Advanced Process Control

Modelling and Control of Energy Systems
(Prof. Casella)

Written Exam — July 22", 2021

Question 1
Consider a pipe carrying a fluid that can be described as a perfect gas.

Discuss the time scales of dynamic phenomena related to mass, momentum, and energy
conservation, pointing out what are the basic assumptions and equations behind each
result.

Question 2

A certain thermal power plant is structured in two sub-units, that are connected by a pipe
carrying a hot liquid from one sub-unit to the other. The geometrical and operating data
are reported below. This plant needs to be described by a numerical dynamic simulation
model, that will be used to analyze control-relevant dynamic behaviour and to help the
control design activity. The feedback loops in the plant are expected to have a maximum
bandwidth around 0.1 rad/s.

Discuss the impact that such a pipe could have on the static and dynamic behaviour of the
overall plant, in terms of mass, momentum, and energy, in particular which phenomena
may be relevant and which ones could be neglected. You may use the results of the
analysis carried out for 1D heat exchangers to help you in this task.

Based on the results of this discussion, write down a suitaby simplified, lumped-paramer,
first-order 0D model that captures the dominant dynamic phenomenon of that pipe, and
could be used to model that pipe in the overall numerical model of the plant with a small
overhead in terms of computational complexity. Discuss the validity limits of such a
model.

Fluid density p = 900 kg/m?

Fluid specific heat capacity ¢, = 3200 J/kg.K

Pipe internal diameter D =20 cm

Pipe thickness s =3 mm

Pipe material density p,, = 8700 kg/m?

Pipe material specific heat capacity c,, = 560 J/kg.K
External heat transfer coefficient y, = 4 W/m>.K
Internal heat transfer coefficient y; =1200 W/m*K
Length of the pipe L =30 m

Fanning friction factor ¢,= 0.005

Design mass flow rate w = 80 kg/s



Question 3 (Only for the Advanced Process Control exam, not for Modelling and
Control of Energy Systems)

With reference to the problem of controlling the turbine inlet temperature in a Rankine
cycle by means of de-superheating

+ describe the structure of the process

« present and briefely discuss a dynamic model that captures the control-relevant
dynamic behaviour, highlighting what are the modelling assumptions and the
considered phenomen

« discuss the control strategy for such process, including criteria for controller
tuning
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