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Homework Assignment 4 
 

1) (10 points) Going back to homework 2 and problem 3.  Describe whether this process of 
filling the pool was batch, semi-batch, or continuous.  List all the terms you would have in your 
mass balance on the pool.  At what point would you need new terms to describe the physical 
situation if you started with the pool initially empty? 
 
Solution:  filling the pool can be considered to be a semi-batch process because there are a series 
of time dependent events that happen.  The pool is initially empty at time zero when you begin 
filling it.  The water then slowly fills the pool until it begins to overflow.  At that point, the 
process becomes continuous because then the height of the pool is constant and the stream 
entering is constant. 
 
At time zero until the pool is full: in - out + gen - cons = acc 
 in is qin (volumetric flowrate) 
 out is zero 
 gen is zero 
 cons is zero 
 acc is dV/dt,  where V is volume.  So: 

dt
dVqin =  

After the pool is full, we get a new term and another term goes away: 
 qout appears and is equal to qin (we'll leave it in terms of a variable).  But then dV/dt = 0 
so we get: 

0==−
dt
dVqq outin  

and we are at a steady state. 
 
2) (10 points) You are confronted with a continuous distillation process where you know the 
input is half water and half methanol by mass.  If the overhead stream contains 75% methanol 
and the bottoms stream contains 82% water, what is the relative mass flowrate of the overhead to 
the bottoms stream?  Describe why this problem can be solved even though you have no 
flowrates given. 
 
Solution:  We can draw our distillation column to have: 

The problem statement tells us (on a mass basis) that 
stream 1 is half water and half methanol:  
x1,w = x1,m = 0.5 
We are also told that the overhead stream contains 75% 
methanol and the bottoms stream contains 82% water: 
x2,m = 0.75 and x3,w = 0.82 
 
We can write two mass balances about the system that 
are independent.  We could do a total mass balance: 
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321 FFF +=  
or we could do a water or a methanol balance: 

www FFF ,3,2,1 +=   or   mmm FFF ,3,2,1 +=  
Keep in mind, though, that the individual flowrate of a stream can be converted using a 
relationship of the mass fraction and the total.  For instance: 

1,1,1 FxF ww =  
In this case, since there are two separate chemicals, we can chose any 2 of the 3 mass balance 
equations and plug in mass fractions to get two equations to solve for.  Let's chose the total mass 
and the water balance to get: 
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We'll plug the top equation into the bottom one to get: 
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And now we solve for F2/F3 to get: 

28.1
25.0
32.0

3

2 ==
F
F  

We can solve this problem even with no flowrates given because we are asked to find a ratio of 
one number to another one. 


