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Goals and Resulting Characteristics

Main goals:
— Less errors
— Less effort
— More cooperative work
» Improved reuse
* Improved portability

Resulting characteristics:

— Highly modular modeling concept

— Define Platform Independent Models (PIM) in the documentation level using an
enhanced symbolic notation

— Use of PIM and code generation to Platform Specific Models (PSM)

— Support web-cooperation
» Store and share all model elements in a web database

d|b|t|a
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Modular Modeling Concept — The Editors

s,

Editors |Evaluate | Documentation | En'l:ras|
Motation | Equation | Function | Parameter Listl Connector | Equation system

MOSAIC editors and model elements:

EquationSystem

— What symbols/variables are allowed?

— What equations will be used?

— How will the equations be combined? What functions will be used?

— What are the design, state, and iteration values? How does the problem solving
code look like?
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Enhanced Symbolic Notation | - Variables

=

Notation editor:

Editors |Eva|.uate | Ducumentationl Extra.s|

Motation | Equati.unl Functi.onl Parameter List | Connector | Equation system|

Location 2951: Public_notation.mosnot [ Open | ’Search] [ Mew ] Save

Baze Mames |Superscri.pts | Subscripts | Indi.cal Keywurds|
MName Description
hp Pressure drop [Pa] -
AT Difference in ternperature [K] i
i Void fraction [m*~3,/m"3]
n Dynamic viscosity [Pa 5], Level of efficiency [Superscript: eff] [-]
W Activity coefficient
Stoichiometric coefficient [-]
P Fugacity coefficient =

LV,I
Py i=2 j=4

Example:
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Enhanced Symbolic Notation Il - Equations

Equation editor:
1§ MosaIC

Editors |E'l.ralluate | Ducumentatiunl Eu'tras|

Motation | Equation | Function | Parameter Listl Connector | Equation s:.rstem|

Location 2952: Component balance.mosequ [ Open ] [Sealch] [ Mew ] Save
Motation 2951: Public_notation.mosnot [ Reload ] [Chang.e]

Parameters Unload Reload

Muosaiclatex | Descriptions | Keywords
Sdiff{HU_{i}*{m}}{t}=F*{m}_{in=1} ‘cdot xi_{i,in=1}

MMoszaicLatex

d HU" : :
dfi =FE=1 'I]i',in=1'-F::|ﬂut'x'i',uut=1+ri'

- F_{out}*{m} ‘cdot xi {i,out=1} + r_{i}

d|b|t|a
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Enhanced Symbolic Notation IlIl — Equation Systems

Equation system editor:

Editors |Eva|.uate | Ducumentatiunl Elrhasl

/4
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| Notationl Equati.onl Functionl Parameter Listl Connectol| Equation system |

| Connected Elements | Functions | Description | Ke},rwmds| Preview |

Equation Systern | Motation

Equations |Func.tions | Internal Streams | External P0-|ts|

Connected Elements

dHU

. mo
dt :Fm=1'mi;in=l‘Fmﬂ 'mi,cvut=1+ri'

U Fiaey Mo -Fous1 B 1 TO+W

. m tot
HUT =xi; qu=1 HU

i

H[_]mjtm'ﬁm »

mega aut=1"F o1
[}.1 & — = t
(10)

7d

"o
1 =l.§1ml',out= 1

€| T |

m
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Enhanced Symbolic Notation IV — Instantiated Equations

s,

Evaluation editor:
:

Editors | Evaluate | Documentati.onl E)d:ra.s|

Location 15631: Full Evaluation with CAPE OPEM 10 Trays and new design Vars.moseva | Open | [ Search l [ Mew ] Save

Equation System | Indexing | Instance | Info | Vanable Specification | Parameter Specification | Evaluation | Results | Description | K ords | Import
q 9 P P P Eyw P

Equations | Functions

Equation Instances

—pf-Ln Ln F,n L,n ¥, n
(20) 0=FL A0 xf L+ FRl xum1ni-2+ Fil Ve iea Pz 10 Fr=10i=2-Fi'=10 Vo 1g,09

. . LV
Phe1 Viw=i=1 Mr=Li=1T4o1 521 Pr=1i-1
aca - aca

4

Lv

W NV a o Tpv=d s=2 Vo w con Bu_a A
I

» | of [1.85] | NameSpaces | | Font Size | [ Row Height
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Code Generation | — What language do you prefer?

