Exam process control. Dec. 2017

Problem 1 - Mixing process (30%)
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Note that the three parts of this problem can be done independently.

Two mixing tanks are used to produce a diluted acid (g2) from concentrated acid (qa) and
water (qwi and guwz), (see figure). The main part of the dilution is done in tank 1, while tank 2
is used to fine tune the dilution to obtain the desired concentration (qu: is about 10X qu2).

(a) Write a dynamic model for the process (two balances for each tank). You may need to
introduce symbols (variables) in addition to the ones given on the figure. No linearization
or Laplace is required.

(b) Formulate the 2x3 transfer matrix G; for the first tank with ga, gwa and g: as independent
variables (inputs or disturbances) and V1 and c; as dependent variables (outputs). No
numbers are required, just the form (first-order, integrating, etc.) and sign of the gain.

(c) Now we consider control. The flow of dilute acid is set by the downstream process, so Q2
is a disturbance. Suggest a control structure on the flowsheet for each of the following two
cases:

1) Measurements are ci, ¢; and the two levels. Suggest a control structure with four
feedback loops.

2) Measurements are c; and the two levels. Suggest a control structure that makes
(w2 return to its desired value at steady state.
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