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Abstract-- A detailed experimental investigation of interaction of free convection and radiation in a single 
fin mounted on a heated horizontal base has been carried out. The study makes use of a differential 
interferometer for estimating the convective heat fluxes. A numerical method coupled with the exper- 
imentally measured convective fluxes is used to evaluate the radiative fluxes. Experiments were conducted 
to study the effect of fin height, surface emissivity and the base temperature level on convection and 
radiation. Based on the experiments correlations have been presented for both the total and radiative heat 
transfer rates from the fin flats. Comparisons are made between the experimental results and two-dimen- 

sional numerical computations based on finite volume method. ,~ 1997 Elsevier Science Ltd. 

1. INTRODUCTION 

Natural  convection heat transfer has been receiving 
much attention in recent times because of  many appli- 
cations it has in diverse areas. Typical applications 
include insulation design, cooling of  electronic equip- 
ment, solar thermal systems, etc. Natural  convection 
heat transfer provides a noiseless method of  thermal 
control without any expenditure of  high grade energy. 
In the case of  cooling of  electronic equipment the 
geometries used fall into the category of  channels, L 
shaped corners, vertical and horizontal fin arrays. In 
most of  these applications the temperature levels are 
limited to a range from room temperature to about  
100°C. In this temperature range surface radiation 
and free convection are equally important.  Even then 
there have not been many studies reported in the 
literature that consider the interaction between these 
two modes of  heat transfer. The present study is an 
experimental investigation of  heat transfer by free 
convection and radiation from a single vertical fin 
mounted on a heated horizontal base. 

Literature pertinent to this geometry is limited to a 
few papers in the published literature. The earliest 
work in this genre was the experimental study of  a 
vertical corner by Van Leeuwan et al. [1]. Rodigheiro 
and de Socio [2] performed experiments with air for 
an L corner with an adiabatic horizontal leg (base) 
and an isothermal (heated) vertical leg (fin). The same 
geometry was recently studied numerically by Angi- 
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rasa and Mahajan [3]. Ruiz and Sparrow [4] con- 
sidered V-shaped and L-shaped corners losing heat to 
water, experimentally. The two legs of  the corner were 
kept at the same uniform temperature. Correlations 
for calculating heat transfer from both the legs were 
provided. However,  none of  these considered the pres- 
ence of  radiation. Also, the boundary conditions do 
not reflect applications in a realistic way. Recently 
Balaji and Venkateshan [5] have presented a numeri- 
cal study of  an L corner that includes the interaction 
of  free convection with radiation, by a finite volume 
method. They considered various types of  boundary 
conditions on both the legs. Specifically, the vertical 
leg was non isothermal and its temperature variation 
in the height direction was found by a balance between 
thermal conduction in the material of  the fin, surface 
radiation and free convection at the surface. Free con- 
vection flow was assumed to be two-dimensional. The 
present study is an experimental investigation of  the 
same problem but without the two-dimensional 
restriction on the flow. 

2. EXPERIMENTAL PROCEDURE 

2.1. Construction of  the sinyle fin assembly 
A schematic of  the single fin assembly is shown in 

Fig. 1. The aluminum fin is fixed between two alumi- 
num base blocks of  size 50 x 50 x 10 ram. Use of  an 
aluminum base of  high thermal conductivity helps in 
maintaining a uniform temperature throughout  the 
base. The width of  the fin assembly was fixed as 50 
mm because of  the restricted space available in the 
differential interferometer test section. Two 5 mm 
through holes were drilled along the length of  the 
base. The fin flats were 10 mm longer than the exposed 
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N O M E N C L A T U R E  

~,_, view factor between elements i a n d /  
(see Fig. 4) 

.q acceleration due to gravity [ms 2] 
G irradiation [W m 2] 
H fin height [m] 
K differential interferometer constant 

[m I K  i1 

/, thermal conductivity [W m i. K ~] 
m fringe shift factor, the ratio of  fringe 

deflection to fringe spacing 
Nu Nusselt number based on height, 

qH/[k:,(T~-- T,  )] 
N~ ~ radiation conduction interaction 

parameter (2crerT~H2)/(k,t) 
N .... convection conduction interaction 

parameter ( 2 Kk ,H: Th) / ( kft ) 
Pr Prandtl number, v,'c~ 
q heat flux [ W m  2] 
RaN Rayleigh number based on fin height, 

.qfl( T b - -  T . ,  )H3,,'(v~z) 

T temperature [K] 
t fin thickness [m] 
x distance along the surface [in] 
y distance normal to the surface [m]. 

