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— Fully-Integrated Systern and Tools —
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- A Necessary Condition -
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An Exarnple of System Integration g
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CAPE Tools

&

< A movement from Sequential Modular to Equation-Oriented (EQO) tools is clear
< Key advantages of EO:

* Models can be inspected

* Models can be refined or reused

« Same model as the source for several tasks: simulation, optimization,

parameter estimation, data reconciliation, etc. - integrated environment

% Some disadvantages:

« Lack of assistance in model development

* Itis very difficult to fix ill-posed models
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Equation-Oriented Dynamic Simulation using EMSO:

1. What is ESMQO?
2. Building dynamic models

3. EMSO tutorial
4. Dynamic Degree of Freedom

5. Debugging techniques



1. What is EMSO?

&

Q EMSO stands for “Environment for Modeling Simulation and Optimization”
Q Development started in 2001, written in C++ language

Q Available in Windows and Linux

Q Models are written in an object-oriented modeling language

Q Equation-oriented simulator and optimizer

a Computationally efficient for dynamic and steady-state simulations

a Continuous improvements through ALSOC project:

http://www.enq.ufrgs.br/alsoc
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Welcome to the ALSOC Project homepage

ALSOC is the acronym used to identify the project of a free environment for simulation, optimization, and process control,

ALSOC & a sigla utilizada para identificar o projeto de urn Ambiente Livre para Sirnulac8o, Otimizacio e Controle de Processos,

The ALSOC Project is an effort to bring together university-industry through the standardization and distribution without
cost of specifications and software tools among universities and partner companies.
O Projeto ALSOC & um esforgo de aproximagdo universidade-inddstria através da padronizac8o e distribuiclo serm custo de especificacies =

ferrarmentas de software entre universidades & ermpresas consorciadas,

Lock here the list of institutions that participate and sponsor the project.

“Waja aqui a lista de instituicfes que participam = pabrocinam o projeto,

The main goals of the ALSOC Project are:
A= principais finalidades do Projeto ALSOC sio0;

* to develop, maintain, and distribute specifications of a modeling language and a library of models for the synthesis,
simulation, optimization and control of general processes (check the ALSOC OPEM LICEMSE);
dezenvalver, manter & distribuir especificagdes de urma linguagern de modelagem & urma biblicteca de modelos abertas para sintese,

sirmulagie, ctimizagieo 2 contrale de processos em geral (veja a licenca aberts ALSOC)

® to develop and maintain state-of-the-art software and to distribute it at no cost to the universities and partner
companies {check the ALSOC LICENSEDY;
desenvaolver & rmanter software no estado-da-arte distribuida sern custo entre o= consorciados e entidades educacionais (veja a licenca
ALSOCT:

to certify third party solution and models as conforming to the developed standards,
certificar a conformidade de solugfes externas com os padrées desenvolvidos e adicionar ao Projeto contribuicdes externas,

EMSO Process Simulator

EMSO is the acronym for Environment for Modeling Simuation and Optimization.
EMS & a sigla para Ervironment Ffor Modeling Simuation ahd Opdinization,

EMSC is the simulation software of the ALSOC project. Its development was started at 2001 by =* Rafael de Pelegrini
Soares, today the EMS0O process simulator is developed and maintained by ALSOC,
& EMSZ & o seftware de simulagdo do projeta ALSSC, Sua construcdo foi iniciada emn 2001 por R.afael de Pelegrini Soares, haoje o simulador

EMSO & desenvolvida & mantide pelo projeto ALSOC,

Learn more about EMSD, check the Changelog, or download it here!

Saiba mais sobre o EM5O, veja o Changelog ou faga o seu download aquil

ut Trac | Login |

=

Start Page Index by Titde Index by Date Last Change

News!

mar 0F 2008 EMSC version 0.9.33 releaszed! Download it
here

dez 25 2007: EMSO wersion 0.9.54 releazed! Download it
here

aug 31 2007 EMSO version 0.9.52 relezsed! Download it
here

aug 27 2007 Curso do simuladar EMSO, Clique AQUI para
fazer o download do material do cursa.

jun 13 Z007: A nice Quick Reference is now available,
feb 14 2007 Dizpiaving a forrmmula Click here,

dec 18 2006: ALSOC meeding: sponsors and developers
discussing about the future of the project and recent

advances, Read more...

nov 1 2006: Getinvolwved!: Contribute your models to the
EMSC Model Library, Check the Contribution Page!

4 DEQUI - Departamento de

ENGENHARIA QUIMICA

amehidA



EMSO Key Features

v Open source library of models

v Object-oriented modeling

v" Built-in automatic and symbolic differentiation

v Automatic checking and conversion of units of measurement
v" Solve high-index problem

v Perform consistency analysis (DoF, DDoF, initial condition)
v" Integrated Graphical User Interface (GUI)

v" Building blocks to create flowsheets

v" Discrete event handling

v Multitask for concurrent and real-time simulations

v Very modular architecture and support to sparse algebra

v Multiplatform: win32 and posix

v Interface with user code written in C/C++ or Fortran

v Automatic documentation of models using hypertexts and LaTeX

&




What can | do with EMSO?

&

IV Steady-state simulations

M Dynamic simulations

[V Steady-state optimizations

IV Steady-state parameter estimations

I Dynamic parameter estimations

IV Steady-state data reconciliations

I Process follow-up and inferences with OPC communication
I Build bifurcation diagrams (interface with AUTO for DAES)

¥ Dynamic simulations with SIMULINK (interface with MATLAB)
I Add new solvers (DAE, NLA, NLP)

I Add external routines using the Plugins resource
10



Therrmodynarnic and g
Physical Properties — Plugin

fg VRTherm

Eile
[~

Q Ccmponentslg Fl_ag_hl

Narne or Formula: |hutano|

Help

Data bank with about
2000 pure compounds

Name | Aliases
MN-BUTAMNOL

UTANOL
SEC-BUTANOL

| Formula
C4H100

C4H100

TERT-BUTANOL TERT-BUTYL ALCOHOL, 2-METHYL-2-PROPANCL, TRIMETHYLMETHANOL  C4H100

2-PENTANOL SEC-AMYL ALCOHOL, 1-METHYL-1-BUTANOL, SEC-PENTANOL C5H120 6032-29-7
2-METHYL-1-BUTANOL SEC-BUTYLCARBINOL, 2-METHYLBUTYLALCOHOL CSH120 137-32-6
3-METHYL-1-BUTANOL ISOPENTYL ALCOHOL, ISOAMYL ALCOHOL, ISOBUTYL CARBINOL C5H120 123-51-3

d | _|j

Selected Components

Marme Aliases | |
WATER DIHYDROGEN OXIDE
BEMNZEMNE BEMNZOL. CYCLOHEXATRIEME, PHENYL HYDRIDE
ETHYLBENZENE ETHYLBENZOL, PHENYLETHANE, AETHYLBENZOL . % VRTher
ISOBUTAMNOL ISOBUTYL ALCOHOL, 2-METHYL-1-PROPANCL, ISOPROPYLCARBINOL ;t; arm
Eile Help
e |
[ components [ Flash|
p Vapour Madel: [eR ] Temperature [300 M el Results
[Pronto, - e I 8 — bood  lveosr ||
raction
Composition Enthaloy [iimoll -37473.9 -143.814
Feed | Liguid | vapour | | Volume (maimoll| s.2s742e.05  0.0243818
WATER | 0.25 0.25 0.724447 Dansity [ka/m31 832844 1.44283
BENZENE 0.25 0.25 0.213359 Viscosity [eP] 0.647639 0.0107366
ETHVLBENZENE 0.25 025  0.0265739
ISoBUTANGL | 025 025  0.0356203

Mixture properties
calculation

Pronto.

11



How can | install EMSO? G

¥ Download - ALSOC PROJECT - EMSO - Trac - Mozilla Firefox =10 =]
> Down |Oad E M S O an d Arquivo  Editar  Exibir  Histdrico  Faworitos  Ferramentas  Ajuda
'@ S :V e @ &’/ ﬁ_l‘ |§,'.r http: f v, eng.ufrgs. brftrac alsocfwikif Download | - | B’] "lGoogIe |¥\]

Mew Group  Mew Group (1) |

VRThe rm paC kag eS frO m [ 4 Download - ALSOC PROJECT - EM... 3 | -

Contributions | Userz | Support | Contact | Help/Guide | About Trac | Login | Settings | Regi

http://www.eng.ufrgs.br/alsoc e

UMIVERSIDADE FEDERAL
B0 RIG GRANDE DO 58

Start Page Index by Tide Index by Date Last Change

Wik

» Run the setup programs Download

In order to download EMSO or YRTHERM wou need to register. Registering is very SIMPLE, we use the information supplied
for our statistics and to contact you in the case of new releases.

Para efetuar o download do EMSO ou do YRTHERM, & necessaric cadastrar-se, para fins estatisticas, © cadastro & SIMPLES e RAPIDD, com a
wantagern de que sempre que for dizponibilizada uma nova vers8o do EMSC, todos as usudrios devidamente cadastrados serfo notificadas

=obre ala,

> Run EMSO If wvou have already registered, just inform wour E-MAIL and PROCEED. If you hadn't make your registration yet, click at
WANT TO REGISTER!

Se wocE j3 & cadastrado, informe o seu EMAIL & clique em PROSSESUIR, Caso contrdrio, se desejar efetuar o download do EMSD, clique em

QUERD ME CADASTRAR!

DOWHRLOAD ENMSO - Inform your email: Ok

> Add the phyS|Ca| propertles DOWHNLOAD YRTHERM - Inform your email: ok |

WilAMNT TO REGISTERI

package using the Config

Download in other formats:
Plain Text FOF

Plugins option in the menu 8 trac

| Concluido i

» Select and example and run it
12



Configuring Plugin
— VRTherr package: vrpp —

To use a plug-in the user needs
to register it through the menu

Config —— Plugins

Directory:|"Jinterface Taa> 4 C‘F'EE L, [E

Clcalcsample
Flibcalcsample.so
M libcomplex.so
™ libcontin.so
Flibdassl.so

M libdasslc.so
Flibhomotopy.so
Flibipopt_emso.so
Flibmebdf.so

M libnlasolver.so
M libsundials.so

<

Eile Name: Ilib\.rrpp.so \ oK |
File Filter: Ishared Object file (*.s0) \ :] Cancel |

>

fg Prol la E
@k em|
¥ =\ sample

L= Flowsheets

# =i Modelos

s Explorer | [}

Type File

| 2

~ New Plugin -

Type: |pp
File: |

Cancel |

|Ready.

