Global CAPE-OPEN

Delivering the power of component software
and open standard interfaces
in computer-aided process engineering

Global

{
i
fj

i

o

5 S S
o
.

1% 5

A o

CAPE-OPEN

CAPE-OPEN Open Interface
Specifications

Thermodynamic and Physical
Properties Version 1.0

GCO Thermo Version 1.06.DOC, 30th March 2002



Archival Information

Reference GCO Thermo Version 1.06.DOC
Filename (if different)
Authors

Date 30" March 2002
Number of Pages
Version Version 1.06

Reviewed by (date) Reviewed by (name) (greyed out means not yet)

Distribution
Additional M aterial
L ocation on BSCW

IMPORTANT NOTICES

Disclaimer of Warranty

Global CAPE-OPEN documents and publications include software in the form of sample code. Any
such software described or provided by Global CAPE-OPEN --- in whatever form --- is provided
"as-is' without warranty of any kind. Global CAPE-OPEN and its partners and suppliers disclaim
any warranties including without limitation an implied warrant or fitness for a particular purpose.
The entirerisk arising out of the use or performance of any sample code --- or any other software
described by the Global CAPE-OPEN project --- remains with you.

Copyright I 2002 Global CAPE-OPEN and project partnersand/or suppliers. All rights are
reserved unless specifically stated otherwise.

Global CAPE-OPEN is a collaborative research project established under BE 3512 “Industrial and
Materials Technologies’ (Brite-EuRam I11), under contract BPR-CT98-9005.

Trademark Usage

Many of the designations used by manufacturers and seller to distinguish their products are claimed
as trademarks. Where those designations appear in Global CAPE-OPEN publications, and the
authors are aware of atrademark claim, the designations have been printed in caps or initial caps.
Microsoft, Microsoft Word, Visual Basic, Visual Basic for Applications, Internet Explorer,
Windows and Windows NT are registered trademarks and ActiveX is atrademark of Microsoft
Corporation.

Netscape Navigator is a registered trademark of Netscape Corporation.

Adobe Acrobat is aregistered trademark of Adobe Corporation.






Summary

This document describes the CAPE-OPEN Thermodynamic and Physical Properties Interfaces. Itis
part of a series of deliverables that together describe how to implement the level of commercially-
supported, thermodynamic interoperability demonstrated in December 2001 in Cambridge at the
Global CAPE-OPEN (GCO) Fina Meeting. It is an update of the original CAPE-OPEN
Thermodynamic and Physical Properties Interface Specification. The other deliverables are: example
Physical Property Packages; the CAPE-OPEN Tester; the Thermo Wizard; and the video of the
demongtration.  All are available via the CAPE-OPEN Laboratories Network web site

(vww.colan.org).

The document is consistent with the version 1.0 CAPE-OPEN COM type library, the other elements
of the version 1.0 CAPE-OPEN Standard and the versions of Aspen Plus, HYSYS, gPROMS and
Multiflash that were used for the Final Meeting demonstration (see for current
details). It also provides recommendations for developers of CO-compliant thermodynamic
components and sockets on how to use these deliverables. Interfaces for reactions, electrolytes and
petroleum fractions are described in separate specifications.
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1 Introduction

This document describes the CAPE-OPEN Thermodynamic and Physical Properties Interfaces. Itis
part of a series of deliverables that together describe how to implement the level of commercially-
supported, thermodynamic interoperability demonstrated in December 2001 in Cambridge at the
Global CAPE-OPEN (GCO) Final Meeting. It is an update of the original CAPE-OPEN
Thermodynamic and Physical Properties Interface Specification, to remove the ambiguitiesidentified
during interoperability testing and to add common services, such as error handling. The other
deliverables are: the example Physical Property Packages; the CO Tester; the Thermo Wizard; and
the video of the demonstration. All are available via the CAPE-OPEN Laboratories Network web
site (www.colan.org). The Interoperability Demonstration at the Final Meeting showed both unit
operation and physical property components being used for steady-state simulation in an industrial
flowsheet in Aspen Plus, HYSYS.Process and gPROMS CAPE-OPEN compliant Simulator
Executives (COSE’s), using components produced by AspenTech, Hyprotech, PSE and Infochem.
In the case of gPROMS, a simple dynamic demonstration was aso given. Details of the exact
versions of these products that should be used for interoperability purposes can be found on the
respective web sites of the companies concerned. Links to these web sites can be found on the CO-

LaN web site (M.colan.orgn

The remainder of this document recommends an approach to the development and implementation of
new property components and sockets and describes the specification of the Thermodynamic and
Physical Properties Interfaces. The implementation information is based on the current Type Library
1.0, which is adso compatible with the previous version 0.9.0. The document finishes with
information on units of measure, notes to clarify points that have been found to be confusing in the
use of the specification and finally a glossary of terms. Interfaces for reactions, electrolytes and
petroleum fractions are described in separate specifications.

Implementation of a unit component is not dealt with here. It is covered by the CAPE-OPEN Unit
Operations Interface Specification, plus the example unit operations components used in the
Interoperability Demonstration (see www.colan.org).

2 Implementation Resources

We have the following resources available from the CO-LaN web (Jvww.colan.org) for developers of
physical property components and sockets:

1. Physical Property Components
Resour ces:
» CAPE-OPEN Thermodynamic and Physical Property Interface Specification Version 1.0
(this document)
e TheHyprotech Physical Property Packages (HT PP's) in VB and C++

e TheCO Tester
e The Thermo Wizard
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»  The demonstration video, which shows the current look and feel of open simulation
interoperability

We recommend using the HT PP’ s as templates, with the two specification documents as
references to resolve any difficulties. The C++ HT PPismore limited in scope, sois clearer
tofollow initially. The VB version provides afuller example of the range of facilities
possible. The CO Tester provides a means of testing that the new component conforms to
CAPE-OPEN standards and the Thermo Wizard provides an aternative means of generating
athermo component.

In addition to these specific resources, we have background information on COM implementation in
adocument called “COM Architecture Overview and Basic Principles’. Seethe CO-LaN web site
(Www.colan.or g) for current status and availability of all of these implementation resources.

2. Physical Property Sockets

The same resources are available for socket developers. Inthis case, the first thing required isto
develop aMaterial Object. A suitable exampleisin the CO Tester and the HT PP’ s provide a
meansto test if the socket works correctly.

3 CAPE-OPEN Identifiers

In this document, we are following CO Methods and Tools recommendations for property identifiers
and method names, i.e. property identifiers start with alower case letter and method names start with
an upper case letter. (See:

www.colan.org/archive/specs/v09x/doc/03_CO Methods and Tools Recommendations.pdf)

However, for actual implementation purposes, to avoid uppercase/lowercase problems, all
comparisons of CAPE-OPEN identifiers are case insensitive. Namely:

» Properties

* Phasedetails

* Hash type details

e Cadlculation type details

We recommend that this should be adopted as CO policy.
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4 CAPE-OPEN Thermodynamic and Physical Properties Interface
Specification

4.1 Introduction

This Specification provides practical guidelines for using and implementing CAPE-OPEN
Thermodynamic and Physical Properties (THRM) interfaces. It has been derived from the original
THRM Specification published at the end of the CAPE-OPEN project, which can be found on the
CO-LaN web site.  As with all CAPE-OPEN Interface Specifications, it was developed using
Universal Modelling Language (UML). More details of this process can be found in the original
THRM document and in other documents available from the CO-LaN web site.

The first sections provide an overview of the interfaces, which is then refined in the subsequent

reference section. The document also includes COM and CORBA IDL with code examples to show
how the interfaces are constructed and used.
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4.2 Component Diagram & Supporting Interfaces

CAPE-OPEN Component Diagram

CAPE-OPEN Simulation Executive

UNIT )
ICAPEThermoPropertyPackage,” | CapeThermoCalcul ationRoutine
a) Stand-alone PP /\ Cop
Doy— 7| ]
UnitSystem O— PropSystem ﬂ Calculation Routine
|CAPEThermoM aterial Object resolves PP
(] \ (‘—‘)_-
ICAPEThermoMaterial Template ICAPEThermoSystem o
b) PropSystem | CapeT hermoEquilibriumServer
dependent PP
Smulation Exed/ COSE  — + ThermoSystem L

Equilibrium Server

The Component Diagram shows the interfaces supported by each of the components in the CAPE-
OPEN Thermodynamics and Physical Properties system. The associations, represented by the lines
from the components to the interfaces, are also detailed. The way in which these associations of the
Component Diagram are implemented is proprietary to the component/simulation vendor. The
diagram shows the two ways that any COSE can use to instantiate a Property Package:

Route a), it is a Stand Alone component (not needing to be inside a Property System).

Route b), it is a Property System dependent (needing to be resolved by its Property System). In this
caseit is necessary to resolve the property packageto get ahandle to it.

Each white arrow represents the interface the COSE gets.

4.2.1 Material Classes - Description
The creation of the Material Interfacesis consistent with the UML Material Class Diagram below.

This diagram documents the implementation, rather than the CAPE-OPEN interface view. The
Material Template defines the characterisation of a material, and the Material Object defines an
instance of material. Material Objects are created from Material Templates. The Material Template
definition consists of:

* A Component List,

* A Phase Assumption,

» Referenceto CAPE-OPEN property package,

e List of custom attributes for pseudo components

-13-



Materials are modelled
as a Material Templates

Material —

%GetEnthalpy ()
&Getviscosity ()

Material System
gTemperature

Pressure
i ¢Com osition Defines the
= = Container | P T ——physical context
L]
%Get VaporPressure () IsPureComponent ()

#1satEquilibrium ()

0.%

Cluster
gComponentCount : Int

1

Substance
@Name : String

&GetCriticalPressure ()
:GetCriticaITemperature 0
-0

Container Vapor
/ Multiphase System 0.1 Phase
Abstract interface to #VaporPhaseCount: INt=0 | oo Liquig | #PhysicalState
databases (DIPPR, etc..) #liquidPhaseCount : Int = 0 q
y S @#SolidPhaseCount : Int =0 0.* %Get Fugacity ()
Container Solid
0.%

SN\

{VaporPhaseCount + LiquidPhaseCount +
SolidPhaseCount > 0}

UML Material Class Diagram

The above diagram splits components into components and substances. Substances are the actual
species, whereas components are instances of the substances used in the simulation. Since we can
have more than one component based on the same concept of a substance. All parameters are
ultimately associated with components, since any substance parameter could be overridden for a
component. The end user of the Material Object is only concerned about components. The
substance and database branch of 8-2 isreally implemented internal to a property system.

The Material Object isresponsible for keeping the total mixture state consistent with the phase states.
Assumption: all phases share the same temperature and pressure, so the phase holds composition
and phase fraction or amount. Please note that the equilibrium server method is explicitly part of the
Material Template/Object definition as an internal implementation detail. Therefore a Material
Object can “flash” itself if it needsto.

The Materia Object structure is extensible, and will include solids, polymers, etc. So a generic
approach was developed by the Thermo Workpackage group to make property calls. This approach
was developed in Thermo Workpackage. A summary of the essential calls follows:

CapeError SetProp(in CapeString property, in CapeString phaseQualifier, in
CapeArrayString conponentlds, in CapeString cal cul ati onType, in CapeString
basi s, out CapeArrayDoubl e propVal s);

CapeError Cal cProp(in CapeArrayString propList, in CapeArrayString
phaseQualifiers, in CapeString cal cul ati onType);
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CapeError GetProp(in CapeString property, in CapeString phaseQualifier, in
CapeArrayString conmponentlds, in CapeString cal cul ati onType, in CapeString
basi s, out CapeArrayDoubl e propVal s);

CapeError Cal cEquilibriumin CapeString flashType, in CapeArrayString
propLi st);

CapeError Get Uni versal Constants(in CapeArrayString constantList, out
CapeArrayDoubl e propVal s);

CapeError Get Conponent Constant (i n CapeArrayString propList, out
CapeArrayDoubl e propVal s);

-15-



4.3 General Remarks on Usage of Interface Methods

4.3.1 Convention Note on NULL and Empty
(See Notesffor more information.)
Throughout the document NULL refersto a NULL BSTR for string arguments. enpt yVari ant isa

VARI ANT argument of the type VT_EMPTY. See below how to implement these values in C++ and
inVB.

Type of Data | Declaration and Usage
BSTR In C++

Acceptable
BSTR strArg = NULL;

Not Acceptable
BSTR str = ::SysAllocString(L“");

InVB

Acceptable

DimstrArg as String
strArg = vbNul |l String

Not Acceptable
DimstrArg as String
strArg = “”

VARIANT In C++

/[l the vt type of the VARIANT is

/] set to VI_EMPTY

VARI ANT Var Ar g;

Vari ant | nit (&VarArg);

Remember that Variantlnit must always be called
after declaringa VARIANT

InVB
Di m Var Arg as Vari ant

4.3.2 Argument interpretation of Get/Set/CalcProp Standard Methods
See Notes]for more information.

The original specifications of the GetProp and SetProp methods could be interpreted in several ways.
Below is the agreed interpretation of the methods for each property

4.3.2.1 Values format

Although the values argument has VARIANT type in COM and some properties will always return a
single value, this argument must always contain an array (possibly with a single element).

4.3.2.2 UNDEFINED interpretation

-16-



Be aware that the UNDEFINED value depends on the type of the corresponding argument. This
special value is described in “Update on Types, Interfaces Naming and Undefined Values’, Global
CAPE-OPEN, 2001.

UNDEFINED is only used when one of the argumentsisirrelevant for the particular method, such as
basis for the Temperature property. UNDEFINED is never allowed in the property/ies or phases
qualifiers.

UNDEFINED must not be used to express a default value.
UNDEFINED must also be used when an argument type is CapeArray and its length is O (otherwise
VB has problems).

