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General Energy equation  for fin







Fins of Uniform Cross-Sectional Area



We then obtain
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Note 

Boundary Conditions

a) Convection heat transfer

b) Prescribed  temperature

c) Adiabatic

d) Infinite length ( L  ∞ )



Note



Temp. 

Distribution 

See also fig 3.17

Heat rate; applying 

Fourier’s Law  at 

the base 

Using the B.Cs we obtain (one at the base, the other at the tip, C & D 



Temp distribution

Along x direction

Surface balance at 

the tip; Case A



Other cases of tip conditions





Fine Performance
 Fine effectiveness, ε

It is defined as the ratio of the fine heat 
transfer rate to the heat transfer rate that would exist 
without the fin.  

Where Ac,b is the fine cross-sectional area at the base.
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 Assume infinite fin L      ∞, qf=M=(hPkAc)
1/2

Notes: 1. effectiveness   by the choice of the materials ’k’

2. effectiveness    by increasing the ratio of perimeter to cross-
sectional area

4. max heat rate could be achieved by using very long fins. 

However, it is not reasonable to use very long fins to achieve 
near max. heat transfer.
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How to obtain a reasonable 

length?

Since there is no heat transfer from the tip of 
an infinitely long fin, it more appropriate to 
compare it with adiabatic tip fin (also no heat 
loss). Therefore, assume adiabatic tip fin

Assume 98% of the max possible heat 
transfer qf,max =M=(hPkAc)

1/2 θb
჻  0.98qf,max=qf ,adiabatic

0.98(hPkAc)
1/2θb=

mLhPkAq bcf tanhθ=

mLhPkA bc tanh)( 2/1 



 Hence,

It is more suitable to use fin with L=2.3/m 
which yield 98% max possible heat 
transfer rather than to use L >2.3/m or 
infinite length.

mL=2.3  or    L=2.3/m

Conclusions 



Effectiveness and thermal 

resistance
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 Also, 
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Conclusion

If ε > 1  adding fins enhance heat transfer

ε = 1  adding fins has no effect

ε < 1  adding fins decrease heat transfer 
(as insulator



Example1  

Turbine-Blade 





Example 1



Problem: Turbine Blade Cooling

Assessment of cooling scheme for gas turbine blade.

Determination of whether blade temperatures are less

than the maximum allowable value (1050 °C) for 

prescribed operating conditions and evaluation of blade

cooling rate.

Assumptions:  (1) One-dimensional, steady-state conduction in blade, (2) Constant k, (3)

Adiabatic blade tip, (4) Negligible radiation.

Analysis:  Conditions in the blade are determined by Case B of Table 3.4.

(a) With the maximum temperature existing at x=L, Eq. 3.75 yields

Schematic:
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T L T 1

T T cosh mL










   
1/ 21/ 2 2 4 2

cm hP/kA 250W/m K 0.11m/20W/m K 6 10 m       = 47.87 m
-1
     

mL = 47.87 m
-1
  0.05 m = 2.39 



From Table B.1,                                    Hence,coshmL=5.51

and, subject to the assumption of an adiabatic tip, the operating conditions are acceptable.

Eq. 3.76 and Table B.1 yield

Hence, 

Comments:  Radiation losses from the blade surface contribute to 

reducing the blade temperatures, but what is the effect of assuming  

an adiabatic tip condition?  Calculate the tip temperature allowing for 

convection from the gas.

 T L 1200 C (300 1200) C/5.51 1037 C   

(b) With      
1/ 2

2 4 21/ 2
c bM hPkA 250W/m K 0.11m 20W/m K 6 10 m 900 C 517W 

           ,  

 fq M tanh mL 517W 0.983 508W    

b fq q 508W  

Problem: Turbine Blade Cooling



Efficiency of Fins, f

• Definition:

where Af is the surface area of the fin.

Look!  Max heat transfer takes place when the surface 

temp. of the fin equals the base temperature.

Assume adiabatic tip fin, the previous eq. becomes

f  max   as L  0  ; f  min as L  
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Approximation for heat transfer 

from a convection tip fin
• The heat transfer, qf, of a convection tip fin; eq. 

3.72, can be calculated via using adiabatic tip 

eq.3.76 by making a correction for the length; 

Lc=L+(t/2) for a rectangular fin and Lc=L+(D/4) for 

a pin fin.

• Therefore, with tip convection, the fin heat transfer 

rate may be approximated as
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Notes

1. Errors associated with the approximation are 

negligible if (ht/k) or (hD/2k) 0.0625

2. If w  t for rectangular fin

 P  2w 

Introducing a corrected fin profile area, Ap=Lct 

See Figure 3.18 and figure 3.19 { vis               }

Fig. is developed from this eq.  
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summary
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f is obtained from charts or equations

Af : fin surface area 

For example: Pin fin~ Af= PLc=  D Lc

See next table







Suggested Problem Plus 

Solution



Solution



Solution

+



Overall Fin Efficiency



Note



Arrays

Fin Arrays
• Representative arrays of

(a) rectangular and

(b) annular fins.

– Total surface area:

t f bA NA A  (3.99)

Number of fins Area of exposed base (prime surface)

– Total heat rate:
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– Overall surface efficiency and resistance:

,

1b
t o

t o t

R
q hA




 

(3.103)

 1 1
f

o f

t

NA

A
    (3.102)

- o=qt /qmax=qt/hAtb

Overall efficiency

Give the proof !!



Equivalent Thermal Circuit 

Suggested Exercise



Summary



Comments