Mode: processor spead

MDI Empty

&

Windows plug-in is a DLL file,
and Linux plug-in is a SO file

13



Integrated GUI
— Running an example —

=lo] x|
Eil=  Edit Wiew Tasks Result Config  Help |
o~ B = - o 2|0 = w E|zeom: [H00 =]
'Eg Explorer | 4 [l = 5ample_Flowsheet.pfd Al & sample_Flowsheet.mso ||| = Results | L] »
= @ _Sample_FIDwsheet.de |- - = Sample FlowsheeJ | |
@ Blocks = 28 »FlowsSheet Sample_Flowshest =
42 Connections o — 29 FARAMETERS = =Jx= Sample_Flowshest
EI@ Sample_Flowshest.mso ."D . Ig FF asz FPlugin(Brief="FPhwsical Proj - (F)= MComp
B =i using Bt : 31 i Components = ["l I-butad’ e [H ==
= 32 "l-pentene" "1l -hexene" = <= Flash_1
PR 33 Li guidModel = VPR ~{F)= NComp
MComp 34 wapourModel = "PR" CE=
o 35 J; ~(Ph= M
Flash_1 % g MComp as Integer; - iPr= diameter
feed B <= Inlet
. 3z WARIABLES e
Equations 39 o] as aenep source (BErief="Hea: = b= Outletl
Initials a0 R - Sl NComp
: 41 SET : :::f F
Bl B controllers 472 NComp = PP.MumberofComponents; . :
¥ =2l costs 43 ()= p
[ = electrical a4 DEWICES ~B= R
= = heat_exchangers 45 Fflash_1 as flash; L
B icon 46 feed as source; ~B= z
[+ = mixers_splitters 47 [ == Cukleby
[+ B, pressure_changers 48 CORMECTIOMNS [ == Inletd
[ = reactors 49 Feed. Outlet to Tlash_1.Inlet; = M
1
[+ B, stage_separators 233 EQ Q.0outletd to Flash_1l.Inletq; _ILI -G L
[ =i water_skeam K 0 I | » L=
- 4&| streams.mso AT 4 ~== E
- @ byvpes,. mso - 0= L
ih sample 336 - R ottt e bbbt = ¥ oo e et ot 1 = &=
auto 235 3 - B= Lewvel
conkrallers 334 ~09= Across
cosks 7 - = wfrac
electrical 233 --:X:= Prdatio
eskimation - = Pdrop
heat_esxchangers 332 - = T[K] =l == feed
miscellaneous 23 - < (Fd= NComp
mixers_splitkers , . , . , . , . . . . : . : ~iFh= M
optimization 0.00 500 1000 1500 2000 2500 3000 3500 [ 4> Outlet =
pressure_changers =
processes
2 Sample_Process.m: & Problems | =l console | Bl rmodel | 4 > b
) mnlepowshest || output Leve
. AMPIE_Flowshest Time-points: 150 =
Bl reactors Residuals evaluation: 309
B reconciliation I Linear system updates: 30
=l stage_separators Linear system Factorizations: 15
P - Linear system solutions: 129
i E“' Wwaste ater - Simulation of 'Sample_Flovwsheet' Finished successfully in 0,781 seconds, j
4] | > =
|Ready Mode: Texk Editor Mode: processor speed r \



2. Building Dynarnic Models
— Where dynarmic sirnulation is necessary —

&
e Batch and semi-batch processes

(Analysis, Control, Dynamic optimization, Optimal design, Parameter estimation, Start-up operations)

 Dynamic real-time optimization (D-RTO)
(NMPC, Plant-wide optimization, Product transitions, Model updating, Virtual analyzers)

 Advanced process control

(Control structure design, Model reduction, Controllability and operability, Model-based control, Controller
tuning, Nonlinear dynamics)

e Startups, shutdowns and transitions

(Start-up strategies, Safety studies, Plant shutdown, Process transitions, Troubleshooting)

 Process intensification

(Complex systems, Oscillatory motion, Reaction/separation processes, Auto-refrigerated reactors)

e Teaching and training

(Classroom teaching, Operators training)
15



Building Dynamic Models
— Equation-Oriented models —

&

v In Equation-Oriented (EO) simulators a model has:
* A set of model parameters (reaction order, valve constant, etc.)
* A set of variables (temperatures, pressures, flow rates, etc.)

* A set of equations (algebraic and differential) relating the variables

v Problems in model building:
 Number of equations and variables does not match
» Equations of the model are inconsistent (linear dependence, etc.)

* The number of initial conditions does not match (dynamic simulation)

16



Building Dynamic Models
— Difficulties in Dynamic Sirmulation —

&

e Truly standard interfaces and open source models

 Reliable models

* High-Index DAE systems
e Large-Scale systems

 Model consistency:
- Degree of Freedom (DoF)
- Dynamic Degree of Freedom (DDoF)
- Units of measurement
- Structural non-singularity

- Consistent Initial condition
17
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Building Dynarnic Models £ ')
— A simple example —

Non-isothermal CSTR

Fe’ CAf’ CBf’ Tf

Ws ! TW

Fues T,

we

F,CAr . Cg, T

18



Building Dynamic Models
— CSTR: process description —

&

In a non-isothermal continuous stirred tank reactor, with diameter of 3.2 m

and level control, pure reactant is fed at 300 K and 3.5 m3/h with concentration
of 300 kmol/m3. A first order reaction occur in the reactor, with frequency factor
of 89 st and activation energy of 6 x 10* kJ/kmol, releasing 7000 kJ/kmol of
reaction heat. The reactor has a jacket to control the reactor temperature, with
constant overall heat transfer coefficient of 300 kJ/(h.m?.K). Assume constant
density of 1000 kg/m?3 and constant specific heat of 4 kJ/(kg.K) in the reaction

medium. The fully-open output linear valve has a constant of 2.7 m2-5/h.

19



Building Dynamic Models
— CSTR: model assumptions —

&

« perfect mixture in the reactor and jacket;
* negligible shaft work;

* (-ra) =K Cy;

e constant density;

e constant overall heat transfer coefficient;
e constant specific heat;

e Incompressible fluids;

* negligible heat loss to surroundings;

« A(internal energy) =~ A(enthalpy);

* negligible variation of potential and kinetic energies;
e constant volume in the jacket;

« thin metallic wall with negligible heat capacity.
20



Building Dynamic Models
— CSTR: modeling —

&

Mass balance in the reactor

Overall:
d(gtv) =ptFe —pFs =pdd—\t/
z—\t/ - F, - F, (1)
Component:
d(\;fALV %+CA%: FCa; —FsCp—V(-Tp)
VEERZF (Cyy —C) - (T @)
Vv
rE= (3)

€ 21



Building Dynamic Models
— CSTR: modeling —

Energy balance in the reactor:

Av2 2

_[ v(u+K+¢)} epluf + PV +7+ngj— Sp(U-I—PV +V7+gz ]+qr—q—ws

where H =U + PV

d(pVH) dH ~ dV - ~
=V +pH " =FpH,.-FpH+q -
dt /0 dt /0 dt ep f sp qr q
pV‘f;'—Fp(H H)+q, -

pVCp “('j—T— FpCp(Ty ~T)+0, g @)

22



Building Dynamic Models

&

— CSTR: modeling —
q=UA(T-T,) (%)
g, = (|AHp) V (-1n) (6)
(-r) =k C, (7)
k =k, exp(-E/RT) (8)
A= 7D?4 ®)
V=Ah (10)
A=A+ zDh (11)
F.=xCvvh (12)
X = f(h) Level control (13)

Tw — f(T) Temperature control (14)
23



Building Dynamic Models
— CSTR: consistency analysis —

&

variable units of measurement
F., F m3 st

Vv m3

t, 7 S

T Cpp kmol m3

ra kmol m=3 st
P kg m3

Cp kJ kgt K-

T, T, T, K

Jnq kd st

U kJm2K1s1
A, A m?

h, D m

CV m2.5 h—l

X _

AH, E kJ kmol-!

R kJ kmol-t K-1
K, Kk, si

24



Building Dynamic Models
— CSTR: consistency analysis —

&

variables: F,, F, V,t,C,, Car, Ta . CP, T, Tr, T 0 G, U, A, A, h, D, Cv, X, AHK, E, R, k, ko, T 2 27
constants: p, Cp, U, D, Cv, AHr, E, R, k, = 9

specifications:t = 1

driving forces: F,, T, Cos = 3

unknown variables: F,, V, C,, ra, T, T,, 4, 9, A, A, D, X Kk, 7 =2 14
equations: 14

Degree of Freedom = variables — constants — specifications — driving forces —
equations = unknown variables — equations =27 -9-1-3-14=0

Initial condition: h(0), C,(0), T(0) = 3

Dynamic Degree of Freedom (index < 2) = differential equations — initial
conditions=3-3=0

25



Building Dynarnic Models £ ')
- CSTR: EMSO version —

A _ 1o x|
> R unn I n g E M SO File Edit ‘“iew Tasks Resulk Config  Help
@ m b I SE | N (=) |Zl:u:um:| lljl:ljl'

3 Tg Explarer | E Results | i » x
environment for

mndeﬁng E'.a el |
simulation ;mapufn

+ 1 About EMSD

optimization 5 = contraliers /
based on code from @ CSTR_noniso.mso
Projeto ALSOC http: //www.rps.eng.br . 8 CSTR_noniso_pid.mso Open MSO flle

alpha wersion 0.9,56 @ Sample_flash_pid.mso
@ sample_PIDIncr _MIMO, mso

@ sample_PID_MIMO.mso

- @ sample_tanks_pid.mso

- 4 tanksmodel.mso

B costs

= electrical

B estimation

E"-ﬁ heat_exchangers &y Problems | =l Console | Elrod: 4 F X
B miscellaneous
=l mixers_splitters Output Level: Mormal outpat ]

B, optimization
B, pressure_changers
Bl processes

= reactars

=i, reconciliation
Bl stage_separators

Bl Waske'Water

B water_skeam
[+ B tutorial

Maode: Text Edikar Maode: processor speed |'r| C 26




silemso =10] x|

|Ei|e Edit  Wiew Tasks Result  Config  Help \ |

ﬁ~ i I B N S Zoom:l IDDﬁ \
Tg Explorer | 4 » x| if CSTR_noniso.mso | 4 » x||El console | Em 4 » x
Bl CSTR_nonisa.mso - 59 q asz heat_rate (DisplayUnit="k1/h"J; A output Level: Mormal Odtput 3
B using 60 | qr as heat_rate (DisplayUnit="kl/h'); ° ber of variables:
.88 Lonct valy 6L [in Inlet as stream_cstr; o Nommbor of s sion: 13
[+ F[ﬁ] stream_cskr g% out Outlet as stream_cstr; Mumber of specifications: 5
B F[;;] C5TR . . Degrees of Freedaom: 0
i (ot} SET Structural differential indesx: 1
o ko T v oA s Consistency Analysis o B 35
“F= D gg A= Pl DAL /4 ! Extra Yariables: 0
(o= 4, Dyvnamic degrees of freedom: 3
P Ea gg EQUATIONS Nurnber of initial Conditions: 3
"EP:'TR 59 "Owverall Mass Balance" S Results x|
;;C 70 difFCV) = Inlet.F - outlet.F; -
= U 72 "Component Mass Balance" '—'CSTR—”D—ED”tV‘jglil
- {Fi= Hr ;_31 v v diff{Ca) = Inlet.F ¥ {(Inlet.Ca - Cal) - (-rAl ¥ = = CSTRI —
()= pi “(F)= ka
- (= Cy 75 "pyerage Residence Time" = D
9= pt s tau ¥ Inlet.F = v, )= A
0= T 7 F=
" " - (= E
= T 7B Energy Balance (= Ra
0= gg Fo ¥ o Y Cp ¥ difF(T) = Inlet.F ¥ ro ¥ Cp ¥ (Inlet.T - T) + qr - q; - o
A=y (=
0= s 81 "Heat Transfer Rate" ®=Cp
o, 82 g =U*at ¥ (T - Tw); ":P;_ y
g3 ~{F= Hr
- ()= " . " - = ni
--(:)= t:"' 84 Reaction Heat Rate o ° ®d
“_r 85 gr = (-Hr) ¥ (-ra) ¥ v; el
- x: k 26 (= Oy
"w:q B7 "Reaction Rate" b= T
6= g B8 -rA = k ¥ Ca; 0= T
(5= Inlet 829 lEh=
-89~ Gutlet a0 "grrhenius Equation' 0= Ca
25 Equations 91 k = ko ¥ expC-Ea/(R¥TID; 0= h
¥ overall Mass Balance 92 = kay
~=9" Component Mass Balance 2omeTe )=
b2 93 "G Ty 0= ra
- Z(;Y fverage Residence Time 94 A Y R o= W3 . (9= |
B Erergy Balance N\ 95 At = A + pi¥D¥h; 9= g
- ¥3¥ Heat Transfer Rate g? a £ np N 0= o
| ERY ; d lwe Qquation
=7 Reaction Heat Rate
: - . Bl == Inlet
%Y feaction Rate 98 outlet.F = = ¥ Cw ¥ sqrtih); o
Xy . .
~=9" Arrhenius Equation " - n ()= F
- 5;\"'. Geometry — %gl OE? qgiCEaMle: Te B= 7
5 Caation 10 102 outlet.T = T; Bl Outlet
- =?V Walve Equation 103 Len ! L= g
-E3Y Perfect Mixture 104 - E’"M: E
- B Equation 13 hd| | 3 . T =

