Tutorial 3
Degrees of Freedom Analysis
A  ‘degrees of freedom analysis’ (DFA),  is simply an accounting of the difference between the number of unknowns in a process (problem) and   the number of independent equations that can be written. The difference is called the degrees of freedom, DF or 
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.  DFA is also called an equations-unknowns analysis.  To have a completely defined problem, the difference must be equal to zero (0)!

DFA = number of unknowns - number of independent equations 
a. DF= 
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 =0. The system is completely defined. You get a unique solution. The problem is possibly set up properly.

b. DF = 
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 >0. The system is under-defined (under-specified). There are an infinite number of solutions
c. DF = 
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 <0. The system is over-defined (over-specified). There are too many restrictions. 

1. One thousand kg/h of an ethanol/methanol stream is to be separated in a distillation column. The feed has 40% ethanol and the distillate has 90% methanol. The flow rate of the bottoms product is 400 kg/h. 
Draw and completely label the process.

How many equations can you write?

How many unknowns can you see?

Determine the % methanol in the bottoms product
2. Two hundred kg of wet leather are to be dried by heating and tumbling. The wet leather enters the drier with 1.5 g H2O per g BDL. The leather is to be dried to 20% moisture. [Note:  BDL is bone dry leather—the leather component.] 

Determine the mass of water removed
3. One thousand kg/h of an ethanol/methanol stream is to be separated in a distillation column. The feed has 40% ethanol and the distillate has 90% methanol. Eighty percent of the methanol is to be recovered as distillate. Determine the % methanol in the bottoms product.

4. Two hundred kg of wet leather are to be dried by heating and tumbling. The wet leather enters the drier with 60% moisture and 90% of the water is removed. Determine the mass of the dried leather.
5. Twelve hundred lbm /h of an ethanol/methanol/propanol stream are fed to a distillation column.  The feed is 20% methanol.  Ninety % of the methanol is to be recovered in the distillate along with 60% of the ethanol.  All of the 400 lbm/h of propanol fed to the process must be sent to the bottoms.
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