Greek symbols 
thermal diffusivity of  air [in2 s '] 

fi volummetric expansion coefficient of 
air [K t] 

F nondimensional irradiation. 
(;/GT~ 

~: hemispherical emissivity 
v kinematic viscosity of  air [m 2 s '] 
0 non-dimensional temperature. T,'Tb 
p density of  air [kg m ~] 
a Stefan Boltzmann constant 

[5 .67x10 S W m  : ' K  4] 

non-dimensional .v coordinate. 

Subscripts 
a pertaining to air 
b pertaining to the base 
c convective 
f pertaining to the fin fiat 
r radiative 
t total 
-x, ambient. 

Ax 3 , 
. . . . . . . . .  . . . . . .  

\.aso o, U l 

AX frinl~e shift 
m ='S'~" fringe spacing 

(1) Fin (2) Base blocks 
(3) Tie bar (4) Electric heater 
(5) Bottom plate (6) Insulation 

Fig. 1. Constructional details of the single fin assembly. 

heights of  30, 50 and 70 mm, respectively, the extra 
length being in contact with the base plates, which 
were made in two segments. The fins were made of  
1.5 mm aluminum sheet stock and the edges were 
machined flat. Two 5 mm holes were drilled sym- 
metrically on a line parallel to the bot tom edge and 5 
mm away from it to match the through holes in the 
base blocks. Two rods of  4.5 mm diameter passing 
through these holes hold the fin flat in a vertical orien- 
tation with respect to the horizontal base and provide 
and intimate contact over the 10 mm margin between 
the flat and the base segments. A flat element heater 
prepared by winding nichrome wire on to a mica sheet 

of  slightly smaller size than the base plate, with a 
uniform pitch, was used to heat the fin base. The 
heater element was kept sandwiched between the base 
plate segments and a bot tom support plate with the 
help of  two screws, as shown in Fig. 1. Metal to metal 
contact at the base was avoided by placing a mica 
sheet between the heater and the base. The base was 
insulated on the bot tom side to prevent heat transfer 
to a stand on which the fin assembly was mounted. A 
copper~zonstantan thermocouple was fixed to the 
base side of  the fin to measure the base temperature. 
Another  thermocouple of the same type was fixed at 
the tip of  the fin to measure the tip temperature. 

2.2. Measurement using the d([]erential interferometer 
Measurement procedure using the differential inter- 

ferometer available in this laboratory has been dis- 
cussed in detail in an earlier publication [6]. Also, 
given there are the details regarding the various set- 
tings on the instrument. The measurement procedure 
consists in photographing the fringe patterns in the 
steady state, for a given heat input to the base of 
the single fin assembly. Analysis of  the data alone is 
explained in detail, in the next section. 

3. ANALYSIS  AND PRESENTATION OF DATA 

A differential interferometer gives the convective 
heat flux normal to a surface if the local temperature 
and the fringe shift at the surface are known. The 



Interaction of free convection with surface radiation 2943 

360 

359 o 
1 

358 

E- 

357 
' Thermocouple location 

35~ I I I I 
0 10 20 30 40 50 

Distance along fin width [mm] 
Fig. 2. Temperature variation along the width of the single 
fin at x = H (tip). Location of a thermocouple that will 

indicate that average temperature is also indicated. 

fringe shifts are due to the density differences in the 
fluid in a direction normal to the wall and these arise 
due to the temperature variations. These fringe shifts 
may be measured from an interferogram, but the 
measurement of  local temperature is not  easy since the 
temperature and the fringe shifts must be measured at 
the same location along the surface from which heat 
transfer is taking place. In order to circumvent this 
problem only the base and the tip temperatures are 
measured by thermocouples fixed at suitable locations 
as described later. These measured temperatures are 
used as boundary conditions in solving the fin equa- 
tion. Since the fringe shift information yields only the 
convective fluxes, determination of  the radiative fluxes 
needs a second procedure that uses the radiosity 
irradiation formulation. Since this formulation 
involves the local temperatures and since the fin equa- 
tion involves the irradiations the two are coupled and 
therefore need an iterative solution. 

