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SUMMARY

This document describes the CAPE-OPEN Thermodynamic and Physical Properties interfaces.
These interfaces allow software components providing thermodynamic and physical property
calculations to be used in a Process Modelling Environment (PME). The first part of the document
describes a conceptual model that shows how these components are used in a PME. The second half
contains reference material for each method in the interfaces.
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are to be used to implement communication between the environment and the external
software components.

Designers of other CAPE-OPEN interface specifications should read this document to
ensure consistency across the various designs.

For any reader an understanding of UML diagrams is assumed.

This document is not intended for end-users of CAPE-OPEN software components or
process simulation software.

3. Glossary
Material
A Material is a mixture of one or more Compounds occurring in one or more Phases. A
Material is characterised by the values of Physical Properties, which can describe the overall
Material or the Compounds within particular Phases. A Material often corresponds to a
stream in conventional process simulation software.

Material Object
A Material Object is a software object that implements the interfaces and behaviour of a
Material as defined in this interface specification.

Equilibrium Calculation
A calculation that determines the composition and amounts of each Phase of a Material
subject to specified constraints such as, for example, a particular temperature and pressure.

Physical Property
A Physical Property is an attribute used to characterise a Material. Typical examples are
Temperature and Pressure. A Material is described by the values of some subset of the set of
possible Physical Properties defined within section 7.5 of this document. Note that at this
revision of the interface specification, the Physical Properties used to describe the unique
characteristics of polymers, and petroleum fractions are not included in the set of possible
Physical Properties. These will be added later as the interface specification is expanded to
cover these kinds of Material.

The subset of Physical Properties used to describe a Material is not fixed: it will depend on
the aspect of the Material behaviour being studied.

Within simulation software, a Physical Property is usually calculated by a model selected
from some set of available models for that Physical Property.

Physical Property Calculation
A Physical Property Calculation is a calculation that determines the value of a Physical
Property in a Material, given temperature, pressure and composition.

Compound
A chemical substance as defined by a particular set of Physical Properties, calculation
methods and data. Compounds can be identified in various ways: by a common name, by a
CAS Registry number or by a chemical formula. Examples are water, hydrogen and oxygen.

Component
A piece of executable software whose functionality is accessed via specified interfaces,
which can be deployed independently of other software and which can be used in the
composition of other software systems without modification. For the sake of clarity it is
often associated with the term software.
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Phase
A Phase is a stable or metastable collection of Compounds with a defined amount of
substance and a homogeneous composition. It has an associated State of Aggregation, e.g.
liquid. A given Phase can be distinguished from others through the presence of physical
interfaces that separate states of matter with different characteristics, such as density.

In a Material, each Phase is given a unique identifier. In order to distinguish multiple
instances of similar Phases, such as liquids, the Phase can be associated with a number of
attributes such as a ‘key compound’.

Universal Constant
A Universal Constant is any well-known physical constant, such as the Avogadro constant.

State of Aggregation
The State of Aggregation of a Phase is the physical state in which the Compounds in that
Phase occur. Possible values for State of Aggregation are Vapor, Liquid, Solid or Unknown.
A PME is expected to use State of Aggregation to help distinguish one Phase of a Material
from another.

COSE
COSE is an acronym for the term CAPE-OPEN Simulation Environment. It refers to any
software that makes use of CAPE-OPEN components.

PMC
PMC is an acronym for Process Modelling Component. A PMC is a software component
used to provide specific functionality within a PME. Examples are Unit Operations,
Numerical Solvers, and Property Packages.

PME
PME is an acronym for Process Modelling environment. PME is synonymous with COSE.

Physical Properties System
A Physical Properties System is a proprietary software system that includes a Physical
Properties Executive, a set of Physical Property routines and access to data for a number of
chemical Compounds. A Physical Properties System is likely to include text information that
the user can access to help select the most appropriate properties, methods and data for the
particular application. It will often access a large Physical Properties data bank, using
different interfaces from the ones described in this document. For example, it may use the
CAPE-OPEN Physical Properties Data Base (PPDB) interfaces, which allow bulk access for
Thermodynamic and Physical Properties databases.

Physical Properties Executive
A Physical Properties Executive is the part of a Physical Properties System that provides the
user interface by which the methods, data and Compounds can be selected. It also organises
the computation so that, in calculating Material properties, the correct methods are employed
for the specific Material conditions. The Physical Properties Executive may provide access
to additional services, such as the ability to correlate raw data to generate parameters for
selected methods.

Property Package
A Property Package is a complete, consistent, reusable, ready-to-use collection of methods,
Compounds and model parameters for calculating any of a set of known Physical Properties
for the Phases of a Material. It includes all the pure Compound methods and data, together
with the relevant mixing rules and interaction parameters. A Property Package normally
covers only a small subset of the Compounds and methods accessible through a Physical
Properties System.
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The interfaces allow clients of the four above defined types of components to communicate
with them independently of the component implementations. Communication between a
client and any type of thermodynamic software component requires the exchange of data
describing the Material for which calculations are required. The concept of a Material Object
is described for this purpose. A Material Object implements CAPE-OPEN interfaces but it is
not a CAPE-OPEN component. A Material Object is a software object that is responsible for
holding the data describing the state of a Material. Each client that uses CAPE-OPEN
Thermodynamic and Physical Properties components must provide its own implementation
of a Material Object because the configuration and data storage used in a Material Object
will be different for each client.

+GetPresentPhases()
+SetPresentPhases()

+GetSinglePhaseProp()
+SetSinglePhaseProp()
+GetTwoPhaseProp()
+SetTwoPhaseProp()
+GetOverallProp()
+SetOverallProp()
+ClearAllProps()
+GetTPFraction()
+GetOveralTPFraction()
+CreateMaterial()
+CopyFromMaterial()

ICapeThermoMaterial

<<CAPE-OPEN Interface>>

+GetPhaseList()
+GetPhaseInfo()
+GetNumPhases()

ICapeThermoPhases
<<CAPE-OPEN Interface>>

+CheckEquilibriumSpec()
+CalcEquilibrium()

ICapeThermoEquilibriumRoutine

<<CAPE-OPEN Interface>>

+CheckSinglePhasePropSpec()
+GetSinglePhasePropList()
+CalcSinglePhaseProp()

+CheckTwoPhasePropSpec()
+GetTwoPhasePropList()
+CalcTwoPhaseProp()

ICapeThermoPropertyRoutine

<<CAPE-OPEN Interface>>

+GetPropertyPackageList()
+GetPropertyPackage()

ICapeThermoPropertyPackageManager

<<CAPE-OPEN Interface>>

+GetCompoundList()
+GetCompoundConstant()
+GetConstPropList()
+GetNumCompounds()
+GetPDependentProperty()
+GetPDependentPropList()
+GetTDependentProperty()
+GetTDependentPropList()

ICapeThermoCompounds

<<CAPE-OPEN Interface>>

+GetUniversalConstant()
+GetUniversalConstantList()

ICapeThermoUniversalConstants

<<CAPE-OPEN Interface>>

+SetMaterial()
+UnsetMaterial()

ICapeThermoMaterialContext

<<CAPE-OPEN Interface>>

+CalcAndGetLnPhi()

Figure 1: Interface diagram

This document does not cover the Physical Properties and interfaces required to implement
support for complex materials such as solids, petroleum fractions, and polymers. Nor does it
cover the interfaces required to describe a system of reactions within a Material. Each of
these topics is covered in a separate document [3], [7].

This specification document does not provide detailed information on how to implement the
software components it describes. Information and examples that support implementations
will be available from the CO-LaN website: www.colan.org.
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external components used in a Property Package is outside the scope of this CAPE-
OPEN interface specification.

For the purposes of this Conceptual Object Model, a PME is any piece of software that
needs to use the functionality of the immediately above listed three kinds of component. For
example the PME could be Microsoft Excel, or it could be a Simulation Environment, or it
could be a Unit Operation executing within a Simulation Environment.

To put the use of these components in context, the object diagram below shows a simplified
representation of the kinds of objects found in proprietary Simulation Environments and
some of the relationships that exist between them. A flowsheet object is associated with a
number of streams and with a number of Unit Operations. Each Unit Operation and stream
has access to a Thermodynamics sub-system that provides Physical Property Calculations
using various Physical Property models, equilibrium, or flash, calculations; and constant
Physical Property data. The flowsheet object also has access to the Thermodynamics sub-
system. There are various relationships between the streams and the streams are used to
connect blocks, but blocks may also contain streams.

:Thermodynamics sub-system

:flowsheet

:unit

:Property Calculator

:stream

:Flash Calculator

:Property Data

Figure 2: Object diagram on proprietary implementations

The connection link between a stream and a Unit Operation exists because a Unit Operation
must be given a description of the Material at its inlets so that it can calculate a description
of the Material at its outlets.
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The ownership link (which is not distinguished from a connection link on the diagram) be-
tween a Unit Operation and a stream exists because a Unit Operation may need to create a
representation of a Material in order to perform an internal calculation.

The Thermodynamics sub-system provides three main services: a way of calculating the
value of a non-constant Physical Property, a way of calculating equilibrium and, thirdly,
access to a database of constant Physical Property data. The Thermodynamics sub-system
does not know about Unit Operations and streams; when asked to perform a calculation it is
given a description of a Material as input. Equally, the Thermodynamics subsystem is not
responsible for maintaining the description of any Material in a problem; it simply performs
the requested calculation given the description of a particular Material and returns the result.

The CAPE-OPEN standard is intended to allow proprietary objects used within a Simulation
or other Process Modelling Environment to be replaced with external CAPE-OPEN
components that implement the same functionality. The next diagram shows how proprietary
“socket” objects, which allow communication with the external CAPE-OPEN components,
can replace parts of the proprietary Thermodynamics sub-system and Unit Operations.

:Thermodynamics sub-system

:flowsheet

:CAPE-OPEN
unit Socket

:stream

:CAPE-OPEN
Equilibrium
Calculator

:CAPE-OPEN
Physical
Property
Calculator

:CAPE-OPEN
Unit
Operation

:CAPE-OPEN Property
Calculator Socket

:CAPE-OPEN Equilibrium
Calculator Socket

:Property Data

This line
represents the
boundary of the
original system

:CAPE-OPEN
Property Package

Figure 3: Communication between sockets and plugs

In order to make use of external software components, standard interfaces to each of the
three types of CAPE-OPEN Thermodynamic and Physical Properties components are
required. When such components are being used in a PME, their functionality must be
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available to proprietary objects within the PME, but also to any other external components
being used by the PME. One example of the importance of this requirement is the need for
consistent Physical Property Calculation routines to be used for both built-in Unit
Operations and CAPE-OPEN Unit Operations, whether the PME is using external Physical
Property Calculations, or its own internal calculation routines.