4.3.2.3 Overall interpretation

If Phases contains "Overall", only the properties that refer to the overall phase will be calculated. To
request the values for each particular phase, the particular identifiers of all the phases must be
included in the phases argument.

Property Phases Conp ID Cal cul ation Ret urn val ue
vect or type
Tenper ature Typicaly Empty Mixture Scal ar (1)
Pressure Overall.
etc. (&)
Ent hal py Enpty M xture Scal ar
Ent r opy Enpty Pure Vector (2:all
vol ume conponent s
d_enS| ty Filled Vector (3:
viscosity specified
thermal cond. conps)
Heat Capacity
fugaci tyCoef fi ci ent Empty M xture(*) Vector (all
di ffusivitycoeff conponent s)
activitycoeffi. Filled Vect or
(specified
conp)
Enpty Pur e Vector (all
conponent s)
Filled Vect or
(specified
conp)

Table comments

1. Asstated in the specifications, the value is dways an array. Scalar means here that the array will only
contain 1 value

2. All components means the value of the property for each component of the material object

3. Thevalue of the property for each component specified in argument complds.

(&) Other phases a'so allowed, since in the case of a multiphase system which is not thermodynamically in
equilibrium (ex: rate-based approach on a distillation column stage), phases of a given system may be at
different temperatures

(*)Normally, mixture means that the value is a single scalar that refersto the whole fluid, and pure means that
thevalueisalist of property values for each component. In these particular properties

(fugaci tyCoefficient,...),mixture/pure hasaspecial meaning. Inthem, ‘mixture’ meansthat the
property values refer to the components when they are within afluid, and “ pure” means that the property
values refer to the components when they are in pure state (not mixed with other components).

-17 -



Although it could sound appealing to use GetComponentConstant instead of GetProp with “pure”, it is not the
case because these properties depend on the physical conditions of the fluid: temperature, pressure,...

4.3.2.4 How to request information of non existing entities (such as
components or phases)

Although the CAPE-OPEN standard allows setting a property for a particular phase with the
ICapeThermoMaterial Object SetProp method, the Unit Operation developers must be aware that
some COSEs may not support this functionality. It can also happen that a CAPE-OPEN-compliant
Simulator Executive (COSE) allows setting a property for a particular phase, but only after flashing
the stream.

If any GetProp is called for a particular phase where the phase has not been created, the method call
will always fail. To check whether a phase exists or not, it is not safe to use the properties total Flow
and phaseFraction. That is because, at bubble point condition, phaseFraction (with phase=vapor),
will be identically zero, athough the phase exists.

There's another similar case where a GetProp call will fail. For example, imagine aparticular stream,
where only the molar/mass fractions for some (but not all) of the components of the stream have
been set. If the molar fractions are then requested for all the components, the call will fail. That's
because, even if the values for some components are available, not al of them can be returned.
Therefore, it is recommended to aways set the molar/mass fractions for al the components at the
same time, assigning a 0 value for the non-existing components.

4.3.2.5 Fraction and Flow

The original specification was ambiguous, since it mentioned properties fraction, flow, molFraction,
molFlow. To solve that, the following scheme was agreed.

The Thermo specification mentions “fraction”, but the list of official properties does not. We have
agreed to remove molFraction, molFlow & massFlow, leaving only “flow” and “fraction” and
forcing the use of the basis argument. This means that now mass fraction can be requested. Since it
was not clear how to specify properties such as the total flow or the vapour fraction, two new
properties have been added: total Flow and phaseFractions.

Property Calc Type Comp ID Phase Return Value

fraction NULL Empty PH Vector (all components)

flow Filled PH Vector (specified components)
total Flow NULL Empty PH Scalar

phaseFraction NULL Empty PH Scalar

Note: PH meansthat phaseis defined.
Examples:

e To get avector with the mole fraction of each component within the liquid phase. The sum of all values
will be 1.

matObj.GetProp(“fraction”, “liquid”, Empty, NULL, "mol€")

» To get avector with the mole fraction of some components within the vapor phase. The sum of all values
will be the fraction that the set of specified components represent with respect to the whole vapor phase.
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matObj.GetProp(“fraction”, “vapor”, (vector of components), NULL, "mole")
* To get ascalar with the fraction of the fluid that isin the specified phase.
matObj.GetProp(“ phaseFraction”, “vapor”, Empty, NULL, "mol€")

* To get avector with the molar flows of each component within the liquid phase. The sum of all values
should be equal to the total molar flow of the fluid

matObj.GetProp(“flow”, “liquid”, Empty, NULL, "mole")

*  To get avector with the molar flow of some components within the vapor phase.
matObj.GetProp(“flow”, “vapor”, (vector of components), NULL, "mole")

* To get ascaar with the flow (e.g. molar flow) of the fluid that is in the specified phase.

matObj.GetProp(“total Flow”, “vapor”, Empty, NULL, "mole")

4.3.2.6 Get/SetindependentVar

In the ICapeThermoMaterialObject interface, since the advantage of using the methods
Get/SetIndependentVar instead of GetProp and SetProp is not clear, they should be not be used.
They will be removed in the next version of the Specification. Moreover, since they lack the basis
argument, the units could be ambiguous for state variables such as enthalpy and flow (molflow &
massflow have been removed from the standard).

Without Get/SetlndependentVar, the properties listed in "names of state variables/global variables'
(p86 of original specification), namely:

temperature gibbsFreeEnergy
pressure helmholtzFreeEnergy
volume MolFraction (deleted)
density moles

enthalpy mass

entropy Molflow (deleted)
energy Massflow (deleted)

have been moved to the Non-constant Properties |list, so that all of them can be used in
Calc/Set/GetProp

Sincein COM it's not feasible to remove a method from an interface and retain binary compatibility,
the methods will remain, but must not be used.

4.3.2.7 Specific properties
So far, several examples and implementations have used the following property identifiers:

enthalpy, entropy, energy, gibbsFreeEnergy, helmholtzFreeEnergy, volume
to mean intensive properties (which require a specifying “mole” or “mass’ for the basis qualifier).

To represent the non-intensive property, such as the energy contained in a given amount of mass, the
basis qualifier must have NULL value.
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4.3.2.8 Validity Check

The ValidityCheck methods must not be used, since the ICapeThermoReliability interface is not yet
defined.

4.4 CAPE-OPEN Calling Pattern Description

The component interfaces of the thermo system are implemented with The CAPE-OPEN Calling
Pattern. The CAPE-OPEN calling pattern provides extensibility by contract between the Simulation
Executive, the Unit, and the Thermo systemsin a clear and concise way. Open interfaces accessing
these components need to be maintained and extended in the context of the CAPE-OPEN project.
All existing thermo properties can be supported through this calling pattern. With this approach, new
and user defined properties can be added to thermo / unit contract without changing any code.

In the case of the CAPE-OPEN Calling Pattern the contracts between the Simulation Executive,
Unit, and Thermo systems are separated from the software calling mechanism. This alows the
following advantages:

e Standard Properties and Calculations can be added without software changes.

» Properties are easily bundled for performance (single cal culations can still be supported).

e Pattern is consistent for all Thermo System Components. This eases the understanding and
usage of the CAPE-OPEN standard.

e Contract is maintained consistently between Unit & Thermo System.

e Complexity is reduced.IEI

e Standard Maintainability & Extensibility is provided.

» Network issues are more easily managed. (calculations can be bundled and passed to a server.)

e User Defined Properties and Constants are easily supported, maintained and extended

! Brown, Malveau, McCormick, Mowbray; Anti Patterns Refactoring Software, Architectures, and
Projectsin Crisis, John Wiley & Sons, 1998
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4.5 CAPE-OPEN Calling Pattern & Material Object

The following pattern details the way in which the Material Object is used to execute calls on the
corresponding Thermo System. This means that the way in which values are set, calculated and
retrieved is consistent for all Thermo System components. This pattern is documented below and
detailed in code examples later in the document.

O Step 1: Declare Material Object and set Independent Variables

Independent variables are set on the Material Object for Flash calculations, using the SetProp
method. In most cases, two state variables of the material object will be set, for example
temperature or pressure.

O Step 2: Set Values
The client of the Material Object adds properties and corresponding values.
O Step 3: Calculate

The appropriate calculations are set as strings on the parameter list and the appropriate generic
calculation routineis called.

CalcEquilibrium

CalcProp

O Step 4: Get Results

After results are calculated, the values are then retrieved from the Material Object using the
generic Material Object GetProp method. Results are further qualified for phase, components,
calculation type, and basis. Property results are in Sl units (detailed information available at
http://www.bipm.fr/enusg/3_Sl/si.html).

Specific code examples of this pattern are included in this document and are provided by Werner
Drewitz of BASF.

The CAPE-OPEN calling pattern significantly reduces the complexity of the integration with
existing native Thermo Systems by reducing the number of callsto the Open System Components. It
also allows for the interfaces and contracts between these systems to be modified without addressing
software issues. See notes on|Configuration of a Material Template for more information.
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4.6 CAPE-OPEN Use Case Driven Component Model

The actual creation and management of the Material Templates is the responsibility of the Simulation
Executive/Environment. The Material Template acts as a class factory for the Material Object. The Material
Object represents an instance of a Material and provides access to both the state of the Material and the
behavior of the Material. The Unit usesthe Material Object in the simulation environment in order to calculate

properties for agiven Material.

CAPE-OPEN Component Model —Use Case Driven

Flowsheet Definition &
Material Management

UNIT

UnitSystem

—

|CAPEThermoM atqi_al Object

. \
|CAPEThermoMaterial Template

Simulation Exec/ Environment

d

|

Property Package
Creation &
Management

CAPE-OPEN Compliant Property Package

| CAPEThermoPropertyPackage

ThermoSystem

|CapeThermoEquilibriumServer

o—

| CapeThermoCal culationRoutine

O—

Calculation Routine

Equilibrium Server

The attached model depicts the CAPE-OPEN components and interfacesin the context of CAPE-OPEN
defined workflow. Property Package Creation & Management is the process by which existing Property
Packages are made CAPE-OPEN compliant and properly registered. Flowsheet Definition requires that
materials be properly defined using CAPE-OPEN Property Packages. These Materials are then assigned to
unitsin the Flowsheet Definition stage.. Further details to the functional flow and the actors of this
functionality can be found in the Thermo Use Case document. The simulation executive, or CAPE-OPEN
Simulation Executive (COSE), is responsible for implementing the interfaces of the Material Template and
MaterialObject. In addition, the COSE provides functionality for defining the Material Template and handles
the delegation of the Material Object to the appropriate Thermo System and property package interfaces.

It isimportant to point out that the CAPE-OPEN compliant Calculation Routines and Equilibrium Servers
(Flash Calculations) are typically only asmall portion of the full property package. The majority of the
property package is comprised of the native routines, data, parameters and flash calculations of existing and
native Property Systems/Packages. A more accurate portrayal of the actual property package follows. The
combination of Equilibrium Servers and Calculation Routines, along with the proprietary structure of the

property package provide the structure for a CAPE-OPEN compliant property package.

4.6.1 Native Property Package Diagram

It isimportant to note that making a property package CAPE-OPEN compliant does not upset the native
structure of aproperty package. The full capabilities of acommercial property system are still availablein a

CAPE-OPEN property package.
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Native Flash
Calculations

N ative Calculations
Routines

Property Package/System

CO Calculation

CO Equilibrium Server
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4.7 CAPE-OPEN Thermo Interface Diagram

This diagram does not describe how or when these interfaces are executed in the context of a working Open
System / CAPE-OPEN Environment. The mechanisms by which these underlying associations are executed
are proprietary to the simulation environments. This diagram represents a general abstract view of the
interfaces. The full overview of the interfaces is described in both the Component Diagram and the Interface

Diagram.

<<CAPE-OPEN Interface>>

<<CAPE-OPEN Interface>>

| CAPETher moSystem

+GetProper tyPackages()
+ResolvePr opertyPackage()

ICAPEThermoM aterial Template

<<CAPE-OPEN I|nterface>>

| CAPET her moPr opertyPackage

+CreateM aterial Obj ect()
+SetProp()

ClassFactory

| CAPETher moM aterialObject

+CalcProp()
+CalcEquilibrium()
+Component| ds()
+Phasel ds()

+GetProp()

+SetProp()

+Getl ndependentVar ()
+Setl ndependentVar ()
+PropCheck()
+AvailableProps()
+RemoveResults()
+ValidityCheck()
+GetComponentConstant()
+GetUniver salConstant()
+GetPropList()
+GetNumComponents()
+CreateM aterial Obj ect()

+Duplicate()

* <K<CAPE-OPEN Interface>>

*

<<CAPE-OPEN I|nterface>>

| CAPETher moCalculationRoutine

+CalcProp()
+CalcEquilibrium()
+GetPhasel ist()
+GetComponentList()
+PropCheck()
+ValidityCheck()
+GetUniver salConstant()
+GetComponentConstant()

+GetPropList()

+PropCheck()
+ValidityCheck()
+CalcProp()

+PropList()

<<CAPE-OPEN Interface>>

| CAPET her moEquilibriumSer ver

+CalcEquilibrium()
+ValidityCheck()
+PropCheck()
+PropList()

A more detailed view can be found in the corresponding IDL and code samples. It isvery important to note
that the interface diagrams expose the necessary interfaces for using plug and play components. These
diagrams do not imply the internal traversal path for how these interfaces are executed. Note: The results are
stored in the Material Object and accessed through the GetProp method.
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4.8 Code Sample of CAPE-OPEN Calling Pattern & Material Object

The following pseudo code example is detailed for the Material Object. However, the pattern by
which values are set, calculated and retrieved is consistent for all Thermo System components.
Example 1: Calling of liquid enthalpy property of a mixture