3.1. Measurement o f  base and tip temperatures 
Two copper~zonstantan thermocouples were used 

to measure the tip and base temperatures. Since the 
base is made of  l0 mm thick aluminum it does not 
really matter  where the thermocouple is fixed for mea- 
suring the fin base temperature. The base temperature 
was found to vary by no more than +_0.2 K from end 
to end. The tip temperature, on the other hand, varied 
by as much as + 1 K from an average temperature that 
occurred invariably at 15 mm from either extremity. A 
typical temperature profile in the cross-wise direction 
shown in Fig. 2 supports this. The case under con- 
sideration in Fig. 2 is for H = 70 mm, ef = 0.85 and 
heat input of  12.5 W. In all the experiments the 
thermocouple measuring the tip temperature was fixed 
at a distance of  15 mm from the nearest end. 

3.2. Measurement offiqnge sh~/'t 
A Pentax K 1000 camera with a zoom lens was used 

to photograph the fringe pattern through the eye piece 

of  the differential interferometer. Monochrome 35 
mm film was used in all the experiments. The fringe 
shifts were measured from projected images of  linear 
magnification equal to 4.3. Since the flow exhibits 
symmetry about  the fin it was sufficient to measure 
the fringe shifts on one side of  the fin. The fringe shift 
factor m is obtained by dividing the measured fringe 
shift by the fringe spacing. The fringe spacing is fixed 
by the choice of  the instrument settings [6, 7]. 

3.3. The fin equation and the radiation formulation 
An important  assumption made in the formulation 

of  the fin equation is that the temperature variation is 
one-dimensional with the temperature varying only 
with height. This is reasonable in view of the low Blot 
number based on fin thickness. Also the experiments 
showed that the difference between base and tip tem- 
peratures could be about  10 K while the end to end 
variation in temperature is limited to _+ 1.0 K. The fin 
equation is derived by making an energy balance for 
a fin element as given in ref. [7]. Referring to Fig. 3, 
such a heat balance leads to the following equation. 

d 2 T 2Kk~ m T 2 q- 2er 
dx ~ +  kd k~rt toT4 - G]. (1) 

G here refers to the irradiation that is evaluated 
using standard enclosure method [8]. Details are avail- 
able elsewhere [7]. The final expressions alone are 
given below based on the elemental areas shown in 
Fig. 4. It is to be noted that these same elements are 
used in solving equation (1) by finite differences. 

n~ 

F 4 Gi = , ,,~rT~ + ~ F, /[ebaT~ +(1--eb)Gj] (2) 
I=1  

n 

G, = Fi ~aT 4 + ~, ~ ,[graT 4 + (1 --g,f)G,]. (3) 

The view factors involved in the above expressions are 
calculated using the contour  integral method [9]. "['he 

~ O  

~ 
~ 1  Qr Fin element 

Qc c 

t 

Fig. 3. Schematic showing heat balance for a typical fin 
element. 
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Fig. 4. Sketch showing radiation interaction between the 
base and fin elements and the ambient. Arrow towards a 
surface indicates irradiation of the surface. Arrow away from 

a surface indicates radiosity. 

elements are chosen such that  the finite difference 
nodes used in solving the differential equa t ion  (equa- 
t ion (1)) fall in the middle of  these elements. The 
radiant  flux leaving any of  the elements of  the fin is 
then given by the following expression. 

q,. - ~:,[aT, 4 G,]. (4) 

The solut ions of  the above  involve the following 
stages : 

(i) Initialize the tempera ture  to a l inear var ia t ion 
between the base and the tip using the measured 
temperatures .  

(ii) Calculate the i r radiat ions  using Gauss-Seidel  
i terat ion of the s imul taneous  equat ions  (2) and 
(3)• Repeat  the i terat ions till i r radiat ions  con- 
verge to the desired level. Since all the tem- 
peratures  are known (or assumed to start  with) 
these equat ions  are a set of  l inear equat ions  in 
the i rradiat ions.  

(iii) Revise the tempera tures  by solving equa t ion  (1) 
by finite difference. 

(iv) Repeat  steps (ii) and  (iii) above till convergence.  

