Biological process simulation and optimization


Mid-term exam, 2007 (Open book)
Teacher: Youngil Lim (N110)

Student number:______________________


Please answer the questions in detail !!!
1. Explain the following questions (30).
1) Bloom’s learning domain
2) mathematical classification of models (linear/nonlinear, steady/unsteady, lumped/distributed, continuous/discontinuous) and those meaning.
3) mathematical forms of models (AE, IE, ODE, PDE, event/stiff, shock/steep) and those meaning.
2. Solve the nonlinear optimization problem 1.17 in page 33 (35).
1) draw the process and indicate the variables in this figure.






2) construct the model including objective functions and constraints

For this heat exchanger, three energy balances are constructed as follows:
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(1)
The objective function consists of water consumption cost and heat exchanger annual maintenance cost:
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(2)
The annual cost of cooling water (f1) can be expressed as a function of Tw1: 
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(3)

From Eq. (1), Fw can be expressed as a function of Tw1:
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(4)

Combining Eq. (3) and (4), we obtain:
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(5)

Thus, Eq. (5), f1, can be plotted as a function of Tw1.




The annual cost of heat exchanger, f2, can be rearranged with Eq. (1):
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(6)
Finally, the optimization problem is obtained from Eq. (5) and (6).
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3) solve the optimization problem using Matlab or any others.

Using MS Exel, the minimum cost fmin=0.25k$/yr at Tw1=120.5F is obtained.
4) analyze the solution of the problem.
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What is the pinch point ?
The minimum cost exists near 120 F.

The sensitivity analysis, 
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3. Find the model parameter for the problem 2.16 in page 78 (35).
1) draw the solution sequence diagram of the problem.

2) construct the model including objective functions and constraints

3) solve the optimization problem using Matlab or any others.

4) analyze the solution of the problem.

4. What does the teacher improve in this lecture? Please write down your opinions on lecture contents, lecture skills, lecture manner, etc (5) ?






























f1


(k$/yr)





Tw1 (F)





Tw1=?





Cost data:


Cooling Water cost: Pw=0.2$/1000ft3


Exchanger annual cost: Pe=50$/ft2/yr








U=8 Btu/h/ft2/F


D=0.0875ft, L=?


A=(DL





80





Water: Cpw=1 Btu/lb/F


      (w=62430 lb/1000ft3








Tw2=80F


Fw [lb/h]





Tg2=90F





Tg1=195F


Fg=3000lb/h





Gas: Cpg=0.3Btu/lb/F
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