Valcovy zasobnik na kapalinu

Na obrazku vidime valcovy zdsobnik na kapalinu o priméru D [m] a vySce H [m] s prlifezem F [m2] a
objemovym pratokem kapaliny g [m3/min]. Vstupem do systému je objemovy pritok gv(t) a
stavovou veli¢inou, totoZnou se vystupni velic¢inou, je vyska hladiny kapaliny h(t)[m].
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Valcovy zdsobnik na kapalinu

Zjednodusujici predpoklady

- zasobnik je otevreny.

- prGrez zasobniku a atmosféricky tlak jsou konstantni.

Vysledny matematicky model ma tvar:

dh
JE"] _ :— g, (1)~ k0)]

Osetireni chybovych stavii saturaci
-minh(t)=0

-max h(t)=H



Zdroj:

DOSTAL, Petr. Matematické modely vybranych technologickych procest: Studijni materidl do
predmétu Analyza a simulace technologickych procesu. Zlin: UTB ve Zliné, Fakulta aplikované
informatiky, 2011.

Cylindrical Tank for Liquid

The picture shows a cylindrical tank for liquid with a diameter D [m] and height H [m] with a cross F
[m2] and the volumetric fluid flow rate g [m3/min]. Input to the system is the volumetric flow rate qv
(t) and state variable, which is identical to output variable, the height of the liquid level h(t)[m].
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Cylindrical Tank for Liquid

Simplifying assumptions
- tank is open.

- cross section of tank and atmospheric pressure are constant.

The final mathematical model has the form:
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Error handling by saturation

-minh(t)=0
-maxh(t)=H
The source:

DOSTAL, Petr. Matematické modely vybranych technologickych procest: Studijni materidl do
predmétu Analyza a simulace technologickych procesu. Zlin: UTB ve Zliné, Fakulta aplikované
informatiky, 2011.

Kulovy zasobnik na kapalinu

Na obrazku vidime zasobnik na kapalinu s nekonstantnim prdrezem. Jde o kulovy zasobnik na
kapalinu s primérem D [m], vstupnim pfitokem qv [m3/min], vystupnim odtokem q [m3/min] a
vySkou hladiny kapaliny h [m]. Vstupem do systému je vstupni pfitok qv, stavovou a zaroven i
vystupni veli¢inou je vyska hladiny h(t).
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Kulovy zasobnik na kapalinu

Zjednodusujici predpoklady
- zasobnik je otevieny s konstantnim atmosférickym tlakem, ktery pUsobi na hladinu kapaliny v
zasobniku.



Vysledny matematicky model ma tvar:

dh(r)

antt) _ 1 ]
m [qr(f) &Jh(r}lﬁh.

|
(D—h)

Oseti‘eni chybovych stavii saturaci
Jelikoz se vyska hladiny vyskytuje ve jmenovateli, byly omezeni nastaveny nasledovné:

- min h(t) =0,01D

- max h(t) =0,99D

Zdroj:

DOSTAL, Petr. Matematické modely vybranych technologickych procest: Studijni materidl do
predmétu Analyza a simulace technologickych procest. Zlin: UTB ve Zliné, Fakulta aplikované
informatiky, 2011.

Spherical Tank for Liquid

The picture shows a tank for liquid with non-constant cross-section. It is a spherical tank for a liquid
storage with a diameter D [m], the input volumetric fluid flow rate qv [m3/min], drain output g
[m3/min] and liquid level h [m]. Input to the system is the volumetric fluid flow rate qv, stat and also
the output variable is the water level h.
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Spherical Tank for Liquid



Simplifying assumptions
- tank is opened with constant atmospheric pressure which acts on the fluid level in the tray.

The final mathematical model has the form:

dh(1) ) 1
di [g"m NIOLS (D — h)

Error handling by saturation
As the liquid level occurs in the denominator, the limits are set as follows:

- min h(t) =0,01D

- max h(t) =0,99D

The source:

DOSTAL, Petr. Matematické modely vybranych technologickych procesi: Studijni materidl do
prfedmétu Analyza a simulace technologickych procesu. Zlin: UTB ve Zliné, Fakulta aplikované
informatiky, 2011.

Trychtyrovy zasobnik na kapalinu

Na obrazku se nachazi trychtyfovy zasobnik na kapalinu o hornim prdméru D [m] a vysce H [m] s
vyskou hladiny h [m]. Do zasobniku vtéka kapalina vstupnim prdtokem Qv [ms/min] a na vystupu
vytékd pratokem g [m3/min] pres ventil. Na vstupu do systému je vstupni pfitok qv, stavovou a
zaroven i vystupni veli¢inou je vyska hladiny kapaliny.



