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Definiciones



Modelado

O Planta: Conjunto de sectores
O Sector: Conjunto de equipos




O Global u orientado @
ecuaciones

O Modular




Enfoque globadl



Enfoque globadl

REFERENCIA

F
Cansuncxéug CTHC>
To

O Toda la planta es un equipo.

O Modelo de espacio de estado:
o Sistema ODEs
o Sistema AEs

REFRIGERANTE

O Datos




Enfoque globadl

REFERENCIA

F
Cumuzuucxéng CTH‘>

o Reactor con CT: 1o

O Reactor

o Serpentin

o Vdlvula

O Controlador




Alternativas para la resolucion



Enfoques para la resolucion de modelos

Ecuaciones
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Programacion




Orientado a

ecuaciones

O E-Z Solve
O JSim

0 EMSO

O Modelica
O gPROMS

o Berkeley Madonna @Y _Ys—Y
dt T

Video de Simulacion con Berkeley
Madonnd

{Sistema de primer orden.

ul: valor del escaldn en la entrada.
tau: es la constante de tiempo.

y: valor de salida}

METHOD RK4

STARTTIME = O
STOPTIME = 10
DT = 0.01

; Inicializacidn
INIT v = 0

; Sistema ODEs
y' = (u0-y)/tau

; Sistema AEsS
; Datos

u0 =1
tau = 1



https://youtu.be/u49-Ppmxi6Q
https://youtu.be/u49-Ppmxi6Q

Constante de tiempo




Orientado a diagramas de blogues

P, SisOrdl - Simulink (== =]
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Video Simulacion con Simulink



https://youtu.be/3idOSdy9EAM

Orientado a diagramas de blogues

o Simulink dy _Yo—Y

. df T
O VISIm Y(s) ¢
N FRET

Simulacion con Xcos

File Edit View Simulation Format Teools 7

[EelmE c R aeral>@ CE &

SiztemaOrdent FT (C:zersEnrigquei2nelriveDocumentos EntigueiSimulacion y Ot

Condiciones iniciales iguales a cero.


https://youtu.be/em4JWFqFVZk

Orientados o

programacion

O Lenguagijes:
o Fortran, C, Pascal, Python, Julia

O Entornos:

dy _Uy—Y

o Matlab, Octave, Scilab df
O Spyder, Visual Studio Code
O Mathcad, SMath

Video Simulacion con Matlab

Manual de GNU Octave

T

% Sistema de primer orden

% Datos
global tau u0
tau = 1;
u0 = 1;

% ODEs
function dy = ODEs(y,t)
global tau u0
dy = (ul-y)/tau;
endfunction

% Pardmetros de simulacidn
tfin = 10;
nts = 20;

% Inicializaciodn
tpts = linspace (0, tfin, nts)';
v0 = 0,

% Resolucidn
y = lsode('ODEs',y0,tpts);

% Grafica
figure(l);
plot (tpts,y)



https://youtu.be/RFTyU4YTdLk
https://docs.octave.org/latest/

Listado en Berkeley Madonna

Sistema AEs

{Reactor de propilenglicol con CT} ;
r = alpha*exp (-Ea/ (Rg* (Tr+460))) *CA

METHOD RK4
STARTTIME = O Ts = TsO0+ (Tr-Ts0)* (1-exp (-UA/ (NsO0*Cps0)))
STOPTIME = 3 Q = NsO*CpsO0* (Tr-Ts0) * (1-exp (-UA/ (NsO0*CpsO0)))
DT = 0.01
C = CA+CB+CC+CM
; Inicializacidn Cp = (CA*CpAO+CB*CpB0+CC*CpCO0+CM*CpMO) /C
INIT CA = 0.0377 CO0 = CAO0+CBO+CCO+CMO
INIT CB = 2.1256 Cp0 = (CAO0*CpA0+CBO*CpB0+CCO*CpCO0+CMO*CpMO0) /CO
INIT CC = 0.1439
INIT CM = 0.2269 e = Tsp-Tr
INIT Tr = 138.7 Ac = Ab+Kp* (e+Ai/taui)
INIT A1 = 0 xs = 1-Ac
LIMIT xs >= 0
; Sistema ODEs LIMIT xs <= 1
CA' = FO* (CAO-CA)/V-r FsO0 = Cvs*xs*sqrt (DPs)
CB' = FO*(CBO-CB)/V-r NsO = FsO*rhos/PMs
CC' = FO*(CCO-CC) /V+r
CM' = FO*(CMO-CM) /V
Tr' = (FO*CO*CpO* (TO-Tr)+V*r* (-DH) -Q) / (V*C*Cp)
Ai' = e