Ready. Mode: Text Editor Mode: processor speed ”



sEMsO

|Ei|e Edit Wiew Tasks Result Config Help

o~ 2 = s
?_g Explorer| L] Pox || 5E CSTR_nDniso.msnl | P x
=48 CSTR_noniso.mso 105 & Frocess with wncontrolled C5TR and multiple steadv-states =]
% using | %g? *FlowsSheet CSTR_no_control 3 FlotzD (3) x|
consk_walv
E|F[x-] skream_cstr 108 DEWICES -
il ca 109 FEED as stream_cstr;
110 CSTR1 as CSTR;
-09)= F ’
. 111 G751 |- =T[K]: To=570 K
0= T -
IF[x'] Ja— 112 COMMECTIONS — T[K]: To=580 K
Elltl:,g_, %%43- FEED to CESTR1.Inlet;
e (x]j FEED 115 SET
9 CoTR 116 | # C57F Parameters 600 4
52 Eguations 117 CsTR1I.R = 2.3144 ¥ 'ki1/kmol/K'
"x?v Manipulated Yariables 118 CSTR1.U = 300 ¥« 'kj,fh,fmf\Z I#'K' .
"x?v Equation 2 119 CETR1.ro = 1000 ¥ ‘kg/mAd’;
- XY Feed Stream 120 CETR1.Cp = 4% 'k1/kg/K’; N
?Y Equation 4 121 CSTR1.Hr = =7000 ¥ '"k1/kmol’; i
[Jx;"f if 1272 C5TR1.Ea = Ged ¥ '"ki1fkmol’; 5251
B 5 olse 123 CsTRl.ka = 89 ¥ '1/5'; i
I—_—'valnmals 124 CSTR1.D = 3.2 * II"I"II; 1
¥ concentration 125 CETR1.Cw = 2.7 ¥ 'mAZ.5/h"; 1
xﬂ' Lewvel 1.6 !
127 EQUATIONS L
Bk eml ¥ Temperature %%g Manipu'lateg variables" 450 ll
; CE5TR o =
Egjjgfi'; 130 CSTRL.Tw = 300 ¥ 'K'; L
131 L
132 "Feed Stream' i
133 FEED.Ca = 300 ¥ 'kmol/mA3"; ars 4
FlResults 5[ %%%1 FEED.F = 3.5% ¥ 'mA3/h'; 11
136 | # O7sturbance '-\ Lemmmm == -
137 = if t'|me < L0 v k! then
| CSTR_no_contrel DE'IJ_l_l 138 i "Feed Temperature' FEED.T = 300 ¥ 'g'; 200 4 N ',
3 139 glse
--i:;-ng 140 f "Feed Temperature'" FEED.T = 350 % 'K';
- F)= Cp 121 te end T T T T T T T
1472
A= U e TNITIAL 0.00 5 et A ninmse & A RTINS RN N RN AN e 0
< (F)= Hr 144 "Concentration'" CSTR1.Ca = 50 % 'kmol/mA3’;
~(F= i 145 "Lewel" CsTR1I. K = 1.7 ¥ 'm';
"EPT cv 146 "Temperature" CETR1.T = 570 ¥ "K' # Tpcrease to 550 K to change steadyv-state
b= Ak 147
-ea- 148 OPTIONS
0d= T 149 Timestep = 1;
0= x 150 TimeEnd = 100;
)=y 151 TimeUnit = 'h"
(9= Ca 152 DAESO'Iver“(Fw'Ie = "dass=1"D2; |
(9= h 153 tend =
- (= tau 5 ) T | L|_I

Ready.

Mode: Text Editor Mode: processor speed




Building Dynamic Models
— Checking Units of Measurement —

_1al x|
File Edit ‘“ew Tasks FResult Config Help
ﬁ\ m (S FEERED wf | ) |2|:u:|n'|:| IDDﬁ
?g Explorer | E Results | 4 » x| CSTR_noniso.mso | 4 P x
EE CSTR_noniso.mso 1 174 CSTR1. ko = 4 ¥ ! l,-'"rS I : ;I
[+ Bl using 124 CSTR1.D = 3.2 % 'm';
98 Const_valy 125 CSTR1.Cw = 2.7 % 'mA2.5/h';
F[:’fc-] skream_cstr 126
=A% CSTR_no_contral 128 "Manipulated variables"
' -(¥)= FE_ED_ 129 CSTRl}C = 1,
- 69= cSTRY 130 || CSTR1.Tw = 300 *('m';
= +¢" Equations }%% "Feed Stream" ]
. Ky ; i . .
sy Hemipulated Variables 133 FEED.Ca = 300 ¥ “emobimAd';
Sy Cauation 2 134 FEED.F = 3.5 ¥ (mAZ/h";
- =" Feed Stream i3k bl
-5Y Equation 4 Jd | o
SE
LAY Eaed Temperature i Problems | El console | &l rmodel | 1 P =
SR
= '? xf.!fe 0 etrors, 2 warnings, 0 infos
29" Feed Temperature o
B 5 [Litials | Descripkion File
, Y oncentration & C3TR1.Tw [K] and 300%m [m] have incompatible units CSTR_noniso.mso
gci?r':.f Level 8y FEED.F [m~3/s] and 3.5*%(m™~2/h) [m™2is] have incompatible units  CSTR_noniso.mso
Loy
=20 Temperature -
1 | »] « | 2

|Ready.

Mode: Text Editar

Mode: processor speed

&

incompatible
units
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3. EMSO Tutorial
— Modeling Structure —

EMSO has 3 main entities in the modeling structure

VALVE_UP
e —
‘}—ﬁ =
U Flash Model
STR_1
- @ Heater Model
SEPARATOR B Valve Model
HEAT Material Stream Model

VALVE_DOWN

‘;—ﬁ =

FlowSheet — process model, is composed by a set of DEVICES
DEVICES - components of a FlowSheet, an unit operation or an equipment
Model — mathematical description of a DEVICE

30



EMSO Tutorial

# = eml
& =4 sample
# = Flowsheets

B\ icon
flash.mso
heater.mso
stream.mso
valve.mso

9B ©

Model

— Modeling Structure —

S5TR_1

VALVE_UP

SEFPARATOR

HEAT

VALVE_DOWN

> >

Model: equation-based

=
using "streams”;
= Model heater

PARAMETERS

outer PP as Plugin (Brief="Physical Properties”, Type="|

outer NComp as Integer (Brief="Number of Components");

MNinlet as Integer (Brief= mber of Inlet Streams”);

Evalues as Switcher (Brief="0ption for Display Phase Equilibrium K-values®,Val
VARIABLES

QDuty as power (Brief = "Actual Duty");

Virac as fraction (Brief = "Vapor fraction Cutlet Stream”);

Lfrac as fraction (Brief = "Liquid fraction Outlet Stream"”);

Kvalue(NComp) as Real (Brief = "Phase Equilibrium K-valu

in Inlet{Ninlet ) as stream (Brief: Streams", PosX=0, PosY=
out Outlet as streamPH (Brief utlet Stream”, PosX=1, PosY:
EQUATIONS

"Flow"

Outlet.F = sum(Inlet.F);
» forjin[1 : NComp]

"Composition™
Outlet. F*Outlet.z(j) = sum(Inlet.F*Inlet.z());

end

"Vapor fraction Outlet Stream”
Virac = Outlet.w;

"Liquid fraction Qutlet Stream"
Lfrac = | -Vfrac;

FlowSheet: component-based

= OWSHEELMSo

using ‘heater";
using 'flash';
using 'vawve'";
using 'stream";

=FlowShecet Procoss

4 |

FlowSheet

DEVICES
HEAT as heater (Brief="Heater Camponente");
SEPARATOR ae flazh (Brief—"Flach Compcnents");
VALVE UP as valve (Brief="Valve upstream Componente"):
VALVE DOWN as valve (Brief="Valve downstream Componentz");
STR_1 as streamPH (Brief="Feed stream Components");
CONNECTIONS
STR_1 to HZAT.Inlet;
HEAT.Outlet to SEPARATCR.Inlet;
SEPARATOR.OutletV  to VALVE UP.Inlet;
SEPARATOR.Outletl.  to VALVE DCWN.Irlet;

%1
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EMSO Tutorial
— Object-Oriented Modeling Language —

The modeling and simulation of

complex systems is facilitated by

the use of the Object-Oriented
concept

Equipment

Tj

The system can be decomposed in
several components, each one
described separately using its

constitutive equations

The components of the
system exchange information
through the connecting ports
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EMSO Tutorial

— Object-Oriented Variable Types —

ypes.mso

negative
fraction
percent
control_signal
& efficiency

% frequency
% angle

% area

%° length

% length_delta
% volume

%* volume_mol
% volume_mass
e current

%’ charge

%’ capacitance

Parameters and variables are declared within their
valid domains and units using types created based on

the built-in types: Real, Integer, Switcher, Plugin

&

efficiency as Real (Brief = "Efficiency”, Default=0.5, final Lower=0, final Upper=1);

# Pressure
pressure
press_delta
head_mass
head

as Real (Brief = "Pressure", Default=1, Lower=1e-30, Upper=5e7, final Unit = 'atm");
as pressure (Brief = "Pressure Difference", Default=0.01, Lower=-5e8);

as Real (Brief = "Head", Default=50, Lower=-1e6, Upper=1e6, final Unit = 'KJ/kg";

as Real (Brief = "Head", Default=50, Lower=-1e6, Upper=1e6, final Unit = 'k]J/kmol');

# Temperature

temperature as Real (Brief = "Temperature"”, Default=300, Lower=27, Upper=5273, final Unit = 'K');
temp_delta as temperature (Brief = "Temperature Difference", Default=30, Lower=-1000, Upper=1000);
# Time
time_h as positive (Brief = "Time in hours", Default=1, Upper=1e4, final Unit = 'h");
time_min as time_h (Brief = "Time in minutes", DisplayUnit ='min');
time sec as time_h (Brief = "Time in seconds", DisplayUnit = 's’);
(

frequency as positive

# Size related
angle

area

length
length_delta
volume
volume_mol
volume_mass

4

Brief = "Frequency", Default=1, Upper=100, final Unit="1/s");

as Real (Brief = "Angle", Default=0, Lower=-7, Upper=7, final Unit =rad");

as positive (Brief = "Area", Default=1, Upper=1EGS, final Unit ='m~2");

as positive (Brief = "Length", Default=1, Upper=>5e6, final Unit = 'm');

as length (Brief = "Difference of Length", Lower=-1000);

as positive (Brief = "Volume", Default=10, Upper=1000, final Unit = 'm~3");

as positive (Brief = "Molar Volume", Default=10, Upper=1ES6, final Unit = 'm~3/mol);
as positive (Brief = "Specific Volume", Default=10, Upper=1E30, final Unit = 'm~3/kg");
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8 mixer.mso X
Including sub- . v
models and types gy Using streas’; .
22 »Model mixer ——-......."“-._---
21 ATTRIBUTES
24 Pallete = true;
25 Icon = "icon/mixer";
] 26 Brief = "Model of a mixer"
Automatic model | = 7, __ffe =
) == Assumptions ==
documentation . sheuc
adiabatic

