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Posudek vedouciho diplomové prace Bc. Ondfeje Zlevora

Uvod

Diplomova prace ,Rizeni tepelného vykonu vyméniku voda-vzduch” je uvedena historickym
vyvojem fizeni otopnych siti. Nasleduje &ast, ve které je odvozen model tepelného vyméniku
s rozprostfenymi parametry a nékteré jeho soustfed&né parametry a relace. Poté jsou
piedstaveny a odvozeny pouZité metody fizeni. Kapitola o fyzické realizaci testovaci stolice pak
pfipravuje Ctenafe na zavéreinou kapitolu s vysledky z redInych méfeni a regulace.

Reseni problematiky

P¥i vytvareni modelu vyméniku student navazal na praci z mého &lanku a dale ji zacal rozgifovat.
Vtomto ¢&lanku je popsdna pouze pfibliZnad diskretizace a pana Zlevora napadlo udélat
diskretizaci exaktni. 5 fe3enim vzniklé netrividlni matice pfechodu stravili mnoho casu, integral
z této matice pro feSeni matice vstupni je stale otevieny problém.

K modelu vymé&niku student navrhl také model testovaci stolice, ktery nakonec nebyl vyu2it,
protoZe se podafilo postavit a zprovoznit model redlny. Zde si student osvojil praci
s mikroelektronikou, programovanim embedovanych zafizeni, ale také topenafské Femeslo a
finesy s nim spojené. V neposlednitadé& navrhl oviadani pomoci Matlabu, vytvofil dobfe fungujici
regulator otopné vody z boileru a kalibroval model vyméniku pro syntézu regulacnich algoritmd.

Vzhledem ktomu, Ze tepelny vyménik je zjednodu3en& dynamicky systém s proménnym
dopravnim zpoZdénim, nedosahuji standartni techniky fizeni dostate&nych kvalit. Je nutné
pouZit regulatory navrZené pfimo pro model s rozprostfenymi parametry. Ondfej Zlevor dva
takové detailné nastudoval a Gspé&Sné aplikoval na simulaénim modelu i redlné sestave.
Reguldtory na teplotu vystupni vody funguji dobfe, pro pfesnéjii fizeni predavaného
absolutniho vykonu bude tfeba vyvinout je3té odhadovaé aktualniho teplotniho profilu uvnitf
vymeéniku.

Hodnoceni aktivity

Student pfistupoval k feSeni zadané prace proaktivné a velmi samostatn&. Sam pFichazel s
napady na fe3eni nastalych problémii a obratné je aplikoval. Spoluprace, vEetné konzultaci, byla
naprosto piikladna. Z pohledu vedouciho byla radost s takovym studentem pracovat.

Jazyk a formalni zpracovani
Prace je Ctivé napsadna vanglickém jazyce. Jazyk i formalni zpracovani odpovida kvalité
védeckych €lankd.
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Z&véreéné hodnoceni

Student k préci pfistupoval zodpov&dné, priibéZné dodaval vysledky a svou odbornosti dokazal
zadani i zajimavé roziifit. Odborné i realizané je prace na vysoké trovni.

PredloZenou zavére&nou praci hodnotim klasifikaénim stupném A - vjborné&.
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EVALUATION REPORT

Thesis title:  Heat flow control of water-to-air heat exchanger
Author: Ondfej Zlevor

Thesis outline

The thesis focuses on theoretically advanced topic of mathematical modelling and control of a heat
water-to-air exchanger. The key difficulty lies in the fact that the manipulated variable is the water
mass flow in the tubes of the exchanger, which structurally affects the system properties. Due to this,
the problem needs to be solved as a distributed parameter system of infinite-dimensional nature.
Practical motivation of the given work is in optimizing the temperature and heat flow control of
building heating systems.

After a short introduction, thesis motivation and state of the art sections, the mathematical model in
the form of a partial differential equation is presented. The model is analysed in detail and then,
utilizing a finite volume method, a finite order approximation of the model is derived following the
work by the thesis supervisor [7] and resulting in a hybrid model of the heat exchanger. Consequently,
the way of discretizing the continuous part of the model is briefly outlined.

The modelling chapter is followed by a chapter on control algorithms of the heat exchanger. Due to
varying the mass-flow, causing variable transportation delay phenomenon, classical PID control is
inefficient. Therefore, special controllers developed for the given task are applied. In particular, these
are Shang [15] and Sandoval [15] controllers. These controllers are described in application to control
of either the exchanger outlet temperature or exchanger heat flow, including a brief discussion on
the implementation aspects.

After the theoretical parts, a chapter on testbed design and its construction is presented. The testbed
is considered as a physical model of a building heating system of one pipe circuit structure and with a
single radiator circuit with flow control by a pump. The conceptual design is followed by description
of the selected testbed components (heater, cooler, actuators, sensors, electronic and control units).
In the experimental part coming next, all the considered controllers are carefully cross-compared, on
the simulation model first (briefly) and on the testbed (in more detail).

In the last, conclusion section, the thesis contributions are outlined and next steps in the given
research are proposed. The testbed redesign is discussed with the aim to extend the operational
ranges, which are relatively narrow at the current stage. The practical aspects, difficulties during the
experiments, construction mistakes and their suggested remedies are also discussed in more detail
in Appendix A.

Thesis evaluation

The thesis is written on 63 pages in a very good English. The thesis is reasonably structured, the state
of the art is well outlined. Graphical presentation of the results is also on a very good level. The
amount of work with results (both theoretical and practical) presented in the thesis is far above the
MSc thesis average. This however brings some weaker aspects of the thesis - some parts are rather
brief and insufficiently described. In particular it is the Section 2.3.1 - Heat exchanger discretization,
which should be concluded by a final form of the model, and the related Section 5.1 Simulation
experiments, which shows just results, but does not say much on the model used and its parameters.
Besides, sometimes it is not clear if the work was performed by the student or if it is a result of the
team work.
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To conclude, taking into account the complexity of the topic solved in the thesis and the fact that the
models and controllers were not only described and analysed theoretically, but were also
implemented and tested experimentally, | propose the thesis for the defence and evaluate it by the
grade A.

Questions

1) Outline the final model of the heat exchanger in the form used for simulations. Which
parameters have been used for the simulation in Section 5.1, — Are they the parameters of the
testbed identified in the following Section 5.2.1 — Model identification?

2) When discretizing the continuous time part of the model, a simple Euler explicit method was
applied. This may bring considerable constraints on the sampling interval considering the
stability and simulation error. Has this aspect been taken into account?

3) An alternative approach to approximate the heat exchanger model with varying mass flow
might be in considering a model with variable time delays. Structurally, this model might be
considerably simpler. Has this possibility been taken into account?

4) |really appreciate the variety of controllers considered in the thesis and their cross-
comparison. Even though some of the implementation aspects have been discussed, still, a
bit more attention could have been paid to this problem. A sort of implementation summary,
including the (state space) schemes of the controllers, would be helpful to see. This could be
included in the defence presentation.

5) Atthe defence, it should be outlined what the contribution of the student to particular stages
of the presented results is. In particular, it is not clear if it was the student who proposed and
constructed the testbed. This should be clarified at the defence.

In Prague, June 5% 2017
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