
Heat Transfer from an Annular Fin

Heat and Mass transfer



Annular fin with rectangular profile area

➢ Cross sectional area at any 𝑟:  

𝐴 𝑟 = 2𝜋𝑟𝑡

𝑑𝐴

𝑑𝑟
= 2𝜋𝑡

Τ𝑑𝐴 𝑑𝑟

𝐴(𝑟)
=
1

𝑟

➢ Surface area at any 𝑟: 𝑆 𝑟 = 2𝜋 𝑟2 − 𝑟𝑖
2

𝑑𝑆(𝑟)

𝑑𝑟
= 4𝜋𝑟

Τ𝑑𝑆 𝑑𝑟

𝐴(𝑟)
=
2

𝑡



Annular fin with rectangular profile area

➢ Governing Equation:
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➢ Substitute 𝜃 = 𝑇 − 𝑇∞:
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➢ At 𝑟 = 𝑟𝑖 , 𝑇 = 𝑇0 or, at 𝑟 = 𝑟𝑖 , 𝜃 = 𝜃0
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Or, 𝛽2 𝑛2 𝑟2𝑛−2
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➢ We want the equation to be
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𝜃 = 𝐶1𝐼0 𝜌 + 𝐶2𝐾0(𝜌)

𝜃 = 𝐶1𝐼0 𝛽𝑟 + 𝐶2𝐾0(𝛽𝑟)

𝐼0 is modified Bessel function of the first kind (order zero)

𝐾0 is modified Bessel function of the second kind (order zero)
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➢ At 𝑥 = 0, I0 = 1, K0 → ∞ ⟹ 𝐶2 = 0

Recall what we did for the Tapered Fin

𝜃 = 𝐶1𝐼0 𝛽 𝑥 + 𝐶2𝐾0(𝛽 𝑥)

𝜃 = 𝐶1𝐼0(𝛽 𝑥)

➢ At 𝑥 = 𝐿, 𝜃 = 𝜃0 ⟹ 𝜃0 = 𝐶1𝐼0 𝛽 𝐿 so, C1 = Τ𝜃0 𝐼0(𝛽 𝐿)



➢ The derived solution is
𝜽 = 𝑪𝟏𝑰𝟎 𝜷𝒓 + 𝑪𝟐𝑲𝟎 𝜷𝒓

Two integral formulas for the modified Bessel functions are
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➢ It is assumed that 𝛽𝑟 > 0 everywhere.

So,
𝑑𝐼0(𝛽𝑟)
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= 𝛽𝐼1 𝛽𝑟 and
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➢ Total heat transfer to the fin from the fin base is

−2𝜋𝑟𝑖𝑡𝑘
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= −2𝜋𝛽𝑟𝑖𝑡𝑘 𝐶1𝐼1 𝛽𝑟𝑖 − 𝐶2𝐾1(𝛽𝑟𝑖)
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➢ The functions 𝐼1 and 𝐾1 can be evaluated approximately by using different methods
for numerical integration or with the help of MatLab or values can be directly obtained
from the tables available in the books:

• Handbook of Mathematical Functions with Formulas, graphs, and Mathematical
Tables Edited by Milton Abramowitz and Irene A. Stegun, Dover Publications, 1965

• A Treatise on the Theory of Bessel Functions by G. N. Watson, Cambridge
University Press, 1944.

Annular fin with rectangular profile area



Thank you 