Basic sections
to create a
math. model

Input and output
connections

(

48 » gfor i in [L:NComp]

EMSO Tutorial
— Model Components —

== Specify ==
¥ the inlet streams";

Ly PARAMETERS

> VARTAELES
in \Inlet(Ninlet) as stream (Brief = "Inlet streams", Posx=0, Posy=0.5, Swmbol="_{in}");
out)outlet as streamPH (Brief = "Outlet stream”, Posx=l, Posv=0.5, Sywbol="_{out}");

™SA EQUATIONS

"Flow"
Qutlet.F = sum(Inlet.F);

"Composition”
. outlet.FYoutlet.z(i) = sum(Inlet.F*Inlet.z(i)J;
end

"Energy Balance"
Qutlet.F¥outlet.h = sum(Inlet.F¥Inlet.h);

"Pressure”
Qutlet.P = min(Inlet.P); b

outer NComp as Integer (Brief = "Number of chemical components", Lower = 1); g
P Minlet as Integer (Brief = "Number of Inlet Streams", Lower = 1, Default = 2);‘!//"’—

Symbol of variable in
LaTeX command for
— documentation

Port location to draw a
flowsheet connection

“end _fj
4

34



[ B4 using

(9= Feed
()=
()=

Tanque

Process

=5 Initials
%Y Initial level of tank

= eml

# =\ sample

# = Flowsheets

# =\ Modelos

EMSO Tutorial
— FlowSheet Cornponents —

using "tanks';

~FlowSheet Simple_Tank
& tanks.mso —/
=§¥ simple_Tank

DEVICES

Feed as source (Brief = "Feed stream");
Tanque as tank_circular (Brief = "Tank");
Process as sink

(Brief = "Sink stream");
CONNECTIONS

Feed.Outlet to Tanque.Inlet;
Tanque.Outlet to Process.Inlet;

SET

Tanque.k =8 *'m~™2.5/h}
Tanque.Dh =2 * 'm’;

Degree of Freedom

Dynamic Degree of
Freedom

SPECIFY
"Feed flow"

Feed.Outlet.Fvol =10 *m~3/h'

"Feed temperature de entrada"
Feed.Outlet.T = 300 *K}

"Feed pressure"
Feed.Outlet.P =1 *atm"

r | INITIAL

"Initial level of tank"
Tanque.h =1 *'m"

OPTIONS
TimeStart
TimeStep
TimeEnd
TimeUnit
~end

’

!\J_C)C}
.

[T

=

d |

Source

<——\

Parameters of
DEVICES

Simulation
options

25




OO TC

Results [x]

(i

v
= Simple_Tank 08/22/2007 13:46:17 ~| Lﬂlil
= = Simple_Tank

= 9= Feed
= <= Outlet

EMSO Tutorial % ()
— Simulation Results: graphics —

)= Fvol
®)=T

@\ The current window is not a plot view,
9= p + creat a new one?

= <= Tank
®)= k

No |

®= Dh
x)= A
0= v double-click

)=

[+] <l Inlat

o 4h = 1.49447 [m]|

®)= Fvol
=T
0= p
®= pi
# 0= Process

1.500 A

1.400 A

1.300 4

1.200 A

1.100 A

1.000 A

-8 h[m]

0.00

1000 2000 3000 4000 5000 6000 7000

Horizontal axis is always the

independent variable (usually time)
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EMSO Tutorial & [
— Simulation Results: exporting graphics —

v

Right-click the mouse button and
select “Export Image”

9.600
9.500
@! 9.400 4
~ canc® ‘ Zoorm Out
' / 9300+ Properties...
Export Image...
9.200 4
9.100
30.00 35.0[) 40’00 45‘0[) 50‘00

Choose the file format
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EMSO Tutorial g.
p () — Simulation Results: exporting data —

w
= Simple_Tank 08/22/2007 14:13:00 ~| u'ﬂ
S Simple_Tank @
# = Feed
# g= Tank
+ <= Process

Choose the file forma
RLT: MATLAB/SCILAB

XML: EXCEL/OpenOffice 38



EMSO Tu
-3 tori
irmulation Results: in spa:ea dsheets g

=X

pados Revisdo fibicia

Layout da Pagina Formulas
v _fﬂl_lForma‘laginiummna\' Jeinsedt ” Ve %}( }_}

Insenr

. gy O == o = Genl
o " AA /s ol $ % ] g’;‘hrmatarwmolabela' 3K Exduir” i st
"» I 8 |5 % \‘i‘ x ﬁ' E-g— § § ;:;-—_S_:—E §‘ '.5% ,’5 _f}E;h\nsche!uLa- :JFG"va'ar L” sz;x::'I:;‘.-let:na“ USIng EXCEL to
imero " Estil s o
Fone s & = —— — s analyze the results
——— — . —
. — "’f{:ﬁf}.u F G H 160
" D E Tank - Level =
1800.000 o
e UOM 0000 360 0000 720 4000 1080000 14400000 //'
S 0000 )
0000 5.0000
3.0000 0000 ; 00 20000 0000 "
~2.5M 8 0000 o0 2% 416 1
; 20000 200003 a6 3116 3“}; 10903 L
m 316 b s oy e 1 N 4 Tank - Flow
m*2 : w6 600 108 ; . )
3 1415 3 1 129 11 pevel l ) // e
m»:! e 1_0599 g 10.003“ 440 P .
10’00 10@00 ‘WUW ﬂnw 3 2.80 ‘,,1'"/
00 ‘10.0000 “n000 300.0000 -3750 il 4,00
m"Jﬂ‘ 0 9000 3000660 101- 325(, ot 325 g9 0.90 - /
K ?,"%1'3250 03290 - 3% 3;;';;060 )
kP2 ' _ b1, 0 0 & a0 -
8. 59 8 Gﬂm 300. 191/325{} 10 wib FloW il"'dl':‘j
t 0000 300 13250 6 > -
outlet  _a3h 8. 309_0000 50 03 3 181 o
" 30 101320 w;'mg, 3t g L
W e =
&0 o e oo

k .

% 1anti . o

L5 7

pr Resu ItS Se 2480 . . 20009 o “m.(i?
parated

by devices
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EMSO Tuitorial & [
- Sirhulation Results: in MATLAB/SCILAB -

7E||e Edit  Debug Desktop  Window Help

P mBoaggo  ———— . Using MATLAB to
—_ : : 1‘7( ‘ Currem DirechrY- ithEfgerson,fDesm T _‘-H— = ‘_h"“.' —
Shortcuts (&) How o Add 2] Whar's new \—f%x‘j_j 1¥/08s 3 analyze the results

P

> > devices:emsoZml('Simple_Tank.rit'}

devices =

hame: 'Simple_Tank’
time: [21x1 double]
Feed: [1x1 struct]
Tank: [1x1 struct]
Process: [1x1 struct]

>> time = devices.time;

> > h = devices.Tank.h.val;
> > Fout = devices.Tank.Outlet.Fvol.val;
> > figure(l)

> > plot(time,h)

>> ylabel('Level (m)')

> > xlabel('Time (s)")

> > figure(2)

> > plot(time.Fout) .

> > ylabel('Flow (m?*/ hr))

5> > xlabel('Time (5)")

>> | ]’”“‘»-NWM R
:L____’__,//I T
N 40



EMSO Tutorial
— Building Block Diagrams: create file —

-101 x|
M i Setl
File Edit Wiew Tasks Result Config Help 1a0vaIm ~EEUn

&

sl B

iy ﬁ e 1] R | A3 (= |me: m ICDI‘“IDDHEH'IS|0|:|I:i|:|ns| Physical propertiesl
?g Explorer | Elresuts 4 b X || iF] Sample_diagram.pfd | [ Sel eCted
=] Y=l 5=mple_diagram.pfd I roplene Insert | =] C 0 m p O n e n tS
E 48 Connections l e h . from phySICaI
o - propane - properties
=4 t [ File template propylene .

. 8 | package

FlowwSheet Model

% .
\ Empty

Marne; ISampIe_diagram

Location: ID:'l,Temp'l,F‘.C\SI2DDS J

\ -
= | o | {a

& Problems | Bl consol= | =] Madel |€

4 F x

emll controllersl costsl electricall heat_exchangers | mixers_splittersl pressure_changers | reactors stage_separatars I Wast

[ R T N s e

Diff_Dist

Devices found
in the model

b0 0 0 e= 6 e library

4 - condenser ondenserReac
\bsorption_ther :activeDistillatic =d_Section_Co distillation_lett

andenserstead flash
4] | 3

Ready. |

seckion_Calurnr llation_kettle_c thermosyphon n_thermosyph ion_kettle_sub  Rechifier  ctifier_subo

DT Emply | Mode: processor speed r



EMSO Tutorial
— Building Block Diagrams: select devices —

&

_|ol x|
File  Edit Wiews Tasks Result Config Help |
o = 2] <7 =

Tg Explorerl 1 » x||ig Sample_diagram.pfd| 4 » =

EI Q Blacks

i ?--sourcel
?fa”:h‘21 S When rr_1akmg a
connection, only

- energy_saurce_L
El@ Zonnections

et B_, compatible
B s ports become
0 tutors |energy_source 1|

[source_1] available to
o connect

>-[]

drag & drop

ports to create i
a connection N

Gy Problems |

nscle | |l Modsl | 4 P x

B

ier  ctifier_subcooli Fluxed

| EE

hon, n_thermasyph ion_kettle_sub  Re

'

m @ {] {] click to create

kett sndenserSkead flash_steady SlashPHSteady lashPt a d eV| C e

4 | 3
Ready. | MDI Emply Maode: processor speed ” o 42




EMSO Tutorial
— Building Block Diagrams: set case study —

&

=101%]| [Fr——— -10] x|

File Edit Wew Tasks Result Config Help |

o~ D e |€3 - |zoom:| 1003 Fed

e Explorer 4 b x| | | Sample_diagram.pfd | 1 F x E{F’E SAUree "-"ariamESIParametersl

B et - =
EI%E sample_diagram. pfd +
E@ m;@@ |5| F I 100 I kmalfh ISpeciFy j
i ~Fee .
- yapor T 300 | K||specy |
gql'"d F'I 1 I atm ISpeciFy j
i flashl |'l| I k2 kmal IEvaIuatej
=4 Connections
1 ¥ I I IEvaIuatej
-2
] H z

