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Exam 2 
CM3120 
Tuesday 11 February 2020 
Instructions: 

i. Closed book, closed notes.  One 8.5” by 11” study sheet allowed, 
two sided; you may use a calculator; you may not use the internet 
or a cell phone.  All work on the exam must be your own.  

ii. Write your solution on one side of the page only.  Do not write 
on the back of any pages.   

iii. Please be neat.  Only neat answers will be granted partial credit.   
iv. Significant figures always count.   
v. Please box your final answers. 

 
1. (20 points)  To obtain heat transfer coefficients in turbulent fluid flow in pipes for 

real systems, we rely on data correlations from the literature (other people’s data),  
For dimensionless heat transfer coefficient (Nusselt number) correlations for 
steady turbulent pipe flow, answer the following questions:   

a. What is the formula for Nusselt number?  Identify each quantity that 
appears in the formula and give SI units (metric).  

b. For steady turbulent flow of liquids in pipes, what are the dimensionless 
numbers that appear in the correlation?   

2. (20 points) Heat loss per area through the outside wall of a building is determined 
with an infrared sensor to be 140 𝑊/𝑚ଶ.  The external surface temperature of the 
walls is 17௢𝐶.  The house is basically a cube (13.45𝑚 square, 12𝑚 tall), covered 
with asbestos board.  On the day of the measurement, the outside air temperature 
is 5௢𝐶 ሺ41௢𝐹ሻ.  Under these conditions, what is the heat transfer coefficient 
between the wall of the house and the environment? 

3.  (20 points) A cube of copper (length of side = 5.0𝑐𝑚) is subjected to annealing 
(heat treatment in a furnace) at 100.0௢𝐶 and subsequently placed in a 25௢𝐶  
flowing air stream to cool.  If the heat transfer coefficient in the air stream is 
51 𝑊/𝑚ଶ𝐾, what is the temperature of the cube after 30. seconds?    

4. (20 points) A large, iron structure (approximate dimensions 3𝑚 ൈ 3𝑚 ൈ 3𝑚, 
iron) initially with a uniform temperature of 98௢𝐶 is exposed to outside air 
conditions (air temperature ൌ 25௢𝐶, heat transfer coefficient ൌ 2.0 ൈ 10ଵ𝑊/
𝑚ଶ𝐾).  What is the wall temperature after 15 minutes? 

5.  (20 points) A hollow sphere of inner radius 𝑅ଵ and outer radius 𝑅ଶ is exposed to 
an external fluid at constant bulk temperature 𝑇௕ଶ.  The inside surface temperature 
of the spherical shell is maintained at constant temperature 𝑇௪ଵ by an unspecified 
system.   What is the steady state heat flux as a function of position in the hollow 
spherical shell?  Note that outer surface temperature of the spherical shell is not 
equal to the bulk fluid temperature at that location. 
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