The three terms in equat ion  (1) represent,  respectively. 
the conduct ion,  surface convect ion  and surface radi- 

at ion for an elemental  length of  the fin. The non-  
dimensional  form of this equat ion  would be 

d20 
d~ 2 +,¥ ,  ,:/;'zO2+,'V, c [ 0 4 - - F ]  = 0 (5 )  

T x G 
O =  Th " C. t t ;  V =  -.4 crl h 

2 K k ,  t t  2 T ,  _czq Ti; t t  - 
N ,  ~ : =  ~ " N ,  ~ = . ( 6 )  

kjl k~t 

N .... the convect ion conduct ion  paramete r  can be vis- 
ualized as a Biot number .  However  since it appears  to 
depend on the interferometer  cons tan t  that  is depen- 
dent  on the ins t rument  settings it is advisable to avoid 
the appearance  of K in the non-dimens ional iza t ion  of  
the equations.  Thus,  to present the results the Ray- 
leigh n u m b e r  defined in the usual way is used for 
describing the free convect ion heat transfer.  The other  
parameter ,  N, ~ is the radia t ion conduc t ion  paramete r  
familiar  to us in problems that  invoh 'e  an interact ion 
of  material  conduct ion  and  surface radiat ion.  

4. RESULTS AND DISCUSSION 

Experiments  were conducted for the range of par- 
ameters  shown in Table 1. The following parmneters ,  
however,  remained cons tan t  at the values shown, in all 
the experiments  : fin thickness t - 1.5 mm : fin width 
W - 50 m m :  fin thermal  conductivi ty k - 205 W m 
K ' (a luminum) ; base length B = 50 mm ; base emis- 
sivity cb - 0.85. 

To vary the base tempera ture  the heater  input  was 
varied such that  the tempera ture  of the base varied 
in the 320 380 K range. Depending  on the ambien t  
tempera ture  (which varied over a small interwd dur ing 
the days on which the experiments were conducted)  
and  the value of the other  parameter ,  the Rayleigh 
number ,  was anywhere  between 104 and 10:. Through-  
out  this range of  Rayleigh numbers  the interferograms 
were steady with no temporal  var iat ions which would 
have signified the presence of tu rbulen t  fluctuations.  
The radia t ion conduc t ion  paramete r  range was 
0.0005 ~< N ~ 0.1. 

4.1.  t t e a t  tran,~'/~,r c h a r a c t e r i s t i c s / o r  seh,  c l e d  cases  

Some 60 selected experiments  in all were conducted 
as a part  of  the present study. A few typical tern- 

Table 1. Range of parameters used in the present stud), 

Parameter Range Remark 

EmissiviLv 0.05, 0.1, *Obtained by surface preparation/by coating 
8, with paints of different colors 

0.47, 0.8, 
5 

Fin height (mm) 30, 50, 
70 

Base temperature (K) 320 380 Obtained by using five different heat inputs 

* Surface preparation and measurement details are given in ref. [7]. 
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Fig. 5. Variation of local heat fluxes and temperature along 
the height of the fin : H = 70 mm, ~ = 0.05 (low emissivity 

case). 
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Fig. 6. Variation of local heat fluxes and temperature along 
the height of the fin : H = 70 mm, er = 0.85 (high emissivity 

case). 

pera ture  profile and  heat  flux profile results are pre- 
sented in this section. Figure 5 shows the var ia t ion  
with height of  the convective, radiat ive and  the total  
heat  flux from the fin surface for the case with H = 70 
mm,  a t =  0.05 and  T = 380 K. The convective heat  
flux starts with a m i n i m u m  at the base, reaches a 
m a x i m u m  value a r o u n d  x = 20 ram. Beyond this there 
is a gradual  decrease in the heat  flux with x. For  an 
isothermal  vertical flat plate the convective heat  flux 
is infinite at  x = 0 and  then monotonica l ly  decreases 
with x. This  is due to the gradual  thickening of  the 
bounda ry  layer with  x. In the case of  the single fin 
there are two reasons for the observed behavior .  First, 
the fin tempera ture  decreases f rom the base to the tip 
and  second, the presence of  the hot  base tha t  causes a 
heat ing of  the air tha t  flows past  it before it encounters  
the vertically or ienta ted fin. Because of  the change in 
direct ion of  the flow the bounda ry  layer over the ver- 
tical surface is affected and,  therefore,  shows a local 
m in imum  and the heat  flux a cor responding  
maximum.  Beyond this posi t ion the bounda ry  layer 
grow monoton ica l ly  and  therefore the heat  flux shows 
a gradual  decrease. The var ia t ion  of  local convect ive 
heat  flux is in good agreement  with the t rends observed 
by Sobhan  et al. [6]. The radiat ive heat  flux, however,  
shows a mono ton ic  increase from the base as we go 
towards  the tip. This behav iour  is explained by a mon-  
otonic decrease with x of  the i r radia t ion of  the fin flat 
by the hot  base. Also the view factor  f rom an  element 
on the fin surface to the ambien t  increases as the 
element  posi t ion is changed from near  the base to a 
posi t ion near  the tip. Figure 6 gives the t empera ture  
and  heat  flux var ia t ions  for the case of  a fin flat with 
Cr = 0.85 while all the o ther  parameters  are held fixed 
at the same values as with Fig. 5. The radiat ive flux 
starts with  a small value near the base and  increases 
steadily as we approach  the tip. The var ia t ions  in the 
convect ive and  radiat ive heat  fluxes, however,  are no t  
reflected in the fin t empera ture  variat ions.  This is a 
consequence of  the large thermal  conduct ivi ty  of  the 
fin material .  

