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Abstract 

 

The use of extended surfaces has increased exponentially in the last decade due to 

the advance in technology mainly electronic equipment that need to remove a large 

amount of heat in a small space. Small heat exchangers made of fins help to solve 

this situation indicating that the length of the fins is an important factor to consider 

during the design. In this study, it will be analyzed the proper length of straight 

rectangular fins for different materials and the consideration that must be taken 

during the design of the fins. Two case studies were performed, the temperature 

profile of straight rectangular fins as a function of length for different materials, and  

the effect of thickness on the proper length of the fin and the heat transfer rate for 

copper and aluminum. It was found a poor heat removal along the length of the iron 

fins compared with copper and aluminum fins. Low thickness involves low 

temperature in the extreme of the fin resulting in a low heat transfer in that zone. 

The higher the thickness, the higher the proper length 
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1. Introduction 
 

The use of fins helps to increase the total heat removed in equipment by increasing 

the area of heat transfer between a solid and the surrounding fluid at the low cost of 

production [1]. Industrial processes, electronic equipment, refrigerators, etc., 

involve the generation of a great amount of heat that must be removed. There are 

many technical parameters such as the space, thickness, and the number of fins that 

need to be determined carefully in detail to avoid problem during the process 

operation [1-3]. It is necessary to know about temperature distributions threw fins 

and the effect of the physical material properties to make adequate selections [4]. 

Large numbers of research has been done about fin applications in engineering 

problems, for example, Singh et al. [5] studied the direct relationship of thermal 

performance with pressure drop, fin height and number of fins layers to provide 

essential insight to designer of cryogenic heat exchanger, Pashah et al. [6] studied 

the numerical solutions using psychrometric relationships for wet operating 

conditions in hyperbolic annular fins, P. Yuan et al. [7]  numerically studied a new 

structure of two-phase flow distributor, and Zhang et al. [8], studied the heat transfer 

features in the fin and tube intercooler using simulation and experimental research. 

Considering that the technology improved in the last decade, affecting the design 

of newly extended surface heat exchangers, it surges the need to prepare young 

engineers in the understanding, designing and optimizing this kind of equipment. 

This advance in technology rises the need to develop new computational tools for 

young engineers and students so that they deeply understand the heat transfer 

phenomenon inside plate fin heat exchangers. Therefore, this paper presents the 

development of a highly interoperable computational tool in an environment of 

Matlab that allows the analysis of heat transfer for different fins. Considering the 

proper length of the fins as one of the most important factors during the design of 

extended surfaces, two case studies were performed, the temperature profile of 

straight rectangular fins as a function of length for different materials, and the effect 

of thickness on the proper length of the fin and the heat transfer rate for copper and 

aluminum. 

 

2. Methodology 

 

This section shows the fundamental equations used to study extended surfaces.  

 

2.1. Fundamental equations 

 

The differential equation that describes the temperature distribution along a straight 

rectangular fin is given by equation (1)  
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Where 
pA is the cross-sectional area of the fin, a is the perimeter of the fin, K is the 

thermal conductivity of the material, h is the convective heat transfer coefficient, 

and T
is the temperature of the fluid in contact with the fin. The corresponding 

solution of Eq. 1 is given by equation (2) 
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where 
iT  is the temperature at the base of the fin.  The total heat rate is determined 

by solving Eq. 3. 
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The proper length of the fin is determined by equation 4. 
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2.2. Software presentation   
 

A computational tool was developed in Matlab to see the temperature and heat 

transfer profile in different fins. It was designed to help senior undergraduate 

students and graduated engineers working in that field of heat transfer.  The 

software was developed applying a metric of quality in software development, 

which guarantees that the computational tool has characteristic such as 

interoperability, reliability, facility of use, and portability that offers a friendly and 

entertained environment for the user. 
 