In this diagram, the proprietary Thermodynamics subsystem contains proprietary sockets,
which are software objects that allow communication with external CAPE-OPEN
components. This is an example of the “Adapter” design pattern [6]. Existing proprietary
objects such as streams and Unit Operations still use the internal proprietary interfaces
implemented by the Thermodynamics subsystem. The stream and Unit Operation objects
therefore do not need to be changed. Internally, the Property Calculator and Equilibrium
Calculator sockets translate any in-coming call to a call to an external CAPE-OPEN object
using the standard interfaces that CAPE-OPEN defines. The diagram also shows how a
Property Package, can itself make use of the CAPE-OPEN interfaces to call CAPE-OPEN
components implementing the Physical Property Calculator and Equilibrium Calculator
interfaces.

Note that in this diagram the Thermodynamics sub-system still provides the functionality of
a Property database, that is, it is responsible for the list of compounds that the PME can use,
the Phases that can be present in Materials and the values for constant Physical Properties.
The Property database may be internal to the Thermo sub-system or provided in some other
way for example through a CAPE-OPEN PPDB socket.

The same pattern is used for Unit Operations: a proprietary adapter, called “CAPE-OPEN
Unit Socket” in the diagram, is used to map calls made by the PME through its proprietary
unit interface to objects implementing the CAPE-OPEN unit interfaces.

5.1 The Description of Material
The description of a Material is both an input to and an output of all the components shown
in the diagrams. In a sequential modular simulator, a Unit Operation requires a description
of the Material at each of its material inlet ports so that it can calculate a description of the
Material at each of its material outlet ports. An Equilibrium Calculator component,
regardless of whether it is a Property Package or an independent Equilibrium Calculator,
takes the description of a Material and updates it with the composition and amounts of each
Phase subject to specified constraints. Similarly, a Physical Property Calculator component
takes the composition of a Material and its temperature and pressure and calculates the value
of additional Physical Properties.

All PMEs will have their own proprietary representation of Material. For example, a
Simulation Environment might use an instance of a C++ class to hold the data describing the
state of a Material, or, in a spreadsheet, a particular arrangement of cells might be used.
Whatever representation is used, this data has to be presented to CAPE-OPEN
Thermodynamic and Physical Properties components and Unit Operation components in a
standard way. As well as using the description of Material as input, both Thermodynamic
and Physical Properties components and Unit Operation components need to be able to
update the description as an output of their calculations. Providing access to the data
describing a Material via CAPE-OPEN interfaces is the responsibility of the Material
Object.

The CAPE-OPEN standard defines a list of Physical Properties that can be used to describe a
Material. The list is presented in section 7.5 of this document. In addition to the values of
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Physical Properties, a set of Compounds and a list of the Phases present also characterise a
Material. Some Physical Properties describe the overall state of a Material; others
characterise individual Compounds or Phases within it.

Earlier, the adapter design pattern was used to show how a PME could access external
software components. The same design pattern can be used to implement a Material Object.
As in the other examples of adapters, the Material Object is implemented by the PME. It
presents the CAPE-OPEN interfaces for accessing the description of a Material to the
external components. Internally, it does what ever is required to access the data held in the
PME’s proprietary data structures.

5.2 Material Object responsibilities
The primary interface implemented by a Material Object is the ICapeThermoMaterial
interface. Typically, a Material Object will be designed to access a proprietary data structure
belonging to a PME, and it will itself be proprietary to a PME. The interfaces that a Material
Object needs to support vary depending on which type of CAPE-OPEN Thermodynamic and
Physical Properties component is using the Material Object. The following sections describe
which interfaces a Material Object implementation must support for each of the different
types of component. A single Material Object implementation can be used in all these
circumstances as long as it implements all the interfaces that could be used.

Note that in the following object and component diagrams, objects and components are
shown as supporting multiple interfaces. The implication is that if a client is passed one of
the supported interfaces, it also has access to all the others since each Material Object is
passed as a CapeInterface (IDispatch in COM). The diagrams do not show the
ICapeIdentification [4] and Error Interfaces [5] that should be supported by all CAPE-OPEN
components.

5.2.1 Interfaces used by a Physical Property Calculator to access Material Objects
A CAPE-OPEN Physical Property Calculator needs to be able to get the values of the
Physical Properties from a Material Object and to set the values that it calculates. To a
Physical Property Calculator, a Material Object must behave as a store of data, but must also
provide access to Compound constants and Physical Property Calculations. The reason for
these requirements is to support Physical Property Calculator components that need
supplementary data from a Physical Property Package in order to complete their own
calculations.

Therefore, to satisfy the requirements of CAPE-OPEN Physical Property Calculators, a
Material Object must implement the following interfaces:

ICapeThermoCompounds

ICapeThermoUniversalConstants

ICapeThermoPropertyRoutine

ICapeThermoMaterial

ICapeThermoPhases
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The ICapeThermoMaterial interface is required to provide access to the values of the
Physical Properties that describe the Material.

The ICapeThermoCompounds interface is required so that the caller can: find out what
Compounds are present in the Material; check that they can be recognised; and, request the
values of Compound constants.

The ICapeThermoPhases interface is required so that the caller can: find out the Phases that
are present in the Material in order to set properties and perform property calculations.

The ICapeThermoUniversalConstants interface is optional but may be implemented to
provide the caller with the values of Universal Constants. Note that a Physical Property
Calculator that requires the values of Universal Constants will not work in a Property
Package that provides a Material Object that does not implement this interface. The Material
Object may simply forward a request for universal constants to a Property Package or
provide constants through some proprietary mechanism, e.g. from a PME.

The ICapeThermoPropertyRoutine interface is optional but may be implemented to provide
the caller with access to Physical Property Calculations. As with the ICapeThermo-
UniversalConstants interface, if the ICapeThermoPropertyRoutine interface is not supported,
a Physical Property Calculator component may not work.

Note that when a Property Package calls a Physical Property Calculator it can provide its
own Material Object or it can pass the Material Object passed to it by the PME. However, a
Material Object provided by a PME may not support all the properties required by the
Property calculator.

5.2.2 Interfaces used by a Equilibrium Calculator to access Material Objects
A CAPE-OPEN Equilibrium Calculator component requires the same Material interfaces as
a Physical Property Calculator component because it needs to get values of Physical
Properties from a Material and it needs to set the values of the Physical Properties that it
calculates. Unlike a Physical Property Calculator, it will determine which Phases are present
in the Material and may therefore update the Material’s list of Phases. As part of performing
this calculation, it may need to call Physical Property Calculations. Performing Physical
Property Calculations requires the interfaces that define a Physical Property Calculator
component:

ICapeThermoPhases

ICapeThermoCompounds

ICapeThermoUniversalConstants

ICapeThermoPropertyRoutine

ICapeThermoMaterial
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For an Equilibrium Calculator component, a Material has to behave both as a store of data
and as a Physical Property Calculator. As described earlier, a Material Object is expected to
implement the ICapeThermoPropertyRoutine methods by forwarding all the calculation calls
back to its creator, which could be the PME or the Property Package that is calling the
Equilibrium Calculator component.

Note that when a Property Package calls an Equilibrium Calculator it can provide its own
Material Object or it can pass the Material Object passed to it by the PME.

5.2.3 Interfaces used by a Unit Operation to access Material Objects
To satisfy the requirements of CAPE-OPEN Unit Operation components, a more complex
Material Object implementation is required. This is because a Unit Operation needs to get
and set the values of Physical Properties in a Material and it also needs to perform both
Physical Property and Equilibrium Calculations. Therefore, in order to be used by Unit
Operation components, a Material Object must implement the interfaces defining a Property
Package.

The diagram below shows a software object, rather than a software component, that presents
the interfaces required to describe a Material and the interfaces required to perform Physical
Property and Equilibrium Calculations. The object is shown as requiring the same Physical
Property and Equilibrium calculation interfaces as it presents on the assumption that it
simply forwards the calculation calls to another component, passing itself as the context for
the calculation. This is only one of several possible arrangements. In practice, the software
object may call a proprietary interface to perform the actual calculation. The implementation
of the proprietary interface may then construct a second Material description to pass to an
external component for a calculation.

ICapeThermoMaterial

ICapeThermoPropertyRoutine

ICapeThermoPhases

ICapeThermoCompounds

ICapeThermoEquilibriumRoutine

ICapeThermoUniversalConstants

ICapeThermoPropertyRoutine

ICapeThermoEquilibriumRoutine

ICapeThermoUniversalConstants

ICapeThermoMaterialContext

Figure 4: Interfaces required on a software object

This design is required by the CAPE-OPEN Unit Operation specification because it does not
provide a mechanism for a PME to tell a Unit Operation which Property Calculator and
which Equilibrium Calculator to use for a specific inlet stream. Instead, it only allows the
PME to associate an object implementing the ICapeThermoMaterial interface with a Port.
As a result, an object that aggregates the Material interfaces and the calculation interfaces is
required.
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sequence diagram is a sketch, so some operations are abbreviated for simplicity. Note that
the diagram does not use actual method names. The names used are intended to indicate the
nature of the call being made.

The diagram shows how an implementation of a Material Object is required in order to pass
data from the PME to the Property Package and from the Property Package to the external
Equilibrium Calculator component. The Equilibrium Calculator stores its results using the
Material Object. The diagram does not show the interaction between the Equilibrium
Calculator and the Material Object during the CalcEquilibrium call, but typically the
Equilibrium Calculator will call back to the Material Object for Property data, Property
Calculations and compound data.
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S1:Stream

Request Flash <create>
mS1:material object

This represents an external
Property Package which
uses an Equilibrium
Calculator
Component. It can only
access the mS1 object via
CAPE-OPEN interfaces

:PME :PMEPropertySystem

Set Compounds :XYZPropertyPackage

Flash(t,p,z,…)

Set t, p, z,…

Set phases

Set Material(mS1)

Get Phases

Get compounds

Get t,p,z,…

Get Composition/Phases

Return composition
and Phases

Get Composition
and Phases

Check compounds

Check phases

Calculate Equilibrium

Using GetComponentList
From the
ICapeThermoCompounds
interface

All communication used to
configure a Material Object uses
proprietary methods, not CAPE-
OPEN interfaces because the CAPE-
OPEN interface do not define how a
Material Object is constructed.

Using GetPhaseList
From the
ICapeThermoPhases
interface Using GetSinglePhaseProp,

GetTwoPhaseProp,
SetSinglePhaseProp and
SetTwoPhaseProp
from the
ICapeThermoMaterial
interface

Using SetMaterial
From the
ICapeThermoMaterialConte
xt interface

Set Material(mo2)

Mo2:
XYZMaterialObject

<create>

:ABCFlash

Set Data

Set Composition/Phases

Get Composition/Phases

During its calculation the
Equilibrium Calculator will
call the Material Object it
has been passed to request
property calculations and
access to compound data.
This interaction is not shown
here.

Calculate Equilibrium

Set Composition/Phases

Figure 5: Conceptual Sequence Diagram
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5.4 Equilibrium Calculator behaviour
An Equilibrium Calculator component is expected to compute the amounts (phase fractions)
and compositions of all Phases at equilibrium and it can be used to calculate overall
Temperature and Pressure if these are not specified. It must set Temperature and Pressure for
all Phases present at equilibrium as well as for “Overall” if not already specified. A phase
may be present in zero amount, for example the liquid phase in a dew point calculation. The
calculation should not update or set any other Physical Property in the Material Object it has
been passed. In particular it must not set any properties for phases that are not present. If it
requests a Physical Property Calculation as part of executing the Equilibrium Calculation,
the resulting value must not be stored in the Material Object.