4.2. Contribution o f  radiation to total heat transfer 
In this section we consider  the appor t ion ing  of  the 

total  heat  t ransfer  between the convect ive and  radi- 

ative parts.  Since the pr imary  objective here is to s tudy 
the effect of  rad ia t ion  it is instructive to look at the 
percentage con t r ibu t ion  of  radia t ion  to the total  heat  
loss. Table  2 shows the results for some representat ive 
cases. It is seen tha t  the radiat ive heat  loss varies 
between some 5 and  50% of the total  heat  loss. The 
table shows the results averaged over the five tem- 
perature  levels achieved in the experiments.  The tabu-  
lated values show the fin flat con t r ibu t ion  alone and 
therefore do not  show the con t r ibu t ion  due to the 
base. 

If  the fins were assumed to be isothermal  it was 
found that  the radiat ive heat  loss would be over- 
est imated by up to abou t  20% depending on the values 
of  the per t inent  parameters .  Allowing for a max imum 
con t r ibu t ion  of  some 50% due to rad ia t ion  to the 
total  heat  loss, this t ranslates  to some 10% to the 
total  heat  loss. A similar exercise for convect ion  is not  
possible since the convect ive fluxes are a consequence 
of  direct measurement .  The in teract ion between con- 
vection and  rad ia t ion  is complex and  normal ly  
reduces the convective heat  loss [10]. However,  the 
reduct ion in convective heat  loss due to radiat ive inter- 
act ion was marginal  because of  the high fin mater ia l  
conductivity.  The exper imental  condi t ions  are such as 
to make  the in teract ion between conduc t ion  and  free 
convect ion more  impor t an t  than  tha t  between radi- 
a t ion and  free convection.  The tempera ture  dis- 
t r ibut ion in the fin is thus  largely governed by this 
interaction.  However,  the t empera ture  var ia t ion  a long 
the fin affects the a m o u n t  of  heat  loss by rad ia t ion  as 
indicated earlier. 

Table 2. Contribution of radiation to total heat transfer in 
percent 

~r H -  0.03 m H = 0.05 m H = 0.07 m 

0.05 4.9 5.2 5.3 
0.18 15.4 16.1 16.6 
0.47 31.9 33.2 34.0 
0.85 45.8 47.2 48.1 
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4.3. Corre[ations 
Based on the experimental  results two correlat ions 

have been developed, one for the total heat  t ransfer  
and ano the r  for the radiat ive loss alone. 

4.3.1. Total heal lran,~'/~,r. 

Nu~ 0 . 2 8 7 ( 1 + ~ ,  ~)-< Ra°'-77(l ,. (7) 

with a corre la t ion coefficient - 0.983, s tandard  
error  = 0.032. 

4.3.2. Radiative/*eat transj~,r. 

Nu,. = 660NIr I 7~'4RaH 0 143 ~,,0 2( ,4  ( 8 )  

with a corre la t ion coefficient - 0.999, s tandard  
error  = 0.0092. 