 

3. Results and Analysis 
 

The study was done in straight rectangular fins with Length =0.1 m, Width=0.05 

m, and Thickness=0.03 m. It was given the following parameters to study the heat 

transfer behavior: ambient temperature (28oC), Temperature of the base of the fins 

(200oC), the Convective coefficient of hat transfer= 25W/(m2oC). The materials 

used for the fins are shown in table 1. 
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Table 1. Properties of fin materials 

 

Material K, W/(moC) , Kg/m3 Cp, J/(KgoC) 

Pure copper 395 8933 385 

Pure Aluminum 236 2707 903 

Pure Iron 76 7870 447 

 

3.1 Temperature profile of straight rectangular fins 

 

Figure 1 shows the temperature profile of the straight rectangular fins for aluminum, 

copper, and iron. As can be seen, the temperature has a lower decrease for the same 

distance for iron than for the others. It means that there is a poor heat transport along 

the length of the iron fins which avoid a high rate of heat removal. The best result 

was for copper fins which maintain the highest temperature along the length letting 

the highest heat removal. However, there is no much difference between copper and 

aluminum due to they have similar values of thermal conductivities (see table 1). 

 

The high decrease in temperature for iron involves a shorter proper length of the fin 

because when the temperature in the surface of the fin approximates the temperature 

of the fluid in contact, the heat transfer reduces considerably becoming neglected. 

It means that high lengths are not necessary for fins with low thermal conductivities 

as seen in figure 1. The contrary happens with the fin of copper due to the 

temperature along the length remain high indicating a high heat transfer for long 

distances.  

 

 
 

Figure 1. Temperature profile of straight rectangular fins as a function of length 

for different materials 



Analysis of proper lengths of straight rectangular fins                                          1029 

 

 

3.2 Temperature profile of straight rectangular fins for different fin thickness 

Figure 2. shows the temperature behavior as a function of length for different 

thickness of the fin for copper and aluminum. The temperature in the extreme of 

the fins decreases when the thickness decreases maintaining the other dimensions 

constant. The best working material is copper which shows higher temperatures 

than the aluminum fins for all the thickness at the same distance. As can be seen, 

low thickness involves low temperature in the extreme of the fin which is something 

not desirable due to the low heat transfer in that zone. 

 

 

Figure 2. Temperature profile of straight rectangular fins as a function of fin 

thickness for copper and aluminum 

 

The left side of Figure 3 shows the relation between the proper length and the 

thickness of the fins. The higher the thickness, the higher the proper length. As can 

be seen, this plot help to take decisions about the length of the fin to avoid extra 

costs and work at high efficiency. This plot indicates that it is good to work at low 

thickness because of the short fins to be built. However, it is necessary to have an 

equilibrium considering the amount of heat wanted to be removed (figure 3 right 

side). Fins are designed to remove the highest amount of heat possible. Thin fins 

remove low heat but many fins can be arranged in the same base and the sum of all 

result in a high amount of heat removed.  

 

 
Figure 3. Proper length of the fin and heat transfer rate as a function of fin 

thickness for copper and aluminum 
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Another important consideration is the material. Figure 3 shows that the best 

material for the same thickness is aluminum because it has the shortest proper 

length. However, it is necessary to see the amount of heat removed. Aluminum 

removes less heat than copper. It is extremely necessary to analyze costs and 

efficiency to take the best decision when choosing materials for fins. 

 

 

Conclusions 
 

It was designed an important graphical user interface to analyze and design fins for 

the heat exchanger. The systems studied were Straight Rectangular Fins. Two case 

studies were performed, the temperature profile of straight rectangular fins as a 

function of length for different materials, and the effect of thickness on the proper 

length of the fin and the heat transfer rate for copper and aluminum.  

The best working material was copper with the highest thermal conductivity 

(395W/moC). Iron resulted in the worst material with a poor heat removal along the 

length of the fins. Low thickness involves low temperature in the extreme of the fin 

resulting in a low heat transfer in that zone. The higher the thickness, the higher the 

proper length. Between copper and aluminum, the best material for the same 

thickness is aluminum because it has the shortest proper length. Though, it is 

necessary to see the amount of heat removed. Aluminum removes less heat than 

copper. 
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