The reason for insisting on no side effects is that clients may come to rely on them, even
though they are not part of the CAPE-OPEN standards.

5.5 Physical Property Calculator component responsibilities
A Physical Property Calculator component must implement the ICapeThermo-
PropertyRoutine and ICapeThermoMaterialContext interfaces. In turn it uses the
ICapeThermoMaterial interface passed to it via its ICapeThermoMaterialContext
SetMaterial method to access the data describing the Material being worked on from a
Material Object and to update the Material’s properties. The ICapeIdentification [4] and
Error Interfaces [5] must be implemented by all CAPE-OPEN components.

A Physical Property Calculator whose calculations are restricted to particular Compounds
must implement support for the ICapeThermoCompounds interface so that any Property
Package that uses it can check consistency. A Property Calculator that does not implement
the ICapeThermoCompounds interface is assumed to be able to perform its calculations for
any Compound.

Similarly, a Property Calculator whose calculations are restricted to particular Phases must
implement support for the ICapeThermoPhases interface for the same reason of consistency.
A Property Calculator that does not implement the ICapeThermoPhases interface is assumed
to be able to perform its calculations for any Phase. Typically, a Property Calculator will
need to implement support for ICapeThermoPhases.

ICapeThermoPropertyRoutine

ICapeThermoCompounds (optional)

ICapeThermoMaterial

ICapeThermoMaterialContext

ICapeThermoPhases (optional)

ICapeIdentification

Error interfaces

ICapeUtilities (optional)



26

The ICapeUtilities interface [17] may be implemented if the Property Calculator requires to
make use of facilities provided by this interface, for example, the Initialize method.

The following conceptual sequence diagram shows the expected interaction between a PME,
a Property Package, a Physical Property Calculator component and a Material Object when a
Physical Property Calculation is performed. As before, this sequence diagram is a sketch, so
some operations are abbreviated for simplicity. As before, note that the diagram does not use
actual method names. The names used are intended to indicate the nature of the call being
made.

The pattern of calls used for the Equilibrium Calculation is used again here. The PME
Material Object acts as an intermediary between the PME and the Physical Property
Calculator component. A second Material Object constructed by the Physical Property
Package act as intermediary between the Property Package and the Property Calculator.
According to this diagram, the lifetime of a Material Objects is very short; it only exists for
as long as the object that creates it needs to communicate with the external component. In
general, the creator of a Material Object will determine how long it needs to exist.
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Figure 6: Conceptual Sequence Diagram
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The next two conceptual sequence diagrams show the expected interaction between a PME,
a Property Package component and a Unit Operation component when the Unit Operation is
asked to calculate its outlets. The diagrams showing the interactions with Equilibrium
Calculators and Property Calculators already show the interaction between a PME and
Property Package for Equilibrium and Physical Property Calculations.

In the first diagram, a PME is asked to import a Property Package, which is to be used by a
CAPE-OPEN Unit Operation. The PME has to check that there is compatibility between the
Compounds and Phases that the Property Package contains and that the Physical Properties
that it needs can be calculated.

In the second diagram, streams are connected to a CAPE-OPEN Unit Operation and the Unit
Operation is asked to perform a calculation. A Material Object that implements the Material
interfaces, the Equilibrium Calculator interfaces and the Physical Property Calculator
interfaces is required as an intermediary between the PME and the Unit Operation, so that
the Unit Operation can request Equilibrium and Physical Property Calculations for the
Materials connected to its Ports. Here, the Material Object is just a wrapper for the PME’s
representation of a stream, so the only data it holds is a stream name. Any requests made to
it are forwarded to the PME, for stream data, or to the PME ThermoSubsystem for
calculations.

Once again, these sequence diagrams are sketches, so some operations are abbreviated for
simplicity and the method names used are intended to describe the intent of the call.

ICapeThermoMaterialContext

ICapeThermoMaterial

ICapeThermoPropertyRoutine

ICapeThermoPhases

ICapeThermoCompounds

ICapeThermoEquilibriumRoutine

ICapeThermoUniversalConstants

ICapeIdentification

Error interfaces

ICapeUtilities (optional)
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5.8 Property Package component behaviour
A Property Package is permitted to use the ICapeThermoCompounds, ICapeThermo
UniversalConstants and ICapeThermoPropertyRoutine interfaces supported by the Material
Object passed to the Property Package by the PME. The PME is required to support these
call backs in order to make it possible to write Property Packages with minimum effort (for
example just providing calculation routines and not pure compound physical properties). It
allows the writer of a Property Package to take advantage of typical PME functionality:
providing Universal Constants, Compound constants and Physical Property Calculations.

A Property Package that is configured to use external Property Calculator and Equilibrium
Calculator components must be able to provide them with Material Objects in order to pass
and receive data.

One implementation would be for the Property Package to provide its own Material Object
implementation so that it can decide whether to handle the call itself or to pass it on to the
PME via the PME’s Material Object. The disadvantage with this solution is that
implementing a Material Object is not simple.

The alternative implementation would be for the Property Package to pass the Material
Object that it was given by its calling PME. The consequence of this implementation is that
when the Property Calculator (or Equilibrium Calculator) calls a method of one of the
ICapeThermoCompounds, ICapeThermoUniversalConstants or ICapeThermoProperty-
Routine interfaces implemented by the Material Object, the call will be handled by the PME,
instead of the Property Package, because the Material Object is not aware of the Property
Package. With this alternative, the PME should insure that there is no loop arising any call
back.

The sequence diagrams showing Property Calculator and Equilibrium Calculator behaviour
both show this approach.

When a Property Package implements the functionality of a Physical Property Calculator
without using external Property Calculator components it must show the behaviour
described for a Physical Property Calculator component in 5.6: no side effects resulting from
calculations and support for different enthalpy and entropy references. A Property package
component must only set properties on a passed Material Object if those properties have
been requested explicitly. Unlike a Physical Property Calculator, a Property Package must
implement support for the ICapeThermoCompounds and ICapeThermoPhases interfaces so
that it can be used correctly by a PME.

When a Property Package implements the functionality of an Equilibrium Calculator without
using an external Equilibrium Calculator component it must show the behaviour described
for an Equilibrium Calculator component in 5.4: to set temperature pressure and composition
for all Phases calculated to be present – with no side effects from internal calculations.

5.9 Property Package Manager responsibilities
A Property Package Manager component is responsible for managing a set of Property
Packages. It implements the ICapeThermoPropertyPackageManager interface which allows
a client to get a list of the names of the Property Packages managed by the component and to
request that a Property Package be instantiated.

The main purpose of a Property Package Manager is to allow a component developer to
implement the instantiation of a Property Package in a proprietary way, which is
independent of the middleware being used.
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As an example, assume that a Property Package Manager stores the description of its
Property Packages in text files. When a client requests a Property Package to be instantiated,
the Property Package Manager instantiates a generic object that supports the interfaces of a
Property Package component. This component then reads the corresponding data file in
order to configure itself.

As a primary CAPE-OPEN component, a Property Package Manager may allow a client to
edit Property Packages and to create new ones.

5.10 COM Implementation details
In COM the mechanism used to access any other interface supported by the object or
component is a call to the QueryInterface method, which is inherited by all COM interfaces.

To aid identification, the Property Packages managed by a COM Property Package Manager
need to be described using the ‘CapeDescription’ registry entries specified in [8]. Since
managed Property Packages do not have their own registry entries, their ‘CapeDescription’
entries are written as part of the registry entries for the Property Package Manager
component using the following structure of keys:

HKEY_CLASSES_ROOT\CLSID

\{<Property Package Manager Class id>}

\CapeDescription

<values describing the Property Package Manager component>

\PropertyPackages

\<Name of first Property Package>

\CapeDescription

<values describing the first Property Package >

\<Name of second Property Package>

\CapeDescription

<values describing the second Property Package >

and so on for each Property Package.

Some users will not have the necessary privileges to write to “system” areas of the registry,
in which case the Property Package entries should be written to the
HKEY_CURRENT_USER area of the registry. The format of the entries is the same as
described above except that they are located under:

HKEY_CURRENT_USER\Software\Classes\CLSID

PMEs that present lists of available Property Packages to the user must aggregate the
contents of the HKEY_CURRENT_USER and HKEY_CLASSES_ROOT entries for each
Property Package Manager to show a complete list of the available Property Packages.
Where a Property Package with the same name occurs in both lists the
HKEY_CURRENT_USER entry takes precedence.
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Consistent with previous version of the CAPE-OPEN standard, COM Category Ids are
defined for the Thermodynamic and Physical Property component types in order to provide a
mechanism to allow a PME to identify installed components that are compliant with this
version of the standard.

Description Category ID

CAPE-OPEN 1.1 Property Package
Manager

CF51E383-0110-4ed8-ACB7-B50CFDE6908E

CAPE-OPEN 1.1 Property Package CF51E384-0110-4ed8-ACB7-B50CFDE6908E

CAPE-OPEN 1.1 Physical Property
Calculator

CF51E385-0110-4ed8-ACB7-B50CFDE6908E

CAPE-OPEN 1.1 Equilibrium
Calculator

CF51E386-0110-4ed8-ACB7-B50CFDE6908E

Developers of CAPE-OPEN 1.1 Thermodynamic and Physical Property components must,
as part of the installation procedures for their components, ensure that these Category Ids
with these descriptions exist in the registry of the machine where the components are being
installed. If these category ids do not exist, then the installation procedure should create
them.

For COM implementations, CO-LaN provides an installation kit that installs the CAPE-
OPEN type libraries and creates all the necessary Category ids for registering components.
For COM developers, CO-LaN also provides an install merge module that can be integrated
with the installation kit for other components so that when the component is installed the
type libraries will also be installed.

5.11 CORBA Implementation details
In CORBA implementations, a casting mechanism is used to select between the interfaces
inherited by an implementation class.

There are no other CORBA-specific implementation details.
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ClearAllProps

Interface Name ICapeThermoMaterial

Method Name ClearAllProps

Returns CapeError

Description

Remove all stored Physical Property values.

Arguments

Name Type Description

Notes

ClearAllProps removes all stored Physical Properties that have been set using the
SetSinglePhaseProp, SetTwoPhaseProp or SetOverallProp methods. This means that any
subsequent call to retrieve Physical Properties will result in an exception until new values
have been stored using one of the Set methods. ClearAllProps does not remove the
configuration information for a Material, i.e. the list of Compounds and Phases.

Using the ClearAllProps method results in a Material Object that is in the same state as
when it was first created. It is an alternative to using the CreateMaterial method but it is
expected to have a smaller overhead in operating system resources.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists but it is not supported by the current implementation.

ECapeUnknown - The error to be raised when other error(s), specified for this operation, are
not suitable.
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CreateMaterial

Interface Name ICapeThermoMaterial

Method Name CreateMaterial

Returns CapeError

Description

Creates a Material Object with the same configuration as the current Material Object.

