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Fin Equation: 

Consider a volume element of a fin at location x having a length of x, cross-

sectional area of Ac, and a perimeter of p. Under steady conditions, the energy 

balance on this volume element can be 

 

 

 

Or 

 

Where 

 

Substituting and dividing by Δx , we obtain:           [ perimeter: p = 2 (w+t ) ] 
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In general, the cross-sectional area Ac and the perimeter p of a fin 

vary with x, which makes this differential equation difficult to solve. 

In the special case of constant cross section and constant thermal 

conductivity, the differential equation reduces to, 

𝑑2𝜃

𝑑𝑥2
− 𝑎2𝜃 = 0 

𝒂𝟐 =
𝒉𝒑

𝒌𝑨𝒔 
      

 𝑎 =  
𝒉𝒑

𝒌𝑨𝒔 
  

Where,        

𝑎𝑛𝑑 (  𝜽 = 𝑻 − 𝑻∞ ) is the temperature excess.  At the fin 

base  (  𝜽𝒃 = 𝑻𝒃 − 𝑻∞ ) 
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𝑀 = √ℎ𝑝𝑘𝐴𝑐𝜃𝑏      
 

 

 

At the fin tip we have several possibilities, 

 

 

 

1- Infinitely Long Fin : (Tfin tip = T∞), 

 

 

at the fin base where x = 0 the value of θ will be θb. Let, p is the perimeter, and Ac 

is the cross sectional area. The rates of heat transfer for both cases are given to be 

The temperature distribution along the fin for very long fins is, 

 

 

 

 

The rates of heat transfer: 

 

 

 

𝑻𝒙 − 𝑻∞

𝑻𝒃 − 𝑻∞
= 𝒆−𝒂𝒙 = 𝒆−𝒙√𝒉𝒑/𝒌𝑨𝒄  

𝑸𝒍𝒐𝒏𝒈 𝒇𝒊𝒏 = −𝒌𝑨𝒄
𝒅𝑻

𝒅𝒙
|𝒙=𝟎 = √𝒉𝑷𝒌𝑨𝒄(𝑻𝒃 − 𝑻∞  
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Alternatively, the rate of heat transfer from the fin could also be determined by 

considering heat transfer from a differential volume element of the fin and 

integrating it over the entire surface of the fin. That is, 

 

 

 

2- Insulated Fin Tip: (Q. fin tip = 0 ) 

 

for fins with negligible heat transfer at the fin are given by, 

 The condition at the fin base remains the same, the relation for the 

temperature distribution is, 

 

 

 

 

 

 

 The rate of heat transfer from the fin can be determined again from 

Fourier’s law of heat conduction, 

  

 

𝑻𝒙 − 𝑻∞

𝑻𝒃 − 𝑻∞
=

cosh𝒂 (𝑳 − 𝒙 

cosh𝒂𝑳
 

𝑸𝒊𝒏𝒔𝒖𝒍𝒂𝒕𝒆𝒅 𝒕𝒊𝒑 = −𝒌𝑨𝒄
𝒅𝑻

𝒅𝒙
|𝒙=𝟎 = √𝒉𝑷𝒌𝑨𝒄(𝑻𝒃 − 𝑻∞ tanh𝒂𝑳 



 

Sameer.Saad.Raheem@uomus.edu.iq 

Al-Mustaqbal University / College of Technical Engineering 
Department of Fuel and Energy Technical Engineering 

 Class (Third Year) 
Subject (Heat Transfer-2) / Code (UOMU0206062) 

Lecturer (Asst. Lect. Sameer Saad Raheem) 

2nd term – Lecture No. 2 & Lecture Name (Fin Equation) 
 

 

 

 Note that the heat transfer relations for the very long fin and the fin with 

negligible heat loss at the tip differ by the factor tanh aL, which approaches 

1 as L becomes very large. 

 

3- Fin subjected to Convection ( and Radiation) at Tip: 

Fins exposed to convection at their tips can be treated as fins with insulated tips 

by using the corrected length (Lc) instead of the actual fin length. 
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𝑳𝒄 = 𝑳 +
𝑨𝒄
𝒑

 