Trychtyrovy zasobnik na kapalinu

Zjednodusujici predpoklady

- zasobnik je otevreny.

- atmosféricky tlak plsobici na hladinu kapaliny je konstantni.

Vysledny matematicky model simulace ma tvar:
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Oseti‘eni chybovych stavii saturaci
JelikoZ se vyska hladiny vyskytuje ve jmenovateli, byly omezeni nastaveny nasledovné:

- min h(t) =0,01H

-max h(t)=H

Zdroj:

DOSTAL, Petr. Matematické modely vybranych technologickych procesi: Studijni materidl do
predmétu Analyza a simulace technologickych procesu. Zlin: UTB ve Zliné, Fakulta aplikované
informatiky, 2011.



Funnel Tank for Liquid

The figure is a funnel tank for liquid with the upper diameter D [m],height H [m] and the liquid level h
[m]. Liquid flows into the tank with input flow qv [m3/min] and output with flow g [m3/min] through
the valve. Input to the system is flow qv, state and also the output variable is the height level of
liquid.
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Funnel Tank for Liquid

Simplifying assumptions
- tank is opened with constant atmospheric pressure which acts on the liquid level in the tank.

The final mathematical model has the form:

O [ o i A
o = 0.~ k70| e

Error handling by saturation
As the liquid level occurs in the denominator, the limit is set as follows:

- min h(t) =0,01H

-maxh(t)=H



The source:

DOSTAL, Petr. Matematické modely vybranych technologickych procest: Studijni materidl do
predmétu Analyza a simulace technologickych procesu. Zlin: UTB ve Zliné, Fakulta aplikované
informatiky, 2011.

Valcové zasobniky na kapalinu v sérii

Na obrazku se nachazi zasobniky na kapalinu zapojené do série. Jde o valcové zasobniky s primeérem
D [m], vyskou H [m] a vyskou hladiny kapaliny h [m]. Na vstupu obou zasobnik je vstupny pfitok qv
[m3/min]. Kapalina opousti zasobnik odtokem g[ms/min] pfes ventil. Odtok Qi pfivadi kapalinu do
druhého zasobniku. Vstupem do systému jsou vstupni pfitoky Qvia Qv2, stavovymi veli¢inami a
zaroven i vystupnimi veli¢éinami jsou vysky hladin prvniho a druhého zédsobniku. Z toho vyplyva, Ze se
jednd o mnohorozmérny systém (2 vstupy — 2 vystupy).
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Valcové zdsobniky na kapalinu v sérii

Zjednodusujici predpoklady

- zasobniky jsou oteviené s konstantnim prirezem.
- atmosféricky tlak plsobici na hladinu kapaliny je konstantni.

- dna zasobnikd se nachazi v stejné vysce.

Vysledny matematicky model simulace pro oba zasobniky ma tvar:



dh, (1) L g (0)-4,0)]

dt F
dh,\t ]
20 L, 0+ 40000
kdyz h, (t) > hy (£) = q1(t) = —q4(b)
q, =k ‘hl —hy) g, = 1‘52‘\/5

OSetreni chybovych stavii saturaci
-min hi(t)=0

-min h2(t)=0
- max hi(t) = H1

- max ha(t) = H2

Zdroj:

DOSTAL, Petr. Matematické modely vybranych technologickych procest: Studijni materidl do
prfedmétu Analyza a simulace technologickych procesu. Zlin: UTB ve Zling, Fakulta aplikované
informatiky, 2011.

Cylindrical Tanks for Liquid in Series

The picture is the cylindrical tanks connected in series. These cylindrical tanks with a diameter D [m],
and height H [m] and height level of liquid h [m]. The input of both tanks is input flow rate qv
[m3/min]. The liquid leaves the tank by drain g [m3/min] through the valve. Drain g1 brings liquid to
second tank. Input to the system are input flow rates qvl and qv2, state and also the output
variables are the heights level of the first and second tank. It follows that it is a multi-dimensional
system (2 inputs - 2 outputs).
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Cylindrical Tank for Liquid in Series

Simplifying assumptions
- tanks are opened with constant cross-section.

- atmospheric pressure on the liquid level is constant.

- tank bottoms are the same height.

The final mathematical model for both tanks has the form:
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Error handling by saturation
-min hi(t)=0

-min h2(t)=0

- max hi(t) = Ha



- max hz(t) = H2

The source:

DOSTAL, Petr. Matematické modely vybranych technologickych procest: Studijni materidl do
predmétu Analyza a simulace technologickych procesu. Zlin: UTB ve Zliné, Fakulta aplikované
informatiky, 2011.

