
PROBLEM 2.4  
KNOWN:  Symmetric shape with prescribed variation in cross-sectional area, temperature distribution 
and heat rate.  
FIND:  Expression for the thermal conductivity, k.  
SCHEMATIC:   

 
 
ASSUMPTIONS:  (1) Steady-state conditions, (2) One-dimensional conduction in x-direction, (3) No 
internal heat generation.  
ANALYSIS:  Applying the energy balance, Eq. 1.11c, to the system, it follows that, since 
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Using Fourier’s law, Eq. 2.1, with appropriate expressions for Ax and T, yields 
 

 
( ) ( )

x x
2 3

dTq k A
dx

d K6000W=-k 1-x m 300 1 2x-x .
dx m

= −

⎡ ⎤⋅ ⋅ −⎢ ⎥⎣ ⎦

 

 
Solving for k and recognizing its units are W/m⋅K, 
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COMMENTS:  (1) At x = 0, k = 10W/m⋅K and k → ∞ as x → 1.  (2) Recognize that the 1-D 
assumption is an approximation which becomes more inappropriate as the area change with x, and 
hence two-dimensional effects, become more pronounced. 

Nancy Proyect
Text Box
Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to students enrolled in courses for which the textbook has been adopted.  Any other reproduction or translation of this work beyond that permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful.