Ver Reactor con CT.mmd

CpAOQ
CpBO
CpCO
CpMO

TsO
CpsO
UA =

DH =
alph
Ea =
Rg =

Tsp

Ab =
Kp =
taui

rhos
PMs
DPs
Cvs

= 35
= 18
= 46
= 19.5

= 60
= 18
16000

-36000
a = 16.96E12
32400

1.987

= 138.7
0.5
4.25E-3
0.152

62.43

= 18

= 4.383E11l
8.71E-4




Enfoque globadl

Ventajas Desventqjas
O Mas facil de programar. o Dificil de depurar.
O Hecho a medida para el sistema. o Dificil de adaptar a cambios en el
sistema.

o Puede funcionar en cualguier modo
de simulacion. O Requiere la solucion de sistemas

o Resolucidn eficiente grandes de ecuaciones no lineales.

o No amigable con el usuario.

Aplicaciones
o Investigacion
o EqQuipos especiales



O Global u orientado @
ecuaciones

O Modular




Enfoque modular



Planta de NH;




Enfoque globadl




Enfogque modular




Enfogque modular




Modulo en modo analisis

o Entrada (U y D) P

O Pardmetros (P) +

O Estado (X) U - % > Y
o Salida (Y) D




Intfercambiador de calor




Modos de simulacion

U U U
X —» Y X ¢ Y X ¢ Y
D —» D —» D —»

Modo Analisis Modo Disefo Modo Control



Emulacion de modo diseno

. A
U_v> TQ
X < Y
D —»

Modo Diseno



Emulacion de modo control

p
A
Lo
U < T,
X < Y
D —»

Modo Control



Enfogque modular

Secuencml

Slmul’roneo




Modular secuencial

M5 P—P M6 >




Modular secuencial

M5 P—P M6 >




Modular secuencial

M5 P—P M6 >




Enfogque modular

Secuencml

Slmul’roneo




Modular simultaneo

Modelo
{ riguroso

Modelo lineqgl




Modular simultaneo




Modelo linedl

ai1ry +aipxe +... FaipTy
a1y taxpry +... FaxnT,
Am1T1 TamaT2 +... +TAppTy

((111 aig - a'ln\ (:cl\
as

1 an? cec Q2p T

\aml Am2 - amn) \mn}

m) Ax=b =) x=A"Db

Sistema de ecuaciones lineales



https://es.wikipedia.org/wiki/Sistema_de_ecuaciones_lineales

Modular simultaneo

1. Proponer A para el sistema lineal Ax = b.
Resolver el sistema x = A7 1b.
Usar x y los modelos rigurosos para determinar la nueva A4,.

~ LD

Si|A—Ay| <tol fin;sino, A« A, ir 2.



Linealizacion

S(x)

Salida

~f(x)

flxg)

Ll ¥

Entrada



Metodo de Newton

I ) I O S O O A
T T T T T

Funktion
Tangente

I

L2

I3

L4

I

Le

(=)
f (o)
Fflz1)

f(z1)

0,5 —

cos(0,5)—0,53

— sin(0,5)—3x0,52

1,112141637097
0,909672693736

0,867263818209

0,865477135298

0,865474033111

0,865474033102




Enfogque modular

Ventajas Desventqjas
O Flexible a cambios en el sistema. o Dificil de programar.
o Grupos especializados en cada 0 No estd disponible para algunos
modulo. sistemas.
O Fisico-quimica separada. o Funciona solo en modo andlisis.
o Consume menos memoria. O Resolucion ineficiente.
O Amigable con el usuario.
o Generales.