Corre la t ion  for the total  Nusselt  n u m b e r  is chosen 
in the above  form so that  it reduces to the pure con- 
vection case when s, = 0. Indeed, it reduces to 
Nu~ = 0.287 Ra °e77, which is a c o m m o n  form for free 
convect ion heat  transfer.  This may be compared  with 
the expression Nu<. = 0.347 Ra °>~J obtained in [4] by 
Ruiz and Spar row for the two legs of  the L-corner  
main ta ined  under  isothermal  condit ions.  The 
exponents  in the two formulae  agree very closely. 
However,  as expected, t empera ture  var ia t ion along 
the vertical leg, in the present  case, tends to reduce 
the Nussel t  number .  The role of  the height was 
explicitly b rough t  out  th rough  the Rayleigh n u m b e r  
based on height  apar t  from its presence in the radi- 
a t ion conduc t ion  interact ion parameter .  The appear-  
ance of  the Rayleigh n u m b e r  in the corre la t ion for 
radiat ive Nusselt  n u m b e r  shows a mild interact ion 
between radia t ion and free convection.  The power of  
t:f in equa t ion  (8) is 0.724 + 0.264 = 0.988, a near  l inear 
dependence.  For  a vertical flat plate the index will be 
exactly equal to unity. The slight depar ture  from unity 
in the present case is due to radiat ive interact ion with 
the base and also the tempera ture  var ia t ion along the 
fin. Since the values of  N~ ~ are low the cons tan t  660 
appear ing  in the equat ion  is very large. A detailed 
error  analysis presented in ref. [7] showed that  the 
total  uncer ta inty  in Nu~ was between 1.5 and 2.5% 
while tha t  for Nu,. was between 3 and 30°/,,. The highest 
uncer ta in ty  of  30% occurred for the lowest emissivity 
cases with ~-~-- 0.05. Since the radia t ion  cont r ibu t ion  
is only abou t  5% for these cases this t ranslates  to an 
uncer ta in ty  of  abou t  1.5% in total  heat  transfer.  

Figures 7 and  8 show parity plots concerning the 
two correlat ions given, respectively, by equat ions  (7) 
and (8). These plots also indicate _+ 10% error  bands,  
indicat ing the quali ty of  the two correlat ions that  have 
been evolved. 

5. C O M P A R I S O N S  WITH A NUMERICAL 
SOLUTION 

Balaji and Venkateshan  [5] have solved the problem 
of  combined  free convection,  conduc t ion  and  radi- 
a t ion in the case of  an L shaped corner.  This geometry 
is similar to the single fin considered in the present 
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Fig. 7. Parity plot comparing the total Nusselt number from 
experiments with those from the correlation. 

study, under  the assumpt ion  of two-dimensional  flow 
and tempera ture  fields in the flowing medium. A tinite 
volume method  was used to solve the governing equa- 
t ions wri t ten in the vorticity stream funct ion formu- 
lation. Radiosi ty and i r radiat ions were assumed to 
vary only a long the height and  across the base. In 
the experiments  the radiosities and i r radiat ions varied 
along the width direct ion also. Therefore  the com- 
parisons may be taken only as qualitative.  Typically 
at R a i l =  l0 t' , T~ ,=380  K, T,  = 3 0 3  K, equat ions  
(7) and  (8) predict Nu, = 14.16 and Nu, = 1.48 for 
~:,= 0.05. Therefore  the experimental  value of  con- 
vective Nusselt  n u m b e r  is 12.68 ( =  1 4 . 1 6 -  1.48). The 
two-dimensional  calculat ions predict a value of  11.66 
for the convective Nusselt  number .  So, even at a con- 
siderably low value of  depth  to width rat io (unity in 
the present study) where one would normal ly  expect 
three-dimensional  effects, a two-dimensional  approxi-  
mat ion  yields a satisfactory result. Also, as expected, 
the numerical  result predicts a smaller wdue for the 
Nusselt  number .  This is due to the heat  t ransfer  t'rom 
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Fig. 8. Parity plot comparing the radiative Nussclt numbcr 
from experiments with those from the correlation. 
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the ends, which the two-dimensional  calculat ion does 
not  take into account.  

6. CONCLUSIONS 

An exper imental  invest igat ion of  free convect ion 
and  rad ia t ion  from a single fin has been carried out  
using a differential interferometer .  The radiat ive par t  
was compu ted  by combin ing  the exper imental  da ta  
with numerical  com pu t a t i on  based on  finite differ- 
ences. Rad ia t ion  con t r ibu t ion  to total  heat  t ransfer  
has been found  to be between 5 and  50% depending  
on the emissivity and  the o ther  parameters .  The local 
convect ive flux shows a characterist ic  peak at a round  
20 m m  from the base. This was found to be so for 
all the fin heights considered in the present  study. 
Corre la t ions  have been presented separately for the 
radiat ive Nussel t  n u m b e r  and  the total  Nussel t  
number .  Exper imenta l  results have been compared  
with results f rom a recent numerical  study. The 
quali tat ive agreement  between the two is found to be 
satisfactory. 
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