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Abstract: Several undergraduate programs 
include the “ Heat transfer” subject and, in our 
experience, it is hard for the students to grasp the 
concepts that are presented in the c ourse. With 
this in mind, we designed and constructed an 
apparatus for the experimentation of heat transfer 
in a short bar. It was observed, however, that the 
time required to perform the experiment was so 
long, that the didactic aim was l ost in time-
consuming activities, such as th e setting of the 
instrumentation, the data registration and 
processing, and the software calibration. The 
simulation using COMSOL was set for a s hort 
bar in an e nclosure, to fi x the boundary 
conditions required. 
The results are presented in graphic format. The 
time taken to run t he program is considerable 
smaller as compared to the physical experiment. 
Several crucial points are highlighted to the 
student such as the usefulness of the simulation, 
the easy introduction of the “what if…” scenario 
and the reduction of the associated costs as 
compared to the experimental facility.  
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1. Introduction 
 
A topic that must be included in the “ Heat 
transfer” course for undergraduate students is 
that referring to the  heat flow through fins and 
bars of some solid material. In our experience, 
these concepts are not easy to understand for 
students, because they involve two types of 
transfer: conduction and convection; the first 
occurs in the bar and the second occurs both i n 
the bar and the surrounding environment. 
Heat transfer enhancement devices are usually 
used to inc rease the heat  transfer rate from the 
source of heat to the ambient. Fins are employed 
to enhance the heat transfer between the primary 
surface and its convect ive, radiative, and 
convective–radiative environment. Since the 
weight and material costs are the primary design 

considerations in most of the applications, an 
optimal shape design beca me more and more 
important. An excellent comprehensive review 
of the existing extende d surface heat tra nsfer 
literature was given by Kraus et al. [1]. 
Free convection heat transfer from a horizontal, 
isothermal fin attached  cylinder placed between 
two nearly adiabatic walls has vari ous 
applications in in dustry. In many applications, 
electronic components can be c ooled using a 
conductive fin. Understanding of the influence of 
conductive fin and pl acing component between 
two adiabatic walls is i mportant for electro nic 
devices design application. 
All modes of free convention from a hori zontal 
cylinder in a quiescent, infinite fluid have been 
studied extensively and well estab lished 
correlations are av ailable in the literature [2–6]. 
The effect of adiabatic confining walls on th e 
heat transfer coefficient from a circular cylinde r 
has been studied by some researchers [7–12]. 
But the available information on fluid flow and 
heat transfer from a heated fin attached cylinde r 
between two adiabatic walls is very limited. 
One of the most important aspects of electronic 
equipment management has always been 
recognized to be t he dissipation of the heat 
produced in the electronic components, which is 
needed to avoid overheating of the apparatus. 
During the years the electronic equipment 
cooling problem has become even more crucial, 
as a conse quence of the continuous evolution 
reached by the electronics industry year by year, 
creating apparatus even more compact in their 
dimension. Consequently, the quantity of heat to 
be dispersed is high per unit area. With the above 
in mind it is clear th e importance to be given to 
the optimization of cooling system of electronic 
equipment. 
The heat tra nsfer to the external ambient  
atmosphere by the electronic apparat us can be 
obtained mainly by using the mechanisms of the 
heat transfer by forc ed convection, natural 
convection and by radiation heat transfer. 
Recently, performance and optim um design 
analysis of convective fin arrays attached to flat 
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and curved primary surfaces has been carried out 
[13-16]. 
Aiming to facilitate the teaching-learning 
process, we constructed a l ab prototype which 
allows the analysis of the thermal behavior of a 
small copper bar through which a constant flow 
of heat is supp lied. The heat is su pplied by an 
electric resistance, which allows a power supply 
of up to 1 000 W and is regulated by a rheostat. 
The bar is immersed in a fluid that absorbs heat. 
The physical dimensions of the bar are 0.15 m 
length, and 0.254 m diameter. The bar was 
instrumented with six thermo-pairs at regula r 
distances, to measure temperature. The container 
with the fluid (water) that has a 0.10 m x 0.10 m 
transverse section and 0.20 m length was also 
instrumented with 12 thermocouple at regular 
distances to measure the liquid temperature. 
These temperatures are registered by means of a 
computer using Adam modules and the Labview 
software. The construction and evaluation details 
of the prototype are described in [17]. 
Although the experiment using this prototype 
fulfills the expected learning objectives, it has 
been observed; however, that the time required 
to perform it was s o long, that the didactic aim 
was demerit by time consuming activities, such 
as the setting of the instrumentation, the data 
registration and processing, and the software 
calibration. We also noticed that we  were 
constrained to a si ngle experiment within a 
limited set of possible variations. Therefore, we 
decided   t o explore the virtual approach by 
means of multiphysics software. The 
experimental facility is a imed to study a sh ort 
bar heated on one end, maintaining the bar itself 
in quiescent water.  
The purpose of this work is to present the results 
obtained while using COMSOL Multiphysics 
software to describe the heat flow through a
short bar immersed in  a liqu id, underlying the 
advantages over the actual experimentation. 
 