Aplicaciones
o Simuladores comerciales
o Plantas refinadoras



Simuladores de planta



Estructura del
simulador




Fluid Package

O Propiedades de compuestos puros: O EQOSs:

o Termodindmicas: H, S. O Base teodrica

o Sistemas ideales: Petrdleo, gas y

O F, . .I_ -I- : , , k , ! , .
sicas y de fransporte: p, u, ks, o. petroquimica.

O Propiedades de mezclas: o PR PRSV
© Termodinamicas o Activity Models:
O Fisicas y de transporte o Empiricos
o Compuestos y propiedades del o Sistemas no ideales: Substancias
usuario liquidas polares.

O NRTL, Margules, UNIQUAC



Modelos fisicos-quimicos

o Chao Seader Models:
O H,, hidrocarburos pesados
O Vapour Pressure Models:.
O Mezclas ideales a baja presion
O Antoine
o Micellaneous:
O Amine, ASME Steam, NBS Steam

o QOpciones:
O Estimacion de entalpia
O Estimacion de fase vapor

O Estimacion de multiples fases liquidas



Seleccion del fluid package

Guia general Casos
O EQSs: Componentes no polares. O Hidrocarburos: Peng Robinson.
Amplio rango de Py T. O Aguay varpor: Steam Package.
O Activity Models: Liquidos no ideales. o H,S, CO,y NH,: Sour wdter.
o Comparar los diagramas de fase con 6 Hidrocarburos, 0-500 °C. menos de

los experimentales. 10000 kPa: Chao Seader.



LLE - Si
Wilson, UNIQUAC
Pardmetros de
interaccion - Si
LLE - No

: NRTL, UNIQUAC
Pardmetros de
No electrolito inferaccion — No

UNIQUAC
> 10 atm

. SRK
Electrolito

AQ. Electrolyte
Pkg

Componente

Real

PR, SRK
> 1 atm
No polar Chao Seader,
Grayson Streed
Seudo redadl
Vacuum
Raoult’s Law




Modelos fisicos-quimicos

Fluid Package: Basiz-1

—Baze Property Package Selection Activity Model 5pecification
LNane> apaur todel [deal
EhIEﬂdN I:IHNFITL —Property Pkg Filter———— UMIFAL E stimation Temp 25.0000 C
wlende : :
Gareral NETL Al Types |Use Poynting Carrection (<]
M argqules = EOSs
METL o Actvity Models

UNIGUAL " Chao Seader Models
Wan Laar ~
Wwihilsom Wapour Prezs Modelz

" Mizcellaneous Types

—Component Selection Control

{* Only Property Package Compatible Components

{ Full Pure Cormponent Library [Including Hon-Becommended Components]

 Prop Pkg / Components ,{ Farameters }{ Binary Coetfs ,{StahTest ,{H:-:ns ,{Tal:uular ,{Nntes i

Delete | Name IE'-EISiS-1 Froperty Pka | UMIQUAL - Ideal




Modelos fisicos-quimicos

' I,

—Baze Property Package Selection EQS Enthalpy Method Specification
GCEDS :l {* Eqguation of State
k.abadi Danner —Property Plg Filter—————— i Lee-Kesler
Lee-Kesler Plocker I
' Feng Robinzon ¥ EOSs=
! FRSY 7 Activity Models
5 our PR {” Chao Seader Models
Sour SRE
SRE " Yapour Press Models

Zudkevitch Joffee i Mizcellaneous Types

-

—Compaonent Selection Cantrol

{* Only Property Package Compatible Companents
= Full Pure Companent Library [Inciuding Mon-Recommended Components)

 Prop Pkg / Components ,{r Farameters ,{r Binary Coeffs ,{Stal:uTest ,{Fl:-:ns ,{Tahular ,{Nntes {

Delete | Marme IEESiS"l Froperty Pkg | Peng Robinzon




Modelos fisicos-quimicos

O Rango de aplicacion:
0 Compuestos recomendados
O Condiciones del proceso (P, T, x)



Modelos fisicos-quimicos

O Personalizacion:
O Pardmetros;
o Tabular (regresion);
O Hypothetical;
o Oil Manager;

O User Property.