B =5 eml = 2':1:" 0.3 I ISpeciFy j

[ = sample 22) -

[+ = tukorial I 0.z I ISPE':'FV j
23 | | 3
dauble-click
| |

— o
& Problems | B Conscle | Bl Model | \/ Cancel |
el I controllers | costs | electricall heat_exchangers | mixers_splitters | pressure_changersl reactors
- - -0 -0 B :I Variable status: unknown (Evaluate)
sOUrCE simple_source sink. simple_sink.  =nergy_source known (SpeCIfy)
q | v r initial condition (Initial)

| Ready. |

| MOCI Emply | Mode: processor speed l’

estimate (Guess) 43



EMSO Tutorial
— Building Block Diagrams: therrmodynamic —

&

~ =
File Edit Wew Tasks Result Config Help
SO e RE
[ Explorer 4 b x| i Sample Components | options Physical properties « »r X
) _ %— | B || — ——-—-—-—‘- Avallable models
right-click =k = Yiew Diagram . - : —
V = Check Consistency C liquid odel — [er —ﬂ EOS Name  Description .
O R o vapour Model [ S |deal o |deal Glas,.valld pnly for vapour models
o [Wapor |dealLiquid  Ideal Liquid, valid only for liquid models
Y Pauss — RK Redlich-Kwong
o =[St . SRK Soave-Redlich-Kwong
- X Close . H_ PR Peng-Robinson
: APR Assymetric-PR
X @ ASRK Assymetric-RK
o4 oo UNIFAC UNIFAC (Dortmund)
+H = eml
+ B sample N_~ o
+ L o CL0 | Lr' In development:
&y Problen Cancel | (03 | 4 PoX P C'SA FT
eml I controllers I costs I electrical | heat_exchangers I mixets_splitkers | press
sOUrCE simple source sink simole sink. | anernilll
1 b
A [

| MCT Emnpty | Mode: processor speed r 44



EMSO Tutorial % ()
— Building Block Diagrams: simulating —

OwWEOITC

File Edit ‘iew Tasks Result Config Help | Fle Edit Wiew Tasks Result Confinbak ‘
» ry - . | i
IR I R IR T |0 i ;z%lmnmd 705 o wl e e A ‘gl@ I
xplarer =] ample_diagraniig F,,-:: Consickency plorer | [E2 Res X || ENaample_diagr “okzD (1 X
Expl Ere 4 » X || 5 Sample_di ~heck Cansichent 4 F» x| LI ENGample_d 1 lokZD (1) <« )
s — ESampIe_deﬂ
e S . S 480 4
- Feed F <= Sample_diagram |
- Yapor ~(F= NComp
- Liquid e g 380 TIK]
S, [+ = Feed
- flashi = flashl
=& Connections (= NComp
"2 “iF= M
3 )= diameter
e < Iniet 3201
= @ Sample_diagram-,mso B = Outletl
= = l__lsing ~{Fh= NCamp
15| streams.mso = F 200 4
45 flash.mso | | r ..(x)=
I'_—'Ii% Sample_diagram 9 p . T T T . T . T r
- (= pp &3 Problems | =] consale | &l rmodel | 1 P x 9= 0.00 200 400 GO0 s00
~(Fl= NComp Output Level (4=
: (=
9= Feed utput Level: |rormal Output ) - & Protlens | [E)Consale | B mods | 1 P x
= yapor Murmber of variables: 95 = z |
9= Liquid Murnber of equations: &6 B outlety Output Level: Wormal Qutput [
Mumber of specifications: 9 [ = Inletd) R
lH= g Degrees of fraedom: 0 o0 Advancing time From 792 to 816 ﬂ
- = Flashl Structural differential indes: 1 e P.dvanc!ng time from 816 to 840
# 5 Initials Extra Equations: 91 - = L Advancing time from 840 to 864
. ; i Extra Variables: 0 =y Advancing time from 854 to 833
[ =6 eml Dynamic degrees of Freedom: 4 - Advancing time From 888 ko 912 iy
= sample - Mumber of initial Conditions: 4 W= E Simulation of ‘Sample_diagram’ finished successfully in 0,234 seconds, j
) IC = 0= 4l M

| | Maode: Text Editor Mode: processor speed |' MDI Ernply | Mode: processor speed " o



EMSO Tutorial
- Automatic Docurnentation —

=10l |

File Edit Wiew Tasks Resulk Confip Help

f‘ eml - Windows Internet Explorer

=101
@-‘\-_: ~ | @ EuseriargelPROJETOS AlsoclEMSOdoctE =] |42 || X | [Goodle £

{:? ‘{Q—? & eml

| @ = hs I'#ﬁ = I-_.{'°Pégina - @Ferramentas -7

o> B =

O R |ﬁ [ [ J/.='|2|:u:|m:| ltltlﬂ

'Eg Explorer | E Results | 4

= =, R

B == YiewFile

boox || sample bemsa | 4 b X

P — -
¥ OLMSO Mo

N

Bl x Gose

E Close all
E
=

E
B 5 Refresh

&Sﬂ: Configure Libraries. ..

1= kg
.

’f’ ]"_'ﬁ]'fS LI_I'."Bv
il L|J

3ms| ECDnsnle| E 4 » x

== reackors
B stage_separa

Output Level: Marmal Qutput |

. Mumnber of variables: 62 -
E Mumber of equations: &2
E_'.a waker_steam Murber of specifications: 0
@ skreams,mso Deqgrees of freedom: 0
“4F types.mso — Structural differential index: 3 |-
[+ = sample | | | »
#xk Editar | Mode: processor speed r

Note: LaTeX must be installed.

eml / reactors / [B54; extends cstr_basic

Model of a generic CSTR

Requires the information of:

« Reaction values
= Heat of reaction

Variables
Display Unit
r as reaction_mol
MMolar Reaction Raie fermolh/ma3
Hr as heat_reaction
Heaf Reacfion kedikcmaol

Equations

Component Molar Balance

d Z . T

a [suuf - -'1-{,) = F;'n T Fin T Fr)ur © Fout T (.‘;802-(‘1- :I"} -Vr
Reactor Energy Balance

d .
a (M - hout) = Flin - in — Four - hous + Z (H:I" . Z {stoic- T‘)) Ve —q

Created by EMS0O Documentation Generator

=

£l

46



4. Dynarnic Degree of Freedom
— Consistency Analysis —

&

Degree of Freedom (DoF)

/\.

= 0 (for simulation) > 0 (for optimization)

Dynamic Degree of Freedom (DDoF)

|

= number of given initial conditions

Check — Units of measurement
— Structural non-singularity

— Consistent initial conditions
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Dynarnic Degree of Freedom
— General Concept —

&

Given a system of DAE: F(t,y,y’)=0

The Dynamic Degree of Freedom (DDoF) is the number of variables in
y(t,) that can be assigned arbitrarily to compute a set of consistent initial
conditions {y(t,), y’(ty)} of the DAE system. Is the true number of states of
the system (or the system order of the DAE). Is the number of initial
conditions that must be given.

For low-index DAE system (index O and 1) the DDoF is equal to the
number of differential equations.

For high-index DAE system (index > 1) the DDoF is equal to the number
of differential variables minus the number of hidden constraints.
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Dynarnic Degree of Freedom
— High-Index DAE System —

&

Inconsistent initial condition:

A x =w (1) $(0)=1 x(0)=0
’ Y'=z  (2) y0)=0 y(0)=0
| 774774 w' =T x (3) w(0)=0 w'(0)=1 %)\
A : A Z=Ty-g 4 z20)=0 z(0)=-g %
< x2+yr=12 (5 TO=1 T(0)=0

l lOK!

F(t,y,y)=0 [(0,)(0),)(0))=0
Hidden constraints:

Differentiating (5) and using (1) and 2): X-w+ y-z=0 (6) —— x(0)- w(0) + »(0)-z(0) =0

v -
'''''
......
.........
-----

-------------------

Differentiating (6) and using (1)~(5): w? +z2+ 7 -I? =g -y (7) — w(0)*> +2(0)> +T(0)- > # g - y(0)

Differentiating (7) and using (2), (3), (4), (6): 7'=-3g-z/I? (8) —— T'(0)=-3g-2(0)/I?
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Dynaric Degree of Freesdom g 'S

— High-lndex DAE System —
Example: classical pendulum problem

x'=w (1) Index 3 Index 2
Y=z (2) x'=w (1) x'=w (1)
w=7T.x (3) y'=z (2) y' =z (2)
7=Ty-g (4) w=Tx (3 w =T .x (3)
x2+ 32 =17 (5) z=Ty-g Z=Ty-g @)
xwt+y-z=0 (6) x*+yr=01 (5 xwt+y-z=0 (6

witzi+I-D=g-y (7) Index 1 Index 0
T'=-3g.z/I? (8) x = w (1) ¥=w (1)
1 y'=z (2) y=z (2)
10 variabies v, Y) Q,’§‘ W T x 3) w=Tx @3
8 equatlons \ Z=T.y—g (4) z=Ty-g @

w22+ T -2=g-y (7) 7'=-3g-z/I* (8)
2 DDOF Q7 Satisfies the inconsistent |.C
.C. 50



Dynarnic Degree of Freedom
— High-Index DAE: solution —

&

Three general approaches:

1) Manually modify the model to obtain a lower index equivalent model
2) Integration by specifically designed high-index solvers (e.g., PSIDE, MEBDFI, DASSLC)

3) Apply automatic index reduction algorithms
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Dynarnic Degree of Freedom
— High-Index DAE: modeling —

using "types.mso'; SET
= w ! A2
FlowSheet pend E _ g'g ¥ 'm{% 2
PARAMETERS on (Briaf : ., ' ’
Q as acceleration (Brie ="Gravity acce erﬁt1an” INITIAL
L as length (Brief="Pendulum cab{e Tength™) Iritial Posdtion
— -*- 1 [
VARIABLES = —_ j = 0.8y m
¥ as length_delta (Brief="Fosition x"); N x c
vy as length_delta (Brief="Position y'); WI215131|$IE§?ocwty
W as ve}acqty EBF]EF=”VE%DC]ty ;DF x”%; B
z as wvelocity (Brief="elocity for y"J);
T as Real (Brief="Tenszion on cable", ??;égﬁgp 0.1
— L =|| A o 1 = . ;
Default=10,Unit="1/sA2"2; TimeEnd = 36
Integration = "index0";
Egg?ggggi on " #  Integration = "original’;
T Oc)=w; NLASO Tver (
"alocdty on " Relativerccuracy = le-i&,
diff(yjzg; Y Abszolutesccuracy = le-9
"Tension on x" DAESO]gepi dass 1"
i £ Cwl)=T%x; File = "dass1";

(v #eile = "mebdrF",
"Tension on y" RelativeAccuracy = le-b,
di Ff{z)=T*y-g; Abzolutepccuracy = le-G

bk
"Pozition Constraint" Sparseflgebra = true;
M2 2= AT end
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Dynarnic Degree of Freedom @ <
— High-Index DAE: consistency analysis —

o TEMSO - [D:\UserArgelPROJETOS\AIsoclEMSOImsolsamplelsample_pend.mso]

File Edit Tasks Tools Window Help =l =%
EoiSE> o b m P
File Explorer = .
: EQUATIONS
EI smp!e_pend.msu 13 Telocity on x"
=[] using 34 di FF (< =w;
o % [ 35 .
B ] Parameters 36 “Weloci ty on "
E__m 37 w izl e
2 3g
~ Bl L 19 "Tension on ="
=B “ariables 40 i TR Cwi=T%% (I
B w 41 '
B 42 "Tension on 3
¥ 43 di TR Ca)=T¥y—q;
B w 44
B oz 45 "Position Consteraint"
: 46 AT 4o AT =L AT :
BT il 4 ; N
= f; Eguations 4] | X
- Ja lCIR 0 B Ere s B Interfaces |
“J Melocity on y ecking the consistency fo\pend' in file 'DAUsefbrge\PROJETOSVAIs oA EM S Dimeothsamplets: 2
“Ja Tension an x / Murmber of variables: &
- o Tension ony Mumber of equations: 5
e A Degrees of freedam: 0
Intial Cond Structural differential index: 3
fr THUALLBREL N Extra Equations: 9
< - fo Initial Paosition x wtra “Wariables: B
&fl Initial ® “elocity A Dynamic degrees of freedom: 2
Mumber of initial Conditions: 2
\ ystem is consistent. :
expio [Bighes [@alo | . sl

|Ready. Mode: Text Editar | Priority : high I =il 53



Dynarnic Degree of Freedom @ <
— High-Index DAE: simulation —

Error propagation

index-0 solver vs index-3 solver Drift-off effect

pud
1.00 - / \
T | gy O | I L f\ f p
1
0500 4 l
|
|
0.00 [
[
|
1 I
[ ]
-0.500 1 I
1
YAV VA VI VA VAR VAR VARV |
-1.00 4 ‘ | | | | . | . | . , , .
0.00 A.00 100 150 200 250 MD
Time

L=09m,g=98m/s? .. 1.C.:x(0)=0.9m and w(0)=0
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« For an under-constrained model which variables can be fixed or specified?

