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

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


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
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  



  sin  sinh  

λ λ

λ
π



  cos  sin       sin   
  sin  sinh   



  


∞

sin





sin 

  



∞

sin





sin 

  sin





 sinh





   sinh



sinh









T=0

T=0

T=0

: isotherms

: Heat flow lines
(dashed line)
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


π

π



  sin


  sinh



sinh





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θ 

θ 

θ 

θ 
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  cos  sin    

  


∞

sin
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

  


∞

sin
 sinh



θ

sinh



 


∞

sin


  
 





sinh


 sin

  


sinh



 


sin



 

sinh



 





 







 


sinh





  
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∞




sinh








sinh







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
 


∞







sinh




sinh








 





∞


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

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

  


∞
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

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 




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


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∞

cos 



   
 





   
 



cos 








 





∞







sinh




sinh






 





∞


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


sinh




sinh



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 


∞







sinh



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
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 


∞







sinh




sinh




 











∞




sinh




sinh










sinh


sinh



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



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







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  
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




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
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







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  

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

Δ

  
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  

∆

  

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
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





∆ ≡
 

≈ ∆ ≡




○ In a two-dimensional syatem, the conduction heat

transfer can be expressed with a conduction shape factor

(S) as follows:

  △  

The values of S are summarized Table 3-1 on pages 84-86.

○ For a three-dimensional wall, as in a furnace, separate

conduction shape factors are used to calculate the heat flow

through the edge and corner sections.

When all the interior dimensions are greater than one-fifth

of the wall thickness   



Swall=
A
L

, Sedge=0.54D , Scorner=0.15L

A= area of wall, L= wall thickness, D= length of edge
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The accuracy of this method is dependent entirely on the skill of the person sketching
the curvilinear squares. Even a crude sketch, however, can frequently help to give fairly
good estimates of the temperatures that will occur in a body. An electrical analogy may be
employed to sketch the curvilinear squares, as discussed in Section 3-9.

The graphical method presented here is mainly of historical interest to show the relation
of heat-flow lanes and isotherms. It may not be expected to be used for the solution of many
practical problems.

3-4 THE CONDUCTION SHAPE FACTOR
In a two-dimensional system where only two temperature limits are involved, we may define
a conduction shape factor S such that

q= kS �Toverall [3-23]

The values of S have been worked out for several geometries and are summarized in
Table 3-1. A very comprehensive summary of shape factors for a large variety of geometries
is given by Rohsenow [15] and Hahne and Grigull [17]. Note that the inverse hyperbolic
cosine can be calculated from

cosh−1 x= ln(x±
√
x2 − 1)

For a three-dimensional wall, as in a furnace, separate shape factors are used to calculate
the heat flow through the edge and corner sections, with the dimensions shown in Figure 3-4.
When all the interior dimensions are greater than one-fifth of the wall thickness,

Swall = A

L
Sedge = 0.54D Scorner = 0.15L

where

A= area of wall

L= wall thickness

D= length of edge

Note that the shape factor per unit depth is given by the ratio M/N when the curvilinear-
squares method is used for calculations.

Figure 3-4 Sketch illustrating dimensions for use in calculating
three-dimensional shape factors.
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