Modelos fisicos-quimicos

1=
| | =

—Base Property Package Selection EOS Enthalpy Method 5 pecification
Lee-k.esler Flacker :I {* Equation of State
Margules —Property Plg Filter———— " Lee-Kesler
M BWwW R &

NES Steam * All Types
MRTL {~ EDSs
Feng Fobinson ™ Activity Models

{~ Chao Seader Models
Sour PR ~
& our SRE Wapour Presz Modelz
SRE lI ™~ Miscelaneous Types
FIKLICOD LA

—Component Selection Contral

f* Only Property Package Compatible Components

= Full Pure Component Library [Including Mon-Recommended Components]

. Prop Pkg |’ Components ,{r Farameters ,{r Binary Coeffs ,{Stal:uTest ,{Fl:-:ns ,{Tal:uular ,{Nntes /I=-
Delete Mame IEasis-'I Praperty Plkg | PRCY




Calculo de flash



ALIMENTO =

/ —
INERTE  |[if | VAPOR
BE | | quipo

ENFRIANTE oo



Corriente material

Worksheet Stream Name ' Liquipj By
 Carchions |Vapour 7 Phase Fracbon <empty>
o Composicion il oy
B b essue a & >
p . Compozition Molar Flow [kamole/h] <emti>
2“ :d Gas erd Mass Flow [ka/h) Cempty>
. - Pelroleum Assay | Sid [deal Lig Vol Flow [maZh] Cemply
O Fl UJO K Value Mol Emhmy[lekg:‘ola] <:mpt9>
- User Varisbles | Molat Entropy [k kgmole-C] cemply>
" Noles Heat Flow [kJ/h] Cemply>
: A | CostP ters | Liq Vol Flow @Std Cond [m3/h] cemply>
O Presion Wb [ Tace
Utiity Type
O Temperatura
7 . 7 . L rroe—
0 —Calculo flash isotermico = e e ——
t “Unknown Compositons

Delete | Define from Dther Stream.. | « =»




Calculo flash

v
OBM:F=L+V | Vi
4 I
O BC: ZiF = XiL + ylV
L e Vapor

O Equilibrio: y; = K;x; F

., vV Zi
O Fraccion vapor: 8 = -

F Liquido

OZixizl)Ziyizl \_ Y,
O Incognitas: x;, y;, L, V, 6 L, F

Video de calculo flash MATLAB
Apunte de flash



https://youtu.be/iYtwmPxySNM?si=_-YHc5RpZS1VBoMU
https://www.frro.utn.edu.ar/repositorio/catedras/quimica/4_anio/integracion4/trabajos_practicos_problemas_resueltos/problemas_resueltos/Resolucin%20de%20un%20Flash%20Isotrmico.pdf
https://la.mathworks.com/matlabcentral/fileexchange/22364-isothermal-flash-calculation-using-soave-equation-of-state

Bubble point y dew point

— Curva de burbuja
— Curva de rocio




Bubble point y dew point

— Curva de burbuja
— Curva de rocio




Calculo de flash

Titulo como resultado Titulo como dato
o Datos:x, P, T o Datos:x, P, y
O Resultado: y O Resultado: T
o Si y =0, liguido. o Si y=0, T bubble point.
o Siy=1, vapor. o Si y=1,Tdew point.
o0 Si0< y <1, liguidoy vapor. o Datos:x, T, x

O Resultado: P
o Si y =0, P bubble point.
o Siy=1, P dew point.