5. Debugging Techniques

» Questions to be answered to assist the user of a CAPE tool - debugging:
e For an over-constrained model which equations should be removed?

« For dynamic simulations, which variables can be supplied as initial conditions?

 How to report the inconsistencies making it easy to fix?

» In other words, debugging methods need to go beyond degrees of freedom and
the currently available index analysis methods
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Debugging Techniques
— Current Status —

&

Static models - Nonlinear Algebraic (NLA) systems:

« Several structural analysis methods available on the literature

* Most EO tools implement a degrees of freedom (DoF) and structural solvability
analysis but user assistance is very limited when ill-posed models are found

Dynamic models - Differential Algebraic Equation (DAE) systems:

 Currently available methods are limited to index and dynamic degrees of
freedom (DDoF) analysis

e The well-known EO commercial tools have a high-index check which can fall
even for some simple low-index problems
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Debugging Techniques
— Bipartite Graphs —

&

v" Bipartite graphs can be used to solve combinatorial problems:
» Tasks to machines
» Classes to rooms

e Equations to variables

» Bipartite graph G;(1'=17,w I, E) have two

@ e e independent sets of vertices

» Vertices in the same partition must not be
adjacent

@ 0 * \We can have alternating and augmenting paths

Matching {{1,5}, {3,6}, {4,7}} w/ augmenting path
57



Debugging Techniques
— Bipartite Graphs: variable-equations —

&

Graph for variable-equation relationship

fi(x)) =0

fo(Xq, X2) =0 @ @@ @ @ e

f3(x, X5) = 0

fy(X2) X3, %4) =0

f5(X4, X5) = 0 |

f(X3, X4 X5) = 0 @ @ @ @ @ @

f7(Xs, Xg X7) = 0

variables values Maximum Matching

or equations forms Multiple Solutions
are irrelevant
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Debugging Techniques
— Nonlinear Algebraic Equations —

&

Debugging Nonlinear Problems
= Discover if there are over or under-constrained partitions

= Start from unconnected vertices and walk in alternating paths

over-constrained well-constrained under-constrained

@ ® ®)|F)

() (2)|(9) () ()|(%) (1)

Dulmage and Mendelsohn (DM) decomposition 59



Debugging Techniques
— Differential-Algebraic Equations —

A Simple Example

X, — X, = af(t)
X, =Db(t)
Solution:

%(t) =x,(0)+ [ a(z)dz+b()
X, (t) =b(t)

&

v Only two differential variables
v Index-1 system
v Requires only one initial condition

v Initial condition must be x,

v X, is the only state of the model
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Debugging Techniques
— Bipartite Graphs: DAE systermn —

&

Classic Algorithm

K- % =a(t)
X, = b(t)

* Who are the states?
» Which variables should be specified as initial conditions?
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Debugging Techniques £ 'S
- gPROMS output —

» If only one initial condition is given (which is correct):

Set up of simulation
A1l 2 variables will be monitored during this simulation!

The number of initial conditions (1) does not match the

number of states (2)
Building mathematical problem description took O seconds.
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Debugging Techniques
- gPROMS output —

&

» If two Initial condition are given (which is wrong):

Ferforming initialization calculation at time: 0
Variakles
Erniown
Unknown
Differential
Algebraic

%0 O e Y N Y

Model equations
Initial conditions : 2
Checking index of differential-algekraic equaticons (DAEs) ...
EERCE: Your problem 15 a DAE system of index greater than 1.
Your differential wvariakles ("states") are not independent
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Debugging Techniques
— AspenDynarmics output —

Determining specification state...

/ /
Xl — X2 — a(t) specification state determined.
Preparing simulation for solution
X2 — b(t) Starting new snapshot file.

Simulation ready for solution
Simulation has 4 variables, 2 equations and 3 non-zeros
Number of equations = 2, number of states = 2

| Ispecification Status - 0] x|

General | Fixed Changes | Initial Ehangesl

— Statuz —Find
— Completeness

All
Your gsimulation haz the carect number of fiked specifications

Fined

Imitial

— Leqality

Your specification i legal Free

i

— Index

T our simulation has an index »1. Thiz may cause dynamic smulation to fail

Check Legalit_l,l.f'lnde:-cl Analyze. .. Create Script... Help Cloze
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Debugging Techniques £ 'S
— New Algorithm: debugging DAE system —

DAESystems(G = (V,,V,,E), M)
. M~
2. forv. € V. do
3. ifnot AugmentMatching2(G = (V.,V,, E), M, v,., false) then

4; mark all colored v, € V.,

5: uncolour V.,

6: if not Augment Matching2(G = (V,,V,, E), M, v,, true) then
7: return false

8: end if

9; diff all marked v, €V,
10:  else
11: uncolour V,

122 end if
13: end for
14: return true

65



Debugging Techniques £ 'S
— New Algorithm: debugging DAE system —

AugmentMatching2(G = (V,UV,, E), M,v.,alg)
1: colour v,

2: if exists {v.,v,} € E and {v.,v,} ¢ M and v, is elegible then

3 M~ MU{v,v,}

4 return true

5: end if

6: forall {v,,v,} € F do

7. if exists {vp,v,} € M and v, not colored and v, is eleqible then
8 if AugmentMatching2(G = (V,UV,, E), M,v.,,alg) then

9 M — MU{v, v, }

10: return true
11: end if

122 end if

13: end for

14: return false
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Debugging Techniques
— Applying the New Algorithrm —

&

fl f2’
X — X, = a(t)
X, = Db(t)

O® B

v" All equations and all x” are connected when it finishes

Classic Algorithm

v Free variable nodes are the real states
v" DM decomposition can be applied to the final matching
v" Singularities are detected (classic algorithm runs indefinitely)

67



Debugging Techniques £ 'S
— EMSO output -

» If only one initial condition is given (which is correct):

Number of variables: 2

Number of equations: 2

Number of specifications: O

Degrees of freedom: O

Structural differential index: 1

Extra Equations: 1

Extra Variables: 0

Dynamic degrees of freedom (states): 1
Number of initial Conditions: 1
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@ Debugging Techniques @ 'S
) —Applying the New Algorithm: high-index —

A A




Debugging Techniques
— Applying the New Algorithm: performance —

&

“» Dynamic model of a distillation column for the
separation of isobutane from a mixture of 13 compounds

N. Trays N. Variables Time* (s) Time /N? (s -10°)

20 2157 0.04 9.46
40 3877 0.14 9.58
80 7317 0.52 9.79

* Pentium M 1.7 GHz PC with 2 MB of cache memory, Ubuntu Linux 6.06
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What is coming next?

&

= Model updating tool and development of virtual analyzer based on Constrained
Extended Kalman Filter (CEKF)

Q Tools

= Model generation tool for predictive controllers

Q Features
= Creation of discretization functions for integral-partial differential equations

= |mplementation of MINLP solver interfaces

a Technologies
= Hessian evaluation by reverse-mode automatic differentiation
= New resources for incremental building of flowsheets in the G.U.l.
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Challenges

Robust strategies for on-line
updating of dynamic models

/\

Dynamic data reconciliation <@===)» Parameters selection
and gross error detection and estimation

Related topics:
e Hybrid and rigorous modeling
e Order reduction of nonlinear models
e Fault diagnosis
e NMPC tuning strategies -5



Challenges G

DAE solvers

Reliable high-index
(>3) solvers

Automatic/guided selection
of feasible set of variables
for initial condition

Index reduction with
trajectory projection
onto hidden manifold
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Challenges

Multi-level dynamic Simultaneous data
simulator reconciliation and parameter

=== |Ntegrated tool for D-RTO

Specialist
system

Dynamic optimizer with Self-tuned nonlinear model
adaptive grid predictive controller
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Challenges G

Systems Interoperability

Truly CAPE-OPEN Heterogeneity and
multi-platform
Unified :
communication Multi-processing
protocol
and

Shared-memory
advantages
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Challenges G

Complex systems

Advances in
process simulation
+ CFD

Multi-scale modeling +
simulation tools

Bifurcation + control Hybrid
system design modeling
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... thank you for your attention!

‘ ' Q ﬁ http://www.eng.ufrgs.br/alsoc

' LMSCP

PEQ/COPPETFR]

Process Modeling, Simulation and Control Lab Process Simulation and Optimization Lab

Prof. Dr. Argimiro Resende Secchi Prof. Dr. Rafael de Pelegrini Soares

Phone: +55-21-2562-8349 Phone: +55-51-3308-4166
E-mail: arge@peq.coppe.ufrj.br E-mail: rafael@enq.ufrgs.br

http://www.peq.coppe.ufrj.br/Areas/Modelagem_e_simulacao.html g http://www.eng.ufrgs.br/labs/lasim.html
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Building Dynamic Models
— Another simple example —

Flash multi-component

TP |
F z, P T% St
“ ©

—_—
—1

|
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Building Dynamic Models
— FLASH: process description —

&

A liguid-phase mixture of C hydrocarbons, at given temperature and

pressure, is heated and continuously fed into a vessel drum at lower
pressure, occurring partial vaporization. The liquid and vapor phases are
continuously removed from the vessel through level and pressure
control valves, respectively. Determine the time evolution of liquid and
vapor stream composition and the vessel temperature and pressure,

due to variations in the feed stream, keeping the heating rate constant.

83



Building Dynamic Models
— FLASH: model assumptions —

&

e negligible vapor holdup (no dynamics in vapor phase);

 thermodynamic equilibrium (ideal stage);

* no droplet drag in vapor stream;

* negligible heat loss to surroundings;

* A(internal energy) ~ A(liquid-phase enthalpy);

« perfect mixture in both phases.
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Building Dynamic Models
— FLASH: modeling —

&

Overall mass balance (molar base):

dm

- =F-v-L (1)
Component mass balance:

%(mxi)zei—Vyi—Lxi 2i=1,2,..C
Equilibrium:

y, = K.x. 3i=1,2,..C

Ki=1(T, P, X, y) 4)i=1,2,..C

Molar fraction:

ZC:Xi =1 ©)

=1 85



Exercicios de Modelagermn G

Energy balance:

%(mh):Fhf+q—VH—Lh (6)
Enthalpies:

h =1(T, P, x) (7)

H=1(T,PYy) (8)

hy = 1(T, Py, 2) (9)
Controllers:

L = f(m) (10)

V=f(P) (11)
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Building Dynamic Models
— FLASH: consistency analysis —

&

variable units of measurement
m kmol

FLV kmol st

t S

X, Vi, Zi kmol kmol-!

