
PhD Qualifying Exam 
Heat Transfer, Written Exam 

 Problem 1 

A thin walled spherical tank of radius Ri is used to store liquid nitrogen at Ti.  Insulation is wrapped 
around the tank with a contact resistance per unit area of R”t,c. The outside surface of the insulation is 
exposed to convection environment with heat transfer coefficient of h, and ambient temperature Tf.  
The outer radius of the insulation is fixed at Ro. 

1. (20%) Draw a suitable thermal resistor network, and write an expression for the heat leak rate 
into the liquid nitrogen, per unit volume. 

2. (30%) If Ri can be varied, and the contact resistance is negligible, what value of Ri will give the 
least volumetric heat transfer rate into the liquid nitrogen ? 

3. (20%) Physically explain why a minimum exists for Ri in Part 2. 
4. (30%) How will the result in Part 2 change if contact resistance is included. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Problem 2 

Consider steady, fully developed, laminar forced convective flow inside a horizontal circular pipe, where 
the heat transfer coefficient is defined by,  

( )ms TThq −=  

where sT  is the pipe’s inner surface temperature and mT  is the fluid’s mean/average temperature 

weighted by the velocity. In this problem the pipe wall is hotter than the fluid, and the fluid has a 
centerline temperature of 0T , where the pipe’s radius is R .  

1. [3 points] Determine the velocity profile in terms of the average velocity mu  

2. [1 points] Assuming the temperature profile is known and is equal to: 
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Write an expression for the average temperature in the fluid mT , whereby the average is 

weighted by the velocity profile.  
3. [5 points] Derive an expression for the heat transfer coefficient h  
4. [1 points] Derive an expression for the Nusselt number Nu  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Problem 3 

An industrial freezer is made with vacuum insulated panels that are opaque and have diffuse surface 
properties shown in the graph below, spectra hemispherical emissivity.  The outer wall is maintained at 
27°C while the inner wall is maintained at the freezer set point of -10°C.  The 5cm gap between the two 
walls of the panel are evacuated.   The height of the wall is 200 cm.   

 

1) [4 points] Determine the thermal load provided to the freezer through the vacuum insulated 
panel. State any assumptions that you make to solve the problem under steady-state conditions 
with constant properties. 

2) [2 points] Would the insulation performance improve or decrease if both panels were fabricated 
with a single material-1, i.e., material of surface-1?  

3) [4 points] Consider that the vacuum insulated panel leaks over time and becomes filled with air.  
Determine the heat load to the freezer with the same panel temperatures. Heat transfer 
between the panels due to conduction can be neglected.  What should be done to reduce the 
heat load to the freezer without adding a radiation shield inside of the vacuum panel (you can 
change the geometry and surface properties of the vacuum panel).  Assume air properties of: ν 
= 13.84x10-6 m2/s, k = 0.0245 W/mK, α = 19.5x10-6 m2/s, Pr = 0.71. 
 

   
 

 

 

 

 

 

 

 

 

 

 

Free Convection in a Cavity: 

Nu = 0.046Ra1/3 
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