Sintesis de procesos



Sintesis de procesos

Reacciones
Reactores
Separadores

Infercambiadores

Servicios y controladores



Hidrodesalguilacion de tolueno

Methane

Toluene CGHSCHg + Hz —» C&Hs + CH4
Benzene

>

Estructura de entrada-salida



Hidrodesalguilacion de tolueno

Recycle
Raw Products and
Materials Reactor Separator By-products
— Feed »  Reactor = Feed —» Separator [~ %
Preparation Preparation
Waste Streams
I—' e ] =y
I ¥ | .
I | Discharge to
| |Environmental | !  Environment
I Controls i
: I
I

__________

Block Flow Process diagram (BFD)



Hidrodesalguilacion de tolueno

—_— e = = —_—_ = = = = =

__________________________

Process Flow diagram (PFD)



Niveles de modelado

Environment: Case [Main]

£ PFD - Case (Main)

HHE HEE AP

Worksheet
-~ Conditions
Properties

User Yanables
MHotes
t- Cost Parameters

@ B

T

Stream Mame

Wapour / Phase Fraction

Temperature [C]

Pressure [EP3]

Molar Flows [kamolesh]

Mass Flow [kg/h]

Std Ideal Lig Yol Flow [m3/h]

Malar Enthalpy [k)kagmole]

kg/h

I alar Entropy [k Akgmole-C]

45512 Ib/hr

Heat Flaw [kJ/h]

+nCalculated by: TEE-100

Lig Yol Flow @5td Cond [m3/h]

<emphy>

Fluid Package

Blasiz-1

Litility Type

2

-=Wolksheel Aftachments IDynamic:s |

2-Recycle

Case .(l:fla'in)




Reacciones

o De conversion:
o De equilibrio;
o Cinéticas:

o Cinéticas-equilibrio reverso.

r=k,.C,-kGC,

k=
k.

Reactions

Converzion

E quilibriuim
Heterogeneous Catalyhic
K.inetic

Simple B ate

Add Reaction
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Simuladores comerciales
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Column pressure control by CW flowrate

Cooling water

@ Accumulator level control
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Steam flow control

1201
@ @ Bottom level control
(i =

{io}

@ == Steam
Py




Aspen plus

E T Ho-e-dENE P @4 A4 For Print.apwz - Aspen Plus V10 - aspenONE w0
Home Economics Batch Dynamics Plant Data Equation Oriented View Customize Resources Search aspenONE Exchange ‘E & g 2
S Rotate =OReconnect™ =+ Join ¥ 3D Icons [#| Temperature  [*| Mass Flow Rate Iigg GLOBAL -] r"E_J,\"\EW Parent 3 Export
Al Flip Horizontal |« Break 7 a Reroute Stream | @] Heat/Work | [ Pressure | Mole Flow Rate Dﬁ | [¥] Show All {B2 View Child  £%_ Move Selection
: : i : isplay
=5 Flip Vertical 3 Insert I= Align g‘éﬁhowstatus' "'l Vapor Fraction [”| Volume Flow Rate | Options - (&) Lock Flowsheet | "= Import
Flowsheet Unit Operations Stream Results a Section Hierarchy
Simulation “ | Capitak: USD Utilities: USD/Year (@ ] || Energy Savings: MW [ %) (I || Exchangers- Unknown: 0 OK: 0 Risk: 0 ¥ X
il _ LIQOUT (MATERIAL) - Results - Main Fk | BENZENE (MATERIAL) - | RECYBENZ (MATERIAL) - | RECYBENZ (MATERIAL) - Results - | R-100 (RPlug) - | Results Summary - Streams - | + -
I L@ Setup b =
[Z3 Property Sets @ @
3 Analysis
P-100
I g Flowsheet = o >
4 [ Streams = 00| T
» Cal (z5) W= —{ xout o varour
Q=6%628
b Eaz P-101
b By teenzene >
I+ [ BENZENE o
b BgC3
I g CUMENE P-102
I+ £% D-100BTM R
» g 0-10t8TM — &
b [%GAS 5 L
4 EmLIQouT i
Input [ D-10087H | 8 e
Results OR=35422
wd EO Variables i QC=37736
- QR=38279 0
b - < >
|D{g.ﬁ i | Model Palette ~ 3 x
ﬁﬂ lz‘ Mixers/Splitters Separators Exchangers Columns Reactors Pressure Changers Manipulaters Solids Solids Separators Batch Models User Mode (4| +|
3l Safety Analysis 3 =
49 Energy Analysis —L |- ‘ - = = )
i Material [ Mixer FSplit S5plit -