4.8.1 Declare Material Object

/lcreate a naterial object
Set Inmb = Material Tenpl ate. Creat eMat eri al Obj ect () ;

O Step 1: Set Values

CapeArrayDoubl e T[ 1], P[1], F[100];
CapeArrayString phaseQualifiers[1];

T[O0] = 373; /[l initialize tenperature

P[0] = 101325; /[l initialize pressure

F[0] = 0.1; /] initialize liquid conmposition
F[1] = 0.7; /[l initialize liquid conmposition
F[2] = 0.2; /1 initialize Iliquid conmposition
Strcpy(phaseQualifiers[0], "Liquid”); /1 set phase qualifier

| mo. Set Prop(”tenperature”, "Overall”, enptyVariant, NULL, NULL, T);

| no. Set Prop(” pressure”, "Overall”, enptyVariant, NULL, NULL, P)

/1 set tenperature and pressure on the material object
| mo. Set Prop(”fraction”, phaseQualifiers, enptyVariant, NULL, "mole”, F);

/] set liquid conposition on the material object
O Step 2: Calculate Mixture Property

CapeArrayString properties[2]; //create array for properties.
CapeString cal cul ati onType;

Strcpy(cal cul ati onType, "M xture”); // set calculation type
Strcpy(properties[0], "Enthal py”); [/ set property identifier

| mo. Cal cProp(properties, phaseQalifiers, calcul ationType);
//cal cul ate properties

O Step 3: Get Results

CapeArraybDoubl e val [ 2] ; // doubl e array creat ed.
CapeString basi sQualifier;

Strcpy(basi sQualifier, "nole”); /1 set basis qualifier
| mo. Get Prop(” Ent hal py”, phaseQualifiers, enptyVariant, calcul ati onType,

basi sQualifier, val);
//get property enthalpy in the |liquid phase
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4.8.2 Example 2: Calling a flash and then calculating a viscosity:

O Step 1: Set Values

0 Step 2 : Calculate Flash

O Step 3: Calculate Viscosity
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0 Step 4: Get Results
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4.9 Interface Reference
4.9.1 ICapeThermoMaterialTemplate

4.9.1.1 CreateMaterialObject

I nterface Name | CapeThermoM aterial Template
M ethod Name CreateM aterial Object

Returns CapeError

Description

Allows aMaterial Object to be created from the Materia Template interface.

Arguments
" Description
[out, retval]
*| Capel nterface material Object The created/initialized Material Object.

4.9.1.2 SetProp

Interface Name |CapeThermoM aterial Template
M ethod Name SetProp

Returns CapeError

Description

Allows custom property and values to be set on the Material Template to support pseudo components.

Arguments
Type Description
[in]
property CapeString The custom property to set.
[in] CapeVariant (Double | The actual values of the property.
values Array)
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4.9.2 ICapeThermoMaterialObject

4.9.2.1 Componentlds

I nterface Name | CapeT hermoM aterial Obj ect
M ethod Name Componentlds

Returns CapeError

Description

Returns the list of components Ids of a given Material Object.

Arguments
" Description
[out, retval]
*complds CapeVariant Component 1Ds
(String Array)
4.9.2.2 Phaselds
I nterface Name | CapeThermoM aterial Object
Method Name Phaselds
Returns CapeError

Description
It returns the phases existing in the MO at that moment. The Overall phase and multiphase identifiers cannot be
returned by this method. See notes on [Existence of a phase for more information.

Arguments
" Description
[out, retval]
*phaselds CapeVariant List of phases

(String Array)
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4.9.2.3 GetUniversalConstant

Interface Name | CapeT hermoM aterial Object
M ethod Name GetUniversal Constant
Returns CapeError
Description
Retrieves universal constants from the Property Package.
Arguments
Name Type Description
[in] CapeVariant (String | List of universal constantsto be retrieved
props Array)
[out, retval]
*propvals CapeArrayVariant Values of universal constants

4.9.2.4 GetComponentConstant

I nterface Name | CapeT hermoM aterial Obj ect
M ethod Name GetComponentConstant
Returns CapeError

Description

Retrieve component constants from the Property Package. See Notes For more information.

Arguments

Name Type " Description

[in]

props CapeVariant List of component constants
(String Array)

[in]

complds CapeVariant List of component IDs for which constants are to be retrieved.
(String Array) emptyVariant for all componentsin the Material Object.

[out,retval]

*propvals CapeVariant Component Constant values returned from the Property

(Variant Array)

Package for all the componentsin the Material Object Itisa
variant containing a 1 dimensional array of variants. If we call
P to the number of requested properties and C to the number
requested components the array will contain C*P variants. The
C first ones (from position 0 to C-1) will be the values for the
first requested property (one variant for each component). After
them (from position C to 2*C-1) there will be the values of
constants for the second requested property, and so on.
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4.9.2.5 CalcProp

Interface Name | CapeT hermoM aterial Obj ect
M ethod Name CalcProp

Returns CapeError

Description

This method is responsible for doing all property calculations and delegating these calculations to the
associated thermo system. This method is further defined in the descriptions of the CAPE-OPEN Calling
Pattern and the User Guide Section. See Notes{or a more detailed explanation of the arguments and
Pescription]in the notes for a general discussion of the method.

Arguments
Name Type " Description

[in]
props CapeVariant The List of Properties to be calculated.
(String Array)
[in] CapeVariant List of phases for which the properties are to be calcul ated.
phases (String Array)
[in] CapeString Type of calculation: Mixture Property or Pure Component
calcType Property. For partial property, such as fugacity coefficients of
components in a mixture, use “Mixture” CalcType. For pure
component fugacity coefficients, use “Pure” CalcType.
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4.9.2.6 GetProp

Interface Name | CapeT hermoM aterial Obj ect
M ethod Name GetProp

Returns CapeError

Description

This method is responsible for retrieving the results from cal culations from the Material Object. See Notesfor a

more detailed explanation of the arguments.

Arguments

[in]

Description

property CapeString The Property for which results are requested from the
Material Object.

[in] CapesString The qualified phase for the results.

phase

[in] CapeVariant The qualified components for the results. emptyVariant to

complds (String Array) specify all componentsin the Material Object. For mixture
property such as liquid enthalpy, this qualifier is not required.
Use emptyVariant as place holder.

[in] CapeString The qualified type of calculation for the results. (valid

calcType Calculation Types: Pure and Mixture)

[in] CapeString Qualifies the basis of the result (i.e., mass/mole). Default is

basis mole. Use NULL for default or as place holder for property for
which basis does not apply (see also Bpecific properties]

[out, retval] CapeVariant Results vector containing property valuesin Sl units arranged

*results (Double Array) by the defined qualifiers.
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4.9.2.7 SetProp

I nterface Name | CapeT hermoM aterial Obj ect
M ethod Name SetProp

Returns CapeError

Description

This method is responsible for setting the values for properties of the Material Object. See Notesfor amore
detailed explanation of the arguments.

Arguments

Name Type " Description

[in]

property CapeString The property for which the values need to be set.

[in] CapesString

phase Phase, if applicable. Use NULL for place holder.

[in] CapeVariant Components for which values are to be set. emptyVariant to

complds (String Array) specify all componentsin the Material Object. For mixture
property such as liquid enthalpy, this qualifier is not required.
Use emptyVariant as place holder.

[in] CapeString The calculation type. (valid Calculation Types: Pure and

calcType Mixture)

[in] CapeString Qualifiesthe basis (mole/ mass). See also Bpecific properties)

basis

[in] CapeVariant Values to set for the property.

values (Double Array)

-33-



4.9.2.8 CalcEquilibrium

Interface Name | CapeT hermoM aterial Object
M ethod Name CalcEquilibrium

Returns CapeError

Description

This method is responsible for delegating flash cal culations to the associated Property Package or Equilibrium
Server. It must set the amounts, compositions, temperature and pressure for all phases present at equilibrium, as
well as the temperature and pressure for the overall mixture, if not set as part of the calculation specifications.

See Eal cProp and CalcEquilibri um|f0r more information.

Arguments
Name Type " Description
[in] CapeString Flash calculation type.
flashType
[in]
props CapeVariant Propertiesto be calculated at equilibrium. emptyVariant for no
(String Array) properties. If alist, then the property values should be set for
each phase present at equilibrium.

4.9.2.9 SetindependentVar

I nterface Name | CapeT hermoM aterial Object
M ethod Name SetlndependentVar

Returns CapeError

Description

Sets the independent variable for a given Material Object.

Arguments
Name Type Description

[in] CapeVariant (String Array) Independent variablesto be set (see namesfor state
indVars variablesfor list of valid variables)

[in]

values CapeVariant (Double Array) Values of independent variables.




4.9.2.10 GetindependentVar

Interface Name | CapeT hermoM aterial Object
M ethod Name GetlndependentVar

Returns CapeError

Description

Returns the independent variables of a Material Object.

Arguments
Name Type Description
[in] CapeVariant (String Array) Independent variables to be set (see namesfor state
indVars variablesfor list of valid variables)
[out, retval]
*values CapeArrayDouble Values of independent variables.
49.2.11 PropCheck
I nterface Name | CapeT hermoM aterial Object
Method Name PropCheck
Returns CapeError
Description

Checksto seeif given properties can be calculated.

Arguments
Name Type Description
[in] CapeVariant (String | Properties to check.
props Array)
[out, retval]
*valid CapeArrayBoolean Returns Boolean List associated to list of propertiesto be

checked.
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4.9.2.12 AvailableProps

Interface Name | CapeT hermoM aterial Object
M ethod Name AvailableProps

Returns CapeError

Description

Gets alist properties that have been calculated.

Arguments

" Description
[out,retval] CapeArrayString Properties for which results are available.

*props

49.2.13 RemoveResults

I nterface Name | CapeT hermoM aterial Obj ect
Method Name RemoveResults

Returns CapeError

Description

Remove all or specified property resultsin the Material Object.

Arguments
" Description
[in] CapeVariant Propertiesto be removed. emptyVariant to remove all
props (String Array) properties.
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49.2.14 CreateMaterialObject

I nterface Name | CapeT hermoM aterial Object
M ethod Name CreateM aterial Object

Returns CapeError

Description

Create a Material Object from the parent Material Template of the current Material Object. Thisisthe same as
using the CreateM aterial Object method on the parent Material Template.

Arguments
" Description
[out, retval]
Material Object | Capel nterface* The created/initialized Material Object.
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4.9.2.15 Duplicate

I nterface Name | CapeT hermoM aterial Obj ect
M ethod Name Duplicate

Returns CapeError

Description

Create a duplicate of the current Material Object.

Arguments
" Description
[out, retval]
clone | Capelnterface * The created/initialized Material Object.

4.9.2.16 ValidityCheck

I nterface Name | CapeT hermoM aterial Object
M ethod Name ValidityCheck

Returns CapeError

Description

Checks the validity of the calculation.

Arguments
Name Type " Description
[in]
props CapeVariant (String Array) The properties for which reliability is checked.
[out, retval]
*rellist CapeArrayThermoReliability Returns the reliability scale of the calculation.
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4.9.2.17 GetPropList

Interface Name | CapeT hermoM aterial Object
M ethod Name GetPropList

Returns CapeError

Description

Returns list of properties supported by the property package and corresponding CO Calculation Routines. The
properties TEMPERATURE, PRESSURE, FRACTION, FLOW, PHASEFRACTION, TOTALFLOW cannot
be returned by GetPropList, since all components must support them. Although the property identifier of
derivative propertiesis formed from the identifier of another property, the GetPropList method will return the
identifiers of all supported derivative and non-derivative properties. For instance, a Property Package could
return the following list:

enthal py, enthal py.Dtemperature, entropy, entropy.Dpressure.

Arguments
Description
[out, retval]
*props CapeArrayString String list of all supported properties of the property
package.
4.9.2.18 GetNumComponents
I nterface Name | CapeT hermoM aterial Object
M ethod Name GetNumComponents
Returns CapeError
Description

Returns number of componentsin Material Object.

Arguments
Description
[out, retval]
*num Capelong Number of componentsin the Material Object.
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4.9.3 ICapeThermoSystem

4.9.3.1 GetPropertyPackages

I nterface Name | CapeT hermoSystem
M ethod Name GetPropertyPackages
Returns CapeError
Description

Returns StringArray of property pacakge names supported by the thermo system.

Arguments
" Description
[out, retval]
*propertyPackageList | CapeArrayString The returned set of supported property packages.

4.9.3.2 ResolvePropertyPackage

I nterface Name | CapeT hermoSystem
M ethod Name ResolvePropertyPackage
Returns CapeError

Description

Resolves referenced property package to a property package interface.

Arguments
Name Type " Description
[in]
propertyPackage CapeString The property package to be resolved.
[out, retval] Capelnterface The Property Package Interface.
* propPackObject
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4.9.4 ICapeThermoPropertyPackage

4.9.4.1 GetComponentList

Interface Name | CapeT her moPropertyPackage
M ethod Name GetComponentList

Returns CapeError

Description

Returns the list of components of a given property package.

In order to identify the components of a Property Package, the Executive will use the ‘casno’
argument instead of the complds. The reason isthat different COSEs may give different namesto the
same chemical compounds, whereas CAS Numbers are universal. Nevertheless, GetProp/SetProp...
will still require their complds argument to have the usual contents ("hydrogen","methane”,...). Be
aware that some simulators may have a limitation on the length of the names for pure components.
Hence, it is recommended that each identifier returned by the complds argument should not contain
more than 8 characters. See notes on |Description of component constantg for more information.

If the package does not return a value for the ‘casno’ argument, or its value is not recognised by the
Executive, then the complds will be interpreted as the component's English name: such as

"benzene", "water",... Obvioudly, it is recommended to provide avalue for the casno argument.

The same information can aso be extracted using the [CapeThermoPropertyPackage
GetComponentConstant method, using the casRegistryNumber property identifier.

