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Abstract

This paper deals with developing of e-learning application, which allows on—line
simulations of selected problems from the field of the dynamics of processes in
chemical technology as liquid storage tanks, heat exchangers, distillation plate
columns and chemical reactors. Individual tasks in form of MATLAB Web Server
(MWS) presentations are created so that they can be used along with MATLAB
library MODELTOOL. MATLAB Web Server is able to accept data from Inter-
net application and enables processing of these data in MATLAB.

1 Introduction

The MATLAB Web Server [2] enables to create MATLAB applications that use the capabilities
of the World Wide Web to send data to MATLAB for computation and to display the results in a
Web browser. The MATLAB Web Server depends upon TCP /IP networking for transmission of
data between the client system and MATLAB. The required networking software and hardware
must be installed on the system prior to using the MATLAB Web Server.

A working system needs web pages — forms that can send variables filled by a user to
MATLAB. The process is administered by MWS interface that sends back computed results
shown in an output web page. Results can be textual or graphical (or combined) in nature.

With Release 2006b, MATLAB Web Server has been discontinued and is no longer sup-
ported. In spite of this, we still keep older version (Release 2006a) that supports MWS because
we have a large number of applications that need it.

2 MODELTOOL

MODELTOOL 1.0 [1] is a library of mathematical models of selected chemical processes for
simple use in MATLAB/Simulink. All models are described in state-space and are either linear
or nonlinear. They are derived using mass and energy balances of modelled processes. According
to the parameter settings, one block can represent a singlevariable or a multivariable system.

The following models of processes in chemical and food technology are available:

e liquid storage tanks,

e flow heaters,

shell heat exchangers,

tubular heat exchangers,

chemical reactors,

distillation columns.



ZASOBNIKY KVAPALINY I.

Opis zasobnikov kvapaliny

Za=zobnik kvapaliny je fyzikdlne rEprEZEntnvany nadriou, do ktorej pritekd a vytekd kwvapalina o urfitom prietoku. Ako vystupna veligina systému =a najéastejéie uvazuje
vyska hladiny kvapalmy ktord je vo vaéfine pripadov postavena do dlohy rEgLIh:lVEI'IE] vellcwny s cielom udrzat ju na urgitej Ziadanej hodnote. Z hladiska dynamickych
vlastnosti systém so sériovym zapojenim n-zdsobnikow I-cvapalmy ktoré mézu byt zapojené do série s interakciou, alebo bez interakcie, je systémom n-tého radu.
Parametre, ktoré ovplywiiujld dynamické vlastnosti systému, sU plochy prierezov zdzobnikov kvapaliny

Schémy zd=obnilkov kvapaliny = interakciou a bez interakcie =0 zndzornene na obrazkoch 1 3 2

Obr. 1 Dva zésobniky kvapaliny s interakciou.

by

1B o

Obr. 2 Dva zd=obniky kvapaliny bez interakcie.

Figure 1: Liquid storage tanks — theoretical foundations

2.1 MODELTOOL-MWS
MODELTOOL-MWS is a MATLAB Web Server application of the MODELTOOL 1.0 toolbox.

It makes use of the toolbox via Internet and web browser.

The models (also called presentations) are implemented using HTML (Hyper Text Markup
Language) and PHP (Personal Home Page) languages.

The respective modules show representative examples with a simple description and the-
oretical foundations (Fig. 1). As an aid, block schemes with names of variables are given.
Presentations can be used for dynamic simulations of models with a large degree of interactivity.

Each presentation consists of three parts:

1. Input template — input form is a simple PHP document. It contains elements (arrays)
used to get input data for a computational m-file. The form contains three parts:
e Description of the form parameters (Fig. 2);

e Example of the technological process (Fig. 3) — the button Insert into form (in
Slovak ’Vlozit’ do formulara’) fills the form with data shown in the example.

e Form for process and simulation parameters. (Fig. 4).
2. m-file - MATLAB code for checking the form input data. In the next step, data are sent

to a Simulink scheme that is running. Finally, resulting simulation data are sent back to
HTML output document in an output structure.

Each m-file tests all input parameters first, their data types and dimensions if needed.

To prevent errors when processing m-file, Javascript is used in the input form before sending
the data to MWS. This helps to check important data before and reduces possibility of
user generated errors.

3. Output template — simple HTML output document shown to user in a web browser.



Simulacia dynamickych vlastnosti zasobnikov kvapaliny
Popis jednotlivych parametrov formulara:

Poiet zisobnikov — 2addva sa pofet zdsabnikov kvapaling = ktorjch sa systém sklads.

Vektor riadiacich veli€in 0-nie 1-ano [qwsl, qvs2,..,qvsn] - vektor, ktory nadoblda hodnoty 0 @ 1. M2 rozmer 1 x n, kde n je pofet zdzobnikov kvapaliny. Riadiace velifiny pre
dany systém su vstupné prietoky do jednotlivjch zdsobnikov kvapaliny. Ak i-ty vstupny prietok (volba zdvisi od uZivatela - pripadne zadania) bude riadiaca velitina, prvo
vektora na i-tom mieste vektora bude maf hodnotu 1. W pripade, #e j-by vstupny pristok nebuds riadiacs valifing, prvok vektara na j-tom mieste nzdobudne hodnotu 0.

Vstupné prietoky [qvs1 gvs2 ... gvsn] — vektor, ktory ma rozmer 1 x n, kde n je pofet zésobnikov kvapaliny. Prvky vektora sd vstupné prietoky do jednotlivych zésobnikov
kvapaliny, prifom i-ty vstupny prietok je i-tym prvkom vektora. V pripade, Ze je zadany iba vstupny prietok do prvého zésobnika kvapaliny, alebo iba niektoré vstupné prietoky
kvapaliny je treba vyplnif aj ostatné prvky vektora tak, #e nadobudni hodnotu 0.