Arguments

Name Type Description

[out, retval]
materialObject

CapeInterface The interface for the Material Object.

Notes

The Material Object created does not contain any non-constant Physical Property value but
has the same configuration (Compounds and Phases) as the current Material Object. These
Physical Property values must be set using SetSinglePhaseProp, SetTwoPhaseProp or
SetOverallProp. Any attempt to retrieve Physical Property values before they have been set
will result in an exception.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists but it is not supported by the current implementation.

ECapeFailedInitialisation – The pre-requisites for the creation of the Material Object are not
valid. The necessary initialisation has not been performed or has failed.

ECapeOutOfResources - The physical resources necessary to the creation of the Material
Object are out of limits.

ECapeNoMemory - The physical memory necessary to the creation of the Material Object is
out of limit.

ECapeUnknown – The error to be raised when other error(s), specified for this operation, are
not suitable.
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CopyFromMaterial

Interface Name ICapeThermoMaterial

Method Name CopyFromMaterial

Returns CapeError

Description

Copies all the stored non-constant Physical Properties (which have been set using the
SetSinglePhaseProp, SetTwoPhaseProp or SetOverallProp) from the source Material Object to the
current instance of the Material Object.

Arguments

Name Type Description

[in] source CapeInterface Source Material Object from which stored properties
will be copied.

Notes

Before using this method, the Material Object must have been configured with the same
exact list of Compounds and Phases as the source one. Otherwise, calling the method will
raise an exception. There are two ways to perform the configuration: through the PME
proprietary mechanisms and with CreateMaterial. Calling CreateMaterial on a Material
Object S and subsequently calling CopyFromMaterial(S) on the newly created Material
Object N is equivalent to the deprecated method ICapeMaterialObject.Duplicate.

The method is intended to be used by a client, for example a Unit Operation that needs a
Material Object to have the same state as one of the Material Objects it has been connected
to. One example is the representation of an internal stream in a distillation column.

If the Material Object supports the Petroleum Fractions Interface [7] the petroleum fraction
properties are also copied from the source Material Object to the current instance of the
Material Object.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists but it is not supported by the current implementation.

ECapeFailedInitialisation – The pre-requisites for copying the non-constant Physical
Properties of the Material Object are not valid. The necessary initialisation, such as
configuring the current Material with the same Compounds and Phases as the source, has not
been performed or has failed.

ECapeOutOfResources - The physical resources necessary to copy the non-constant Physical
Properties are out of limits.

ECapeNoMemory - The physical memory necessary to copy the non-constant Physical
Properties is out of limit.

ECapeUnknown – The error to be raised when other error(s), specified for this operation, are
not suitable.
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GetOverallProp

Interface Name ICapeThermoMaterial

Method Name GetOverallProp

Returns CapeError

Description

Retrieves non-constant Physical Property values for the overall mixture.

Arguments

Name Type Description
[in] property CapeString The identifier of the Physical Property for which values

are requested. This must be one of the single-phase
Physical Properties or derivatives that can be stored for
the overall mixture. The standard identifiers are listed
in sections 7.5.5 and 7.6.

[in] basis CapeString Basis of the results. Valid settings are: “Mass” for
Physical Properties per unit mass or “Mole” for molar
properties. Use UNDEFINED as a place holder for a
Physical Property for which basis does not apply. See
section 7.5.5 for details.

[ACTUALLYout]r
esults

CapeArrayDouble Results vector containing Physical Property value(s) in
SI units.

Notes

The Physical Property values returned by GetOverallProp refer to the overall mixture. These
values are set by calling the SetOverallProp method. Overall mixture Physical Properties are
not calculated by components that implement the ICapeThermoMaterial interface. The
property values are only used as input specifications for the CalcEquilibrium method of a
component that implements the ICapeThermoEquilibriumRoutine interface.

It is expected that this method will normally be able to provide Physical Property values on
any basis, i.e. it should be able to convert values from the basis on which they are stored to
the basis requested. This operation will not always be possible. For example, if the
molecular weight is not known for one or more Compounds, it is not possible to convert
between a mass basis and a molar basis.

Although the result of some calls to GetOverallProp will be a single value, the return type is
CapeArrayDouble and the method must always return an array even if it contains only a
single element.

Exceptions

ECapeNoImpl – The operation GetOverallProp is “not” implemented even if this method
can be called for reasons of compatibility with the CAPE-OPEN standards. That is to say
that the operation exists but it is not supported by the current implementation.

ECapeThrmPropertyNotAvailable – The Physical Property required is not available from the
Material Object, possibly for the basis requested. This exception is raised when a Physical
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Property value has not been set following a call to the CreateMaterial or ClearAllProps
methods.

ECapeInvalidArgument – To be used when an invalid argument value was passed, for
example UNDEFINED for property.

EcapeFailedInitialisation - The pre-requisites are not valid. The necessary initialisation has
not been performed or has failed.

ECapeUnknown – The error to be raised when other error(s), specified for this operation are
not suitable.
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GetOverallTPFraction

Interface Name ICapeThermoMaterial

Method Name GetOverallTPFraction

Returns CapeError

Description

Retrieves temperature, pressure and composition for the overall mixture.

Arguments

Name Type Description

[ACTUALLYout]
temperature

CapeDouble Temperature (in K)

[ACTUALLYout]
pressure

CapeDouble Pressure (in Pa)

[ACTUALLYout]
composition

CapeArrayDouble Composition (mole fractions)

Notes

This method is provided to make it easier for developers to make efficient use of the CAPE-
OPEN interfaces. It returns the most frequently requested information from a Material
Object in a single call.

There is no choice of basis in this method. The composition is always returned as mole
fractions.

Exceptions

ECapeNoImpl – The operation GetOverallTPFraction is “not” implemented even if this
method can be called for reasons of compatibility with the CAPE-OPEN standards. That is
to say that the operation exists but it is not supported by the current implementation.

ECapeThrmPropertyNotAvailable – One of the Physical Properties is not available from the
Material Object. This exception is raised when a Physical Property value has not been set
following a call to the CreateMaterial method or the value has been erased by a call to the
ClearAllProps methods.

EcapeFailedInitialisation - The pre-requisites are not valid. The necessary initialization has
not been performed, or has failed.

ECapeUnknown – The error to be raised when other error(s), specified for this operation, are
not suitable.
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GetPresentPhases

Interface Name ICapeThermoMaterial
Method Name GetPresentPhases

Returns CapeError

Description

Returns Phase labels for the Phases that are currently present in the Material Object.

Arguments

Name Type Description
[ACTUALLYout]
phaseLabels

CapeArrayString The list of Phase labels (identifiers – names) for the
Phases present in the Material Object.

The Phase labels in the Material Object must be a
subset of the labels returned by the GetPhaseList
method of the ICapeThermoPhases interface.

[ACTUALLYout]
phaseStatus

CapeArrayEnumer
ation

Array of Phase status flags corresponding to each of
the Phase labels. See description below.

Notes

A Phase is ‘present’ in a Material Object (or other component that implements the
ICapeThermoMaterial interface) if it has been explicitly made present by calling the
SetPresentPhases method or if any properties have been set by calling the
SetSinglePhaseProp or SetTwoPhaseProp methods. Even if a Phase is present, it does not
necessarily imply that any Physical Properties are actually set unless the phaseStatus is
Cape_AtEquilibrium or Cape_Estimates (see below). Note that calling the SetPresentPhases
method of the ICapeThermoMaterial interface will cause any phases not specified in its
phaseLabels list to not present, even if previously present as a result of a SetSingle-
PhaseProp or SetTwoPhaseProp call.

If no Phases are present, UNDEFINED should be returned for both the phaseLabels and
phaseStatus arguments.

The phaseStatus argument contains as many entries as there are Phase labels. The valid
settings are listed in the following table:

Identifier Meaning
Cape_UnknownPhaseStatus This is the normal setting when a Phase is specified as being available

for an Equilibrium Calculation.

Cape_AtEquilibrium The Phase has been set as present as a result of an Equilibrium
Calculation.

Cape_Estimates Estimates of the equilibrium state have been set in the Material Object.

All the Phases with a status of Cape_AtEquilibrium have values of temperature, pressure,
composition and Phase fraction set that correspond to an equilibrium state, i.e. equal
temperature, pressure and fugacities of each Compound. Phases with a Cape_Estimates
status have values of temperature, pressure, composition and Phase fraction set in the
Material Object. These values are available for use by an Equilibrium Calculator component
to initialise an Equilibrium Calculation. The stored values are available but there is no
guarantee that they will be used.
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GetSinglePhaseProp

Interface Name ICapeThermoMaterial

Method Name GetSinglePhaseProp

Returns CapeError

Description

Retrieves single-phase non-constant Physical Property values for a mixture.

Arguments

Name Type Description

[in] property CapeString The identifier of the Physical Property for which values
are requested. This must be one of the single-phase
Physical Properties or derivatives. The standard
identifiers are listed in sections 7.5.5 and 7.6.

[in] phaseLabel CapeString Phase label of the Phase for which the Physical
Property is required. The Phase label must be one of
the identifiers returned by the GetPresentPhases
method of this interface.

[in] basis CapeString Basis of the results. Valid settings are: “Mass” for
Physical Properties per unit mass or “Mole” for molar
properties. Use UNDEFINED as a place holder for a
Physical Property for which basis does not apply. See
section 7.5.5 for details.

[ACTUALLYout]
results

CapeVariant Results vector (CapeArrayDouble) containing Physical
Property value(s) in SI units or CapeInterface (see
notes).

Notes

The results argument returned by GetSinglePhaseProp is either a CapeArrayDouble that
contains one or more numerical values, e.g. temperature, or a CapeInterface that may be
used to retrieve single-phase Physical Properties described by a more complex data
structure, e.g. distributed properties.

It is required that a component that implements the ICapeThermoMaterial interface will
always support the following properties: temperature, pressure, fraction, phaseFraction,
flow, totalFlow.

Although the result of some calls to GetSinglePhaseProp may be a single numerical value,
the return type for numerical values is CapeArrayDouble and in such a case the method must
return an array even if it contains only a single element.

A Phase is ‘present’ in a Material if its identifier is returned by the GetPresentPhases
method. An exception is raised by the GetSinglePhaseProp method if the Phase specified is
not present. Even if a Phase is present, this does not necessarily mean that any Physical
Properties are available.

The Physical Property values returned by GetSinglePhaseProp refer to a single Phase. These
values may be set by the SetSinglePhaseProp method, which may be called directly, or by
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other methods such as the CalcSinglePhaseProp method of the
ICapeThermoPropertyRoutine interface or the CalcEquilibrium method of the
ICapeThermoEquilibriumRoutine interface. Note: Physical Properties that depend on more
than one Phase, for example surface tension or K-values, are returned by the
GetTwoPhaseProp method.