Kulové zasobniky na kapalinu v sérii

Na obrazku se nachazi dva kulové zdsobniky s nekonstantnim prifezem zapojené do série. Vstupem
do prvého zasobniku je vstupni pfitok qiv[m3/min] a vystupem je odtok Qi [ms/min]. Pfitokem do
druhého zasobniku je vstupni pfitok gzv [m3/min] a vystupni odtok qi1 [m3/min] z prvniho zasobniku.
Vystupem druhého zasobniku je odtok gz2[ms/min]. Oba zasobniky maji nasledujici parametry:
pramér zasobniku D [m] a vySku hladiny h [m]. Mezi témito zasobniky a na vystupu druhého
zasobniku se nachazi ventily.

Vstupnimi veli¢inami systému jsou vstupni pfitoky, stavovymi a taky vystupnymi veli¢inami jsou vysky

hladin.
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Kulové zasobniky na kapalinu v sérii

Zjednodusujici predpoklady

- zasobniky jsou oteviené s nekonstantnim prirezem.
- atmosféricky tlak plsobici na hladinu kapaliny je konstantni.

- dna zasobnikd se nachazi ve stejné vysce.



dh, (1)

Vysledny matematicky model pro oba zasobniky ma tvar:
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dhz(f)_ I [qzr(r)+ql(f)—q;(’)]

dt _1_
9’2(f)=k3\lh2(fjs Iy =7Th3(f)[1)3 _hz(f)]
kdyzh, (t) > hy(£) = q,(t) = —q,(¢)

OSetreni chybovych stavii saturaci
JelikoZ se vysky hladin vyskytuji ve jmenovateli, byli omezeni nastavené nasledovné:

- min hi(t) =0,01* D1
- min h2(t) = 0,01* D2
- max hi(t) =0,99*D1

- max h2(t) = 0,99*D2

Parametry pro simulaci:

Parametry 1. zasobnik 2. zasobnik
Pramér [m] 3 3
Pocatecni vyska hladiny [m] 0,5 0,2
Konstanta ventilu [m*/min] 0,25 0,5
Vstupni pfitok [m*/min] 0,3 0,3
Zdroj:

DOSTAL, Petr. Matematické modely vybranych technologickych procesi: Studijni materidl do
predmétu Analyza a simulace technologickych procesu. Zlin: UTB ve Zliné, Fakulta aplikované
informatiky, 2011.



Spherical Tanks for Liquid in Series

In the picture there are two spherical tanks with non-constant cross-section connected in series. The
input to the first tank is qlv [m3/min] and output is drain g1 [m3/min]. Input flow rate to the second
tank is input g2v [m3/min] and output drain g1 [m3/min] from the first tank. The output of the
second tank is drain g2 [m3/min]. Both tanks have the following parameters: diameter of the tank D
[m] and height level h [m]. Among these tanks and the output of second tank are located valves.

The input variables are input flow rates, state and output variables are liquid levels.
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Spherical Tank for Liquid in Series

Simplifying assumptions
- tanks are opened with non-constant cross-section.

- atmospheric pressure on the liquid level is constant.

- tank bottoms are the same height.

The final mathematical model for both tanks has the form:

B - Ll 0=
0= k=Y. 7, = 1,000, =, )
0 - Ly 0 4000
9’2(")= k, h:(‘r)e Iy = ﬁhz(f)[[-)z _}73(f)]

if hy(t) > hy(t) = q1(t) = —q1(¢)




Error handling by saturation
As the liquid level occurs in the denominator, the limit are set as follows:

- min hi(t) =0,01* D1
- min hz(t) = 0,01* D2
- max hi(t) =0,99*D1

- max hz(t) =0,99*D2

Parameters for simulation:

Parameters 1. tank 2. tank
Diameter [m] 3 3
Initial Level of Liquid [m] 0,5 0,2
Constant of the valve [m?/min] 0,25 0,5
Input flow rate [m?/min] 0,3 0,3
The source:

DOSTAL, Petr. Matematické modely vybranych technologickych procest: Studijni materidl do
predmétu Analyza a simulace technologickych procesu. Zlin: UTB ve Zliné, Fakulta aplikované
informatiky, 2011.

Trychtyrové zasobniky na kapalinu v sérii

Na obrazku je schéma dvou za sebou zapojenych trychtyfovych zasobnik(l na kapalinu o priiméru D
[m] a vysce H [m] s vyskou hladiny h [m]. Indexy (.)1a (.)2 uréuji, o ktery zasobnik se jedna. Prvni
zasobnik ma na vstupu pfitok qiv [m3/min] a na vystupu odtok g1 [m3/min]. Druhy zasobnik ma dva
vstupy a to pfitok gzv[ms/min] a odtok qi[ms/min] z prvniho zasobniku, na vystupe ma odtok g2
[m3/min].