Ki —

T, T, K

P, P kPa

q kJ s

h, H, h kJ kmol-
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Building Dynamic Models
— FLASH: consistency analysis —

&

variables:m, F L, V,t, x, y;, z, K, T, T, P, P;, g, h, H, h; =» 13+4C
constants: =» 0

specifications: ¢, t = 2

driving forces: F, z, T, P, = 3+C

unknown variables: m, L, V, x;, yi, Ki, T, P, h, H, h; =» 8+3C
equations: 8+3C

Degree of Freedom = variables — constants — specifications — driving forces —
equations = unknown variables — equations = (13+4C) -0-2 - (3+C) - (8+3C) =0

Initial condition: m(0), x;(0), T(0) =» 2+C

Dynamic Degree of Freedom (index < 2) = differential equations — initial conditions
=(2+C)-(2+C) =0
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Building Dynamic Models
— FLASH: EMSO version —

&

»Running EMSO

+ 1 About EMSD

environment for

modeling
simulation
optimization

based on code from
Projeto ALSOC http: //www.rps.eng.br

alpha wersion 0.9.56

Note: file

Sample_flash _pid.mso has
level and pressure controllers.

_|olx
File Edit Miew Tasks Result Confip  Help
. o N - o : =1
BT E .:|i3@uu ¢-|Znﬂm-|lﬂﬂ;|
Tg Explu:urer| ElRresults 4 P X
= = Bl = :
s Open File X
[+ Bl sample —oP _I
B B butorial Directnry:|[:| PASIZ00G | &P 4 OF | 8y 5
..
D CSTR._noniso.mso
CSTR_noniso_pid, mso
_Flash,mso
D Sample_flash_pid.mso
x
File Marme: I"ex_ﬂash.msu:u" (0] 4 |
File Filker: IEMSO file (*.msa) j Cancel |

| Ready, |

| MDI Empty

Mode; processor speed U o
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EER (=]
File Edit \Wew Tasks Result Config Help ‘
Er E (S & o o i|6 [ [ C/s'|2c:om:| IDDﬁ
‘fg Explarer | 4 P x || g ex_flash.mso | P x
EE=] - 49 | EQUATIONS Al
= = using 50 "Owerall Molar Ealance'
- 4F streams.mso 51 | AifFFCMLY = Inlet.F - QutletL.F - Outletvw.F;
= FlE ex_flash 52 . "
i 33 Component Molar Balance
()= NComp 54 difTFf(M) = Inlet.F¥Inlet.z - OutletL.F¥OutletL.z - Qutletw.F¥Outletwv.z=;
55
~iF= Y " "
@) M 56 Molar Holdup
. 57 | M = MLYOutletL.z;
~iF)= arientation 5R
:z:j diameter 50 "Equilibrium"
b IC';"ilttL 60 | outletv.z = K¥outletL.z;
- RS gkl 61
0= Outlety 62 | "Equilibrium Constant"
- b= Inletgy 63 | PP.LiquidFugacityCoefficient(OutletL.T, OutletL.P, OutletL.z) =
Rl g4 | i PP.vapourFugaci tyCoefficient(Outletw. T, Qutletw.P, Outletv.zl ¥ K;
-0= ML 65
0= (18] "Mool fraction normalization”
-0d= E 67 sumloutletL.z) = sumloutletv.=zl;
~Eh= 68
b= Level 69 | "Energy EBalance"
0= fcross A0 | dAiFFCEY = Inlet.F¥Inlet.h - CutletL.F¥CutletL.h - OutletV.F¥Outletv.h + InletQ.q;
()= wfrac ;]2‘ " 14 "
B %Y Equations Eﬂer“g‘{ Ho ldup
ey 73 E = MLYOutletL.h;
- =9 Cwerall Molar Balance 74 ! -
if: Cl:ull'nponeldntMDIarBalance 75 "Therma ECZ|U'-I—|"IbI""I um"
y oar Holdup 76 | outletw.T = outletlL.T;
+=9" Equilibrium 77
xy [ " - - - - "
%, Eauilibrim Constant 78 Mechanical Equilibrium
;? Mol Fraction normalization 70 outletv.P = Out]etL_p;
Y
- =¢" Energy Balance =20
ifi Energy Holdup 8l | "waporization Fraction"
- 2 Thermal Equilibrium 22 outletv.F = Inlet.F ¥ wfrac;
- 5?-'\"' Mechanical Equilibrium 23 . .
Y yaporization Fraction 24 "Liguid Vc_:-Tur_ne"
-52Y Liquid Volume gg vl = PP.Liguidvolume{OutletL.T, CutletL.P, OutletL.zl);
=1 E?W werkical
LB Cross Section Area 87 » switch orientation
CEY Louid Level B8 | case "wertical':
B Y horizontal 89 | "Cross Section Area" )
Sy 90 | Across = 0.5 ¥ azinCl) ¥ diameteriAl;
¢ =30 Cylindrical Side Area a1
Ly pra . . "
o F'I? h"'q”'d"eve' 92 | "Liguid Level
U test_Flas 93 | ! ML ¥ wL = Across ¥ Lewvel;
= eml e an =
1] | > ] | »
|Ready. | | Maode: Text Editor Mode: processor speed I'



SlEMsO

— ol =]

| File Edit ‘Wiew Tasks Result Config Help

o~ B = - e |i}| = Ll v | Zoom: | 1nnﬁ|
?g Explorer 4 P = '\\.:Eex_ﬂash.msol 4 | - s| ECDnsoIel Erac 4 |
=) ex_flash.mso %8? ~FlowsSheet test_flash Al output Lewel:
EIE" using 108 PARAMETERS _n _ " Mumber of variables; &2
. LE) streams.mso FPF as Plugin(Bri eF” Fhysical Pr"oper‘t1 es' Type= '.::P B Number of squations: 71
-F[x.] ex_Flash 109 Components = ["1,3- butach ane 1sobutene n-pentane Mumber of specifications: 11
= - 110 : vl pentene "1 lhexene" benzene"], Degrees of freedom: 0
111 |_'| quj dMode] =" Etrtuctgrall:éi_FFerent?lindex:1
117 WapourModel = vpRt Eira tuations:
Sl NG Extra Variables: 0
L= a e 113 : Dj';'r::mi?réaegf;es of Freedorm: &
>[Hl= il %%? MComp as Intedet; Mumber of initial Conditions: &
el 116 vARTIABLES x|
oy Eauations 117 Q as energy_source (Brief="Heat supplied"l; -
F =27 Initials 118
[ = eml 119 SET
B = sample 120 MComp = PP.MNumberOfComponents; 0.5250 — 13 butadiens
[+ = kutorial 121 !
— = isubutene
I Results x| %%% $|_—:|V§CS:E§X flazh: 7 -=-=- n-pentane
- 124 sl as source; | 1-pentene
125 1-hexene
Eltest_jﬂil 126 COMMECTIONS 0.4500 1 —— benzens
127 sl.outlet to Fl.Inlet;
E"‘J}f;}esil—;'“h 128 Q.0utletq to Fl.Inletq; ]
CiR= Momp 129
B = G 130 EQUATIONS
=l == fl 131 fl.outletL.F = 400¥%sgrt{fl.Level/ ' m'3 ¥ 'kmol/ h'; 03750 4
~(F)= MComp 132 .
CiE= Y 133 SPECIFY
D= M 134 sl.outlet.F = 496.3 * 'kmol/ k'
- {F}= diameter 135 sl.outlet. T = 338 * 'K';
B === Inlet 136 sl.outlet.P = S07.1 ¥ 'kPa';
] = Cutletl 137 Sl Out'let.z = [0.2379,0.30820,0.09958, 02000
LR NComp 138 0.1373,0.08872,0.12830];
. 139 F'I Out1et‘u’ F = 68.5 * 'kmol/ ' ;
ol 140 Q.0utletQ.q = 0 * "kijh';
e 142
P SET
ﬂ;h 143 Fl.w = 50 % 'mA3’; 02250 4
- 144 Fl.diameter = 2 ¥ 'm';
e 145 Ffl.orientation = "wertical';
Eﬁ?:“:qw 146 Fl.orfentation = “hAorizontal’;
il 147
Saall 148 INITIAL
6= L 149 fl.outletL. T = 338 * 'K'; 0.1500 1
= 150 Fl.Lewel = 0.4 * 'm';
(%)= E 151
0= L 152 Fl.outletL.z(1) = 0.1;
~09= Level 153 Fl.outletL. =22 = 0.1;
G9= Across 154 fl.outletL.zC32 = 0.1; 7 551072 -
SB9= wFrac 155 Fl.outletL.=z{42 = 0.1; I
= <= 51 156 1:—|.0ut—|etLZlf_5:l = 0.1; T T T T T T T T T T T T T T
IlS? Fl.outletL.=z(6D :I 0.5; 000 250 500 750 1000 1250 1500 1750
A
= I
|Read',-' Maode: Texk Editar | Mode: processor speed r#



Standard Interfaces G

CAPE-OPEN

Simulator

Executive @ External UC@

Libraries @

N
Unit Numerics OExternal Numeric

®External Thermo

U: Unit Interfaces
Thermo T: Thermo Interfaces
N: Numeric Interfaces
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CAPE OPEN

&

Example of CAPE-OPEN: DyOS (Dynamic Optimization Software) -
Marquardt’s group (2000)

C ufy > initial guess

N —
_”“"_[" NLP ’ DAE
' solver integrator «
grid (i ) )
refinement _.n-r

DyOS

stopping
criterion

ifvr‘f l optimal trajectory

A

process
model

r ) |
gPROMS
model server

ESO
L

CAPE-OPEN
compliant
software

interface f

CORBA Object Bus \

J

L
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CAPE OPEN G

Another example of CAPE-OPEN: EMSO (Environment for Modeling, Simulation and
Optimization) - Soares and Secchi (2004)

EMSO A . ., EMsOB

8 »
I PURGE

(o]

methanol plant PRODUCT
ESO ESO

1 l
< CORBA Object Bus >

EMSO ESO 94




E

s

The Enviroment

for Modelling Simulation
and OPthisation
by Rafael de Pelegrini Soares

Other available
tools and features
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@ flash_opt.mso |
75 w0ptimization FlashOptl as FlashSteadyTest

4]

[l
iy
=
79
&0
&1
B
&3
&
85
&6
By
B8
&Y
90
91
9
93
94

-endE

MEA<IMIZE
leves,

FEEE
Fl.outletL.T;
AT, Qutlett . F

Optimization

EQUATICOMNS

Fl.outletL. T < 320 * 'K';

Fl.outletL. T = 300 * 'K';

OPTIOMNS

Dyrnamic = false;

NMLPSo lwvelLs = false;

NLPSO]UEP(#F?FE = "como Tex",

: : L #Frile = "optpo_amso",
File = "ipopt_emso"

RelativeAccuracy =

ie—@);

=l

@ sample_optimization.mso |

4]

1 ~Optimization hsysl

2 WARTABLES
3 %1 as Real(Default=Z, Lower=1,
4 %2 as Real(Default=5, Lower=l1,
b %3 as Real(Default=5, Lower=l1,
f x4 as Real(Default=1l, Lower=1,
7
& MINIMIZE
g w1Wosed ¥ Ol 4d 3] + =3,
10
11 EQUATIONS
1z w1Wwd ¥ dvud = 20,
13
14 ®1¥xl + ®2¥xd 4+ xI3¥xd 4+ xd¥xd
15
16 OFTIONS
17 NLPSO]UEP[#FIFE = "Tpopt_amso "
1= : : C #riTe = "complex”
19 : : : File = "optpp_emso"
20 L
21 Dynamic = false;
22 “end