It is expected that this method will normally be able to provide Physical Property values on
any basis, i.e. it should be able to convert values from the basis on which they are stored to
the basis requested. This operation will not always be possible. For example, if the
molecular weight is not known for one or more Compounds, it is not possible to convert
from mass fractions or mass flows to mole fractions or molar flows.

Exceptions

ECapeNoImpl – The operation GetSinglePhaseProp is “not” implemented even if this
method can be called for reasons of compatibility with the CAPE-OPEN standards. That is
to say that the operation exists but it is not supported by the current implementation.

ECapeThrmPropertyNotAvailable – The property required is not available from the Material
Object possibly for the Phase label or basis requested. This exception is raised when a
property value has not been set following a call to the CreateMaterial or the value has been
erased by a call to the ClearAllProps methods.

ECapeInvalidArgument – To be used when an invalid argument value was passed: for
example UNDEFINED for property, or an unrecognised identifier for phaseLabel.

EcapeFailedInitialisation - The pre-requisites are not valid. The necessary initialisation has
not been performed, or has failed. This exception is returned if the Phase specified does not
exist.

ECapeUnknown – The error to be raised when other error(s), specified for this operation, are
not suitable.
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GetTPFraction

Interface Name ICapeThermoMaterial

Method Name GetTPFraction

Returns CapeError

Description

Retrieves temperature, pressure and composition for a Phase.

Arguments

Name Type Description

[in] phaseLabel CapeString Phase label of the Phase for which the property is
required. The Phase label must be one of the identifiers
returned by the GetPresentPhases method of this
interface.

[ACTUALLYout]
temperature

CapeDouble Temperature (in K)

[ACTUALLYout]
pressure

CapeDouble Pressure (in Pa)

[ACTUALLYout]
composition

CapeArrayDouble Composition (mole fractions)

Notes

This method is provided to make it easier for developers to make efficient use of the CAPE-
OPEN interfaces. It returns the most frequently requested information from a Material
Object in a single call.

There is no choice of basis in this method. The composition is always returned as mole
fractions.

To get the equivalent information for the overall mixture the GetOverallTPFraction method
of the ICapeThermoMaterial interface should be used.

Exceptions

ECapeNoImpl – The operation GetTPFraction is “not” implemented even if this method can
be called for reasons of compatibility with the CAPE-OPEN standards. That is to say that
the operation exists but it is not supported by the current implementation.

ECapeThrmPropertyNotAvailable – One of the properties is not available from the Material
Object. This exception is raised when a property value has not been set following a call to
the CreateMaterial or the value has been erased by a call to the ClearAllProps methods.

ECapeInvalidArgument – To be used when an invalid argument value was passed: for
example an unrecognized identifier for phaseLabel.

EcapeFailedInitialisation - The pre-requisites are not valid. The necessary initialization has
not been performed, or has failed. This exception is returned if the phase specified does not
exist.

ECapeUnknown – The error to be raised when other error(s), specified for this operation, are
not suitable.
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GetTwoPhaseProp

Interface Name ICapeThermoMaterial

Method Name GetTwoPhaseProp

Returns CapeError

Description

Retrieves two-phase non-constant Physical Property values for a mixture.

Arguments

Name Type Description

[in]property CapeString The identifier of the property for which values are
requested. This must be one of the two-phase Physical
Properties or Physical Property derivatives listed in
sections 7.5.6 and 7.6.

[in]phaseLabels CapeArrayString List of Phase labels of the Phases for which the
property is required. The Phase labels must be two of
the identifiers returned by the GetPhaseList method of
the Material Object.

[in]basis CapeString Basis of the results. Valid settings are: “Mass” for
Physical Properties per unit mass or “Mole” for molar
properties. Use UNDEFINED as a place holder for a
Physical Property for which basis does not apply. See
section 7.5.5 for details.

[ACTUALLYout]
results

CapeVariant Results vector (CapeArrayDouble) containing property
value(s) in SI units or CapeInterface (see notes).

Notes

The results argument returned by GetTwoPhaseProp is either a CapeArrayDouble that
contains one or more numerical values, e.g. kvalues, or a CapeInterface that may be used to
retrieve 2-phase Physical Properties described by a more complex data structure, e.g.
distributed Physical Properties.

Although the result of some calls to GetTwoPhaseProp may be a single numerical value, the
return type for numerical values is CapeArrayDouble and in such a case the method must
return an array even if it contains only a single element.

A Phase is ‘present’ in a Material if its identifier is returned by the GetPresentPhases
method. An exception is raised by the GetTwoPhaseProp method if any of the Phases
specified is not present. Even if all Phases are present, this does not necessarily mean that
any Physical Properties are available.

The Physical Property values returned by GetTwoPhaseProp depend on two Phases, for
example surface tension or K-values. These values may be set by the SetTwoPhaseProp
method that may be called directly, or by other methods such as the CalcTwoPhaseProp
method of the ICapeThermoPropertyRoutine interface, or the CalcEquilibrium method of the
ICapeThermoEquilibriumRoutine interface. Note: Physical Properties that depend on a
single Phase are returned by the GetSinglePhaseProp method.
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It is expected that this method will normally be able to provide Physical Property values on
any basis, i.e. it should be able to convert values from the basis on which they are stored to
the basis requested. This operation will not always be possible. For example, if the
molecular weight is not known for one or more Compounds, it is not possible to convert
between a mass basis and a molar basis.

If a composition derivative is requested this means that the derivatives are returned for both
Phases in the order in which the Phase labels are specified. The number of values returned
for a composition derivative will depend on the dimensionality of the property. For example,
if there are N Compounds then the results vector for the surface tension derivative will
contain N composition derivative values for the first Phase, followed by N composition

derivative values for the second Phase. For K-value derivative there will be N2 derivative

values for the first phase followed by N2 values for the second phase in the order defined in
7.6.2.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists, but it is not supported by the current implementation. This could be the case if two-
phase non-constant Physical Properties are not required by the PME and so there is no
particular need to implement this method.

ECapeThrmPropertyNotAvailable – the property required is not available from the Material
Object possibly for the Phases or basis requested.

ECapeFailedInitialisation - The pre-requisites are not valid. This exception is raised when a
call to the SetTwoPhaseProp method has not been performed, or has failed, or when one or
more of the Phases referenced does not exist.

ECapeInvalidArgument – To be used when an invalid argument value was passed: for
example, UNDEFINED for property, or an unrecognised identifier in phaseLabels.

ECapeUnknown – The error to be raised when other error(s), specified for this operation, are
not suitable.
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SetOverallProp

Interface Name ICapeThermoMaterial

Method Name SetOverallProp

Returns CapeError

Description

Sets non-constant property values for the overall mixture.

Arguments

Name Type Description

[in] property CapeString The identifier of the property for which values are set.
This must be one of the single-phase properties or
derivatives that can be stored for the overall mixture.
The standard identifiers are listed in sections 7.5.5 and
7.6.

[in] basis CapeString Basis of the results. Valid settings are: “Mass” for
Physical Properties per unit mass or “Mole” for molar
properties. Use UNDEFINED as a place holder for a
Physical Property for which basis does not apply. See
section 7.5.5 for details.

[in] values CapeArrayDouble Values to set for the property.

Notes

The property values set by SetOverallProp refer to the overall mixture. These values are
retrieved by calling the GetOverallProp method. Overall mixture properties are not
calculated by components that implement the ICapeThermoMaterial interface. The property
values are only used as input specifications for the CalcEquilibrium method of a component
that implements the ICapeThermoEquilibriumRoutine interface.

Although some properties set by calls to SetOverallProp will have a single value, the type of
argument values is CapeArrayDouble and the method must always be called with values as
an array even if it contains only a single element.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists, but it is not supported by the current implementation. This method may not be
required if the PME does not deal with any single-phase property.

ECapeInvalidArgument - To be used when an invalid argument value was passed, that is a
value that does not belong to the valid list described above, for example UNDEFINED for
property.

ECapeOutOfBounds – one or more of the entries in the values argument is outside of the
range of values accepted by the Material Object.

ECapeUnknown – The error to be raised when other error(s), specified for the
SetSinglePhaseProp operation, are not suitable.
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Identifier Meaning

Cape_UnknownPhaseStatus This is the normal setting when a Phase is specified as being available
for an Equilibrium Calculation.

Cape_AtEquilibrium The Phase has been set as present as a result of an Equilibrium
Calculation.

Cape_Estimates Estimates of the equilibrium state have been set in the Material Object.

All the Phases with a status of Cape_AtEquilibrium must have properties that correspond to
an equilibrium state, i.e. equal temperature, pressure and fugacities of each Compound (this
does not imply that the fugacities are set as a result of the Equilibrium Calculation). The
Cape_AtEquilibrium status should be set by the CalcEquilibrium method of a component
that implements the ICapeThermoEquilibriumRoutine interface following a successful
Equilibrium Calculation. If the temperature, pressure or composition of an equilibrium Phase
is changed, the Material Object implementation is responsible for resetting the status of the
Phase to Cape_UnknownPhaseStatus. Other property values stored for that Phase should not
be affected.

Phases with an Estimates status must have values of temperature, pressure, composition and
phase fraction set in the Material Object. These values are available for use by an
Equilibrium Calculator component to initialise an Equilibrium Calculation. The stored
values are available but there is no guarantee that they will be used.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists, but it is not supported by the current implementation.

ECapeInvalidArgument - To be used when an invalid argument value was passed, that is a
value that does not belong to the valid list described above, for example if phaseLabels
contains UNDEFINED or phaseStatus contains a value that is not in the above table.

ECapeUnknown – The error to be raised when other error(s), specified for this operation, are
not suitable.
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SetSinglePhaseProp

Interface Name ICapeThermoMaterial

Method Name SetSinglePhaseProp

Returns CapeError

Description

Sets single-phase non-constant property values for a mixture.

Arguments

Name Type Description

[in] property CapeString The identifier of the property for which values are set.
This must be one of the single-phase properties or
derivatives. The standard identifiers are listed in
sections 7.5.5 and 7.6.

[in] phaseLabel CapeString Phase label of the Phase for which the property is set.
The phase label must be one of the strings returned by
the GetPhaseList method of the ICapeThermoPhases
interface.

[in] basis CapeString Basis of the results. Valid settings are: “Mass” for
Physical Properties per unit mass or “Mole” for molar
properties. Use UNDEFINED as a place holder for a
Physical Property for which basis does not apply. See
section 7.5.5 for details.

[in] values CapeVariant Values to set for the property (CapeArrayDouble) or
CapeInterface (see notes).

Notes

The values argument of SetSinglePhaseProp is either a CapeArrayDouble that contains one
or more numerical values to be set for a property, e.g. temperature, or a CapeInterface that
may be used to set single-phase properties described by a more complex data structure, e.g.
distributed properties.

It is required that a component that implements the ICapeThermoMaterial interface will
always support the following properties: temperature, pressure, fraction, phaseFraction,
flow, totalFlow.

Although some properties set by calls to SetSinglePhaseProp will have a single numerical
value, the type of the values argument for numerical values is CapeArrayDouble and in such
a case the method must be called with values containing an array even if it contains only a
single element.