Arguments
Name Type " Description

[in,out]

*compslds CapeVariant List of component IDs
(String Array)

[in,out]

*formulae CapeVariant List of component formulae
(String Array)

[in,out] CapeVariant List of component names.

*name (String Array)

[in,out]

*boil Temps CapeVariant List of boiling point temperatures.
(Double Array)

[in,out] CapeVariant

*molwt (Double Array) List of molecular weight.
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[in,out]
*casno CapeVariant List of CAS number .
(String Array)

4.9.4.2 GetUniversalConstant

Interface Name | CapeT her moPr oper tyPackage
M ethod Name GetUniversal Constant

Returns CapeError

Description

Returns the values of the Universal Constants.

Arguments
Name Type Description

[in] Capelnterface The Material object.

*material Object

[in] CapeVariant List of requested universal constants.
props (String Array)

[out,retval] CapeArrayVariant | Vaues of universal constants.
*propvals

-42-



4.9.4.3 GetComponentConstant

Interface Name | CapeT her moPropertyPackage
M ethod Name GetComponentConstant

Returns CapeError

Description

Returns the values of the Constant properties of the components contained in the passed Material
Object.

Arguments
Name Type " Description

[in] Capelnterface The material object.

*material Object

[in] CapeVariant Thelist of properties.

props (String Array)

[out,retval] CapeVariant Component Constant values. See description of return value of

*propvals (Variant Array) the | CapeT hermoM aterial Object GetComponentConstant
method.
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4.9.4.4 CalcProp

Interface Name | CapeT her moPropertyPackage
M ethod Name CalcProp

Returns CapeError

Description

This method is responsible for doing all calculations and isimplemented by the associated thermo system.
This method is further defined in the descriptions of the CAPE-OPEN Calling Pattern and the User Guide
Section.

Arguments
Name Type " Description
[in] Capelnterface The Material Object for the Calculation.

*material Object

[in] CapeVariant The List of Properties to be calculated.

props (String Array)

[in] CapeVariant List of phases for which the properties are to be calculated.
phases (String Array)

[in] CapeString Type of calculation: Mixture Property or Pure Component
calcType Property. For partial property, such as fugacity coefficients of

components in a mixture, use “Mixture” CalcType. For pure
component fugacity coefficients, use “Pure” CalcType.




4.9.4.5 CalcEquilibrium

Interface Name | CapeT her moPropertyPackage
M ethod Name CalcEquilibrium

Returns CapeError

Description

Method responsible for calculating/del egating flash cal culation requests. It must set the amounts, compositions,
temperature and pressure for all phases present at equilibrium, as well as the temperature and pressure for the
overall mixture, if not set as part of the calculation specifications. See CalcProp and Cal cEquilibrium|for more
information.

Arguments
Name Type " Description
[in]
*materia Object Capelnterface The Material Object
[in] CapeString Flash calculation type.
flashType
[in] CapeVariant Properties to be calculated at equilibrium. emptyVariant for no
props (String Array) properties. If alist, then the property values should be set for
each phase present at equilibrium.
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4.9.4.6 PropCheck

Interface Name | CapeT her moPropertyPackage
M ethod Name PropCheck

Returns CapeError

Description

Check to seeif properties can be calculated.

Arguments
Name Type " Description
[in] Capelnterface The Material Object for the calculations.

*materia Object

[in] CapeVariant List of Propertiesto check.

props (String Array)

[out, retval] CapeArrayBoolean | The array of booleans for each property.
*valid
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4.9.4.7 ValidityCheck

Interface Name | CapeT her moPropertyPackage
M ethod Name ValidityCheck

Returns CapeError

Description

Checks the validity of the calculation.

Arguments
Name Type " Description
[in] Capelnterface * The material object for the calculations.
material Object
[in] CapeVariant (String Array) Thelist of properties to check.
props
[out, retval] CapeArrayThermoReliability
*rellist The properties for which reliability is checked.

4.9.4.8 GetPropList

Interface Name | CapeT her moProper tyPackage
Method Name GetPropList

Returns CapeError

Description

Returns list of Thermo System supported properties. The properties TEMPERATURE, PRESSURE,
FRACTION, FLOW, PHASEFRACTION, TOTALFLOW cannot be returned by GetPropList, since all
components must support them. Although the property identifier of derivative properties is formed from the
identifier of another property, the GetPropList method will return the identifiers of al supported derivative and
non-derivative properties. For instance, a Property Package could return the following list:

enthal py, enthal py.Dtemperature, entropy, entropy.Dpressure.

Arguments

Description
CapeArrayString String list of all supported Properties.

[out, retval]
*props
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4.9.49 GetPhaselList

Interface Name | CapeT her moPropertyPackage
M ethod Name GetPhaselist

Returns CapeError

Description

Provides the list of the supported phases. When supported, the Overall phase and multiphase identifiers must be
returned by this method.

Arguments
" Description
[out, retval] CapeArrayString The list of phases supported by the property package.
*phases
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4.9.5 ICapeThermoCalculationRoutine

4.9.5.1 CalcProp

Interface Name | CapeT hermoCalculationRoutine
M ethod Name CalcProp

Returns CapeError

Description

This method is responsible for doing all calculations on behalf of the calculation routine component. This
method is further defined in the descriptions of the CAPE-OPEN Calling Pattern and the User Guide Section.

Arguments
Name Type " Description

[in] Capelnterface * The material object of the calculation.

material Object

[in] CapeVariant The List of Properties to be calculated.

props (String Array)

[in] CapeVariant List of phases for which the properties are to be calculated.

phases (String Array)

[in] CapeString Type of calculation: Mixture Property or Pure Component

calcType Property. For partial property, such as fugacity coefficients of
components in a mixture, use “Mixture” CalcType. For pure
component fugacity coefficients, use “Pure” CalcType.
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4.9.5.2 PropCheck

Interface Name | CapeT hermoCalculationRoutine
M ethod Name PropCheck

Returns CapeError

Description

Checksto seeif a given property can be calculated.

Arguments
Name Type Description
[in] Capelnterface The Material Object for the calculations.

*materia Object

[in] CapeVariant (String | List of Propertiesto check.

props Array)

[out, retval] CapeArrayBoolean | The array of booleans for each property.
*valid

4.9.5.3 ProplList

Interface Name | CapeT hermoCalculationRoutine
M ethod Name PropList

Returns CapeError

Description

Returns the set of Properties, Phases, and Calculation Types that are supported by a given Calculation Routine.

Arguments
Name Type " Description
[in,out] CapeVariant List of supported properties.
*props (String Array)
[in,out] CapeVariant List of supported phases.
*phases (String Array)
[in,out] CapeVariant List of supported calculation types. (Pure & Mixture)
*calcType (String Array)
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4.9.5.4 ValidityCheck

Interface Name | CapeT hermoCalculationRoutine
M ethod Name ValidityCheck

Returns CapeError

Description

Checks the validity of the calculation.

Arguments
Name Type " Description
[in] Capelnterface The material object for the calculations.

*materia Object

[in] CapeVariant (String Array) Thelist of properties to check.

props

[out, retval] CapeArrayThermoReliability

*rellist The properties for which reliability is checked.
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4.9.6 ICapeThermoEquilibriumServer

4.9.6.1 CalcEquilibrium

I nterface Name | CapeT hermoEquilibriumServer
M ethod Name CalcEquilibrium

Returns CapeError

Description

Calculates the equilibrium properties requested. It must set the amounts, compositions, temperature and
pressure for all phases present at equilibrium, as well as the temperature and pressure for the overall mixture, if
not set as part of the calculation specifications. See CalcProp and CalcEquilibrium|[for more information.

Arguments
Name Type " Description
[in]
*materia Object Capelnterface Material Object of the calculation
[in] CapeString Flash calculation type.
flashType
[in]
props CapeVariant Propertiesto be calculated at equilibrium. emptyVariant for no
(String Array) properties. If alist, then the property values should be set for
each phase present at equilibrium.
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4.9.6.2 PropCheck

I nterface Name | CapeT hermoEquilibriumServer
M ethod Name PropCheck

Returns CapeError

Description

Checksto seeif agiven type of flash calculations can be performed and whether the properties can be
calculated after the flash calculation.

Arguments
Name Type Description
[in] Capelnterface The Material Object for the calculations.

*material Object

[in] CapesString Type of flash calculation to check

flashType

[in] CapeVariant (String | List of Propertiesto check. emptyVariant for none.

props Array)

[out, retval] CapeArrayBoolean | The array of booleans for flash and property. First element is
*valid reserved for flashType.
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4.9.6.3 ValidityCheck

I nterface Name | CapeT hermoEquilibriumServer
M ethod Name ValidityCheck

Returns CapeError

Description

Checks the reliability of the calculation.

Arguments
Name Type " Description
[in] Capelnterface The material object for the calculations.

*materia Object

[in] CapeVariant Thelist of properties to check. NULL for none.

props (String Array)

[out, retval] CapeArrayThermo | The properties for which reliability is checked. First element
*rellist Reliability reserved for reliability of flash calculations.




4.9.6.4 ProplList

I nterface Name | CapeT hermoEquilibriumServer
M ethod Name PropList

Returns CapeError

Description

Returns the flash types, properties, phases, and cal culation types that are supported by a given Equilibrium
Server Routine.

Arguments
Name Type " Description
[in,out] CapeVariant Type of flash calculations supported.
*flashType (String Array)
[in,out] CapeVariant List of supported properties.
*props (String Array)
[in,out] CapeVariant List of supported phases.
*phases (String Array)
[in,out] CapeVariant List of supported calculation types. (Pure & Mixture)
*calcType (String Array)
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4.10 COM MIDL

4.10.1interface ICapeThermoSystem : IDispatch

#i f ndef _THERMOSYSTEM | DL_

#def i ne _THERMOSYSTEM | DL_

/1 Provide an interface for Thernmp System

/1 Definition of the Thernmp System confi guration
i mport "oaidl.idl";

i mport "ocidl.idl";

// 1 nclude GU Ds
#i ncl ude "COGui ds.idl"

/1l Fundanental types
#i ncl ude "Fundanental .idl"

/1 WNMaterial Tenplate and Material Object
#i ncl ude "Cose.idl"

/] | CapeTher nbnSystem i nterface
[
obj ect ,
uui d( | CapeTher nroSystem | |1 D),
dual ,
hel pstri ng("| CapeTher noSyst em | nt erface"),
poi nt er _def aul t (uni que)

]
i nterface | CapeTher nbSystem : | Di spatch

/1l Get the list of available property packages

[id(1), helpstring("nethod GetPropertyPackages”)]

HRESULT Get PropertyPackages([out, retval] CapeArrayString
*pr opPackagelLi st) ;

/!l Resolve a particular property package
[id(2), helpstring("method Resol vePropertyPackage") ]
HRESULT Resol vePropert yPackage(
[in] CapeString propertyPackage,
[out, retval] Capelnterface *propPackObject);
1
#endi f // _THERMOSYSTEM | DL_

4.10.2 interface ICapeThermoPropertyPackage : IDispatch

#i f ndef _ THERMOPROPERTYPACKAGE | DL_

#def i ne _ THERMOPROPERTYPACKAGE | DL

/1 Provide an interface for Thernp System

/1l Definition of the Thernb System confi guration
i mport "oaidl.idl";

i mport "ocidl.idl";

// 1nclude GUI Ds
#i ncl ude "COGui ds.idl"

/!l Fundanent al types
#i ncl ude "Fundanental .idl"
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/1l Material Tenplate and Material Object
#i ncl ude "Cose.idl"

/1
/1

[

]

Definition of the Property Package configuration
i nterface: | CapeThernoPropertyPackage

obj ect,

uui d( | CapeTher noPr opert yPackage |1D),

dual

hel pstri ng("| CapeTher noPr opert yPackage I nterface"),
poi nt er _def aul t (uni que)

i nterface | CapeTher noPropertyPackage : |Di spatch

/1l Get the phase |i st
[id(1), hel pstring("nethod GetPhaselList")]
HRESULT Get Phaseli st([out, retval]CapeArrayString *phases);

/1l Get the conponent |i st
[id(2), helpstring("nmethod Get ConponentList")]
HRESULT Get ConponentList( [in,out] CapeVariant *conplds,

[in,out] CapeVariant *formul ae,
[in,out] CapeVariant *nane,
[in,out] CapeVariant *boil Tenps,
[in,out] CapeVariant *nolw,
[in,out] CapeVariant *casno);

[/l Get some universal constant(s)
[id(3), helpstring("nethod Get Universal Constant")]
HRESULT Get Uni ver sal Constant ([in] Capelnterface nmaterial Object,
[in] CapeVariant props,
[out, retval] CapeArrayDoubl e *propVals);

/1l Get sonme pure conponent constant(s)
[id(4), hel pstring("nethod Get Conponent Constant™) ]
HRESULT Get Conponent Constant ([in] Capelnterface nmaterial Object,
[in] CapeVariant props,
[out, retval] CapeArrayDoubl e *propVals);

/1 Cal cul ate sonme properties
[id(5), helpstring("nmethod Cal cProp")]
HRESULT Cal cProp( [in] Capelnterface nmaterial Qbject,
[in] CapeVariant props,
[in] CapeVariant phases,
[in] CapeString cal cType);

[/l Cal cul ate sone equilibrium val ues
[id(6), helpstring("method Cal cequilibrium)]
HRESULT Cal cEquilibrium( [in] Capelnterface material Object,
[in] CapeString flashType,
[in] CapeVariant props);

// Check a property is valid
[id(7), helpstring("nmethod PropCheck")]
HRESULT PropCheck( [in] Capelnterface material Object,
[in] CapeVariant props,
[out, retval] CapeArrayBool ean *valid);

/1 Check the validity of the given properties
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[id(8), helpstring("nethod ValidityCheck")]
HRESULT Val i di t yCheck([in] Capelnterface material Object,
[in] CapeVariant props,
[out, retval] CapeArrayThernoReliability
*val i d);

/1l Get the list of properties
[1d(9), helpstring("nethod GetPropList")]
HRESULT Get PropLi st ([out, retval] CapeArrayString *props);
b

#endi f // _THERMOPROPERTYPACKAGE | DL_
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4.10.3interface ICapeThermoMaterialTemplate : IDispatch

4.10.4interface ICapeThermoMaterialObject : IDispatch

#i fndef _COSE | DL_

#define COSE |DL_

/1

/1l The key contents of this file are the open interfaces for the

/1 |1 Capeiaterial Obj ect and | CapeMat eri al Tenpl at e.