Vstupnimi veli¢inami systému jsou vstupni pfFitoky Qiv, Qav, vystupnimi a zdroven stavovymi
veli¢inami jsou vysky hladin hi a h2. Tento zasobnik patfi do skupiny mnohorozmérnych systémd.
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Trychtyrovy zasobnik na kapalinu v serii

Zjednodusujici predpoklady

- zasobniky jsou oteviené s nekonstantnim prirezem.
- atmosféricky tlak plsobici na hladinu kapaliny je konstantni.

- dna zasobnikd se nachazi ve stejné vysce.

Vysledny matematicky model simulace pro oba zasobniky ma tvar:

B _ L (0)-a,0)

dt F
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kdyz hy,(t) > hy(t) = q1(t) = —q,(t)

Osetireni chybovych stavii saturaci
JelikoZ se vysky hladin vyskytuji ve jmenovateli, byli omezeni nastavené nasledovné:

- min hi(t) = 0,01* H1



- min h2(t) = 0,01* H2
- max hi(t) = H1

- max hz(t) = H2

Zdroj:

DOSTAL, Petr. Matematické modely vybranych technologickych procest: Studijni materidl do
predmétu Analyza a simulace technologickych procesu. Zlin: UTB ve Zliné, Fakulta aplikované
informatiky, 2011.

Funnel Tanks for Liquid in Series

The figure is a diagram of two funnel tanks connected to series with a diameter D [m], height H [m]
and the liquid level h [m]. Indices (.) 1 and (.) 2 determines on the tanks. The first tank has at input
tributary glv [m3/min], and the output drain g1 [m3/min]. The second tank has two inputs, tributary
g2v [m3/min] and drain g1 [m3/min] from the first tank, on output is drain g2 [m3/min].

The input variables of the systém are input tributaries qlv, g2v, state and output are water levels hl
and h2. This tank belongs to the multidimensional systems.
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Funnel Tank for Liquid in Series

Simplifying assumptions
- tank are opened with non-constant cross-section.



- atmospheric pressure on the liquid level is constant.

- tank bottom are the same height.

The final mathematical model for both tanks has the form:

ane) _ L4, ()4,
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A

it hy(6) > hy (6) = q4(6) = —q1(6)

Error handling by saturation
As the liquid level occurs in the denominator, the limit is set as follows:

- min hi(t) = 0,01* H1
- min hz(t) = 0,01* H2
- max hi(t) = H1

- max ha(t) = H2

The source:

DOSTAL, Petr. Matematické modely vybranych technologickych procest: Studijni materidl do
predmétu Analyza a simulace technologickych procesu. Zlin: UTB ve Zliné, Fakulta aplikované
informatiky, 2011.

Priito¢ny vyménik tepla s promichavanim

Na obrdazku se nachazi pratokovy vyménik tepla, ktery obsahuje chladici kapalinu v plasti a chlazenou
uvnitf vyméniku. Vstupy do vyméniku jsou tedy chladici (index c) a chlazend kapalina (bez indexu) o
vstupni teploté Tev [°C] a Tv [°C] se vstupnymi pfitoky gc [m3/min] a g [m3/min]. Parametry kapalin



jsou: hustota p[kg/ms], mérné teplo cp [kJ/kgK] a objem V [m3]. Prostup tepla udava koeficient
prestupu tepla a[W/m2K], pfestupna plocha je uréend parametrem F [mz].

Vstupnimi veli¢inami jsou vstupni teploty chladici Tev a chlazené Tv kapaliny a také pritoky chlazené
g a chladici gc kapaliny. Stavovymi a zaroven i vystupnimi veli¢inami jsou teploty kapalin Tca T.
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Priatocny vymeénik tepla s promichavanim

Zjednodusujici predpoklady

- chlazend i chladici kapalina jsou dokonale promichavany.
- tepelnd kapacita stény oddélujici kapaliny je zanedbana.
- objemy, pratoky, koeficient prechodu tepla, mérné tepla i hustoty obou kapalin jsou

konstantni.

Vysledny matematicky model simulace pratokového zasobniku ma tvar:

dr(t) _ qa,T,(t)-ga,T(t)—a,[T(t)- T, (¢)]
dt as

a=pec, :a,=Fa : a;=Vpe,

dT,(r) q.bT. (t)-q.BT.(t)+a,[T(e)-T.(r)]
dt b,

by=pc, : by=V.pe,



Zdroj:

DOSTAL, Petr. Matematické modely vybranych technologickych procest: Studijni materidl do
predmétu Analyza a simulace technologickych procesu. Zlin: UTB ve Zliné, Fakulta aplikované
informatiky, 2011.

