Exercise 1 in: Process control, advanced course 
Problem 1. Optimal operation of heat exchanger network
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Two heat exchangers in parallel. Want to choose alpha (called a below) such that T is maximized.

For simplicity assume Th1 and Th2 constant + assume log mean temperature difference is equal to arithmetic mean

Model

Q1 = (UA)1 [ Th1 - (T1+T0)/2 ] = m1cp1 (T1-T0)

Q2 = (UA)2 [ Th2 - (T2+T0)/2 ] = m2cp2(T2-T0)

T = (m1cp1*T1 + m2cp2*T2 )/ (m1cp1 + m2cp2)

m1 = a*m

m2 = (1-a)*m

Objective: max T

u = a

Disturbances = m, (UA)1, (UA)2, cp1, cp2, T0, Th1, Th2

Trick: Can get rid of T0 by setting it equal to 0, Then T1, T2, Th1, Th2 are really (T1-T0), etc,

New model:

(UA)1 [ Th1 -T1/2 ] = a*m*cp1*T1

(UA)2 [ Th2 - T2/2 ] = (1-a)*m*cp2*T2

T = (a*cp1*T1 + (1-a)*cp2*T2 )/ (a*cp1 + (1-a)*cp2)

Assume cp1=cp2. Final model

(1) Th1 -T1/2  = a*k1*T1

(2) Th2 - T2/2 = (1-a)*k2*T2

(3) T = a*T1 + (1-a)*T2

k1=mcp1/(UA)1, k2 = mcp2/(UA)2

Note:

J=T

u = a

Disturbances (d’s) = k1, k2, Th1, Th2

Problem:
(a) Solve (1) and (2) for T1 and T2 and set into (3) to get T as a function of u+4 d’s. 
(b) Find the gradient Ju = dT/da. 
(c) Eliminate k1 and k2 from the expression for Ju, so that Ju is a function of the 4 variables T1, T2, Th1, Th2  (so measure 2 disturbances; Th1 and Th2).

(d) Explain why a good controlled variable would be to set c=Ju (with setpoint zero). Can this be implemented easily in practise?

Problem 2. Optimization of Blending Process (Matlab)
The main point in this problem is to understand the importance of selecting good controlled variables (CVs, c) to get good economic performance when there are disturbances

Case I
You want to make 1 kg/s gasoline with at least 98 octane and not more than 1% benzene (everything in weight-%), by mixing four available feed streams. The streams have different prices, different octane level and different benzene level. For octane assume “linear mixing” on weight basis.

Data:

Stream 1: 99 octane, 0% benzene with price 0.1 $/kg

Stream 2: 105 octane, 0% benzene with price 0.2 $/kg

Stream 3: 95 octane, 0% benzene with price 0.12 $/kg

Stream 4: 99 octane, 2% benzene with price 0.185 $/kg 

Stream 1: maximum weight fraction in product is 0.4  

a) Use Quadprog inn Matlab to find the optimal mixture (in terms of minimum cost) of the four feed streams that satisfies the above requirements. 
· What it the value of the cost function (= cost of the feed streams)?

· What are the active constraints? 
· How many degrees of freedom are left (unconstrained)?  
· Control: How do you propose to control the process (which outputs do you want to control and how should these be paired with the inputs?)

(Note. Inputs = flow rates of the four feed streams)

b)
Stream
 1 changes the price to 0.15. Every thing else is the same as in a)

c)
At what price (stream 1) do we switch between active constraints?

d)         Prices: 0.15, 0.2, 0.12, 0.1. (same questions as in a)

e)
Propose another change in the data that gives another set of active constraints.
Case II

As (a) but price of Stream 1 increases linearly with amount by the function f(m1)= c(1+1*m1); where c=0.1 and m1 is the mass faction of stream 1. Redo the calculations from (a)
The implementation of this case is considered in more detail in Exercise 2.
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