/1 Al of these are fundanental interfaces for the physical properties
/| CAPE- OPEN st andard.

i mport "oaidl.idl";

i mport "ocidl.idl";

[/ 1nclude GUI Ds
#i ncl ude "COGui ds.idl"

/! Fundanent al types
#i ncl ude "Fundanental .idl"

/1 The ThernoReliability object is still an uncertain
/1 interface. This object holds sone neasure of the reliability of
/1 the physical property calculation. It mght be a boolean. It

/1 might be an enunerated type, or it might be a real nunber.
[

obj ect,

uui d( I CapeThernmoRel i ability I1D),

dual ,

hel pstring("I| CapeThernoRel i ability Interface"),

poi nt er _def aul t (uni que)

]
i nterface | CapeThernoReliability : |Di spatch

/| TO BE DEFI NED
s

/1l Type definition of the interface for subsequent use
t ypedef LPDI SPATCH CapeTher noRel i abilitylnterface;

/1 Array of |CapeThernpReliability interfaces (as |D spatch)
t ypedef VARI ANT CapeArrayThernoReliability;

/1l Material Tenplate interface
[
obj ect ,
uui d( | CapeTher mroMat eri al Tenpl ate_| | D),
dual ,
hel pstring("| CapeTher noMat eri al Tenpl ate I nterface"),
poi nt er _def aul t (uni que)

]

i nterface | CapeThernoMat eri al Tenpl ate : | Di spatch
{

/l Create a material object fromthis Tenpl ate
[id(1), helpstring("nethod CreateMterial Object")]
HRESULT CreateMateri al Obj ect (

[out, retval] Capelnterface *material Cbject);

/'l Set sonme property val ue(s)
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b

[id(2), hel pstring("nethod SetProp")]
HRESULT Set Prop( [in] CapeString property,
[in] CapeVariant val ues);

/1 Type definition of the interface for subsequent use
t ypedef LPDI SPATCH CapeTher noMat eri al Tenpl at el nt er f ace;

/! WMaterial object interface

[

]

obj ect,

uui d( | CapeTher noMat eri al Obj ect _I 1 D),

dual

hel pstri ng("| CapeTher noMat eri al Obj ect Interface"),
poi nt er _def aul t (uni que)

i nterface | CapeTher noMat eri al Object : |Dispatch

{

/1 Get the conponent ids for this MO
[ propget, id(1l), helpstring("property Conponentlds")]
HRESULT Conponent | ds([out, retval]CapeVariant *conplds);

/1 Get the phase ids for this MO
[ propget, id(2), helpstring("property Phaselds")]
HRESULT Phasel ds([out, retval] CapeVariant *phasel ds);

/1 Get sonme universal constant(s)
[1d(3), helpstring("nmethod Get Universal Constant™)]
HRESULT Get Uni ver sal Constant( [in] CapeVari ant props,
[out, retval] CapeArrayDoubl e

*propVal s);

/[l Get some pure conponent constant(s)
[1d(4), helpstring("nmethod Get Component Const ant™) ]

HRESULT Get Conponent Constant ([in] CapeVari ant props,

[in] CapeVariant conplds,
[out, retval] CapeArrayDoubl e *propVals);

/1 Cal cul ate sonme properties

[id(5), helpstring("nmethod Cal cProp")]

HRESULT Cal cProp( [in] CapeVariant props,
[in] CapeVariant phases,
[in] CapeString cal cType);

/1 Get sonme properties val ues
[id(6), hel pstring("nethod GetProp")]
HRESULT GetProp( [in] CapeString property,
[in] CapeString phase,
[in] CapeVariant conplds,
[in] CapeString cal cType,
[in] CapeString basis,
[out, retval] CapeArrayDouble *results);

/1 Set sonme properties val ues

[id(7), helpstring("nmethod SetProp")]

HRESULT SetProp( [in] CapeString property,
[in] CapeString phase,
[in] CapeVariant conplds,
[in] CapeString cal cType,
[in] CapeString basis,
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[in] CapeVariant val ues);

/1 Cal cul ate some equilibrium val ues

[1d(8), helpstring("nmethod Cal cEquilibrium)]

HRESULT Cal cEquilibrium([in] CapeString flashType,
[in] CapeVariant props);

/1 Set the independent variable for the state

[1d(9), helpstring("nethod Setl|ndependent Var") ]

HRESULT Set | ndependent Var ( [in] CapeVari ant indVars,
[i n] CapeVari ant val ues);

// Get the independent variable for the state
[1d(210), helpstring("nmethod Getlndependent Var")]
HRESULT Get | ndependent Var ( [in] CapeVariant indVars,

[out, retval] CapeArrayDoubl e
*val ues) ;

[/l Check a property is valid
[id(11), helpstring("method PropCheck")]
HRESULT PropCheck([in] CapeVariant props,
[out, retval] CapeArrayBool ean *valid);

/1 Check which properties are avail abl e
[id(12), hel pstring("method Avail abl eProps")]
HRESULT Avai | abl eProps([out, retval] CapeArrayString *props);

/! Renobve any previously calculated results for given
/] properties

[1d(13), helpstring("nmethod RemoveResul ts")]

HRESULT RenbveResults([in] CapeVariant props);

[/l Create another enpty material object
[1d(214), helpstring("nmethod CreateMaterial Object")]
HRESULT CreateMaterial Object([out, retval] Capelnterface
*mat eri al Obj ect) ;

/1l Duplicate this material object
[id(15), hel pstring("nethod Duplicate")]
HRESULT Duplicate([out, retval] Capelnterface *clone);

/1 Check the validity of the given properties
[id(16), hel pstring("nethod ValidityCheck")]
HRESULT Val i di t yCheck(
[in] CapeVariant props,
[out, retval] CapeArrayThernmoReliability *rel List);

/[l CGet the list of properties
[id(17), hel pstring("nethod GetPropList")]
HRESULT Get PropLi st ([out, retval] CapeArrayString *props);

/1 Get the nunber of conponents in this material object
[id(18), hel pstring("nethod Get NumConponent s") ]
HRESULT Get NunConponents([out, retval] CapeLong *numConp);
I s

/1l Type definition of the interface for subsequent use
t ypedef LPDI SPATCH CapeTher noMat eri al Obj ect | nt erf ace;
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4.10.5 #endif //_COSE_IDL _interface ICapeThermoCalculationRoutine :
IDispatch

#i f ndef _CALCROUTI NE_I DL_

#defi ne _CALCROUTI NE_I DL_

/1 Title: CAPE-OPEN Foreign Cal culation Routine

/1

/1 Provides an interface for foreign cal cul ati on routines.
i mport "oaidl.idl"

i mport "ocidl.idl"

[/ 1nclude GUI Ds
#i ncl ude "COGui ds.idl"

/! Fundanent al CAPE- OPEN types and interfaces
#i ncl ude " Fundanental .idl"

/] NMaterial Tenplates and Material bjects
#i ncl ude "Cose.idl"

/1 Definition of interface: |CapeThernoCal cul ati onRouti ne
/1 | CapeTher noCal cul ati onRoutine is a nmechani smfor adding foreign
/1 calculation routines to a physical property package.
[
obj ect ,
uui d( | CapeTher noCal cul ati onRoutine_I | D),
dual
hel pstri ng("| CapeTher noCal cul ati onRouti ne I nterface"),
poi nt er _def aul t (uni que)

]

i nterface | CapeTher noCal cul ati onRoutine : |Dispatch
{
HRESULT Cal cProp( [in] Capelnterface material Object,
[in] CapeVariant props,
[in] CapeVariant phases,
[in] CapeString cal cType);

HRESULT PropCheck([in] Capelnterface material Object,
[in] CapeVariant props,
[out, retval] CapeArrayBool ean *valid );

HRESULT PropList( [in,out] CapeVariant *props,
[in,out] CapeVariant *phases,
[in,out] CapeVariant *cal cType);

HRESULT ValidityCheck( [in] Capelnterface material Object,
[in] CapeVariant props,
[out, retval] CapeArrayThernpoReliability
*rel Li st);

}s

/1 Type definition of the interface for subsequent use
t ypedef LPDI SPATCH CapeTher noCal cul ati onRout i nel nt erf ace;

#endif // _CALCROUTI NE_I DL_
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4.10.6 interface ICapeThermoEquilibriumServer : Idispatch
#i fndef _EQSRVR I DL_

#define EQSRVR | DL _

/1

/1 An external routine to performflash cal cul ati ons.

i mport "oaidl.idl"

i mport "ocidl.idl"

/! 1 nclude QU Ds

#i ncl ude "COG&ui ds.idl"

/1 Fundanental types
#i ncl ude "Fundanental .idl"

/1 Material Tenplate and Material Object
#i ncl ude "Cose.idl"

/1  Definition of interface: |CapeThernoCal cul ati onRouti ne
/1 | CapeTher noCal cul ati onRoutine is a mechani sm for adding foreign
/1 calculation routines to a physical property package.
[
obj ect,
uui d( | CapeTher noEqui | i bri unServer _| | D),
dual
hel pstri ng("| CapeTher noEqui | i bri unServer Interface"),
poi nt er _def aul t (uni que)

i nterface | CapeTher npEqui |l i briunServer : | Di spatch

/1 Cal cul ate some equilibrium val ues

[id(1), helpstring("nmethod Cal cEquilibrium)]

HRESULT Cal cEquilibrium([in] Capelnterface material Object,
[in] CapeString flashType,
[in] CapeVariant props);

/Il Check a property is valid
[id(2), helpstring("nmethod PropCheck")]
HRESULT PropCheck([in] Capelnterface material Object,
[in] CapeString flashType,
[in] CapeVariant props,
[out, retval] CapeArrayBool ean *valid );

/1 Check the validity of the given properties
[id(3), helpstring("nmethod ValidityCheck")]
HRESULT Val i dityCheck( [in] Capelnterface material Object,
[in] CapeVariant props,
[out, retval] CapeArrayThernoReliability
*rel List);

/[l CGet the list of properties
[id(4), helpstring("nmethod PropList")]
HRESULT PropList( [in,out] CapeVariant *flashType,
[in,out] CapeVariant *props,
[in,out] CapeVariant *phases,
[in,out] CapeVariant *cal cType);
b

/1 Type definition of the interface for subsequent use
t ypedef LPDI SPATCH CapeTher noEqui | i bri unServerlnterface;
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#endif // _EQSRVR | DL_



4.11 CORBA CIDL

4.11.1 Base
/1 always put sonething like this in to prevent nmultiple processing

#i f ndef CAPEBASE_| DL
#defi ne CAPEBASE_| DL

nodul e Cape {
/] Forward decl arati ons
interface ldentification

/1l sequence of | Capeldentification objects
t ypedef sequence<l| Capeldentificati on> | Capeldentificati onSequence;

/1 elementary type definitions
t ypedef | ong Capelong;

t ypedef doubl e CapeDoubl €;

t ypedef string CapesStri ng;

t ypedef bool ean CapeBool ean

t ypedef string CapeDat €;

t ypedef any CapeVari ant ;

/1 sequence definitions

t ypedef sequence<Capelong> CapelLongSequence;

t ypedef sequence<CapeDoubl e> CapeDoubl eSequence;
t ypedef sequence<CapeString> CapeStringSequence;
t ypedef sequence<CapeBool ean> CapeBool eanSequence;
t ypedef sequence<CapeDat e> CapeDat eSequence;

t ypedef sequence<CapeVari ant > CapeVari ant Sequence;

/] interface definitions

interface | Capeldentification {
CapeString Get Conmponent Nane() ;
CapeString Get Conponent Descri ption();
CapeString Get Versi onNunber () ;

3
}s
#endif /* CAPEBASE IDL */

4.11.2 COSE

/ The key contents of this file are the interfaces for the
/1 | CapeMaterial Obj ect and | CapeMat eri al Tenpl at e.

/1 Al of these are fundanmental interfaces for the CAPE- OPEN
/] standard.

#i ncl ude "base.idl"

#i f ndef THERMO_| DL
#defi ne THERMO_| DL
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nodul e Cose {
/* Forward decl aration of interfaces */

i nterface | CapeTher noMat eri al Obj ect ;
i nterface | CapeThernoReliability;
i nterface | CapeTher noMat eri al Tenpl at e;

/* Type definitions and sequences */
t ypedef sequence<l| CapeThernoRel i ability> CapeThernoRel i abilitySequence;
/* Exceptions */

exception CapeTher noUnknownObj ect {

/1l This exception is rai sed by destroyQbject when obj is not
/1 owned

/1 by this material tenplate.

};

exception CapeTher noBoundsExcepti on {
/1 The | CapeBoundsError exception is thrown when there is an
/[lerror in the calculation or if the results are totally
/1 unreliable (e.g. the state variables are conpletely outside
/1 the physical property nodel's range of applicability).

