
Ph.D. Qualifying Examination, Fall 2013 

Heat Transfer 

1.  

 

You designed an experiment with simple supplies to convey important heat transfer concepts 

to high school students.  A long, square cross section steal rod is welded to a copper block that 

is heated with a flame to a constant temperature, Tb = 100 °C.  Four nails are glued (melting 

temp of glue is 40 °C) to the rod spaced by 2 cm from the end of the rod. The ambient 

conditions are fixed as given – radiation can be neglected.  

A) Neglecting contact resistance between the rod and heated base, determine which nails will 

fall from the rod at steady state.  

B) What minimum temperature does the copper block need to reach to ensure all nails fall from 

the rod at steady state?     

C) After reaching the temperature in part B, the flame is turned off and the system is allowed to 

cool.  Assuming that the majority of heat is transferred from the copper to the ambient through 

the steal rod, derive an expression to estimate how long it would take for the maximum 

temperature in the system to reach a safe to touch temperature of 30 °C.  

D) How would this expression change if significant contact resistance existed between the rod 

and the copper block? How would the required cooling time change? 

E) Would any of your assumptions change if the block and rod were both made of copper?   

Tb	

L	=	10	cm	

Glue-a ached	nails	spaced	
2	cm	–	glue	melts	at	40	°C		

h	=	10	W/m2K,	
T∞	=	20	°C	

Stainless	steel,	k	=	10	W/mK	–	1x1	cm	cross	sec on	

Copper	block	



2.  Consider the steady flow of a highly viscous oil of dynamic viscosity , and thermal 

conductivity k, through a long, thin metal pipeline of radius R at given volume flow rate of Q.  

The tube is covered with an insulation of thickness tins and thermal conductivity kins, which is 

exposed to ambient air at a temperature of Tamb, and a convective heat transfer coefficient h.  

Assume the flow is fully developed hydrodynamically at the inlet of the pipe, and enters with a 

uniform temperature Tamb.  Neglect axial heat conduction in the fluid. 

i. Qualitatively plot the centerline, and pipe surface temperatures along the length of the 

pipe.  Also, plot the radial temperature distributions at the inlet, and two axial locations.  

Explain the reasoning for the plots. (20%) 

ii. Write down the governing equations and boundary conditions for determining the 

radial temperature distribution, far from the inlet where the fluid temperature does not 

change axially.  Clearly explain why certain terms are kept and others dropped. (15%) 

iii. Determine the radial fluid temperature distribution within the pipe, and the pipe wall 

temperature. (65%) 

 

Note: 

 

1. The laminar fully developed flow profile in a pipe is given by: 
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3.  A small optical window is used to allow light to pass into a large cryostat that will hold a 

sample in a vacuum environment that must be irradiated during a test.  The cryostat is 

cooled to 77K by liquid nitrogen.  The small window is insulated from the cryostat and 

separates the cryostat environment from a large room which is at 300K.  A solar 

simulator which approximates the irradiation from the sun will be used to irradiate the 

sample in the cryostat.  Before putting the sample into the cryostat and running the 

experiment, it is desired to determine the temperature of the window separating the 

cryostat environment from the room.  The following properties are known about the 

window:  

 A)  The window is thin enough that the temperature gradient across the window is  

 negligible. 

 B)  The outer surface of the window is exposed to convective heat transfer with a 

 coefficient of h. 

 C)  The spectral transmissivity and reflectivity of the window are given below.  These 

 values were measured normal to the window surface. 

D)   The temperature of the window under steady-state conditions does not increase 

more than 40°C above room temperature. 

It is desired to find the emissivity () and absorptivity () of the window.  Describe what 

information and assumptions are needed to find these values.  Calculate these values for both 

the inside and outside surface of the window. 

Write an expression that can be used to solve for the temperature of the window. 

Write an expression that can be used to determine the net amount of thermal energy 

transferred into the cryostat.  What happens if conduction across the window of thickness a 

and conductivity k must also be considered? 

 



 



 