Flow heat exchanger with blending

The figure is a flow heat exchanger, which contains the coolant in the jacket and cooled in the heat
exchanger. Inputs to the heat exchanger are coolant (index c) a cooled liquid (no index) of Ty input
temperature [° C] and Ty [° C] with the input tributaries q. [m3/min] and q [m3/min]. Parameters of
liquids are: density p [kg/m3], cp specific heat [kJ / kgK] and the volume V [m3]. Heat transmission
gives the heat transfer coefficient a [W/m2K], transfer surface is determined by the parameter F
[m2].

Input variables are the input temperatures of coolant T, cooled liquid T, and also flow cooled q and
coolant g.. State and also the output variables are temperature of liquids T. and T.
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Flow heat exchanger with blending

Simplifying assumptions
- cooling and coolant are perfectly blended.



- Heat capacity of the wall separating the liquid is neglected.
- Volume, flow, heat transfer coefficient, specific heat and density of the both liquids are

constant.

The final mathematical model of flow heat exchanger has the form:

dr(t) _gaT,(t)-gaT(t)—a,[T(t)-T,(r)]
dt d,

a=pe, :a,=Fa . a;=Vpe,

(?TT(,{?} _ chlrrr[?}_ qcbch 'i‘)-i— a; I:T[f}— T-:- 'rﬂ

dt b,

by=pec, : by=V.pec,

The source:

DOSTAL, Petr. Matematické modely vybranych technologickych procesi: Studijni materidl do
predmétu Analyza a simulace technologickych procest. Zlin: UTB ve Zliné, Fakulta aplikované
informatiky, 2011.

Jednokapacitni trubkovy vyménik tepla

Na obrazku se nachazi trubkovy vyménik tepla o priméru d [m] a délce L [m], v kterém proudi
chlazena kapalina o teploté T [°C]. Kapalina je chlazend pfestupem tepla pres stény trubky do jejiho
okoli (teplota okoli Tc [°C]). Prostorova nezavisle proménna z patfi do intervalu <0,L>.

Jde o model systému se spojité rozloZzenymi parametry, co znamen3, Ze teplota kapaliny se méni
podél trubky a v dynamickém stavu je funkci prostorové nezavislé proménné a zaroven i funkci ¢asu.

Do systému vstupuji dvé veli¢iny, a to teplota okoli Tc(t) a teplota kapaliny na vstupu Tv(t). Stavovou
veli¢inou je teplota kapaliny ve vnitt trubky T(z,t) a na vystupu je teplota kapaliny Tvys(t).
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Jednokapacitni trubkovy vyménik tepla

Zjednodusujici predpoklady
- hustota 0 [kg/m3 ], koeficient prestupu tepla a[W/m2K], mérné teplo cp [kJ/kgK] a pritok g

[m3/min] chlazené kapaliny jsou konstantni.
- idedlIni pistovy tok kapaliny

- tepelnd kapacita stény trubky je zanedbdna.

Vysledny matematicky model trubkového vyméniku tepla ma tvar:

C_—T+ 1£ =a(l, -T)
ct oz
y=L a=2
f dpc,
Parametry pro simulaci:
Parametry Hodnota

Pramér trubky [m] 0,08
Délka trubky [m] 120
Teplota kapaliny na vstupu [°C] 20
Teplota okoli [°C] 10
Objemovy pratok [m*/min] 0,05
Hustota kapaliny [kg/m®] 985
Mérné teplo [kl/kgK] 4,05

Soucinitel prestupu tepla [W/m’K] 43,5



Zdroj:

FARANA, Radim et al. Programovd podpora simulace dynamickych systémi: Sbirka resenych prikladd.
Ostrava: VSB - Technicka univerzita Ostrava, 2002. ISBN 978-80-251-1448-3.

One-capacity tubular heat exchanger

The figure is a tubeular heat exchanger with a diameter d [m] and a length L [m], in which the flow of
cooled liquid of temperature T [° C]. The liquid is cooled by heat transfer through the tube wall into
the surroundings (temperature Tc [° C]). Spatial independent variable z belongs to the interval <0, L>.

It is a model system with continuously distributed parameters, which means that the temperature of
the liquid changes along the tube and the dynamic state is a function of spatial independent variable
and also a function of time.

The system has two input variables, ambient temperature Tc (t) and the liquid temperature on the
input Tv (t). State variable is the temperature of the liquid in the tube T (z, t) and the output is the
temperature of the liquid Tvys (t).

Tv T1.n.'rs-

Tec <
One-capacity tube heat exchanger
Simplifying assumptions

- density p [kg/m3], the heat transfer coefficient a [W/m2K], cp specific heat [k) / kgK] and flow q
[m3/min] the cooled liquid are constant.