Cape: : CapeStri ng nessage;
b
exception CapeTher noUnknownl denti fi er Excepti on {

/1 Thrown when an identifier for phase, conponent, or property
/1 cannot be recogni zed

/1 kind holds the category that has been asked for ("Phase",
/1 "Conmponent", "I|ndependentVariable", or "Property"

// id holds the actual id that could not be found

Cape: : CapeString ki nd;
Cape: : CapeString id;

b

/1 The ThernoReliability object is still an uncertain

/1 interface. This object holds some neasure of the reliability of
/!l the physical property calculation. It mght be a boolean. It

/[l mght be an enunerated type, or it mght be a real nunber.
/* Interfaces */

interface | CapeThernpoReliability {
// contents to be filled in |ater

} ’
i nterface | CapeTher noMat eri al Obj ect {
/1 NMATERI AL OBJECT DATA

Cape: : CapeStri ngSequence Get Conponent | ds();
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/| Get Conponent | ds provides two useful pieces of information:

/1 1. the nanmes of each conponent in the material object
/1 2. the ordering used for |iquidConposition

/1 vapor Conposi ti on, and any result that has a separate
/1 val ue for each conponent.

Cape: : CapeStri ngSequence Get Phasel ds();
/1 The list of possible phases represented by the Materia
/| Obj ect

/1 NMATERI AL OBJECT FUNCTI ONS

Cape: : CapeDoubl eSequence
Get Uni ver sal Const ant (i n Cape: : CapeStri ngSequence props)
rai ses (CapeTher moUnknownl denti fi er Excepti on);
/* Retrieves universal constants specified in props from
t he property package */

Cape: : CapeDoubl eSequence
Get Conponent Const ant (i n Cape: : CapeStri ngSequence props,
i n Cape:: CapeStri ngSequence conpl ds)
rai ses (CapeTher moUnknownl denti fi er Excepti on);
/* Retrieves component constants specified in props from
t he property package */

voi d Cal cProp(in Cape:: CapeStringSequence props,
i n Cape:: CapeStri ngSequence phases,
i n Cape:: CapeString cal cType)
rai ses( CapeTher noBoundsExcept i on,
CapeTher moUnknownl denti fi er Excepti on);

/1 This routine will calculate properties

/1 requested in the list props for the given material object.
[/l The results are returned in | CapeResultSet. An error in the
/] calculation is indicated with a | CapeBoundsError exception

/1 props: identifiers of properties to calcul ate
/'l phases: identifiers of phases for which to cal cul ate
/1 cal cType: cal cul ation node, "M xture" or "Pure"

Cape: : CapeDoubl eSequence
Cet Prop(in Cape:: CapeString property,
in Cape::CapeString phase,
i n Cape:: CapeStri ngSequence conpl ds,
i n Cape:: CapeString cal cType,
i n Cape:: CapeString basis)
rai ses(CapeTher noBoundsExcepti on,
CapeTher moUnknownl denti fi er Excepti on);

/* This routine will retrieve cal cul ated properties
requested in the list properties for the given materia

obj ect .

The results are accessed using GetProp call. An error in
The calculation is indicated with a | CapeBoundsErr or
exception.

props the |ist of properties to be cal cul ated
phases the list of phases for which properties
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are to be cal cul at ed

cal cType "M xture" or "Pure", indicating type
of cal cul ation

Ret ur ns: Resul ts vector containing property val ues.
To be freed by Caller.
*/

voi d SetProp(in Cape::CapeString property,
i n Cape::CapeString phase,
i n Cape:: CapeStri ngSequence conpl ds,
i n Cape:: CapeString cal cType,
i n Cape:: CapeString basis,
i n Cape: : CapeDoubl eSequence val ues)
rai ses( CapeTher noBoundsExcepti on,
CapeTher moUnknownl denti fi er Excepti on);

/* This routine will set properties to cal cul ate
requested in the list properties for the given nateria
obj ect .
The results are accessed using GetProp call. An error in
The calculation is indicated with a | CapeBoundsErr or
exception.
props the list of properties to be cal cul ated
phases the Iist of phases for which properties

are to be cal cul at ed

cal cType "M xture" or "Pure", indicating type of
cal cul ati on

Val ues Vector of property values. Allocated and

freed by caller.

returns: Not hi ng.
*/

voi d
Cal cEqui li brium(in Cape:: CapeString flashType,
i n Cape:: CapeStri ngSequence props)
rai ses(CapeTher noBoundsExcepti on,
CapeTher moUnknownl denti fi er Excepti on);

/* This routine will calculate the equilibrium properties
requested in the list props for the given material object
by perform ng a flash calculation. An error in the

calculation is indicated with a CapeTher noBoundsExcepti on or

a CapeTher moUnknownl denti fi er Excepti on

props the list of properties to be cal cul ated

fl ashType the type of flash calculation to be
performed according to |ist of
fl ashTypes in specification
*/
voi d Set | ndependent Var (i n Cape: : CapeStri ngSequence i ndVars,
i n Cape: : CapeDoubl eSequence val ues)
rai ses (CapeTher noBoundsExcepti on

-68 -



i ndVar s)

s

/*

CapeTher moUnknownl denti fi er Excepti on);

Sets the val ues of independent vari ables

i ndVar s identifier for the i ndependent variables to set
val ues val ues of the variables
t hr ows CapeTher noBoundsExcepti on i f bounds are

i nappropriate
CapeTher moUnknownl denti fi er Exception if
variable is not independent or unknown. */

Cape: : CapeDoubl e Get | ndependent Var (i n Cape: : CapeSt ri ngSequence

rai ses (CapeTher moUnknownl denti fi er Excepti on);

/* retrieves val ues i ndependent Vari abl es

i ndVar s identifier for the i ndependent variables to set

t hr ows CapeTher moUnknownl denti fi er Exception if
variable is not independent or unknown. */

Cape: : CapeBool eanSequence
PropCheck(i n Cape: : CapeStri ngSequence props);

/* before performing any calculations with a materi al

*/

obj ecti ve,
this routine should be called at |east once

pr ops the Iist of properties to be cal cul ated
returns The result for each property (TRUE
i ndi cates

that the property can be successfully
cal cul at ed) .
The value at index i is the result for

property props[i]

CapeTher moRel i abi | i t ySequence
Val i di tyCheck(in Cape:: CapeStri ngSequence props)
rai ses( CapeTher noUnknownl dent i fi er Excepti on);

/* This function is used to check the reliability of the

*/

property

cal cul ations at the converged point of the solution strategy
or

presunably at any point along the way. rellist[i] provides
some nmeasure of the reliability of the cal cul ati on of

property

props[i].
props the list of properties to validate
returns the reliability measure for each

cal cul ati on

i nterface | CapeThernoMat eri al Tenpl ate : Cape:: | Capeldentification {
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/1l the only open interface for a material tenplate is the
/] ability to create Material Qbjects.

| CapeTher noMat eri al Gbj ect Creat eMateri al Obj ect ();
/1l Creates a new nmaterial object

voi d DestroyMaterial Object(in | CapeTher noMat eri al Cbj ect obj)
rai ses( CapeTher noUnknownhj ect) ;

/* When a client is conpletely done with a material object, it
shoul d ask the material tenplate to destroy it. It is the
clients responsibility to make sure that all of the references
to obj have been renoved. */

voi d
SetProp (in Cape::CapeString property,
i n Cape: : CapeDoubl eSequence val ues)
rai ses (CapeTher noBoundsExcepti on
CapeTher moUnknownl denti fi er Excepti on);
/1 Allows custom property and values to be set on the materia
//tenplate to support pseudo components

s
}s

#endi f

4.11.3 Thermo System

#i ncl ude "base.idl"
#i ncl ude "cose.idl"

#i f ndef THERMO_SYSTEM | DL
#def i ne THERMO_SYSTEM | DL

nodul e Ther npSyst em {

i nterface | CapeTher noPropertyPackage;
i nterface | CapeTher noSyst em

/* Sequence definitions */
t ypedef sequence<l CapeTher noPropert yPackage>
CapeTher moPr oper t yPackageSequence;
t ypedef sequence<l| CapeTher noSyst enw
CapeTher noSyst enfSequence;
/* Interface definitions */

i nterface | CapeTher nbSystem : Cape:: | Capeldentification {

Cape: : CapeStri ngSequence Cet PropertyPackages();
/1 returns a name for all avail able Property Packages

| CapeTher noPr opert yPackage

Resol vePropert yPackage(i n Cape:: CapeString propPkg)
rai ses (Cose: : CapeTher moUnknownl denti fi er Excepti on);
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/1 This nethod returns Property Package Interface pointer for
/1 given Property Package. Exception indicates that package is
// not avail abl e

Hi

i nterface | CapeTher noPropertyPackage : Cape::| Capeldentification {
/1 PROPERTI ES OF THE CONFI GURED PHYSI CAL PROPERTY PACKAGE
Cape: : CapeStri ngSequence Get PhaselLi st ();

/1 provide the list of phases understood by the
/1 physical property package

voi d CGet Conponent Li st (out Cape:: CapeStringSequence conpl ds,
out Cape:: CapeStringSequence formul ae,
out Cape:: CapeStringSequence nanes,
out Cape: : CapeDoubl eSequence boi | Tenps,
out Cape: : CapeDoubl eSequence nol Wi ght ,
out Cape:: CapeStringSequence casNo);

Cape: : CapeDoubl eSequence
Get Uni ver sal Constant (i n Cose: : | CapeTher noat eri al Obj ect mat Qbj ,
i n Cape:: CapeStri ngSequence props)
rai ses (Cose:: CapeTher moUnknownl denti fi er Excepti on);

Cape: : CapeDoubl eSequence
Get Conmponent Const ant (i n Cose: : | CapeTher noat eri al Obj ect mat Qbj ,
i n Cape:: CapeStri ngSequence props)
rai ses (Cose:: CapeTher moUnknownl denti fi er Excepti on);

/] cal cul ate conmponent properties

voi d
Cal cProp(in Cose: : | CapeTher moMat eri al Cbj ect nobj ect,
i n Cape:: CapeStri ngSequence props,
i n Cape:: CapeStri ngSequence phases,
i n Cape:: CapeString Cal cType)
rai ses( Cose: : CapeTher nroBoundsExcepti on,
Cose: : CapeTher moUnknownl denti fi er Excepti on);

/!l This routine will cal cul ate properties

/1l requested in the list props for the given material object.
/1 The results are stored in the nmaterial object. An error in
/1 the calculation is indicated with a Bounds exception. If a
/1 requested property is unknown, a UnknownPropertyException is
/1 thrown

/'l props the list of properties to be cal cul ated

voi d
Cal cequi l'i brium(in Cose:: | CapeTher noMat eri al Cbj ect nat Cbj
i n Cape::CapeString flashType,
i n Cape:: CapeStri ngSequence props)
rai ses(Cose: : CapeTher nroBoundsExcepti on,
Cose: : CapeTher noUnknownl dent i fi er Excepti on);

/[l This routine will calculate the equilibrium properties

/1 requested in the list props for the given naterial object
/1 by performing a flash calculation. The results are returned

-71 -



/1
/1
/1
/1
/1
/1
/1
/1

Cape:

in | CAPEResultSet. An error in the calculation is indicated
wi th a | CAPEBoundsError excepti on.

mat Obj the material object where the results are stored
in
fl ashType the flash cal culation to be perforned

pr ops the Iist of properties to be cal cul ated

: CapeBool eanSequence

PropCheck(i n Cose: : | CapeTher noMat eri al Obj ect mat Obj ,

/11
/1
/1
/1
/11
/1
/1
/1
/1
/1

Cose:

i n Cape:: CapeStri ngSequence props);

bef ore perforning any cal culations with a materi al
obj ective,this routine should be called at |east once

props the list of properties to be cal cul ated

val id the result for each property (TRUE
i ndi cates that the property can be
successful |y be cal cul at ed) .
valid[i] is the result for

property props[i]

: CapeTher noRel i abi | i t ySequence

Val i di t yCheck(in Cose: : | CapeTher noMat eri al Obj ect mat Cbj ,

in Cape:: CapeStringSequence props)

rai ses( Cose: : CapeTher noUnknownl dent i fi er Excepti on) ;

/1
/1
/1

/11
/1
/1
/1
/1
/1
/1
/1

Cape:

/1

}s

#endi f

This function is used to check the reliability of the
property cal culati ons at the converged point of the solution
strategy or presumably at any point al ong the way.

rellist[i] provides some =neasure of the reliability of the
cal cul ati on of property

props[i].
props the list of properties to validate
returns the reliability measure for each

cal cul ati on
: CapeStri ngSequence Get PropList();

Returns the |list of properties supported by the therno
system

4.11.4 Calculation routine

#i f ndef CALCROUTI NE_I DL
#def i ne CALCROUTI NE_I DL

#i ncl ude
#i ncl ude

"base.idl"
"cose.idl"
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nodul e Cal cul ati onRouti ne {

/1 | CapeTher noCal cul ati onRoutine is a mechani sm for adding foreign
/1 calculation routines to a physical property package.

i nterface | CapeTher noCal cul ati onRoutine : Cape:: | Capel dentification {

voi d
Cal cProp(in Cose: : | CapeTher moMat eri al Cbj ect mat Qoj
i n Cape:: CapeStri ngSequence props,
i n Cape:: CapeStri ngSequence phases,
i n Cape:: CapeString cal cType)
rai ses( Cose: : CapeTher noBoundsExcepti on,
Cose: : CapeTher moUnknownl dent i fi er Excepti on) ;

/1 This function is expected to calculate a list of properties
/1 and stores the result in the Material Object matQj

// 1f an error occurs or if the results are utterly neani ngl ess
/!l (e.g. the material object's state is outside the physica

/| property calculation's range of applicability), an

/| CapeBoundsExcepti on exception is raised.

/1 1f unknown properties or phases are requested, a

/| CapeUnknownl denti fi er Excepti on

voi d

PropLi st (out Cape: : CapeStri ngSequence props,
out Cape:: CapeStringSequence phases,
out Cape:: CapeStringSequence cal cType);

/1 List of properties supported by the Cal cul ati on Routi ne.
/1 and phases and types.