The property values set by SetSinglePhaseProp refer to a single Phase. Properties that de-
pend on more than one Phase, for example surface tension or K-values, are set by the
SetTwoPhaseProp method of the ICapeThermoMaterial Interface.

To set a property using SetSinglePhaseProp, a phaseLabel identifier should be passed that is
supported by the Property Package or Material Object, i.e. one that appears in the list
returned by the GetPhaseList method of the ICapeThermoPhases interface. Setting such a
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property should cause the phase to be present on the Material Object, as if it were specified
in a call to SetPresentPhases with status Cape_UnknownPhaseStatus. The SetPresentPhases
method of this interface does not need to be called before calling SetSinglePhaseProp.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists but it is not supported by the current implementation. This method may not be
required if the PME does not deal with any single-phase properties.

ECapeInvalidArgument - To be used when an invalid argument value was passed, that is a
value that does not belong to the valid list described above, for example UNDEFINED for
property or phaseLabel is not in the list returned by GetPhaseList.

ECapeOutOfBounds – one or more of the entries in the values argument is outside of the
range of values accepted by the Material Object.

ECapeUnknown – The error to be raised when other error(s), specified for the
SetSinglePhaseProp operation, are not suitable.
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SetTwoPhaseProp

Interface Name ICapeThermoMaterial

Method Name SetTwoPhaseProp

Returns CapeError

Description

Sets two-phase non-constant property values for a mixture.

Arguments

Name Type Description

[in] property CapeString The property for which values are set in the Material
Object. This must be one of the two-phase properties or
derivatives included in sections 7.5.6 and 7.6.

[in] phaseLabels CapeArrayString Phase labels of the Phases for which the property is set.
The Phase labels must be two of the identifiers returned
by the GetPhaseList method of the
ICapeThermoPhases interface.

[in] basis CapeString Basis of the results. Valid settings are: “Mass” for
Physical Properties per unit mass or “Mole” for molar
properties. Use UNDEFINED as a place holder for a
Physical Property for which basis does not apply. See
section 7.5.5 for details.

[in] values CapeVariant Value(s) to set for the property (CapeArrayDouble) or
CapeInterface (see notes).

Notes

The values argument of SetTwoPhaseProp is either a CapeArrayDouble that contains one or
more numerical values to be set for a property, e.g. kvalues, or a CapeInterface that may be
used to set two-phase properties described by a more complex data structure, e.g. distributed
properties.

Although some properties set by calls to SetTwoPhaseProp will have a single numerical
value, the type of the values argument for numerical values is CapeArrayDouble and in such
a case the method must be called with the values argument containing an array even if it
contains only a single element.

The Physical Property values set by SetTwoPhaseProp depend on two Phases, for example
surface tension or K-values. Properties that depend on a single Phase are set by the
SetSinglePhaseProp method.

If a Physical Property with composition derivative is specified, the derivative values will be
set for both Phases in the order in which the Phase labels are specified. The number of
values returned for a composition derivative will depend on the property. For example, if
there are N Compounds then the values vector for the surface tension derivative will contain
N composition derivative values for the first Phase, followed by N composition derivative

values for the second Phase. For K-values there will be N2 derivative values for the first

phase followed by N2 values for the second phase in the order defined in 7.6.2.
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To set a property using SetTwoPhaseProp, phaseLabels identifiers should be passed that are
supported by the Property Package or Material Object, i.e. one that appears in the list returned by the
GetPhaseList method of the ICapeThermoPhases interface. Setting such a property should cause the
phases to be present on the Material Object, as if it were present in a call to SetPresentPhases with
status Cape_UnknownPhaseStatus. The SetPresentPhases method of this interface does not need to
be called before calling SetTwoPhaseProp.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists, but it is not supported by the current implementation. This method may not be re-
quired if the PME does not deal with any two-phase properties.

ECapeInvalidArgument – To be used when an invalid argument value was passed, that is a
value that does not belong to the valid lists described above, for example if UNDEFINED is
used for identifying the property, or the calculation type, or the phaseLabels argument con-
tains only one item or the phaseLabels are not in the list returned by GetPhaseList.

ECapeOutOfBounds – One or more of the entries in the values argument is outside of the
range of values accepted by the Material Object, for example, negative K-values.

ECapeUnknown – The error to be raised when other error(s), specified for this operation, are
not suitable.
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UnsetMaterial

Interface Name ICapeThermoMaterialContext

Method Name UnsetMaterial

Returns CapeError

Description

Removes any previously set Material interface.

Arguments

Name Type Description

Notes

The UnsetMaterial method removes any Material interface previously set by a call to the
SetMaterial method of the ICapeThermoMaterialContext interface. This means that any
methods of other interfaces that depend on having a valid Material Interface, for example
methods of the ICapeThermoPropertyRoutine or ICapeThermoEquilibriumRoutine
interfaces, should behave in the same way as if the SetMaterial method had never been
called.

If UnsetMaterial is called before a call to SetMaterial it has no effect and no exception
should be raised.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists, but it is not supported by the current implementation.

ECapeUnknown – The error to be raised when other error(s), specified for the operation, are
not suitable

.
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GetCompoundConstant

Interface Name ICapeThermoCompounds

Method Name GetCompoundConstant

Returns CapeError

Description

Returns the values of constant Physical Properties for the specified Compounds.

Arguments

Name Type Description

[in] props CapeArrayString The list of Physical Property identifiers. Valid
identifiers for constant Physical Properties are listed in
section 7.5.2.

[in] compIds CapeArrayString List of Compound identifiers for which constants are to
be retrieved. Set compIds to UNDEFINED to denote
all Compounds in the component that implements the
ICapeThermoCompounds interface.

[out, retval]
propvals

CapeArrayVariant Values of constants for the specified Compounds.

Notes

The GetConstPropList method can be used in order to check which constant Physical
Properties are available.

If the number of requested Physical Properties is P and the number of Compounds is C, the
propvals array will contain C*P variants. The first C variants will be the values for the first
requested Physical Property (one variant for each Compound) followed by C values of con-
stants for the second Physical Property, and so on. The actual type of values returned
(Double, String, etc.) depends on the Physical Property as specified in section 7.5.2.

Physical Properties are returned in a fixed set of units as specified in section 7.5.2.

If the compIds argument is set to UNDEFINED this is a request to return property values for
all compounds in the component that implements the ICapeThermoCompounds interface
with the compound order the same as that returned by the GetCompoundList method. For
example, if the interface is implemented by a Property Package component the property
request with compIds set to UNDEFINED means all compounds in the Property Package
rather than all compounds in the Material Object passed to the Property package.

If any Physical Property is not available for one or more Compounds, then undefined values
must be returned for those combinations and an ECapeThrmPropertyNotAvailable exception
must be raised. If the exception is raised, the client should check all the values returned to
determine which is undefined.

Exceptions

ECapeNoImpl – The operation GetCompoundConstant is “not” implemented even if this
method can be called for reasons of compatibility with the CAPE-OPEN standards. That is
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to say that the operation exists, but it is not supported by the current implementation. This
exception should be raised if no compounds or no properties are supported.

ECapeThrmPropertyNotAvailable – At least one item in the list of Physical Properties is not
available for a particular Compound. This exception is meant to be treated as a warning
rather than as an error.

ECapeLimitedImpl – One or more Physical Properties are not supported by the component
that implements this interface. This exception should also be raised if any element of the
props argument is not recognised since the list of Physical Properties in section 7.5.2 is not
intended to be exhaustive and an unrecognised Physical Property identifier may be valid. If
no Physical Properties at all are supported ECapeNoImpl should be raised (see above).

ECapeInvalidArgument – To be used when an invalid argument value is passed, for exam-
ple, an unrecognised Compound identifier or UNDEFINED for the props argument.

ECapeUnknown – The error to be raised when other error(s), specified for the operation, are
not suitable.

ECapeBadInvOrder – The error to be raised if the Property Package required the SetMaterial
method to be called before calling the GetCompoundConstant method. The error would not
be raised when the GetCompoundConstant method is implemented by a Material Object.
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GetCompoundList

Interface Name ICapeThermoCompounds

Method Name GetCompoundList

Returns CapeError

Description

Returns the list of all Compounds. This includes the Compound identifiers recognised and extra
information that can be used to further identify the Compounds.

Arguments

Name Type Description
[ACTUALLYout]
compIds

CapeArrayString List of Compound identifiers

[ACTUALLYout]
formulae

CapeArrayString List of Compound formulae

[ACTUALLYout]
names

CapeArrayString List of Compound names.

[ACTUALLYout]
boilTemps

CapeArrayDouble List of boiling point temperatures.

[ACTUALLYout]
molwts

CapeArrayDouble List of molecular weights.

[ACTUALLYout]
casnos

CapeArrayString List of Chemical Abstract Service (CAS) Registry
numbers.

Notes

If any item cannot be returned then the value should be set to UNDEFINED. The same in-
formation can also be extracted using the GetCompoundConstant method. The equivalences
between GetCompoundList arguments and Compound constant Physical Properties, as
specified in section 7.5.2, is given in the table below.

When the ICapeThermoCompounds interface is implemented by a Material Object, the list
of Compounds returned is fixed when the Material Object is configured.

For a Property Package component, the Property Package will normally contain a limited set
of Compounds selected for a particular application, rather than all possible Compounds that
could be available to a proprietary Properties System.

The compIds returned by the GetCompoundList method must be unique within the
component that implements the ICapeThermoCompounds interface. There is no restriction
on the length of the strings returned in compIds. However, it should be recognised that a
PME may restrict the length of Compound identifiers internally. In such a case the PME’s
CAPE-OPEN socket must maintain a method of mapping the, potentially long, identifiers
used by a CAPE-OPEN Property package component to the identifiers used within the PME.

In order to identify the Compounds of a Property Package, the PME, or other client, will use
the casnos argument rather than the compIds. This is because different PMEs and different
Property Packages may give different names to the same Compounds and the casnos is
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(almost always) unique. If the casnos is not available (e.g. for petroleum fractions), or not
unique, the other pieces of information returned by GetCompoundList can be used to
distinguish the Compounds. It should be noted, however, that for communication with a
Property Package a client must use the Compound identifiers returned in the compIds
argument. It is the responsibility of the client to maintain appropriate data structures that
allow it to reconcile the different Compound identifiers used by different Property Packages
and any native property system.

GetCompoundList
arguments Compound constant property
compIds No equivalence. compIds is an artefact, which is assigned by the

component that implements the GetCompoundList method.

This string must contain a unique Compound identifier such as
"benzene". It must be used in all the arguments which are named
“compIds” in the methods of the ICapeThermoCompounds and
ICapeThermoMaterial interfaces.

Formulae chemicalFormula

names iupacName

boilTemps normalBoilingPoint

molwts molecularWeight

casnos casRegistryNumber

Exceptions

ECapeNoImpl –The operation GetCompoundList is “not” implemented even if this method
can be called for reasons of compatibility with the CAPE-OPEN standards. That is to say
that the operation exists, but it is not supported by the current implementation.

ECapeUnknown –The error to be raised when other error(s), specified for the
GetCompoundList operation, are not suitable.