- ideal plug flow of the liquid

- heat capacity of the tube wall is neglected.

The final mathematical model of tube heat exchanger has the form



Parameters for simulation:

Parameters

Diameter of tube [m]

Lenght of tube [m]

Input temperature of liquid [°C]

Ambient temperature [°C]
Volumetric flow [m*/min]
Density of liquid [kg/m?]
Specific heat [kJ/kgK]

Heat transfer coefficient [W/m?K]

The source:

LI
cr CZ

Value
0,08
120
20
10
0,05
985
4,05
43,5

FARANA, Radim et al. Programovd podpora simulace dynamickych systému: Sbirka resenych priklada.
Ostrava: VSB - Technicka univerzita Ostrava, 2002. ISBN 978-80-251-1448-3.

Stejnosmérny motor rizeny proudem kotvy

Na obrdzku je vidét schéma stejnosmérného motoru s konstantnim buzenim. V tomto ptipadé je

motor fizeny proudem kotvy. Parametry motoru jsou: proud kotvy ia(t) [A], zatéZovy moment mz(t)

[Nm], hnaci moment mn(t) [Nm], celkovy moment setrvacnosti J [kgmz], uhlova rychlost ¢At) [rad/s],

uhlové natoceni ¢(t) [rad].

Vstupem do systému je proud kotvy ia(t) a zatéZovy moment mz(t), stavovymi a zéroven i vystupnimi

veli¢inami je uhlové natoceni ¢(t) a uhlova rychlost w(t).
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Jednosmérny motor fizeny proudem

Zjednodusujici predpoklady

- buzeni kotvy je konstantni

- celkova indukcnost kotvy je zanedbana.

Vysledny matematicky model ma tvar:

Inh (FJ‘ = km .?.a(r)

do  m(t)—m_(t)

dt J
do(t)

= (1)

Zdroj:

FARANA, Radim et al. Programovd podpora simulace dynamickych systémd: Sbirka resenych prikladd.
Ostrava: VSB - Technicka univerzita Ostrava, 2002. ISBN 978-80-251-1448-3.

DC motor controlled by armature current

The figure shows a diagram of a DC motor with constant excitation. In this case, the motor is
controlled by armature current. The motor parameters are: armature current i (t) [A] load moment
mz (t) [Nm], the torque mh (t) [Nm], the total moment of inertia J [kgm 2], the angular velocity w (t)
[rad / s], the angular rotation ¢ (t) [rad].

Input to the system is the armature current ia (t) and the load moment mz (t), state, and also the
output variables is the angular rotation ¢ (t) and angular velocity w (t).
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One-way motor controlled by armature current

Simplifying assumptions
- excitation of armature is constant

- total inductance of armature is neglected.

The final mathematical model of the DC motor controlled by armature current has the form:

m, (t)=k,_-_(t)
deoo  my(t)—m_(f)
dt J

The source:

FARANA, Radim et al. Programovd podpora simulace dynamickych systému: Sbirka resenych prikladd.
Ostrava: VSB - Technicka univerzita Ostrava, 2002. ISBN 978-80-251-1448-3.

Stejnosmérny motor rizeny napétim kotvy

Na obrazku je vidét schéma stejnosmérného motoru s konstantnim buzenim. V tomto pripadé je
motor Fizeny napétim kotvy. Parametry motoru jsou: napéti kotvy ua(t) [V], celkovy odpor kotvy Ra
[Q], proud kotvy ia(t)[A], zatéZovy moment Mz(t) [Nm], hnaci moment mn(t) [Nm], celkovy moment

setrvacnosti J [kgmz], uhlova rychlost aXt) [rad/s], uhlové natoceni ¢(t) [rad].



Vstupem do systému je napéti kotvy ua(t) a zatéZzovy moment mg(t), stavovymi a zaroven i

vystupnimi veli¢cinami je uhlové natoceni ¢Xt) a uhlovad rychlost w(t).

ealt)
L(t) ':D_:..Ifconst Imhm ] V//, e(t)
[] —

Jednosmérny motor fizeny napétim kotvy

Zjednodusujici predpoklady
- buzeni kotvy je konstantni

- celkova indukcnost kotvy je zanedbana.

Vysledny matematicky model ma tvar:

J@ =m, (t)—m_(1)
dt ]

m, (t) =k, 1_(t)

. u () -k o)
i ()=
(1) P

a

The source:

FARANA, Radim et al. Programovd podpora simulace dynamickych systému: Sbirka resenych prikladd.
Ostrava: VSB - Technicka univerzita Ostrava, 2002. ISBN 978-80-251-1448-3.