Choose of a list of supported target platforms:

Editors | Evaluate | Documentation | Elrtra.s|

Location 15631: Full Evaluation with CAPE OPEM 10 Trays and new design Vars.moseva [ Open ] [ Search ] l Mew ] Save

uatizn System | Indexin nstance | Info | Vanable Specification | Parameter Specification | Evaluation | Results | Description or mport
Equati Indexing | I Info | Variable Specificati p Specificati Evaluati Results | Descripti Keywords | Imp

Generation |View Code

Language Specification Execute

© Predefined  [gPROMS NLE Std

MATLAB MLE

User-defined MATLABE MLE Reformulated
SCILAB MLE Std

ACM MLE Funcs to Equas
GAMS Functions as Equations

Evaluate

Description ment Properties

AMPL Functions as Equations
F90 MLEQ1S Value
Python Scipy Functions as Equations anga... <unspecified>

Transfer values when changing Lang Spec

Do not overwrite existing values
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Code Generation Il — Show me what you got!

Take a look at the generated code:
8 vosac [l ]

Editors | Evaluate | Documentation | En't:a.sl

Location 15631: Full Evaluation with CAPE OPEM 10 Trays and new design Vars.moseva ’ Open l [ Search ] ’ Mew l Save

| Equation Systemn | Indexing | Instance | In.fol Yariable Specification | Parameter Speciﬁ.cationl Evaluation | Resultsl Description | Keywords | Impmt|

Code

TE_p_sta — LOouud,

f3_h_sca:= 100000.0;
f4_h_sca:= 100000.0;
5_p_sca:= 100000.0;

Phys_prop := "myPropertiesFile.MFL" ;
NoComp:= Phys_prop.MumberOfComponents ;

EQUATION

Zevaluate the function values

0=00-(e0_FfLn_trl *e0 x f il + &) F Ln_tr2 * eD_x tr2_il + e0_F Yn_trD * e0_y_trD_il - €D _F Ln_trl * el x trl_il - 0_|
0=00-(e0_FfLn_trl * &0 x f i2 + e)_F Ln_tr2 * eD_x tr2_i2 + e0_F_Yn_trD * e0_y_trD_i2 - D F Ln_trl * el _x trl_i2 - e)_I—
0=00-(e0_Ffln_tr2 * el x f il + €D F Ln_tr3* el x tr3_il + e0_F Yn_trl * e0_y trl il - €D F Ln_tr2 * el _x_tr2_il - 0_|
0=00-(e0_F_fLn_tr2 * el x f i2 + e)_F Ln_tr3 * el_x tr3_i2 + e0_F Yn_trl * e0_y trl i2 - el _F Ln_tr2 * el x_tr2_i2 - 0_|
0=00-(e0_Ffln_tr3* el x fil + €D F Ln_ted * eD_x trd il + e0_F VYn_tr2 * e0_y tr2 il - €D _F Ln_tr3 * el _x_tr3_il - 0_|
0=00-(e0_FfLn_tr3* el x f i2 + eD_F Ln_ted * eD_x trd_i2 + e0_F Vn_tr2 * e0_y tr2 i2 - €D F Ln_tr3 * el _x_tr3_i2 - 0_|
0=00-(e0_F_fLn_trd * &0 x f il + &) F Ln_tr5* eD_x tr5_il + e0_F Yn_tr3 * e0_y tr3 il - D _F Ln_trd * el _x_trd_il - 0_|

N-—NN-(aN Fflnted *all v Fi2 o &l F ln 5 %2l v #0502 & &l F Wi #r2 % 2l w #r2 07 - &l Fln ted * &l v +ed iJ..:nIEI
4 L[} 2
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MOSAIC Ports — let's get connected
MOSAIC external Ports:
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External Port

