
AESB2320, 2017-18 
Part 2 Examination - 13 April 

 

Write your solutions on your answer sheet, not here.  In all cases show your work.   
To avoid any possible confusion,  

state the equation numbers and figure numbers of equations and figures you use 
along with the text you are using (BSL1, BSL2 or BSLK).   

Beware of unnecessary information in the problem statement. 
 
I have noticed that when one runs hot water at a moderate rate through the faucet at the 
sink by the third-floor coffee machine, it takes about 4 seconds for the outside of the 
spout to get very hot to the touch.  Analyze this process in the following two steps. 
 
1. First, heat transfer between the hot water and the 

faucet tube. The spout is a cylindrical tube, 30 cm long, 
with an inner diameter of  about 1.6 cm and an outer 
diameter of about 2 cm.  Suppose water flows through 
the faucet at a rate of10-5 m3/s (i.e., 100 ml in 10 s).  
What is the heat-transfer coefficient h between the 
water and the pipe wall? For this part, assume for 
simplicity that the wall temperature is constant. 

 
Properties of water  

Pa s     k = 35 W/(m K)     Cp = 130 J/(kg K)      = 1,000 kg/m3 
 (30 points) 

 
2. Second, the heating of the metal faucet pipe by the 

water. For the this problem, don’t plug numbers in. 
Just assume the pipe is has length L, inner radius R1 
and outer radius R2, and the heat-transfer coefficient 
on the inner surface is h. The pipe wall has density 
, heat capacity per unit mass Cp, and thermal 
conductivity k.  The pipe wall is  initially at 
temperature T0, and starting at time t = 0 water of 
temperature T1 starts to flow through it.  To analyze 
the heating of the spout by the hot water flowing in 
contact with it, make the following simplifying 
assumptions: 
a. Heat is transferred to the tube from the hot water, but there is no heat loss to air 

around the outside of the tube (i.e., outer surface perfectly insulated). 
b. The tube is at uniform temperature at all times as it heats. 
c. Assume the water remains at temperature T1 all along the inner surface of the tube. 
With these assumptions, perform a macroscopic energy balance to derive a 
differential equation for the temperature of the pipe wall with time.  Integrate this 
equation and obtain an algebraic equation for the temperature of the pipe wall as a 
function of time, given the parameters specified above.  

 (30 points) 

3. A cylinder of lead is 20 cm in diameter and 30 cm long.  Both flat ends are perfectly 
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insulated.  The cylinder is at a uniform temperature of 100C at time t = 0.  Starting at 
time t = 0, the cylindrical surface is suddenly cooled to 0C and maintained at that 
temperature.  Then, at t = 120 s, the cylindrical surface is suddenly heated back to 
100C and maintained at that temperature.   
a. Consider a point (a) along the central axis of the cylinder, halfway between the 

flat edges.  What is its temperature at a time t = 160 s, i.e. 40 s after the second 
change? 

b. Consider a point halfway between the flat edges, but halfway to the cylindrical 
edge (b).  What is its temperature at a time t = 160 s, i.e. 40 s after the second 
change? 

 (30 points) 
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properties of lead 

k = 34.6 W/(m K)     Cp=125.7 J/(kg K)      = 11340 kg/m3 
 
4. An electrical wire in the shape of a solid annulus extends from r = R1 to r = R in the radial 

direction.  Within the solid, heat is released at a rate per unit volume S.  On the inner surface 
of the wire, temperature is fixed at T1; the outer surface is surrounded by air at temperature 
Ta, with a heat-transfer coefficient h governing heat transfer between the wire and the air.  
There is no temperature variation along the "z" direction, i.e. the direction along the length of 
the wire. The wire is at steady state. 

  You are not asked to solve for T(r) here.  Simply answer this question: 
  You may notice that this problem is similar to that in BSL1 Section 9.2.  What is the last 

equation in that derivation that can be applied directly to this problem?  Write that equation 
number on your answer sheet, and briefly justify your answer.  The relevant pages of BSL1 
are provided at the end of this exam. 

  Note: although the geometry looks similar, this problem has nothing to do with problems 1 or 2. 
(10 points) 
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