Vektor interakcii [0 1 .. 1 ..1 0] - wvektor, ktory nadobida hodnoty 0 @ 1. M3 rozmer 1 x n, kde n je pofet zdsobnikov kvapaliny. Ak nastdva interakcia medazi i-tym a i+1
zésobnikom kvapaliny interakcia, nadobudne i-ty prvok vektora hodnotu 1. V opaénom pripade nadobudne hodnotu 0. Posledny prvok vektora ma vidy hodnotu 0.

Kon3tanty ventilov [ki11 k22 ... knn] - vektor, ktory ma rozmer 1 x n, kde n je pofet zdsobnikov. Prvky vektora su konitanty ventilov jednotlivich zésobnikov, prifom i-ta
konstanta ventilu je i-tym prvkom vektora.

Plochy prierezov zdsobnikov [F1 F2 ... Fn] - vektor, ktory ma rozmer 1 x n, kde n je pofet zdscbnikov kvapaliny. Prvky vektora sd prislichajice plochy prierezov jednotlivich
zésobnikov kvapaliny, prifom i-ta plocha prierezu je i-tym prvkom vektora.

Vektor sledovanych vyZok hladin - vektor, ktory m3 rozmer 1 x r, kde r je pofet vydok, ktoré chee uivatel sledovat - merat. Ak m3 byt wistupnid, t.j. sledovand velifina vyika
z i-teho zdsobnikz kvapaliny, tzk jeden prvok vektors nadobudne hodnotu i. Tak isto sa volia aj ostatne vystupné velifiny, pricom &isla - prvky vektora musia byt zoradené
vzostupne.

Skokova zmena v ase - fas skokovej zmeny, uddva sa ako tislo
Zaéiato&na hodnota - potiatoini hodnota

Koneéna hodnota - koneénz hodnota

Cas simulicie — &as trvania simulcie v sekundich

Parametre simulicie je mo3né zadaf ako fislo, alebo ako vektor, prifom sk zaddta skokowii zmanu v Zase ako vektor, naprikiad [2 80], znamend to, 3 prvd skokovd zmena
sa uskutofni v éase 2s a druhd v Zase 80s. Zalistocd a koneénd hodnotu je v takomto pripade tie2 potrebné zadat ako vektor, napriklad: Zatiatoéna hodnota: [3 7] a Koneina
hodnota: [5 10], &0 znemens e v fase 2= sa vykond skokova zmena = hodnoty 2 na hodnotu 5 3 v éase 80s sa vykond skokova zmena = hodnoty 7 na hodnotu 10.

Figure 2: Liquid storage tanks — form description

Priklad

Majme systém Styroch zdscbnikov kvapaliny (obr. 1) s interakciou medzi prvym a druhym zdsobnikom. Riadizcou velifinou je vstupny prietok do prvého zdsobnika kvapaliny a
vistupnymi velitinami si wiiky v druhom = trefom za@sobniku kvapaliny.

Zadané parametre:

« wstupné prietoky v péwodnom ustdlenom stave do jednotlivich zdsobnikow:

gvl = 1,0 m3/min qvZ = 0,5 m3/min qv3 = 0,25 m3/min qv4 = 0,25 m3/min

« parametre zdsobnikov keonitanty ventilov kii a plochy prierezov z3scbnilkov Fi

k1l = 1,4 mZ,5/min k22 = 1,4 m2,5/min k33 = 1,4 m2,5/min k44 = 1,4 mZ,5/min

Fi=24m2F2=24m2F2=24m2F4=24m2
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Obr. 1 Modelovy priklad: systém 2tyroch zdsobnikov kvapaliny

Kliknutim na tlatitko Viezit do formuldra s3 uvedenéd parametre vio#ia do formuldra.

ozit do formulara

Figure 3: Liquid storage tanks — example



Formular zdsobniky nelinearne
Parametre zasobnika

Potet zésobnikov: [«

Weltor riadiacich veliéin: W 0-nie 1-ano [gvsl ... gwsn]
Wstupné prietoky: [1.0 0.5 0.25 0.25] [gvsl gvs2 ... qusn]
Wektor interakeii: [1000] 0-nie 1-ano

Konstanty ventilov: ,m [k11 k22 ...knn]

Plochy prierezov zdsobnikow: ,m [FLF2...Fn]

Vektor sledovanych wyiok hladin: W [1 3 ...n - &isla zdsobnikov]
Parametre simulacie

Skokova zmena v Ease: lsi

Zatiatoénd hodnota: ,27

Koneind hodnota: lsi

Cas simuldcie: 200

Simulacia >> Vymazat ddaje

Figure 4: Liquid storage tanks — form

It contains results in textual and graphical forms. Graphical data are also presented in
tabular form so that user can export it and process it in an external application.

3 Conclusions

The toolbox MODELTOOL 1.0 is an open system. Mathematical models of other processes
from chemical technology will gradually be added to it. The using of individual blocks is simple
and it does not demand special knowledge on modeling. The toolbox can be used especially for
educational but also for research purposes.

For the time being, the toolbox is limited to simulations of dynamical models. We plan
to include controllers and to couple the overall design in an user friendly way.

The functions described in this paper are freely available for academic research. The MOD-
ELTOOL homepage (in Slovak) can be found at http://www.kirp.chtf.stuba.sk/ cirka/
modeltool/. A zipped file with the latest collection of MATLAB routines can be downloaded
from there.
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Zasobniky kvapaliny - nelinearny model

Zazobniky kvapaling - nelinearny model
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Figure 5: Liquid storage tanks — output document
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