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100608      Final Exam Materials and Energy Balances 
ANSWERS ON SEPARATE SHEETS. NAME IN THE UPPER RIGHT CORNER OF EACH 

PAGE AND NUMBER THE PAGES.  (LEAVE (TOP LEFT) ROOM FOR A STAPLE) 
(Gas constant, g, Cox chart, Tables B1, B2, B5, B6, B8, B9, and periodic table at the end.) 

 
1)*  A mixture of methane and air can be ignited at mole percentages of methane between 5% 

and 15%. 
a)  Why might this the case, i.e. what happens at lower or higher concentrations? 
b)  For a mixture of 9.0 mole % methane at flow rate of 700. kg/h needs to be diluted 
below the flammability limit.  Calculate the required flow rate of air in mole/h. 
c)  Calculate the concentration of oxygen in percent by mass in the product gas. 

*Modified from Question 3.23 of the R.M. Felder and R.W. Rousseau Text. 
 
2)*  When a fireplace is used, a draft is induced that causes the hot gases to flow up the stack.  

The theoretical draft, D (N/m2) is the difference in the hydrostatic head in the stack and 
ant the furnace inlet.  The actual draft takes in to account pressure losses in the flowing 
gasses.  Let Ts(K) be the average temperature in a stack of height L (m) and Ta the 
ambient temperature and let Ms and Ma be the average molecular weights of the gases 
inside and outside the stack.  Assume that the pressures inside and outside the stack are 
both equal to atmospheric pressure, Pa (N/m2).   
a)  Use the ideal gas law to obtain an expression for the theoretical draft as a function of 

Pa, L, g, R, Ma, Ta, Ms and Ts. 
b)  Describe 3 other methods/equations, discussed in class, that could be used to give a 

better expression for the theoretical draft. 
c)  Suppose the gas in a 53- m stack has an average temperature of 655ºK and contains 18 

mole% CO2, 2% O2, and 80% N2 with barometric pressure of 755 mm Hg and 
outside temperature 294ºK.  Calculate the theoretical draft (mm Hg) induced in 
the furnace. 

d)  How could the draft be improved? 
*Modified from Question 5.28 of the R.M. Felder and R.W. Rousseau Text. 

 
3)* Saturated steam at a gauge pressure of 2.0 bar is to be used to heat a stream of ethane.  The 

ethane enters a heat exchanger at 16ºC and 1.5 bar gauge at a rate of 795 m3/min and is 
heated at constant pressure to 93ºC.  The steam condenses and leaves the exchanger as a 
liquid at 27ºC.  The specific enthalpy of ethane at the given pressure is 941 kJ/kg at 16ºC 
and 1073 kJ/kg at 93ºC. 
a) Draw a flow diagram and do a degree of freedom analysis for this problem. 
b) How much energy (kW) must be transferred to the ethane to heat it from 16ºC to 

93ºC?  (Write the energy balance and list all assumptions.) 
c) Assuming that all the energy transferred from the steam goes to heat the ethane, at 

what rate in m3/s must steam be supplied to the exchanger?  If the assumption is 
incorrect, would the calculated value be too high or too low? 

d) Should the heat exchanger be set up for co-current or counter-current flow?  Explain. 
*Modified from Question 7.28 of the R.M. Felder and R.W. Rousseau Text. 
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4)* 

 
*Question 9.37 of the R.M. Felder and R.W. Rousseau Text.	  
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g	  =	  9.807	  m/s2	  
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From Elementary Principles of Chemical Processes, 3’rd ed.; R.M. Felder and R.W. Rousseau. 
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