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100528      Exam 3 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 B2, B5 and B6, and periodic table are given at the end.) 

 
1)* A liquid mixture containing 50 mole %  propane, 30% n-butane, and 20% isobutene is stored 

in a rigid container at 77ºF.   The container has a maximum allowable working pressure 
of 200 psig.  The head-space above the liquid contains only vapors of the three 
hydrocarbons.  
a) Show that the container is currently safe using the Cox chart. 
b) Obtain a rough estimate of the temperature above which the maximum allowable 

pressure would be exceeded.  Comment on the suitability of the container to store 
the given mixture. 

*Modified from Question 6.54 of the R.M. Felder and R.W. Rousseau Text. 
 
2)* 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. 

 
3)* Humid air at 50ºC and 1.0 atm with 2ºC of superheat is fed to a condenser.  Gas and liquid 

streams leave the condenser in equilibrium at 20ºC and 1 atm. 
a) Assume a basis of calculation of 100 mol inlet air, draw and label a flowchart 

(including Q in the labeling), and carry out a degree-of-freedom analysis to verify 
that all labeled variables can be determined. 

b) Write in order the equations you would solve to calculate the mass of water condensed 
(kg) per cubic meter of air fed to the condenser.  Circle the unknown variable for 
which you would solve each equation.  Do not do any of the calculations. 

c) Prepare and inlet-outlet enthalpy table, inserting labels for unknown specific enthalpies 
( Ĥ1 , Ĥ2 , ….). Write expressions for the labeled specific enthalpies.  Then write 
an expression for the rate at which heat must be transferred from the unit (kJ) per 
cubic meter of air fed to the condenser. 

d) Use a first order approximation (T1 as the highest power) to solve for kg H2O 
condensed/m3 air fed and kJ transferred/m3 air fed. 

e) What cooling rate would be required (kW) to process 250 m3 air fed/h under this 
approximation? 

*Modified from Question 8.46 of the R.M. Felder and R.W. Rousseau Text. 
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From Elementary Principles of Chemical Processes, 3’rd ed.; R.M. Felder and R.W. Rousseau. 
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