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Problem 1 [35 points] 
 
At steady state, a large steel plate is placed in ambient air with a temperature T∞ = 25 oC. The 

steel plate has a thermal conductivity k = 25 W/m·K and a thickness d = 20 mm. The bottom 

surface of the plate is covered by an electrical heater supplying a uniform heat flux of q" without 

convection or radiation heat losses. The top surface of the plate has a temperature Ts = 125 oC, 

and is subjected to convection with a coefficient of h = 10 W/m2·K. The top surface is polished 

therefore the radiation heat exchange is negligible.  

        

 
 
(a) Draw a thermal circuit of this 1-D problem with symbolical labels.  

 
(b) Calculate the values of the individual thermal resistances in part (a).  
 
(c) Find the temperature TB at the bottom of the plate.  
 
 

 
List your assumptions below. [3 pts] 
 
 
Assumptions:  

Steady state, no internal heat generation, 1D conduction, negligible radiation, etc.    

 
 

T∞ = 25 oC 
h = 10 W/m2·K 

TS = 125 oC 

q" (unknown) 

k = 25 W/m·K 

d = 20 mm 

TB = ?? 
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Problem 1 – continued   
 
Start you answer to part (a) here. [12 pts]  
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Problem 1 – continued   
 
Start your answer to part (b) here. [10 pts] 
 
 

 
Assume unit area, i.e. A=1m2 
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Problem 1 – continued   
 
Start your answer to part (c) here. [10 pts] 
 

 
Assume unit area, i.e. A=1m2 
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Problem 2 [30 points] 
 
A copper sphere of diameter D, density ρ, and specific heat cp is initially at a temperature Ti 
when it is suddenly submerged in liquid nitrogen at its boiling temperature T∞.  Unlike most 
convective cooling situations where the convective heat transfer coefficient h is fairly 
independent of temperature, boiling is associated with a heat transfer coefficient that varies with 
the surface and fluid temperatures as follows:  
 

h  G T
s
T 2

 and  conv S sq hA T T   

 
where G is a known constant. Assuming the sphere behaves as a lumped mass (i.e., Bi << 0.1), 
answer the following questions.  
 

 
 
(a) Derive a differential equation that will give the temperature of the copper sphere, T(t), as a 

function of time, t, by applying the energy balance analysis around the copper sphere.  
 
(b) Determine the temperature T (t) by solving the differential equation obtained from Part (a).  
 
 

 
List your assumptions below. [5 pts] 
 
 

Assumptions:  

Uniform temperature inside the sphere (lumped temperature), transient 

response, negligible radiation, constant properties, etc.  

 
 
 
 
 

Liquid N2 temperature, T∞ 

Heat transfer coefficient, h 
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Problem 2 – continued 
 
Start you answer to part (a) here. [15 pts] 
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Problem 2 – continued 
 
Start your answer to part (b) here. [10 pts] 
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Problem 3 [35 points] 
 
As shown in the figure below, a very long rod of 20-mm diameter and uniform thermal 
conductivity k = 100 W/m·K is placed across two gas chambers separated by a thin insulation 
wall. The parameters are shown in the figure below. The rod can be treated as two infinite fins (x 
> 0 and x < 0) of same material connected at their bases. Assume steady state and neglect 
radiation.  

 
(a) Qualitatively sketch the temperature variation of the rod, where −∞ < x < +∞. Label all 

important features in the temperature profile.  
 

(b) Find the expressions of fin heat rates to each sides ,1fq  and ,2fq  in terms of T0 and the 

parameters provided (T0, T∞,1, T∞,2, h1, h2, D, and k), assuming both sides of the rod can be 
approximated as infinite fins.   

 
(c) Calculate the value of the temperature T0 of the rod at the location of the wall (x = 0).  
 

 
 

T∞,1 = 0 oC 
h1 = 10 W/m2K 

T∞,2 = 100 oC 
h2 = 90 W/m2K 

x 
x=0 

T0 
D = 20 mm 
k = 100 W/m·K 
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Problem 3 – continued  
 
List your assumptions below. [3 pts] 
 
 

Assumptions:  

1D conduction, neglect radiation, infinite fin approximation, no heat conduct from 

the rod to the wall, constant properties, etc.  

 

 
 
  
 
Start you answer to part (a) here. [12 pts] 
 

 
 
Key features of the temperature profile:  

o Exponentially approaches to 0OC at left hand side; 

o Exponentially approaches to 100OC at right hand side; 

o The decay rate for the right hand side is faster than that of the left hand side; 

o Temperature continuous at x=0.  

o Slope of temperature continuous (temperature profile is smooth) at x=0.  

o Temperature value is higher than 50OC at x=0.  

 

T [oC] 

100 oC 

50 oC 

0 oC 
x 0 
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Problem 3 – continued  
 
Start your answer to part (b) here. [10 pts] 
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Problem 3 – continued  
 
Start your answer to part (c) here. [10 pts] 
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Note: The signs of qf,1 and qf,2 can be different.  
  

 
 Alternatively, one can use fin resistance analysis:  
 

 
 

Where,  

0 ,1 ,2 0
f,1 f,2

,1 ,2

 ;
f f

T T T T

q q
R R  

   

 From here, one can find the T0 based on circuit analysis.  
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