40;




4]

101
102
103
104
105
106
107
108&
109
110
111
112
113
114
115
116
117
11
119
120
121
122
123
124
125
126
127
1l
129
130

@ Bim, msa |
100 +Eztimation Biop_MNE_Estth as Biop_NE_processht

Leand

ESTIMATE
# PARAMETLCR
Kss

Ksn

mi m

alfa
gama

k1

K2

kil

ke df

EXFERIMENTZ
# DATA FILE
"Bio.dat"

OPTIOMNZ
Statistics(

SETART L OWES
0.2009 0.004
0.0446 0.005
0.7979 0.1
2.0293 1
0.08502 0.05
0.4059 0.1
~0. 00795 -1
10.62 0.1
0.007 0.0005

WETGETH
1;

Fits=true,
Parameters=falsze,

);

NLPSo Twer

Predictions=Falze

MaxIterations = 1000,

File =
#ile =
J; _
Dynam'lc =

‘comp lex"

"Tpopt_amso”

true;

LEELR LNTT
! kg /mAat
1 kg /mAat
0.8 ‘1/=";
5 ;
5 "1/=";
3 "kafka';
3 "1/=";
18 ;
1 ‘1/=";
| pv_est.msa | 4 » ix
23 *Eztimation PW_E=t as PV_Flow =]
24
25 ESTIMATE
26 # PAR START  LOWER  UEESER UNTT
27 A 1.5 -3 10;
28 E 1000 200 000 'K
%g C 50 20 200 LA
il EXxPERIMENT=
3z # FILE WETGTH
13 "pv_est.dat"” 1;
34
35 OFTIONS
16 Mumlac = false;
17
ig FMLPSo Twear
39 5 File = "ipopt_emso"
40 ; #rile = "compTex”
41 J;
432 Dyvhnamic = Talse; —
473

end
4]




Data Reconciliation g

@heatEx.msn| « » X ‘| heatEx.mso | 41 P x
ivF]OWShEEt HeatEx_F low A %ngecorwciHation HeatEx_Rec as HeatEx_Flow 4
WARTABLES
5 %1 as Real (Default=50.00, Lower=0.00, Upper=150); 29 RECONCILE
B %2 as Real (Default=50.00, Lower=0.00, Upper=150); 30 ®x1; =2y =3y owdy x5; xb;
! %3 as Real (Default=50.00, Lower=0.00, Upper=1507; il f}gf’d{ Xf{ x5; x6;
8 x4 as Real (Default=50.00, Lower=0.00, Upper=150); %% ﬁ*""ﬁ{ Xé{
g x5 as Real (Default=50.00, Lower=0.00, Upper=150); ¥ Kby AUy
10 b as Real (Default=50.00, Lower=0.00, Upper=1507; 15 FREE
11 36 x1; x2;
12 SPECIFY o 37 ’ ’
13 x1 = 100.91; 18 EXPERIMENTS
14 xd = 64 45, 39 # FILE WETGTH
15 #xd = 14.65; 40 "heatEx.dat" 1;
16 41 #Flheartx 1. dar” 1;
17 EQUATIONS 42 #'heatEx 2. dat" i;
18 x1l - x2 - x3 = 0; 43 #lheatEx_J.dat” i;
19 Wl o~ owd o= 0 44 #'heatfx GE.dat i;
L X3 -8 = 0; jg OPTIONS
%% X+ x5 - xb =0 47 Filter = "mean";
53 OPTTONS 48 Significance = 0.95;
. 49
24 Dynamic = false; 50 GrossErrorTests (
25 “end _lj 51 : Global = true,
1 | b 52 Modal = true,
53 Measurements = true
| 2 4 6 2t 3
> 55
@ HX MIX 56 MLPSo Twer
57 : MaxIterations=1000,
he File = "complex"
59 #ETle = "fpopt_amso "
60 J;
>|><} g% | Dyhamic = False; =
3 5 ~en -
vaL K1 RS 5




Interface EMSO-OPC e

= |EMS0 OPC - JArge' PROJETOS Alsoc, CTPETROY Interface OPC EMS0_OPC' ProjectZ.eof = |I:I|5|

EMSO OPC
File  Options  Simulation Help
e d E0@ & =00 =
 Links Tree — Wariable Properties — Tag Properties
@ Marne: <1, 0utlet.F search wariable, .. Mame: Feed searchtag...
@ TF Units: kmolfh conwert units. . Units:  kmolfh convert units., ..
L T
Yalue: 500 Walue: 500
Standard; 2.77736 Time: 18122007 10:32:10
Maximurn: 2,777 78E+007 CQuality: good
Minimum: -2, 77778E-007 Access: read and write
Lirik: Iread from tag ﬂ
— Dubput Messages
Outpuk Lewvel: Mormal output
Degrees of freedom: 0 ﬂ

Structural differential index;: 1

Extra Equations: 72

Extra variables: 0

Drynamic degrees of freedom; 7

Mumber of initial Conditions: 7

Simulation of flash_opc_Tesk started ...

MLA Solver: E:\Userlarge\PROIETOS\Alsoc\EMIOinterface sundials. dil
Solving the initial condition problem. ..

MLA solver converged,

DAE Solver: E:UsertargelPROIETOS Alsoc\ EMIOinterfacedasslc, dll
Integrating the syskem...

Advancing kime From 0 ko 1

Time Forced reinitialization at time 1 restarting the system. ..

MLA solver converged. hd|

Ready, 9 9




Interface EMSO-OPC

&

Il OPC Connections

— Server Connections

Hosk

localhost

Server Skatus

DLLTeskSvr connected

Add

| Edit

(ETECE
Disconneck

Remaove Server

i

Close

Il OPC Tag Search

Server: DLLTestSwr

Filter: I*

u
K
Feed
TF

— Search Results

Plant

=10l x|

j Search |

Cannections |

Cancel |

ok |

x B

Conversion Rule:
[Tag Units] = [Variable Units].4 + B

Yariable Units ¢ kmalfh
Tag Units ; krnolfh
Enker &:

|1
Enker B: ||:|

Simulator

El & flash_opc_Test

H& o

B outletq
= & A
87 Irlet

& outlety
EF. R

=10 |

|»

Cancel

ok |

Cancel | (a4 I
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Interface EMSO-AUTO G

parameters

System of equations

Jacobian matrix AUTO

First steady-state solution

EMSO

5

using "'types';

vFlowSheet ab_dae 4 \H_ﬂ;,//6

PARAMETERS
pl as Real; 3
pZ as Real; ~
p3 as Real; 3. \

VARIABLES >
ul as Real;

uZz as Real; 2.
ud as Real;

SET 2

pl
p2
p3
EQUATIONS

diff(uld¥'s'
di ff(u2)¥'s'
uid = expul);

namn
NSO

4

0

[ | | I [ [
0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175

-ul + pl ¥ (1 - ul) ¥ u3; Pi
-uZ2 + pl ¥ p2 ¥ (1 - ul) ¥ uld - p3 ¥ uZ;
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Interface EMSO-MATLAB

&

Block Parameters: S-Function #
% /ex_bioc — S-Function
File Edit “iew Simulakion Format  Tools Llzer-definable |:|||:u_:k. Blocks may be written in b, C ar Fu:urtr_an and must
confarm to S-function standards. t#.u and flag are automatically pazsed to
JJ [ | = EH & | 4 ! | P S | h the 5-function by Simulink. "Extra" parameters may be specified in the
S -function parameters' field.
— Parameters
Ijl S-function name:
O : Iemscu_sf
Clack :
- V S-function parameters:
w2f emso_sf .- 1 I ew_hio.dat’, 2,3
Manual Switch
260 S-Function Scope
| ] I Cancel | Help | Laply |
o N\
Saturation L ¥ I
b output ;|E|1||
Dfp 2| AE - 8
cantrol
16 -
FID Controller
n ..........................................
FIC ot - — g
o
Gain Selectar : _ :
1.5
Biomasza - SP 1 | TS TR

Ready 100% |ode15s
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Interface EMSO-MATLAB G

i [=[ 5]
File Edit View Tasks Result Config Help |
@ ) :|® [ (i Js'|Znnm:| lﬂﬂﬁll
pox @axfbin.msol 4 P x r . 3 .
o1 Sl 7 ultraEdit-32 - [EUseris - 10| x|
22 using "twpes'; . r . .
23 D File Edit Search Project View
24 »Flowsheat bio .
25 PARAMETERS nier . : P Format  Column Macro Advanced  Window
) i Max az Frequency (Brief="Monod parameter’, DisplayUnit=s' "I
:;‘:;ZES 27 Km as conc_mass (Brief="Monod parameter', Default=0.12); HE-'||II _IEI }(I
EE A 28 k1 as inv_conc_mass (Brief="Monod parameter", Default=0.4545);
: ouishests 29 Y as coefficient (Brief="Yvield biomass/substrate", Default=0.4); e =
¥ Modslorips 30 x2F as conc_mass (Brief="sSubstrate feed concentration", Default=4); D [ & n | % & H An | w*-. | H
i1 D as fFrequency (Brief="Dilution rate F/v", DisplayUnit="1/h"'); =
32
13 WARIAELES |:l lj
34 biomass a= conc_mass (Brief="Eiomass concentration"); 2l Dio. at
15 substrate as conc_mass (Brief="Substrate concentration"); 1
6 rrii asz frequency (Brief="Specific growth rate", Lower=-le-3, DisplayUnit="1/h"'D;
7 . —
ig EQUATIONS lex bio.m=so -
19 "Specific growth rate" . I
40 mi = miMax¥substrate/(Km+substrate+(Kl¥substrateAZ)); Zhio
41
42 "Biomass production” 32
43 diff(bi bi = mi-D;
i iff{biomass)//biomass mi-0; 4 w2 f
45 "Substrate consumption' ED .
46 diff(substrate) = D¥(xZ2f-substrate)-Chiomass¥mi /v,
47 6 3
45 SET
49 miMax = 0.53 ¥ '1/h'; 7 i
50 x2F = 4 % kg/mAT", mi
g% D =0.3% T1/h'; 2 biomass
53 INITIAL 2 substrate
54 biomass =1 * 'kg/mAd’;
55 substrate = 0.5 Y 'kg/mA3', 10 0
56
57 OPTIONS 110
58 Dwvnamic = true;
59 TimeStep = 0.5, 1z
60 TimeEnd = 15;
61 TimeUnit = 'h'; o
a2 Sparsetlgebra = true; b ‘I I b
63 ~end -
Cl | _’l_l
[Far Help, pre Ln 1, Col, 1, CW ML 2
% Prnhlemsl ECnnsnIal EMndell 41 F x
Output Level:

Peady, Mode: Text Editar Mode: processor speed r) . 1 O 3



Interface EMSO-CFD

400 oy
EMSO Energy Balance :
380
Mass Balance
360
1 340
320
p.iCpk U
0 1000 2000 3000 4000 5000 6000 7000
Overall heat
transfer
INTERFACE coefficient
evaluation T~
N T
P.H V=f(zr) ; N 1 &
I N [} s
i / K \ AR
= fi >\ [T
14 " : ) |
’ ULHT VR 1 ot
Momentum ! i g/l | Vo 1|1 ;
DL LB /) 417
FHOENIES Balance \éL?B y g % q%/lﬁ
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