DC motor controlled by armature voltage

The figure shows a diagram of a DC motor with constant excitation. In this case, the motor is
controlled by armature voltage. The motor parameters are: armature voltage ua(t), total resistance
of the armature R, [A], armature current i, (t), load moment mz (t) [Nm], the torque mh (t) [Nm], the
total moment of inertia J [kgm 2], the angular velocity w (t) [rad / s], the angular rotation ¢ (t) [rad].



Input to the system is the armature voltage ua (t) and the load moment mz (t), state, and also the
output variables are the angular rotation ¢ (t) and angular velocity w (t).
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One-way motor controlled by armature voltage

Simplifying assumptions
- excitation of armature is constant

- total inductance of armature is neglected.

The final mathematical model of the DC motor controlled by armature voltage has the form:

J@ =m, (t)—m_(1)
dr ]

m, (1) =k, 1_(f)
_u,(t)—k,.elt)
R

a

(1)

The source:

FARANA, Radim et al. Programovd podpora simulace dynamickych systémd: Sbirka resenych prikladd.
Ostrava: VSB - Technicka univerzita Ostrava, 2002. ISBN 978-80-251-1448-3.

Rekuperator pro ohiev vzduchu

Obrazek zobrazuje schéma rekuperatoru pro ohfev vzduchu, v kterém probihd vyména tepla
vedenim od koufovych plynd pres sténu trubky (soucinitel prestupu tepla ai [W/m2K]) a od stény
trubky k vzduchu (soucinitel pfestupu tepla a2[W/m2K]). Parametry trubky a ohfivaného vzduchu
jsou: hustota p[kg/ms], mérné teplo cp [ki/kgK] a objem V [ms3]. Indexy pouzité pfi parametrech:



- koutové plyny - (.)p,
- sténa trubky - (.)s,
-vzduch - (.)v.

Na vstupu systému je teplota kourovych plynl Tp [°C] a na vystupu ze systému je teplota vzduchu Tv
[°C]. Stavovymi velicinami jsou teplota stény trubky Ts [°C] a teplota vzduchu Tv.
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wIDUCH
Tv
Ts
T|:|- —i-—
KOUROYVE
PLY R

Rekuperdtor pro ohfev vzduchu

Zjednodusujici predpoklady
- rozdil teplot na sténach trubky je zanedbdn

Vysledny matematicky model rekuperatoru pro ohfev vzduchu ma tvar:

dT _(r)
= —a |T.()-T.()
dr al: P 5 ]
_ o Fy
V: lﬁ).?(‘j.'u‘.;
dT (t
=D a[1,0)-T, 1)
__oF
a,=——"—
V1 p‘.l_‘?_m.
Parametry pro simulaci:
Parametry Trubka Ohfivany vzduch Kourové plyny

Teplota [°C] 80



Pocatecni teplota [°C] 15 10

Hustota [kg/m’] 7850 1,29
Objem [m’] 0,1413 0,098
Mérné teplo [ki/kgK] 0,469 1,1

Zdroj:

FARANA, Radim et al. Programovd podpora simulace dynamickych systému: Sbirka resenych prikladd.
Ostrava: VSB - Technicka univerzita Ostrava, 2002. ISBN 978-80-251-1448-3.

Recuperator for hot air

Figure shows a diagram of the heat exchanger for hot air in which is exchanging of heat by
conduction from the smoke gases through the tube wall (heat transfer coefficient al [W/m2K]) and
from the tube wall to the air (heat transfer coefficient a2 [W/m2K]). Parameters of tube and heated
air are: density p [kg/m3], cp specific heat [kJ / kgK] and the volume V [m3]. Indices used in the
following parameters:

- Flue gases - (.) P
- Pipewall-(.) S
- Air-(.) In.

The system input is the temperature of the smoke gases Tp [° C] and the output of the system is the
air temperature Tv [° C]. State variables are the tube wall temperature Ts [° C] and air temperature
Tv.
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Recuperator for hot air



Simplifying assumptions
- temperature difference on the walls of the tube is neglected.

The final mathematical model of recuperator for hot air has the form:

dT (1)
——=a [T (t)-T.(1)
d‘rr -[ r 5 ]
ot F,
a = 111
V.p.c,,
dT (t
LY o no-1.0)
o, F,
a, =——"—
VepuCpm
Parameters for simulation:

Parameters Tube Heated air Smoke gas
Temperature [°C] 80
Initial temperature [°C] 15 10
Density [kg/m?] 7850 1,29
Volume [m’] 0,1413 0,098
Specific heat [kJ/kgK] 0,469 1,1

The source:

FARANA, Radim et al. Programovd podpora simulace dynamickych systém: Sbirka resenych prikladd.
Ostrava: VSB - Technicka univerzita Ostrava, 2002. ISBN 978-80-251-1448-3.

