (1), Eq. (2),
Eqg. (3) and Eq.( 4 a, b) respectivg}( Sunden)as follows:

MV 5w

X oY
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1 Q+U£+V£:idzg+ Gzr (2)

RePr or X & ReoY Re“ @
2

1 9,9, 8 158 o
RePr or X & ReodYy
o8, 526?W _ ., CCP [JH}

= ~ (42)

or X JRe | oY |,
o6, 5% CCP| L
— - =2 — | — +h)é 4b
51. a)(z |:\/R_e:||:kf :l(hc r) W ( )

Equation (4 a) is used for only mixed convectiosecahile Eq. (4 b) is used for combined mixed catioa and
radiation. ' | is the convection heat transfer coefficient ahd is the radiation heat transfer coefficient dedive
from the linearised radiation heat flux equatidm. and ' B’ [6]( Hottel) are written as:

h =eo(Ty; +T2)(T, - T.) G a)
= P -
L8,

'CCP' is called convection-conduction parametéRe( k L/ ksb ) . In Egs (1) — (4 a , 4b), an important
dimensionless parameters appear: GT{Ratio of buoyancy force to inertia force). Siringhe present study air is
a participating medium and the fin material, basmmgerature and ambient temperature are used angtera, a
radiation-convection-conduction parameter has rentintroduced.

An insulated %
A
I
A

L
Uy Ty — X

vyv

\ A \L >
To b

Fig. 1 Problem under consideration

Initial and Boundary Condition in the dimensionless form [7]( Patankar) are as ftdws:
At =0

Y=0 : U=0, V=0 (6a)
Y -0 c U=l (6b)
X=0 :U=1,Vv=0 (6¢)
6, =0 for all X (6d)
6=0 forall X &Y (6e)
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at >0

Y=0 :U=0,V=0 (7a)
Y - :U=10=0 (7b)

X =0 :U=1,v=0 (7¢)
X =0 36y /6X=0 (7d)

X =0 Oy=1 (7e)

3- Method of Solution

3-1 Numerical Scheme

The governing differential equations are discretlitsing finite-difference scheme. A pure implicietimod is used

to march ahead in time. Implicit scheme is prefétoeexplicit scheme as the latter produces undeksdimitations

on grid sizes and time step. The time step,, the grid size\ X and A Y have been taken as 0.02, 0.1 and 0.002
respectively. Maximum values of X and Y are 1.0 &r@B respectively. Uniform grid spacing have based in X
and Y directions. The grid size and time-step ahmsen after having performed sufficient numerical
experimentations. An 11*16 grid system has beed.use

3-2 Algorithm

The mixed convection loop (see Fig. 2) computes/eotion heat transfer coefficient,.'fas a function of position
and time which means a set of values of''ds a function of temperature has been obtainkis. i§ required to
solve the fin heat conduction Eq. (4b) which indsidradiation effect also. To solve Eqg. (4b), thaurk fin
temperature distribution is assumed first. Thigeiguired to calculate the radiation heat transéefficient, h. To
make an educated guess, the future fin temperdisigbution is assumed to be the one at the ertleofime-step

(t + A t) for the case of only pure mixed convection. Ep) and Eq. (4b) are solved by Tri-diagonal Matrix
Algorithm (TDMA). The algorithm, in the form of dofw chart is shown in Fig. (2).

The numerical results have been obtained usingithe listed in table (1). The fin emissivity valaethe base
temperature dis used. All other properties are evaluated abtlerage of the base and the ambient temperatere, i
at (T, + T,,) /2.[8]( Anderson).

Table 1. Input Data

Fin (Aluminum) value
Length of the fin (L) =01m
Base temperaturg(l =773k
Thermal conductivity@
Emissivity €) =204 w/m-k
=0.049
Fluid (Air) value
Prandtl number (Pr) =0.708
Temperature(J) =300 k
Reynolds number (Re) | = 5000
Thermal conductivity@® | = 0.023 w/m.k
Kinematics viscosityw) =15.89E-6 s

RESULTS AND DISCUSSION

Figure (3) shows the rise of temperature vs tit#éa 0.5 of the fin and for Gr/Re= 2.0. The curves are shown for
various convection-conduction parameters (CCP 5 110 and 15 ). It is seen that higher CCP vateeslts in
lower fin temperature and the fin requires shditee to attain steady state temperature. This ¢ab®e higher CCP
means increased convective cooling or increasadatisn. In the present case, since Re, ks,L are constants,
therefore for larger values of CCP, only the thies®s 'b' can be lower implying greater surface aeaunit
thickness of the fin which results in higher cortisex  cooling. Figure (4) shows the transient penature of the
fin at X = 0.5 for different buoyancy parameters/f@& = 2.0 and 10 ) and for CCP = 5.0. For higher @&/Rthe
temperature of the fin is less and the amountroétihe fin takes to reach steady state is alsorloltes is because
for higher Gr/R&, the contribution of the natural convection pawards the cooling of the fin increases. Figure
(5) steady state fin temperature profile for purecéd convection i.e. Gr/Re 0 at different CCPs are presented.
This is because when Gr/Ris positive, the buoyancy force assisted by thenrfarced flow increases the mixed
convection heat transfer resulting in lower fin parature.
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Gauss 6, (X, 7 +AT) for
Mixed convection

v
Solve eq. (1) --- eq. (49
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Gaus g,(X,7+AT) for
Mixed convection ar

v

Calculate tcs from eq. (5t
And solve eq. (4b)
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v
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[ U. V. 0, 0, ]

Hr = 6r+Ar

Fig. 2 Flow chart of the solution procedure
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Figure (6) indicates vertical velocity profilestbie fluid in the steady state for Gr/Re0, 2 and 10. The velocities
are higher for greater Gr/Ras increased Gr/Reneans buoyancy effect is more. For GF/Rel0, the velocity
profile reaches a peak (U = 1.15) and then decsegisalually to U = 1.0, the reason being the flswaided much
more by the buoyancy force in comparison with tagecof Gr/Re= 2.0.
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X=035
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Fig. 3, Temperature distribution vs time plots at X=0.5 of the fin for various CCP values
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Fig. 4, Temperature distribution vs time plots at X0.5 of the fin different Gr/Re?values
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Fig. 5, Steady state of the fin temperature distribtion at different CCP values.
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Fig. 6, vertical velocity profiles of the fluid for steady state at X=1 along Y of fin with various
Gr/Re?
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Fig 7, steady state local heat fluxes long the letigof the fin due to mixed convection and radiation

Fig. (7) shows the local heat fluxes long the langt the fin due to mixed convection and radiatibat the
contribution due to radiation is much smaller conegato that due to mixed convection. This is beeauke
temperature difference in this case between theafich the fluid is not extremely high, the emisgivif the fin
material is low and also Reynolds number is high €5000). The radiation effect can be signifidantvery high
temperature difference, low speed flow of the flaidd high emissivity fin material. However, the cept of
radiation heat transfer coefficient,would be inappropriate to use for large tempegatlifference between the fin
and the ambient.

CONCLUSION

A numerical investigation of the influence of bungg force parameter (Gr/Rpand the convection-conduction
parameter, CCPVRe kL / ksb ) on the transient combined mixed convection ratiation heat transfer from air-
cooled rectangular aluminum fin has been repoited.observed that both transient and steady $ta¢¢ transfer
characteristics, local heat fluxes and the fin terafure are greatly affected by both CCP and Gr/Rewever, for
the input data of the problem under study, heatsfex by radiation is found to be very small congglato that by
mixed convection.

The present numerical result has been validatethstgan earlier limiting case numerical solution.
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