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Abstract: An extensive reasoned review of the results available in the literature for free convection heat transfer 
from a heated flat plate facing upwards, is conducted. The review is organized in the form of a table, so as to 
give the reader the opportunity to compare the heat transfer data, expressed through dimensionless equations, as 
well as the conditions under which these data were obtained. A comparative survey of the results which may be 
derived at different Rayleigh numbers by the use of the heat transfer correlations presented, is also reported, 
showing that in some cases the discrepancies may amount to ±50%.  
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1  Introduction 
Free convection heat transfer from a horizontal, 
upward-facing heated plate of finite size is one of 
the basic classic natural-convection problems, since 
it appears in a number of science and engineering 
applications, as well as in natural circumstances. 

Starting from the first decades of 1900, a large 
body of research has been performed on this topic, 
for both conditions of uniform wall temperature and 
uniform heat flux, as witnessed by the wide variety 
of heat transfer correlations readily available in the 
literature. However, in some cases, the predictions 
of such correlations may also differ by ±50%, or 
more, depending on the investigation method, the 
boundary conditions, and the occurrence of more or 
less pronounced three-dimensional edge-effects. 

In this context, it is felt the need to organize an 
extensive, reasoned review of the most prominent 
heat transfer correlations − expressed in the typical 
dimensionless form Nu = C(Ra)n −, with the main 
aim to highlight the conditions under which these 
correlating equations were obtained, and carry out a 
comparative survey of their results, so as to help the 
reader in applications.  

 
2  Review of literature data 
The review of literature data for natural convection 
above a heated horizontal surface is presented in 
Table 1, in which the heat transfer correlations, and 
other information useful to guide the reader through 
a comparative analysis, are reported.  

For the sake of simplicity, the shorter side of the 
plate, W, is the characteristic length to be used in 
all  dimensionless groups, which is the choice made 
 

in many studies. Whenever some authors decided to 
make reference to a different linear dimension, e.g., 
the hydraulic radius, mainly for plates whose shape 
was neither square nor too much slender, both the 
original correlations and the correlations modified 
by rearranging the dimensionless groups in terms of 
W, are reported − see notes (a) and (b) of Table 1. 

In addition, since in applications is more usual, 
or easier, to know the plate temperature rather than 
the convective heat transfer rate at the plate surface, 
basic reference is made to situations with uniform 
wall temperature. However, also the data available 
for plates with uniform heat flux have been taken 
into account. Also in this case, both the correlations 
originally developed by the authors in terms of Nu 
and Ra*, and the correlations modified in terms of 
Nu and Ra according to the relationship Ra* = Ra × 
Nu, are reported – see note (c) of Table 1. 

 Finally, when available, also local heat transfer 
equations have been specified. In this case the local 
Nusselt and Rayleigh numbers are denoted as Nux 
and Rax or Rax*, in which the characteristic length 
is the distance x from the lateral edge of the plate. 

 
3  Data analysis and discussion  
Analysis of Table 1 shows that most of the studies 
were executed experimentally, by using air or water 
as working fluid. On the other hand, at the time of  
these investigations the numerical methods for the 
solution of the continuity, momentum and energy 
equations were not completely developed, while the 
analytical approach, based on the boundary-layer 
theory, could not take into account any edge-effect 
and flow separations from the plate.  
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It is interesting to notice that the results of the 
theoretical studies are almost the same, as it is the 
case of the value predicted for Nux/(Rax)1/5 in air by 
Pera and Gebhart [5], i.e., 0.363, and by Chen et al. 
[13], i.e. 0.381, and that of the values predicted by 
Rotem and Claassem [3] and by Chen et al. [13] 
for Nu/(Ra)1/5, i.e., 0.639 and 0.638 for Pr = 0.72, 
and 0.726 and 0.720 for Pr = 10, respectively. 

With regard to the experimental and numerical 
correlations reviewed in Table 1, a comparative 
survey of their predictions is reported in Tables 2 
and 3, in air and water, respectively. It may be seen 
that the numerical data show a substantially good 
degree of agreement, which is e.g. the case of the 
results obtained for a 2D infinite strip in air by 
Goldstein and Lau [11] and by Martorell et al. [16] 
in the range 103≤ Ra ≤ 5×104, and by Martorell et 

al. [16] and by Wei et al. [17] for 105≤ Ra ≤ 107. In 
contrast, the experimental results may also differ 
by ±50%. However, as shown in Tables 2 and 3, 
the amount of the discrepancy decreases if the heat 
transfer data are distinguished according to the 
working fluid and, even more, the geometry of the 
plate. Such discrepancy among the experimental 
data may be ascribed mainly to: (a) the surface 
heating system, since the often-used single-resistor 
electric heating setup does not ensure at all that the 
condition of uniform wall temperature is actually 
achieved, as the heat transfer performance of the 
plate is not uniform; and (b) the accuracy in the 
evaluation of the thermal power really convected 
from the plate to the adjacent fluid, owing to the 
difficulty to calculate the heat losses through the 
electric cables and the support assembly to a tee.  

5th WSEAS Int. Conf. on Heat and Mass transfer (HMT'08) , Acapulco, Mexico, January 25-27, 2008 

ISSN: 1790-2769                             Page 210 of 243 ISBN: 978-960-6766-31-2



 

Nomenclature  
g gravitational acceleration 
h coefficient of convection heat transfer  
hm coefficient of convection mass transfer  
k thermal conductivity of the fluid 
L longer side of the plate (length) 
Nu average Nusselt number, hW/k 
Nux local Nusselt number, hx/k 
Pr Prandtl number, ν/α 
q heat flux 
Ra Rayleigh number,  
 [gβ(Tw − T∞)W3/ν2]×Pr 
Ram Rayleigh number for mass transfer,  
 [g(ρw − ρ∞)W3/ρ∞ν2]×Sc 
Rax local Rayleigh number,  
 [gβ(Tw − T∞)x3/ν2]×Pr 
Ra* modified Rayleigh number,  
 [gβqW4/kν2]×Pr 
Rax* local modified Rayleigh number, 
 [gβqx4/kν2]×Pr  
Sc Schmidt number, ν/δ 
Sh average Sherwood number, hmW/δ 
T temperature 
W shorter side of the plate (width) 
x distance from the plate lateral edge along the 

direction parallel to its shorter side  

Greek symbols 
α thermal diffusivity of the fluid 
β coefficient of thermal expansion of the fluid 
δ coefficient of diffusion of transferred species 
ν kinematic viscosity of the fluid 
ρ density of the fluid 

Subscripts 
w referred to the plate surface 
∞ referred to the undisturbed fluid  
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