Results Available | Check Status

6%

Se— @ [




us o Resou

Flowsheet

Flowsheet/Modify

Search aspenONE Exchange

“ARotate~ i Attach uto Position All ] Size @ .3 *) Name . d‘E_j Move to Parent [ Workbook Tables ;7Dre'faul't Colour Scheme ~|
Q% g = il
A Flip Horizantal | ) Auto Attach = Break Connection [-.Zoom B =S Temperature 20 &5 Move into Subflowsheet Hide Object~ E7 Editor
) i t .
M&?:;',’ma,"" d Flip Vertical ‘JAuto Position t.* Swap Connection Q. Pan 02;‘:1 E;.,‘.ysﬂ: _ Pressure pﬁ?efﬁ 5ubf|Eor:,ve;rnggt L/J'Igncre > [Table Visibility | Display Legend
Palette Flowsheet % Tools Stream Label '~ Hierarchy Display Options Conditi F
> Economics Energy EDR Exchanger Feasibility
Capital Cost Utility Cost Available Energy Savings Unknown OK At Risk
_ — - _— 2 0
UsD USD/Year MW % of Actual
__/‘m,, Case (Main) - Solver Active « | +
MIX-102
PFR=16
PFR-101
i _E- 1[]4 _‘_,-’—_:w_
7 MIX-100
VLV-100
12 e kTl
PFR-102 MIX-101
s VLV-101 -
(Waspentech ;
‘2? 17
VE102
—— e 15
24 16

Aspen HYSYS

TEE-101




UNISIM

fCumene g

File E_dit Simulation Flowsheet PFD Tools Window elp

R-801
——

—
Q-REACTOR
rry
POWER-P-801

i

-~
POWER-P-803

oneywell

Material Streams
£ 2

Vapour Fraction 0.0000 0.0000 1.0000
Temperature 44.05 25.00 210.7
Pressure 25.00 11.66 2500
Molar Flow 207.0 110.0 317.0

Compositions

1 3 2
Comp Mole Frac (Benzene) | 1.000000 | 0.969846 | 0.969846 | 0.00000
Comp Mole Frac (Propene) | 0.000000 | 0.000666 | 0.000666 | 0.95000
Comp Mole Frac (Propane) | 0.000000 | 0.029330 | 0.029330 | 0.05000¢
Comp Mole Frac (Cumene) | 0.000000 | 0.000158 | 0.000158 | 0.00000:

=

PFD 1

Completed.

! Balance Tool

06:28 p.m.
09/10/2017
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 2-phase distillation
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Scrubbing
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E ShortCut distilation
| strippers
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This is an example of Pressure Swing Azeotropic Distillation.
Test case from COCO Si tp/ 9/d php?di=CScasebook_MA.fsd (original author: Harry Kooijman - www.chemsep.org)
Methanol and acetone form a pe but the position of this pe is to the p
We can make use of this to the two P into pure products by op g two colu at different pressures.
This simulation uses ‘Methanol' and "Acetone’ components from the ChemSep NRTL i ion p were taken from the ChemSep IPD file.
More information on how to load a ChemSep database in DWSIM can be found at http://app / /index.php?titie=Loading_a Chen
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To view detailed results of the calculations in real time, enable console redirection and select a debug mode. You must restart DWSIM forthe changesto | _ oo
take effect.
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Use the quick connection tool on the toolbar to quickly connect objects by pressing the CTRL key and dragging the cursor from the first to the second +info

Press F5 on any area inside the flowsheet to start a full calcuiation. +io
Hold SHIFT during DWSIM inialization to reset the settings to their default values. | +Info
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