Cape: : CapeBool eanSequence
Pr opCheck( i n Cose:: | CapeTher noMat eri al Obj ect mat Cbj ,
i n Cape:: CapeStri ngSequence props);

/1 check that this external calculation routine can cal cul ation
/!l the property for this material object. Return TRUE if the
/'l physical property can be eval uated; and ot herw se, return

/|l FALSE.

Cose: : CapeTher noRel i abi |l i t ySequence

Val i di t yCheck( i n Cose:: | CapeTher moMat eri al Obj ect mat Qbj
i n Cape:: CapeStri ngSequence props)

rai ses (Cose:: CapeTher moUnknownl denti fi er Excepti on);

/1 This function is used to check the reliability of the
/! property cal cul ation at the converged point of the solution
/]l strategy or presumably at any point along the way to
/1 convergence. The return value indicates the reliability of
/1 this foreign cal culation on mat Qbj
1
b

#endi f

4.11.5 Equilibrium Server

#i ncl ude "base.idl"
#i ncl ude "cose.idl"
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#i f ndef EQSERVER_| DL
#def i ne EQSERVER_| DL

nmodul e Equi li briunerver {

i nterface | CapeTher noEqui li bri unServer : Cape:: | Capeldentification {

voi d
Cal cEqui l'i brium(in Cose:: | CapeTher noMat eri al Obj ect mat Qbj ,
i n Cape::CapeString flashType,
i n Cape:: CapeStri ngSequence props)
rai ses( Cose: : CapeTher nroBoundsExcepti on,
Cose: : CapeTher moUnknownl dent i fi er Excepti on);

/1 This routine will calculate the equilibrium properties

/'l requested in the list props for the given naterial object

/1l by performing a flash calculation. The results are returned
/] in

/] 1CapeResultSet. An error in the calculation is indicated

/1 with a | CapeBoundsError exception.

/1

/1 nobj ect provi des the state information
/1 props the Iist of properties to be
/1 cal cul ated =

/1

/1 props is a generalization of "property" that all ows
/1 calculation of nultiple properties simnultaneously.

voi d

PropLi st (out Cape: : CapeStri ngSequence fl ashType,
out Cape:: CapeStringSequence props,
out Cape:: CapeStringSequence phases,
out Cape:: CapeStringSequence cal cType);

/1 List of properties supported by the Cal cul ati on Routi ne.
/1 and phases and types.

Cape: : CapeBool eanSequence

PropCheck(i n Cose:: | CapeTher noMat eri al Gbj ect mat Qoj ,
in Cape::CapeString flashType,
i n Cape:: CapeStri ngSequence props);

/1 check that this external calculation routine can cal cul ation
/1l the property for this material object. Return TRUE if the
/1 physical property can be eval uated; and ot herw se, return

/|l FALSE.

Cose: : CapeTher noRel i abi | i t ySequence

Val i di tyCheck(in Cose:: | CapeTher noMat eri al Cbj ect mat Qbj
i n Cape:: CapeStri ngSequence props)

rai ses (Cose:: CapeTher moUnknownl denti fi er Excepti on);

/1l This function is used to check the reliability of the

/1 property cal culation at the converged point of the solution
/] strategy or presumably at any point along the way to

/] convergence. The return value indicates the reliability of
/1 this foreign cal cul ati on on nobj ect.
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4.12 CAPE-OPEN Properties List

4.12.1 Constant Properties ldentifiers

See Notesfor more explanation on the table and [CAPE-OPEN Identifiers|for naming conventions.
Units of measure can be found in the section on{SI Unitg.

To identify a pure component there are some attributes, which are not really 'properties, but are
never the less needed:

Nidentifier Character string for identification e.g. in a flowsheet or
PPS

iupacName Complete IUPAC Name

casRegistryNumber Chemical Abstract Sequencing Number

chemical Formula Chemical formula (brutto, nomenclature according to Hill)

structureFormula Chemical structure formula

The name of a component should be the same in the whole flowsheet. There is a need in every
flowsheet calculation for a global component list! If one uses different Property Packages, it is very
probable that there are different names used for the same component. So atrangdation list may help
in which, for each name of the global component list, there are the names for the correspondent

components in the Property Packages being used.

I dentifiers Meaning Sl Units

molecularWeight Relative molecular mass

critical Temperature Critical Temperature K

critical Pressure Critical Pressure Pa

criticalVolume Critical Volume m°/mol

critical CompressibilityFactor Critical Compressibility Factor

critical Density Critical Density mol/m®

acentricFactor Pitzer Acentric Factor

dipoleM oment Dipole Moment Cm

parachor Parachor m° kg®>/(> mol)

gyrationRadius Radius of Gyration m

associationParameter Association-Parameter (Hayden-
O’ Connell)

diffusionVolume Diffusion volume m

diffusionCoefficient Diffusion coefficient m’/s

vanderwaal sV olume Van der Waals Volume m

vanderwaal sArea Van der Waals Area m’

energyL ennardJones Lennard-Jones energy parameter K
divided by Boltzmann constant

lengthL ennardJones L ennard-Jones length parameter m

normal BoilingPoint Temperature at boiling point K
(1.01325 bar)

heatOfV apori zationAtNormal BoilingPoint Heat of Vaporization at boiling point Jmol
(1.01325 bar)

normal Freezi ngPoint Temperature of normal melting point K
(1.01325 bar)

heatOf FusionAtNormal FreezingPoint Heat of Melting at melting point Jmol
(1.01325 bar)

liquidDensityAt25C Liquid Density at 25 C mol/m’

liquidV olumeAt25C Liquid Volume at 25 C m*/mol

ideal GasGibbsFreeEnergy Of FormationAt25C Jmol
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ideal GasEnthal pyOf FormationAt25C

Jmol

standardFormati onEnthal pySolid Standard Formation Enthalpy of Solid | JJmol
standardFormationEnthalpyLiquid Standard Formation Enthalpy of Liquid | Jmol
standardFormationEnthal pyGas Standard Formation Enthalpy of Gas J/mol
standardFreeFormationEnthal pySolid Standard Free Formation Enthalpy of | Jmol
Solid
standardFreeFormationEnthal pyLiquid Standard Formation Enthalpy of Liquid | Jmol
standardFreeFormationEnthal pyGas Standard Formation Enthalpy of Gas J/mol
standardEntropySolid Standard Entropy of Solid J/mol
standardEntropyLiquid Standard Entropy of Liquid J/mol
standardEntropyGas Standard Entropy of Gas J/mol
triplePointTemperature Triple Point Temperature K
triplePointPressure Triple Point Pressure Pa
BornRadius m
charge
StandardEnthal pyAqueousDilution Standard agqueous infinite dilution Jmol
enthal py
StandardGibbsAqueousDilution Standard agueous infinite Gibbs energy | Jmol

Standard isat 25 C and 1.01325 bar (= 1 atm).

4.12.2 Universal constant properties

standardAccel erationOf Gravity

9.80665m ¢

avogadroConstant 6.022 141 99(47) 10 mol™*
boltzmannConstant 1.380 6503(24) 10° JK™*
molarGasConstant 8.314 472(15) Jmol * K™

Note: Only the units of measure and the identifiers of the universal constants are specified in the standard, not

the values.
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4.12.3 Non-constant Properties (or Model Dependent Properties)

See Notes|for more explanation of the revised table and

conventions. Units of measurement can be found in the section on

APE-OPEN |dentifiers|for general naming
STOn,

Identifiers M eaning Sl Units
vaporPressure Vapor Pressure. Only for Pure calcType | Pa
sublimationPressure Sublimation Pressure Pa
meltingPressure Melting Pressure Pa
glassTransitionT emperature Glass Transition Temperature K
glassTransitionPressure Glass Transition Pressure Pa
solidSolidPhaseT ransitionTemperature | SolidSolidPhaseT ransitionPressure Pa
virial Coefficient Second Virial Coefficient m/mol
surfaceTension Surface Tension N/m
expansivity coefficient of linear expansion K

(Expansivity) 14 ‘

PN ot

compressibility 1V 1/Pa

V P,
compressibilityFactor P

Compressibility Factor Z = ——

RT

jouleThomsonCoefficient or K/Pa

P,
heatOfV aporization *x J/mol
heatOf Sublimation *x J/mol
heatOfFusion *x J/mol
heatOf SolidSolidPhaseT ransition *x J/mol
volumeChangeUponV aporization ** m’/mol
volumeChangeUponSublimation *ox m*/mol
volumeChangeUponMelting *x m’/mol
volumeChangeUponSolidSolidPhaseTr | ** m/mol
ansition
heatCapacity Heat Capacity (Cp)** J/(mol K)
ideal GasHeatCapacity Heat Capacity of ideal Gas** J/(mol K)
ideal GasEnthal py Enthalpy of ideal Gas* Jmol
excessEnthal py Excess enthal py* Jmol
excessEnergy Excess energy* Jmol
excessGibbsFreeEnergy Excess Gibbs Free Energy* Jmol
excessHelmholtzFreeEnergy Excess Helmholtz Free Energy* Jmol
excessEntropy Excess entropy* J/(mol K)
excessVolume Excess volume* m’/mol
partial M olarEnthal py Jmol
partialMolarEnergy Partial molar internal energy Jmol
partial GibbsFreeEnergy Partial molar Gibbs energy Jmol
partialHelmholtzFreeEnergy Partial molar Helmholtz energy Jmol
partialMolarV/olume m/mol
viscosity Viscosity Pas
thermal Conductivity Thermal Conductivity W/(m K)
selfDiffusionCoefficient m'/s
fugacity Fugacity Pa
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fugacityCoefficient

Fugacity Coefficient

activity

Activity

activityCoefficient

Activity Coefficient

dewPointPressure Pa
dewPointTemperature K
kvalues K Factors of apair of phasesin
equilibrium
logFugacityCoefficient Logarithm of fugacity coefficients
logkvalues Logarithm of kvalues
temperature K
pressure Pa
volume Volume* m/mol
density Density ** mol/m®
enthal py Enthal py* J/mol
entropy Entropy* J/(mol K)
energy Internal energy* J/mol
gibbsFreeEnergy Gibbs Free Energy* Jmol
helmholtzFreeEnergy Helmholtz Free Energy* J/mol
moles Number of moles of agiven amount of | mol
matter
mass Total mass of agiven amount of matter | kg
flow List of the partial molar (or mass) flows | mol/s
of each component within a given phase
(or the whole mixture)**
fraction List of the partial molar (or mass)
fractions of each component within a
given phase (or the whole mixture)
phaseFraction The fraction of the fluid that isin the
specified phase.
totalFlow Matter flow of a phase or the whole mol/s
mixture**
molecularWeight It is recommended to be used only with
CalcType="mixture’. For pure,
GetComponentConstant is preferred. It
is up to the package to calculate it by
whatever means it chooses
boilingPointTemperature Only supported for “pure” CalcType K
dielectricConstant The ration of the capacity of a condenser
with a particaulr substance as dielectric
to the capacity of the same condenser
with avacuum for dielectric
cpAdqueousl nfiniteDilution Heat capacity of asolutein an infinitely | J/(mol K)

dilute aqueous solution

DissociationConstant

Chemical equilibrium cinstant
corresponding to a dissociation reaction

OsmoticCoefficient

A measure of water activities, defined
as,

@=-nw In (xw fw)/(ns 2vi)

where,

ny isthe moles of water; ngisthe moles
of solute; xy isthe mole fraction of
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water; fy isthe symmetric activity
coefficient of water; v, isthe
stoichiometric coefficient of component
i.

PH

POH

MeanActivityCoefficient

The geometrical mean of the activity
coefficients of the ionsin an electrolyte
solution

Solubilityl ndex

SolubilityProduct

Notes: * per mole, or kg, or total depending on basis.
** per mole, or kg depending on basis.

4.12.3.1 Derivatives:

Derivatives are built from the property identifier, a point with a D meaning " Derivative” and the

name for the variable:

property.Dtemperature
property.Dpressure
property.DmolFraction
property.Dmoles

Although the property identifier of derivative properties is formed from the identifier of another
property, the GetPropList method will return the identifiers of all supported derivative and non-
derivative properties. For instance, a Property Package could return the following list:

derivative of property according to Temperature
derivative of property according to Pressure
derivative of property according to mole fraction
derivative of property according to mole numbers

enthal py, enthal py.Dtemperature, entropy, entropy.Dpressure.
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4.13 CAPE-OPEN Phase List

4.13.1 Phase Details
Permitted phases have been restricted to the following:

Phase Description
Vapour Vapour phase
Liquid Liquid phase
Salid Solid phase
Overdl All phases

At the moment, only one phase of each type is allowed to be present, in general. See Notes|for
information on a partial work around and|Existence of a phasd for information on phase checking.
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5 Sl Units

The current standards do not specifically state which Sl unit has to be used for each dimension. It
will be added to the specification documentation in a future revision. For the moment, we have
added the units used in the interoperability demonstration implementations to the CAPE-OPEN
Properties List in this document. We suggest referring to the Bureau International des Poids et
Mesures website (http://www.bipm.fr/enus/3_Sl/si.html) for more information.
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6 Notes

6.1 Notes on Configuration of a Material Template

Although the CAPE-OPEN specifications defined the 1CapeThermoMaterial Template interface, no
methodology was defined to access or create instances of objects that implemented these interfaces.

We will add information on using the Material Template interface in future versions of the
Specification.