ECapeBadInvOrder – The error to be raised if the Property Package required the SetMaterial
method to be called before calling the GetCompoundList method. The error would not be
raised when the GetCompoundList method is implemented by a Material Object.
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GetConstPropList

Interface Name ICapeThermoCompounds

Method Name GetConstPropList

Returns CapeError

Description

Returns the list of supported constant Physical Properties.

Arguments

Name Type Description

[out, retval] props CapeArrayString List of identifiers for all supported constant
Physical Properties. The standard constant
property identifiers are listed in section 7.5.2.

Notes

GetConstPropList returns identifiers for all the constant Physical Properties that can be
retrieved by the GetCompoundConstant method. If no properties are supported,
UNDEFINED should be returned. The CAPE-OPEN standards do not define a minimum list
of Physical Properties to be made available by a software component that implements the
ICapeThermoCompounds interface.

A component that implements the ICapeThermoCompounds interface may return constant
Physical Property identifiers which do not belong to the list defined in section 7.5.2.
However, these proprietary identifiers may not be understood by most of the clients of this
component.

Exceptions

ECapeNoImpl –The operation GetConstPropList is “not” implemented even if this method
can be called for reasons of compatibility with the CAPE-OPEN standards. That is to say
that the operation exists, but it is not supported by the current implementation.

ECapeUnknown – The error to be raised when other error(s), specified for the Get-
ConstPropList operation, are not suitable.

ECapeBadInvOrder – The error to be raised if the Property Package required the SetMaterial
method to be called before calling the GetConstPropList method. The error would not be
raised when the GetConstPropList method is implemented by a Material Object.
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GetNumCompounds

Interface Name ICapeThermoCompounds

Method Name GetNumCompounds

Returns CapeError

Description

Returns the number of Compounds supported.

Arguments

Name Type Description

[out, retval] num CapeLong Number of Compounds supported.

Notes

The number of Compounds returned by this method must be equal to the number of
Compound identifiers that are returned by the GetCompoundList method of this interface. It
must be zero or a positive number.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists, but it is not supported by the current implementation.

ECapeUnknown – The error to be raised when other error(s), specified for this operation, are
not suitable.

ECapeBadInvOrder – The error to be raised if the Property Package required the SetMaterial
method to be called before calling the GetNumCompounds method. The error would not be
raised when the GetNumCompounds method is implemented by a Material Object.
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GetPDependentProperty

Interface Name ICapeThermoCompounds

Method Name GetPDependentProperty

Returns CapeError

Description

Returns the values of pressure-dependent Physical Properties for the specified pure Compounds.

Arguments

Name Type Description

[in] props CapeArrayString The list of Physical Property identifiers. Valid
identifiers for pressure-dependent Physical Properties
are listed in section 7.5.4

[in] pressure CapeDouble Pressure (in Pa) at which Physical Properties are
evaluated

[in] compIds CapeArrayString List of Compound identifiers for which Physical
Properties are to be retrieved. Set compIds to
UNDEFINED to denote all Compounds in the
component that implements the
ICapeThermoCompounds interface.

[ACTUALLYout]
propvals

CapeArrayDouble Property values for the Compounds specified.

Notes

The GetPDependentPropList method can be used in order to check which Physical
Properties are available.

If the number of requested Physical Properties is P and the number Compounds is C, the
propvals array will contain C*P values. The first C will be the values for the first requested
Physical Property followed by C values for the second Physical Property, and so on.

Physical Properties are returned in a fixed set of units as specified in section 7.5.4.

If the compIds argument is set to UNDEFINED this is a request to return property values for
all compounds in the component that implements the ICapeThermoCompounds interface
with the compound order the same as that returned by the GetCompoundList method. For
example, if the interface is implemented by a Property Package component the property
request with compIds set to UNDEFINED means all compounds in the Property Package
rather than all compounds in the Material Object passed to the Property package.

If any Physical Property is not available for one or more Compounds, then undefined values
must be returned for those combinations and an ECapeThrmPropertyNotAvailable exception
must be raised. If the exception is raised, the client should check all the values returned to
determine which is undefined.
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Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists, but it is not supported by the current implementation. This exception should be raised
if no Compounds or no Physical Properties are supported.

ECapeLimitedImpl – One or more Physical Properties are not supported by the component
that implements this interface. This exception should also be raised (rather than
ECapeInvalidArgument) if any element of the props argument is not recognised since the list
of Physical Properties in section 7.5.4 is not intended to be exhaustive and an unrecognised
Physical Property identifier may be valid. If no Physical Properties at all are supported,
ECapeNoImpl should be raised (see above).

ECapeInvalidArgument – To be used when an invalid argument value is passed, for example
UNDEFINED for argument props.

ECapeOutOfBounds – The value of the pressure is outside of the range of values accepted
by the Property Package.

ECapeThrmPropertyNotAvailable – at least one item in the properties list is not available for
a particular compound.

ECapeUnknown – The error to be raised when other error(s), specified for the operation, are
not suitable.

ECapeBadInvOrder – The error to be raised if the Property Package required the SetMaterial
method to be called before calling the GetPDependentProperty method. The error would not
be raised when the GetPDependentProperty method is implemented by a Material Object.
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GetPDependentPropList

Interface Name ICapeThermoCompounds

Method Name GetPDependentPropList

Returns CapeError

Description

Returns the list of supported pressure-dependent properties.

Arguments

Name Type Description

[out, retval] props CapeArrayString The list of Physical Property identifiers for all
supported pressure-dependent properties. The standard
identifiers are listed in section 7.5.4

Notes

GetPDependentPropList returns identifiers for all the pressure-dependent properties that can
be retrieved by the GetPDependentProperty method. If no properties are supported
UNDEFINED should be returned. The CAPE-OPEN standards do not define a minimum list
of Physical Properties to be made available by a software component that implements the
ICapeThermoCompounds interface.

A component that implements the ICapeThermoCompounds interface may return identifiers
which do not belong to the list defined in section 7.5.4. However, these proprietary
identifiers may not be understood by most of the clients of this component.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists, but it is not supported by the current implementation.

ECapeUnknown – The error to be raised when other error(s), specified for the operation, are
not suitable.

ECapeBadInvOrder – The error to be raised if the Property Package required the SetMaterial
method to be called before calling the GetPDependentPropList method. The error would not
be raised when the GetPDependentPropList method is implemented by a Material Object.
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GetTDependentProperty

Interface Name ICapeThermoCompounds

Method Name GetTDependentProperty

Returns CapeError

Description

Returns the values of temperature-dependent Physical Properties for the specified pure Compounds.

Arguments

Name Type Description

[in] props CapeArrayString The list of Physical Property identifiers. Valid
identifiers for temperature-dependent Physical
Properties are listed in section 7.5.3

[in] temperature CapeDouble Temperature (in K) at which properties are evaluated

[in] compIds CapeArrayString List of Compound identifiers for which Physical
Properties are to be retrieved. Set compIds to
UNDEFINED to denote all Compounds in the
component that implements the
ICapeThermoCompounds interface.

[ACTUALLYout]
propvals

CapeArrayDouble Physical Property values for the Compounds specified.

Notes

The GetTDependentPropList method can be used in order to check which Physical
Properties are available.

If the number of requested Physical Properties is P and the number of Compounds is C, the
propvals array will contain C*P values. The first C will be the values for the first requested
Physical Property followed by C values for the second Physical Property, and so on.

Properties are returned in a fixed set of units as specified in section 7.5.3.

If the compIds argument is set to UNDEFINED this is a request to return property values for
all compounds in the component that implements the ICapeThermoCompounds interface
with the compound order the same as that returned by the GetCompoundList method. For
example, if the interface is implemented by a Property Package component the property
request with compIds set to UNDEFINED means all compounds in the Property Package
rather than all compounds in the Material Object passed to the Property package.

If any Physical Property is not available for one or more Compounds, then undefined values
must be returned for those combinations and an ECapeThrmPropertyNotAvailable exception
must be raised. If the exception is raised, the client should check all the values returned to
determine which is undefined.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
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exists, but it is not supported by the current implementation. This exception should be raised
if no Compounds or no Physical Properties are supported.

ECapeLimitedImpl – One or more Physical Properties are not supported by the component
that implements this interface. This exception should also be raised (rather than
ECapeInvalidArgument) if any element of the props argument is not recognised since the list
of properties in section 7.5.3 is not intended to be exhaustive and an unrecognised Physical
Property identifier may be valid. If no properties at all are supported ECapeNoImpl should
be raised (see above).

ECapeInvalidArgument – To be used when an invalid argument value is passed, for example
UNDEFINED for argument props.

ECapeOutOfBounds – The value of the temperature is outside of the range of values ac-
cepted by the Property Package.

ECapeThrmPropertyNotAvailable – at least one item in the properties list is not available for
a particular compound.

ECapeUnknown – The error to be raised when other error(s), specified for the operation, are
not suitable.

ECapeBadInvOrder – The error to be raised if the Property Package required the SetMaterial
method to be called before calling the GetTDependentProperty method. The error would not
be raised when the GetTDependentProperty method is implemented by a Material Object.
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GetTDependentPropList

Interface Name ICapeThermoCompounds

Method Name GetTDependentPropList

Returns CapeError

Description

Returns the list of supported temperature-dependent Physical Properties.

Arguments

Name Type Description

[out, retval] props CapeArrayString The list of Physical Property identifiers for all
supported temperature-dependent properties. The
standard identifiers are listed in section 7.5.3

Notes

GetTDependentPropList returns identifiers for all the temperature-dependent Physical
Properties that can be retrieved by the GetTDependentProperty method. If no properties are
supported UNDEFINED should be returned. The CAPE-OPEN standards do not define a
minimum list of properties to be made available by a software component that implements
the ICapeThermoCompounds interface.

A component that implements the ICapeThermoCompounds interface may return identifiers
which do not belong to the list defined in section 7.5.3. However, these proprietary identifi-
ers may not be understood by most of the clients of this component.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists, but it is not supported by the current implementation.

ECapeUnknown – The error to be raised when other error(s), specified for the operation, are
not suitable.

ECapeBadInvOrder – The error to be raised if the Property Package required the SetMaterial
method to be called before calling the GetTDependentPropList method. The error would not
be raised when the GetTDependentPropList method is implemented by a Material Object.
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GetNumPhases

Interface Name ICapeThermoPhases

Method Name GetNumPhases

Returns CapeError

Description

Returns the number of Phases.

Arguments

Name Type Description

[out, retval] num CapeLong The number of Phases supported.

Notes

The number of Phases returned by this method must be equal to the number of Phase labels
that are returned by the GetPhaseList method of this interface. It must be zero, or a positive
number.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists, but it is not supported by the current implementation.

ECapeUnknown – The error to be raised when other error(s), specified for this operation, are
not suitable.
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GetPhaseInfo

Interface Name ICapeThermoPhases

Method Name GetPhaseInfo

Returns CapeError

Description

Returns information on an attribute associated with a Phase for the purpose of understanding what
lies behind a Phase label.