Prutocny chemicky reaktor s chlazenim v plasti

Na obrazku se nachazi pratocny chemicky reaktor s reakéni smési v reaktoru a s chladici kapalinou v
plasti. Budeme uvaZovat obecnou exotermickou reakci, v které reaguje i sloZek v j reakcich, pficemz
urcita slozka nemusi reagovat ve vsech reakcich soucasné.

Na vstupu do reaktoru je vstupni pritok reakéni smési q[ms/min], jeji teplota Tv [m3/min] a vstupni
koncentrace slozek civ [kmol/m3]. Na vstupu do plasté je vstupni pfitok chladici kapaliny gc [m3/min]



a jej teplota Tcv [°C]. Stavovymi veli¢inami jsou koncentrace jednotlivych sloZek v reaktoru Ci(t) pro
i=1,2,...,i0, teplota reakéni smési v reaktoru T(t) [°C] a teplota chladici kapaliny Tc(t) [°C] v plasti.
Parametry reakéni smési v reaktoru a chladici kapaliny: objem V [mas], hustota p[kg/ms], mérné teplo
cp [kd/kgK].

q, Tv, Civ
e, Tew
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Pritokovy chemicky reaktor s chlazenim v plasti

Zjednodusujici predpoklady

- reakéni smés i chladici kapalina jsou dokonale promichavany
- tepelnd kapacita stény oddélujici reakéni smés od kapaliny je zanedbana
- objemy, koeficient pfechodu tepla, mérné tepla i hustoty reakéni smési

a chladici kapaliny jsou konstantni.

Vysledny matematicky model chemického reaktoru pro dvé slozky A a B, kde Zzddanym produktem je
latka B, ma tvar:

de 4 _gcy, —qcy — Ve,

dt vV
dey gy —qeg +Vike, —kyeg)
dt V
dT {qpcfpi'"r +V(hkyc, + hokyey ) - gpe, T —FalT -T,)
dt B Ve,
dT. B qrpccPch‘_ + Faf(T—Tr)—qcpcchc
dr V.p.c,
g E,

ki =ke . ky = ke ®



Proménné k1 a k2 jsou rychlostni konstanty, kde kiy a kyo jsou pre-exponencialni faktory a E; a E,
aktivacni energie.

Zdroj:

DOSTAL, Petr. Matematické modely vybranych technologickych procest: Studijni materidl do
predmeétu Analyza a simulace technologickych procest. Zlin: UTB ve Zliné, Fakulta aplikované
informatiky, 2011.

Continnuous Stirred Tank Reactor with Cooling in the Jacket

The figure is a CSTR with the reaction mixture in the reactor and with coolant in the jacket. We
consider a general exothermic reaction, in which reacts i components in j reactions, while an
ingredient may not respond to all responses simultaneously.

On input the reactor are input tributary reaction mixture Q [m3/min], the temperature Tv [m3/min],
and input concentration of ingredients civ [kmol/m3]. On input into the jacket is the input tributary
of coolant gc [m3/min], and it temperature TCV [° C]. State variables are the concentration of the
individual components in the reactor ci (t) for i = 1,2, ..., i0, the temperature of the reaction mixture
in the reactor T (t) [° C] and the coolant temperature Tc (t) [° C] in the mantle. Parameters of the
reaction mixture in the reactor and volant: volume V [m3], density p [kg/m3], the specific heat cp [kJ

/ kgK].
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Flow chemical reactor with cooling in the mantle

Simplifying assumptions
- the reaction mixture and coolant are perfectly mixed



- heat capacity of the wall separating the reaction mixture from the liquid is neglected
- volumes, coefficient of heat transfer, specific heat and density of the reaction mixture

and of coolant are constant.

The final mathematical model of chemical reactor for two elements A and B, where is the desired
product substance B, has the form:

de 4 _gcy, —qc, — Vi 4

dr vV
dey  qgeg —qeg +Vike, —kye5)
t V
dT {qpc?_pTr +V (ke + hkyey ))- gpe,T —FalT -T,)
dt Ve,
dT, g.pc, I, +Fa(T-T)—q.prc,T.
dr V.p.C,
E E,

The variables k; and k2 are the rate constants, where ko and k,g are the pre-exponential factors and
E,and E, are activation energies.

The source:

DOSTAL, Petr. Matematické modely vybranych technologickych procesi: Studijni materidl do
pfedmétu Analyza a simulace technologickych procest. Zlin: UTB ve Zliné, Fakulta aplikované
informatiky, 2011.