Equation System

Direction: In

Interface Connector |
T A<>T

Variables
A
Y
B

External Port

Direction: Qut

1/]

Connector
B<>P

Interface
P

Y — internal variable
A — variable connected to input T
B — variable connected to output P
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MOSAIC Ports — let's get connected

[ I
MOSAIC external Ports: External Port i Equation System i External Port
Direction: In | ! Variables | Direction: Out
« Direction: = | A : >F
Interface | Connector |, Y | Connector | Interface
In or Out T A<>T : B : B <-=P P
| I

* Interface:
Which variables will be presented?
-> naming, dimension, engineering unit, direction
e.g. p, scalar, bar, out

« Connector:
How are internal variables and external interface variables connected?
->e.g.A<>T,B<->P
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CAPE-OPEN and MOSAIC | — Physical Properties

Physical properties in MOSAIC: I:ILU' |::T:|
Variables to be calculated by external functions, e.g. = j

Supported target platforms for ,CO physical properties” code generation:

« Matlab

« gPROMS

d|b|t|a
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CAPE-OPEN and MOSAIC | — Physical Properties

MOSAIC Example — CO function:

Editors | Evaluate | Ducumenta.ti.unl Eu'tra.s|

Location 15631: Full Evaluation with CAPE OPEN 10 Trays and new design Vars.moseva [ Open l ’ Search ] [ Mew ] Save
Equation System | Indexing | Instance | Info | Variable Specification | Parameter Specification | Evaluation | Rﬁul.tsl Description | Keywords | Impo:t|
EQ System 12536: Full Column with CAPE OPEN.moseqs
MName: 12536.moseqs
Equations | Functions | Internal Streams | External Poits
Function Function Applications
Location: 12514: CO liquid enthalpy function.mosfun N Ouptut Variable Input Variables |_
L o : : » E
B (T.p. %1, %-2)=CO Caleulate Molar Licuid Enthalpy Generic Applied Generic Applied L
Description:  Liquid enthalpy with CAPE OPEN P P'f
Mo. of usages: 13 hJ: h-f‘z"‘
T r
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CAPE-OPEN and MOSAIC | — Physical Properties

MOSAIC Example — Matlab code:

Editors | Evaluate | Documentati.onl Eld:ras|

Location 15631: Full Evaluation with CAPE OPEM 10 Trays and new design Vars.moseva [ Open ] [ Search ] [ MNew ] Save

| Equation System I Indexing | Instance I Info | Variable Specification | Parameter Specification | Evaluation | Rsultsl Description | Keywords I Impu:t|

Code

V(94) = 1.0 - ((e2x Ril + €2 x Ri2) )
¥(95) = 1.0 - ( (el_y_tr0_il + ey tr0.i2 ) ):

end

function[std_h_L] = fun_12514__co_liquid_enthalpy_functionistd_T,std_p,std_x_i1,std_x_i2)
global co_handle;
std_h_L = capeQpenlPhaseProp(co_handle,'enthalpy’, liquid',std_T,std_p, [std_x_il,std_x_i2]);

end
function[std_p_LV_IALL] = fun_12513__co_vapor_pressure_function(std_T)
global co_handle
std_p_LV_iALL = capeOpenTDepPropico_handle, 'vaporPressure', std_T);

end

d|b|t|a
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EMOSAIC

— A modular equation based modeling tool

— Implemented in Java, using XML/MathML

— Provides automatic code generation for specific platforms (e.g. Matlab, C++)
— Can use the concept of ports

— Supports CO physical properties in code generation (Matlab, g°PROMS)

MOSAIC is not
— Designed to be a full solver / process simulator
— A programming language
— A computer algebra system (CAS)
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CAPE-OPEN and MOSAIC Il — Next Steps:

« What has to be done to create CAPE-OPEN compliant Unit Operations with
MOSAIC?

* What about CO Unit Operation Import and Export in MOSAIC?

* How can the MOSAIC xml models be converted into COM/CORBA objects?
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