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 ndf .  DFA is also called an equations-unknowns analysis.  To have a completely defined problem, the difference must be equal to zero (0)!

Possible Outcomes of a DFA:

a.   DF=ndf =0. 
The system is completely defined. You get a unique solution. The problem is possibly set up properly.

b.   DF = ndf >0.    The system is under-defined (under-specified).  There are an infinite number of  solutions.  Check if you missed something.  Is this an optimization problem?  At least ndf more equations or specifications are needed before the problem can be solved to get a unique solution.

c.   DF= ndf <0.     The system is over-defined (over-specified). There are too many restrictions. Check is you wrote too many equations or have too many restrictions. There are at least ndf too many equations or specifications. An over-defined problem cannot be solved to be consistent with all equations. 

Examples of Labeling & Mass Balancing

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. 

a. Draw and completely label the process.

b. How many equations can you write?

c. How many unknowns can you see?

d. Determine the % methanol in the bottoms product.

Solution:
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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.] 

a. Draw and completely label the process.

b. How many equations can you write?

c. How many unknowns can you see?

d. Determine the mass of water removed.

Solution:
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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.

Solution:

What does eighty percent of the methanol is to be recovered as distillate mean?

The feed contains xmF=600 kg/h on methanol.

Of this amount, 600, 80% must be the methanol in stream D.

Thus, .8(600)= 480 kg/h MeOH is in D as a 90% stream,


480 = .9 (D) …..  D = 533 kg/h

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.

Solution:

What does 90% of the water is removed mean?

Same as example3….

Is the dried leather 100% BDL?

Often, the amount of a feed chemical (or a % of a feed chemical) is specified to go to a specific exit stream.

Example to illustrate

a) this type of specification 

b) the use of an input/output table for mass balancing simple processes.

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.

Solution:

COMP.

INPUT

OUTPUT-1

OUTPUT-2
Methanol

20% F=240

m=.9(240)=216
m?

Propanol

400


p=?


p=400

Ethanol

F-240-400

e=.6(560)=336
e=?

Total


Feed, F=1200
Distillate, D=?
Bottoms, B=?

Components=3 

Unknowns=4
Can’t be solved or King trick?

Select




p=?
D=p +552
e=?, m=?, B=400+m+e




Or

D=?, p=D-552
B=?, m=?, e=B-400-m

from the methanol balance:
240=216 +m;
m=24

from the propanol balance:
400=p
     +400;
p=0

from the ethanol balance:

560=336 +e;

e=224

from

D = p + 552 = 552



B = 400+m+e=400 + 24 + 224 =648

Finally, check using the total balance:  F=D+B




1200 =j 552 + 648 = 1200
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