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STAGE OPERATIONS




Instructions:


(1) Read each problem carefully before attempting to work.

(2) Show your work.  

(3) Use your time wisely.  

(4) Clearly indicate final answers.  

(5) Accuracy of graphical solutions will be considered.  

(6) Identify all important points and lines clearly on diagrams.  For example, see the graph to the immediate left.  This graph IS ONLY AN EXAMPLE.  IT IS NOT PART OF THE EXAM MATERIALS.

1.  (30%)  Consider the flash distillation at 1.0 atm to separate n-Flubber (F) from iso-Blubber (B).  Equilibrium data for this system is given in the T-x-y diagram supplied.  The feed to the flash contains 40 % n-Flubber.  The flash is operated to obtain twice as much vapor product as liquid product (molar basis).

a)
What is the normal bubble point and dew point of the feed mixture?

b)
Determine the composition of the vapor and liquid products.

2.    (40%)  Consider a single stage binary flash distillation process where 100 kg-moles/h of feed containing 20 mol% ethanol and the balance water are processed.  The liquid product flow rate is 40 kg-moles/h. The flash drum is operated at a pressure of 1 atm.  Using the equilibrium diagram provided, answer the following questions:

a)  
What is the relative volatility of ethanol to water corresponding to conditions in the flash drum?

b)
What is the temperature of the vapor phase leaving the separator?

c)
What fraction of the ethanol in the feed is recovered in the vapor product?

d)
What amount of heat would need to be removed from the vapor product to completely condense it at 1.0 atm?  Label (with the symbol “Hv” and “hL”) the appropriate points on the diagram which represent the enthalpy values you employed.

3.  (30%)  Consider the equilibrium data provided for the water and n-butanol system at 1.0 atm in the attached diagrams.  Answer each of the following questions and provide identification of important points, lines, etc.  All questions assume flashing mixtures of water and n-butanol to 1.0 atm pressure.   Assume numerical values of 0.67, 0.98, and 0.73 for “a”, “b”, and “c” respectively.

a) What is the normal boiling point of pure n-butanol?

b) If the feed solution to the flash contains 20% water, what would be the lowest drum temperature that would produce two phases (VL) in the flash drum?

c) What is the composition of the vapor (bubble) produced in part (b)?

d) If the feed solution to the flash contains 80% water, what would be the highest drum temperature that would produce two phases (VL) in the flash drum?

e) What is the liquid (dew) produced in part (d)?