6.2 Notes on Argument interpretation of Get/Set/CalcProp Standard
Methods)

6.2.1 Non-constant properties

There is not enough definition for passing information on vapour fraction, as well as an
inconsistency in the specification. There is no way to choose vapour fraction among the state
variables, while the specification provides for a pressure-vapour fraction flash. At the moment,
Global CAPE-OPEN is not addressing the generalisation of the flash. It could mean changing the
attributes of GetlndependentVar and SetIndependentVar in a future version of the specification.

6.3 Notes on CalcProp description

6.3.1 CalcProp and CalcEquilibrium

There is no interaction between CalcProp and CalcEquilibrium, so CalcProp should never invoke
CalcEquilibrium.

CalcProp is used to calculate properties in the specified phase at the current values of T, P and Xx; it
does not perform phase equilibrium calculations.

CalcEquilibrium is used to calculate state variables from others, such as enthalpy, entropy or phase
fraction.

6.3.2 Multiple calculations

If a client uses multiple properties in a call and one of them fails then the whole call should be
considered to have failed. Therefore, no value should be written back to the material object by the
Property Package until it is known that the whole request can be satisfied. For this reason, to
simplify error handling or debugging, it is recommended that clients only request one property at a
time to make error handling simpler.

6.3.3 Side-effects during calculation

It isimportant to note that Property Packages are NOT allowed to calculate and (more important) to
store the values of properties that have not been specifically requested.
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6.4 Notes on Non-constant Properties (or Model Dependent Properties)

Modifications:
a) Sincethere exist the “compressibilityCoefficient” and “ compressibilityFactor” properties, it is not
clear what the “compressibility” property means. On looking in some handbooks (e.g., Perry),

compressibility and isothermal compressibility are used to refer to the same quantity. (1/V)(dV/dP)
at constant T. We have therefore:

* Renamed the property identifier “compressibilityCoefficient” to “compressibility”
leaving its meaning (1/V)(dV/dP)at constant T
» Removed the “ compressibility” property on page 85 of the original specification

b) ‘kvalues carries similar information to ‘fugacityCoefficient’, but it's more logical to publish the value of
the former property.

6.5 Notes on Constant Properties Identifiers

The most important role of the component constants is to identify the components supported by a
Property Package. The |CapeThermoPropertyPackage GetComponentList method was designed for
this purpose.

6.5.1 Components supported by a Property Package
Use GetComponentList for alist of the components supported by aml!si cal Properties Pack@e! Itis
a specific entity tailored to a specific application, rather than a general|Physical Properties System.

6.6 Notes on 2.11.2.4 GetComponentConstant

Equivalences between GetComponentList arguments and component constant properties:

Get Conponent Li st Component Constant Comments

Argunent s Property Idenfifier

casno casRegistryNumber

conpl ds - This string hasto be used in all the

arguments of the material Object
and Property Package methods
which are named complds.

formul ae chemicalFormula
Nane iupacName

Boi | Tenps normal BoilingPoint
Mol wt molecularWeight

The problem was that “casRegistryNumber” and other properties have values, which are not numbers
but strings, whereas the specifcation states that getComponentConstants returns a list of numbers.
As stated in the section 2.14.1 of the 1999 Thermodynamic and Physical Properties Specification, the
following constant properties are not supported by the current specification of
GetComponentConstant:

iupacName complete IUPAC Name



casRegistryNumber Chemical Abstract Sequencing Number
chemical Formula Chemical formula (brutto, nomenclature according to Hill)
structureFormula Chemical structure formula

For the same reasons, GetUniversal Constant should also return a CapeArrayVariant.

6.7 Description of component constants

6.7.1 CasRegistryNumber

The value of this constant is a variable-length character string that contains a sequence of 3 numbers
separated by hyphens. There must be no leading zeros and no leading spaces. The intention is that it
should be possible to compare two CAS numbers with a simple string comparison

CAS numbers and other properties are accessible at
http://webbook.nist.gov/chemistry

Components can be accessed directly with
http://webbook.nist.gov/cgi/cbook.cgi?Formula=ch4&Nolon=o0n&Units=SI
or

http://webbook.nist.gov/cgi/cbook.cgi?Name=water&Units=SI

CAS numbers can be undefined, for example for petroleum fractions, in which case comparison has
to be done by looking at constant properties.

6.8 Notes on Phases

Thelist of phasesin 2.15.1 of the original specification assumes that 2 liquid fractions are supported,
since, for instance, thereis a LiquidLiquid phase detail. However, at present there is no way to refer
to each one of the liquid phases separately. For this reason, the permitted phases have been
restricted, as shown, pending an improvement to phase treatment in a future update.

6.8.1 Examples of valid phase equilibrium details

VaporLiquid Vapor-liquid equilibrium

LiquidSolid Solid-liquid equilibrium
VaporLiquidSolid 3 coexisting phase: vapor, liquid and solid
VaporSolid Solid-vapor equilibrium, sublimation

However, Type Library 1.0 does alow the calculation of single-phase properties for streams with
any number of liquid phases, since we can calculate them independently. For example:

mo.SetProp("fraction”,"liquid", ...,liquid1FractionValue)
mo.cal cProp("enthalpy","liquid")
mo.GetProp("fraction”,"liquid”, ...,liquid1Enthal pyValue)

mo.SetProp("fraction”,"liquid”, ...,liquid2FractionValue)
mo.cal cProp("enthalpy","liquid")
mo.GetProp("fraction”,"liquid”, ...,liquid2Enthal pyValue)

Unfortunately, multi-phase properties are not supported for 2 liquid phases, since the Material Object
cannot cope simultaneously with 2 liquid phases. So, calcprop("kvalues',"liquidLiquid") is not
supported. However, in the particular case of "kvalues', if "fugacityCoefficient" is used instead, it
works around the problem, since the phases can be cal culated independently:
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mo.SetProp("fraction”,"liquid”, ...,liquid1lFractionValue)
mo.cal cProp("fugacityCoefficient","liquid")
mo.GetProp("fraction”,"liquid”, ...,liquid1fugacityCoefficient)

mo.SetProp("fraction”,"liquid”, ...,liquid2FractionValue)
mo.cal cProp("fugacityCoefficient","liquid™")
mo.GetProp("fraction”,"liquid”, ...,liquid2fugacityCoefficient)

kvalues = liquid2fugacityCoefficient/liquid1fugacityCoefficient

6.8.2 Existence of a phase

As aready described, that phasefraction or totalflow cannot be used for checking existence
of aphase, since for instance in the case of a bubble point both properties would return a0 value for
the vapor phase.

Instead, material Object.Phasel Ds() must be used, since it returns only the phases existing in the MO
at that moment (the COSE knows this information). Note that material Object.Phasel Ds() does not
return the list of phases supported by the Property Package relating to the MO. The latter information
is provided by the PropPack.getPhasel ist() method.

This approach has the limitation that, currently, the Property Packages don’t have any mechanism to

change the list phases existing in amaterial object during the calculation of an equilibrium. Only the
COSE could do it. The next version of the standard will add new methods to solve this shortcoming.
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7 Glossary of Terms Used

Chemical Component (Component) refers to a chemical species as defined by a particular set of
physical properties calculation methods and data. In a sense, we are using the term Chemical
Component to refer to a mathematical model of the properties of a particular chemical species.

Chemical Speciesrefersto a unique chemical substance, for example, “water”.

Material. (sometimesreferred to as Material Object). “Material” refers to a unique material with
a specific composition, state, and set of physical properties. It may be a mixture or a pure
component, and be in one or multiple phases. It may be in any state of division (for example
particulate material). Materials occur both in streams and within units (for example the liquid on a
particular stage of a distillation column). We will generally be referring to a mathematical model of
a material, when every material will be associated with a specific physical properties package. A
material is derived from a material template (see below). Specifically, the information defining a
material will be the information in its associated Material Template plus, for a uniform molecular
fluid, its temperature, pressure and the mole fraction of each component. For multiple fluid phases,
the same information will suffice if the Template defines that the phases are in equilibrium,
otherwise a separate composition etc may be required for each phase. For dispersed phases, the
Template will include the equations defining the general form of the size and shape distribution, the
Material will include the parameters that define a specific material with a given mean particle size
etc. (Such template distribution equations may be continuous, or be defined piece-wise over size
ranges). It should be emphasized that the definition is only as complete as required by the user.
Thus, where flow rate is required, Materia will include flow rate, where (for transport properties) it
requires scale and intensity of turbulence, it will contain thisinformation. Where properties are not
required, they will (or may) not be held. For example, heat transfer calculations may not require
detailed composition information. Similarly, a mass balance only calculation may not include
temperature or thermodynamic properties.

Material Template. A material template defines a complete set of chemical components and the
associated properties package. Thus, for a single-phase molecular mixture, it normally only requires
a definition of the composition, temperature and pressure to define a material completely. In many
cases, the material template may define the permitted phase, or phases, of the material. Restriction on
phases may be applied for several reasons. For example, the user may be confident that, at
convergence, the material will be a vapour. It will make the computation faster and more reliable if
the simulation avoids complex phase equilibrium computations for the intermediate iterations when
spurious multiphase conditions might arise. As a further example, a user may be interested in
computing atransfer rate between avapour and aliquid. To compute any finite rate of transfer, there
must be a lack of equilibrium, so that the liquid phase must be superheated and the vapour
supercooled. These non-equilibrium conditions can only be computed by performing separate
property computations for the 2 phases, and restricting each calculation to a single phase calculation.
(Although, of course, it will often be appropriate to compute the composition of the vapour that
would be in equilibrium with the liquid and/or vice-versa). Computationally, there is likely to be a
material class corresponding to atemplate, a material (object) will then inherit its interfaces from the
material class.

Mixtures. Theterm “Mixture” isonly used informally in this document.

Neutral Format. A data format that can be read and recognised by software other than the one that
created it. There may be several neutral format standards defined under CAPE-OPEN (it is not
restricted to properties packages).

Option Set. An Option Set is a Simple Properties Package. It is used when 2 or more Simple
Properties Packages refer the same set of components and have the majority of methods and data in
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common. Some vendors then find it more efficient to combine the SPP’'s into one Properties
Package; each SPP being referred to as an Option Set. The Option Sets are identified by simple
titles, such as “high pressure” or “low pressure’.

Physical Property. In this document “physical property” includes all relevant properties. It thus
includes both transport and thermodynamic properties of pure components and mixtures. If relevant,
it would include other properties, such as colour.

Physical Property Calculation Method. An equation or agorithm, which can be used to calculate
one or more physical properties. It should be emphasised that, except in the very limited number of
cases defined in (Ref), CAPE-OPEN will not define standard methods. In referring to calculation
methods, this document includes both any standard methods to be defined and all proprietary
methods that may be included in commercially available, or other, packages.

Physical Property Calculation Routine. A particular implementation of a physical property
calculation method.

Physical Properties Data. Physical Properties Data includes both Physical Properties Parameters
and Raw Physical Properties Data. When used without further description, the term will generally
refer just to parameters.

Physical Properties Executive. The physical properties executive is a component of a physical
properties system that provides the user interface by which the methods, data and components can be
selected. It also organizes the computation so that, in calculating material properties, the correct
methods are employed for the specific material conditions. The executive provides access to
additional services, such as the ability to correlate raw data to generate parameters for selected
methods.

Physical Properties Package. A Simple Properties Package (SPP) is a complete, consistent,
reusable, ready-to-use collection of methods, chemical components and model parameters for
calculating any of a set of known properties for the phases of a multiphase system. It includes all the
pure component methods and data, together with the relevant mixing rules and interaction
parameters. A package normally covers only a small subset of the chemical components and
methods accessible through a Properties System. It is thus established by selecting methods etc from
within a larger system, possibly adding to or replacing these methods by third party components.
These additional methods will normally be CAPE-OPEN compliant methods which may have been
specially written, or may come from another properties system. (They can only come from another
system where that system provides them as CAPE-OPEN compliant components). A Properties
Package may be a Simple Properties Package, or at a vendors discretion, made up from Option Sets
(see definition of Option Set).

Physical Properties Parameters. Numerical values, which either give physical properties directly
(for example, molecular, or formula, weight), or permit properties to be computed by defined
methods. For example, the coefficients of the Antoine equation for a particular chemical component.

Physical Properties System. A software system that includes a physical properties executive, a set
of physical properties routines and access to data for a number of chemical components. It will often
access a large properties data bank. The system is likely to include text information, which the user
can access to help select the most appropriate properties, methods and data for the particular
application. Properties Systems implement two kinds of interfaces, externa interfaces to the
Simulator Executive and unit clients, and internal interfaces to calculation routines and neutral files.
Since only the Properties System understands the interrelations between its constituent properties
routines, a UNIT cannot communicate to a calculation routine directly, but only through a properties
package set up within a specific Properties System.
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Raw Physical Properties Data. A data set containing physical property values for a specified list of
chemical species (or mixture of chemical species) at specified conditions. It may be used for
correlating parameters of calculation routines. The ‘raw’ data may be obtained by experimental
measurement (so that the methods chosen correlate the measurements as closely as possible) or may
have been generated by a properties routine in one properties system so that the values calculated by
aroutine in asecond system can be made to match the first as closely as possible.

Software Component. A compiled piece of software which presents its services through well-
specified interfaces, and is capable of being used and re-used in different software applications. In
this context, a simulator could be a component, which itself makes use of other components such as
physical properties systems, and calculation routines.

Stream. In this document, “stream” usually refers to “material stream”, namely a material and its
flow rate. It may contain one or more components, and be made up of one or several phases. The
material stream used here refers to the steam conditions at a particular point. For example, we may
be referring to the material fed to or delivered from a process unit at a particular point in time. We
are not referring to the whole of a stream in alength of pipe which may differ in condition from point
to point. “Stream” isalso used in describing the topology of a process, namely a connection between
two unit models. Thus, where physico-chemical changes take place in a connecting pipe, the pipe
itself will be represented by a unit model and the topological connections at the 2 ends of the pipe
will be separate streams.
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