2. Model definition. 
 
A bar with A, cro sses section, L, leng th and p, 
perimeter, immersed in a liquid at constant 
temperature ݐ଴, is considered.  The container is 
surrounded by air at ݐஶ, which is the 
environmental temperature.  The bar is made of a 
material with a constant thermal conductivity, k, 
and the convective heat trans fer coefficient 
between the bar and the surrounding liquid is 

݄ .Thelength of the bar is 0.15 m, the diameter is 
0.0254 m, the material is copper a nd the 
surrounding fluid is water. Th e initial 
temperature of the bar n uid is 20 °C.  a d the fl
The physical properties of the copper bar are: 
thermal conductivity, ݇ ൌ 400  W/m K, density, 
ߩ ൌ 8 700  kg/m3 and thermal capacity, ܥ௣ ൌ
385 J/kg K.  It is i nteresting to note that the use 
of COMSOL Multiphysics offers an immediate 
advantage, allowing to change the type of 
material (iron, aluminum or any other) and to 
perform comparative analyses. Changes of the 
surrounding fluid (water, air, oil, etc.) can also 
be easily ex plored and included in sensitivity 
analyses. The geometry of the applied m odel is 
presented in fig. 1. 
The heat flow through the bar, and between the 
bar and the surrounding environment, which 
occur by conduction and c onvection, 
respectively, are described in the program by 
means of  following equation: the

δ ρ C௣
߲ܶ
ݐ߲

 

൅ ∆ · ሺെ݇∆ܶሻ ൌ ܳ െ ݑ௣ܥߩ · ∆ܶ 
 

 
Fig. 1. Model geometry. 

 
3. Results 
 
Computer runnings were performed for energy 
supplies of 5 000 y 10  000 W/m2 and for a 
maximal time of 3 6 00 s, since the program 
allows to change these two variables in order to 
complete the therm odynamic analysis of the 
short bar. 
 
The temperature profile of the bar is presented in 
fig. 2. At the initial edge of the bar, for X = 0.00 
m, comparing both val ues of supplied e nergy, 
the difference between the values of temperature 
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in the central axis and the surface of the bar is  
minimal. The maximum temperatures that could 
be reached in the central line are 298.305 K, and 
303.462 K respectively.  
 

 
5 000 W/m2 

 
10 000 W/m2 

Fig. 2. Temperature profile in the bar , for 5 000 and 
10 000W/m2. 
 
The temperature distribution in the bar observed 
from the cross section point of view and in the 
surrounding fluid at the initial edge of t he bar, 
for  X = 0. 00 m, is presented in fig. 3. It can be 
clearly observed that the inc rement of the fluid 
temperature is p roportional to the increment in 
the supplied energy. The pattern of the fluid 
temperature is also didactically produced.  
The temperature profile of the flui d, observed 
from the upper part of the container is presented 
in fig.4. The highest temperature values occur at 
the beginning of t he bar and t hey diminish 
towards its final ed ge. The minimal values are 
found near the corners of the container. This is 
an interesting scheme from the di dactical point 
of view, since it allo ws the visualization of the 
patterns of temperature increments in the fluid, 
due to heat transfer. It is also possible to obtain 

this profile at any depth, which supports the 
understanding of the concept of heat transfer by 
means of convection. 
 

5 000 W/m2 

10 000 W/m2 
Fig. 3. Temperature patterns in th e bar and the 
surrounding fluid, at the initial edge of the bar. 
 
COMSOL Multiphysics is designed to 
produce different types of graphs. For instance, 
the wireframe is an  option that allows to  
selectively eliminating “layers” of fluid, showing 
only areas where the a nalysis of tem perature is 
of interest. An example of th is feature is 
presented in fig. 5, where t he results correspond 
to a selection of seven levels of temperature. In 
this case, t he temperature distribution follows a 
parabolic pattern, thus the geometry can be 
clearly and easily presented to the students. 
An experimental set that could support heat 
transfer concepts require great and sometimes 
unattainable investments in materials, equipment 
and time. The planning, execution of 
experiments, data acquisition and treatment 
could be e asily overcome with optimal 
educational results through the application of the 
software advantages. 
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5 000 W/m2 

10 000 W/m2 
Fig. 4. Temperature distribution in the container fluid. 
 
 
4. Conclusions 
 
COMSOL Multiphysics software has been 
shown as a suitable tool for undergraduate 
engineering courses in Heat Transfer. It has been 
applied to solve and illustrate the analysis of heat 
transfer in a short metal bar with constant supply 
of heat, focusing on conditions of conduction 
and convection. The use of this software in  the 
solution of this type of p roblems offers very 
attractive advantages over the a ctual 
experimentation, which requires an i mportant 
economical investment and i s time consuming 
with limited results. 
 
The sensitivity analysis is an  easy task  that can 
be performed using the Comsol software, where 
the geometry, the powe r supply, the m aterials 
and fluid are freely exchanged and graphs 
produced are presented in an ample spectrum of 
presentations and views and focus. All this 
allows the student a better understanding of the 

phenomena studied and therefore better 
academic results. 
 

5 000 W/m2 

10 000 W/m2 
Fig. 5. Wireframe type graphs of temperature 
distribution with seven levels. 
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