Arguments

Name Type Description
[in] phaseLabel CapeString A (single) Phase label. This must be one of the values

returned by GetPhaseList method.

[in] phaseAttribute CapeString One of the Phase attribute identifiers from the table
below.

[out, retval] value CapeVariant The value corresponding to the Phase attribute identifier –
see table below.

Notes

GetPhaseInfo is intended to allow a PME, or other client, to identify a Phase with an arbi-
trary label. A PME, or other client, will need to do this to map stream data into a Material
Object, or when importing a Property Package. If the client cannot identify the Phase, it can
ask the user to provide a mapping based on the values of these properties.

The list of supported Phase attributes is defined in the following table:

Phase attribute
identifier Supported values
StateOfAggregation One of the following strings:

Vapor
Liquid
Solid
Unknown

KeyCompoundId The identifier of the Compound (compId as returned by
GetCompoundList) that is expected to be present in highest
concentration in the Phase. May be undefined in which case
UNDEFINED should be returned.

ExcludedCompoundId The identifier of the Compound (compId as returned by
GetCompoundList) that is expected to be present in low or zero
concentration in the Phase. May not be defined in which case
UNDEFINED should be returned.

DensityDescription A description that indicates the density range expected for the Phase.
One of the following strings or UNDEFINED:

Heavy
Light
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UserDescription A description that helps the user or PME to identify the Phase.
It can be any string or UNDEFINED.

TypeOfSolid A description that provides more information about a solid Phase. For
Phases with a “Solid” state of aggregation it may be one of the
following standard strings or UNDEFINED:

PureSolid
SolidSolution
HydrateI
HydrateII
HydrateH

Other values may be returned for solid Phases but these may not be
understood by most clients.

For Phases with any other state of aggregation it must be
UNDEFINED.

For example, the following information might be returned by a Property Package component
that supports a vapour Phase, an organic liquid Phase and an aqueous liquid Phase:

Phase label Gas Organic Aqueous
StateOfAggregation Vapor Liquid Liquid

KeyCompoundId UNDEFINED UNDEFINED Water

ExcludedCompoundId UNDEFINED Water UNDEFINED

DensityDescription UNDEFINED Light Heavy

UserDescription The gas Phase The organic liquid
Phase

The aqueous liquid
Phase

TypeOfSolid UNDEFINED UNDEFINED UNDEFINED

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists but it is not supported by the current implementation.

ECapeInvalidArgument – phaseLabel is not recognised, or UNDEFINED, or phaseAttribute
is not recognised.

ECapeUnknown – The error to be raised when other error(s), specified for this operation, are
not suitable.
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GetPhaseList

Interface Name ICapeThermoPhases

Method Name GetPhaseList

Returns CapeError

Description

Returns Phase labels and other important descriptive information for all the Phases supported.

Arguments

Name Type Description

[ACTUALLYout]
phaseLabels

CapeArrayString The list of Phase labels for the Phases supported. A
Phase label can be any string but each Phase must
have a unique label. If, for some reason, no Phases
are supported an UNDEFINED value should be
returned for the phaseLabels. The number of Phase
labels must also be equal to the number of Phases
returned by the GetNumPhases method.

[ACTUALLYout]
stateOfAggregation

CapeArrayString The physical State of Aggregation associated with
each of the Phases. This must be one of the
following strings:

”Vapor”, “Liquid”, “Solid” or “Unknown”. Each
Phase must have a single State of Aggregation.
The value must not be left undefined, but may be
set to “Unknown”.

[ACTUALLYout]
keyCompoundId

CapeArrayString The key Compound for the Phase. This must be the
Compound identifier (as returned by
GetCompoundList), or it may be undefined in
which case a UNDEFINED value is returned. The
key Compound is an indication of the Compound
that is expected to be present in high concentration
in the Phase, e.g. water for an aqueous liquid
phase. Each Phase can have a single key
Compound.

Notes

The Phase label allows the phase to be uniquely identified in methods of the ICapeThermo-
Phases interface and other CAPE-OPEN interfaces. The State of Aggregation and key
Compound provide a way for the PME, or other client, to interpret the meaning of a Phase
label in terms of the physical characteristics of the Phase.

All arrays returned by this method must be of the same length, i.e. equal to the number of
Phase labels.

To get further information about a Phase, use the GetPhaseInfo method.
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Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists, but it is not supported by the current implementation.

ECapeUnknown – The error to be raised when other error(s), specified for this operation, are
not suitable.
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CalcAndGetLnPhi

Interface Name ICapeThermoPropertyRoutine

Method Name CalcAndGetLnPhi

Returns CapeError

Description

This method is used to calculate the natural logarithm of the fugacity coefficients (and
optionally their derivatives) in a single Phase mixture. The values of temperature, pressure
and composition are specified in the argument list and the results are also returned through
the argument list.

Arguments

Name Type Description
[in] phaseLabel CapeString Phase label of the Phase for which the properties are to

be calculated. The Phase label must be one of the
strings returned by the GetPhaseList method on the
ICapeThermoPhases interface.

[in] temperature CapeDouble The temperature (K) for the calculation.

[in] pressure CapeDouble The pressure (Pa) for the calculation.

[in] moleNumbers CapeArrayDouble Number of moles of each Compound in the mixture.

[in] fFlags CapeInteger Code indicating whether natural logarithm of the
fugacity coefficients and/or derivatives should be
calculated (see notes).

[ACTUALLYout]
lnPhi

CapeArrayDouble Natural logarithm of the fugacity coefficients (if
requested).

[ACTUALLYout]
lnPhiDT

CapeArrayDouble Derivatives of natural logarithm of the fugacity
coefficients w.r.t. temperature (if requested).

[ACTUALLYout]
lnPhiDP

CapeArrayDouble Derivatives of natural logarithm of the fugacity
coefficients w.r.t. pressure (if requested).

[ACTUALLYout]
lnPhiDn

CapeArrayDouble Derivatives of natural logarithm of the fugacity
coefficients w.r.t. mole numbers (if requested).

Notes

This method is provided to allow the natural logarithm of the fugacity coefficient, which is
the most commonly used thermodynamic property, to be calculated and returned in a highly
efficient manner.

The temperature, pressure and composition (mole numbers) for the calculation are specified
by the arguments and are not obtained from the Material Object by a separate request. Like-
wise, any quantities calculated are returned through the arguments and are not stored in the
Material Object. The state of the Material Object is not affected by calling this method. It
should be noted however, that prior to calling CalcAndGetLnPhi a valid Material Object
must have been defined by calling the SetMaterial method on the
ICapeThermoMaterialContext interface of the component that implements the
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ICapeThermoPropertyRoutine interface. The compounds in the Material Object must have
been identified and the number of values supplied in the moleNumbers argument must be
equal to the number of Compounds in the Material Object.

The fugacity coefficient information is returned as the natural logarithm of the fugacity
coefficient. This is because thermodynamic models naturally provide the natural logarithm
of this quantity and also a wider range of values may be safely returned.

The quantities actually calculated and returned by this method are controlled by an integer
code fFlags. The code is formed by summing contributions for the property and each
derivative required using the enumerated constants eCapeCalculationCode (defined in the
Thermo version 1.1 IDL) shown in the following table. For example, to calculate log
fugacity coefficients and their T-derivatives the fFlags argument would be set to
CAPE_LOG_FUGACITY_COEFFICIENTS + CAPE_T_DERIVATIVE.

code
numerical

value
no calculation CAPE_NO_CALCULATION 0
log fugacity
coefficients

CAPE_LOG_FUGACITY_COEFFICIENTS 1

T-derivative CAPE_T_DERIVATIVE 2
P-derivative CAPE_P_DERIVATIVE 4
mole number
derivatives

CAPE_MOLE_NUMBERS_DERIVATIVES 8

If CalcAndGetLnPhi is called with fFlags set to CAPE_NO_CALCULATION no property
values are returned.

A typical sequence of operations for this method when implemented by a Property Package
component would be:

- Check that the phaseLabel specified is valid.

- Check that the moleNumbers array contains the number of values expected
(should be consistent with the last call to the SetMaterial method).

- Calculate the requested properties/derivatives at the T/P/composition specified in
the argument list.

- Store values for the properties/derivatives in the corresponding arguments.

Note that this calculation can be carried out irrespective of whether the Phase actually exists
in the Material Object.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists, but it is not supported by the current implementation.

ECapeLimitedImpl – Would be raised if the one or more of the properties requested cannot
be returned because the calculation is not implemented.

ECapeBadInvOrder - The necessary pre-requisite operation has not been called prior to the
operation request. For example, the ICapeThermoMaterial interface has not been passed via
a SetMaterial call prior to calling this method.
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ECapeFailedInitialisation - The pre-requisites for the Property Calculation are not valid. For
example, the composition of the phase is not defined, the number of Compounds in the
Material Object is zero or not consistent with the moleNumbers argument or any other
necessary input information is not available.

ECapeThrmPropertyNotAvailable – At least one item in the requested properties cannot be
returned. This could be because the property cannot be calculated at the specified conditions
or for the specified Phase. If the property calculation is not implemented then
ECapeLimitedImpl should be returned.

ECapeSolvingError – One of the property calculations has failed. For example if one of the
iterative solution procedures in the model has run out of iterations, or has converged to a
wrong solution.

ECapeInvalidArgument – To be used when an invalid argument value is passed, for example
an unrecognised value, or UNDEFINED for the phaseLabel argument.

ECapeUnknown – The error to be raised when other error(s), specified for this operation, are
not suitable.
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CalcSinglePhaseProp

Interface Name ICapeThermoPropertyRoutine

Method Name CalcSinglePhaseProp

Returns CapeError

Description

CalcSinglePhaseProp is used to calculate properties and property derivatives of a mixture in
a single Phase at the current values of temperature, pressure and composition set in the
Material Object. CalcSinglePhaseProp does not perform phase Equilibrium Calculations.

Arguments

Name Type Description

[in] props CapeArrayString The list of identifiers for the single-phase properties or
derivatives to be calculated. See sections 7.5.5 and 7.6
for the standard identifiers.

[in] phaseLabel CapeString Phase label of the Phase for which the properties are to
be calculated. The Phase label must be one of the
strings returned by the GetPhaseList method on the
ICapeThermoPhases interface and the phase must be
present in the Material Object.

Notes

CalcSinglePhaseProp calculates properties, such as enthalpy or viscosity that are defined for
a single Phase. Physical Properties that depend on more than one Phase, for example surface
tension or K-values, are handled by CalcTwoPhaseProp method.

Components that implement this method must get the input specification for the calculation
(temperature, pressure and composition) from the associated Material Object and set the
results in the Material Object.

Thermodynamic and Physical Properties Components, such as a Property Package or Prop-
erty Calculator, must implement the ICapeThermoMaterialContext interface so that an
ICapeThermoMaterial interface can be passed via the SetMaterial method.

The component that implements the ICapeThermoPropertyRoutine interface (e.g. a Property
Package or Property Calculator) must also implement the ICapeThermoPhases interface so
that it is possible to get a list of supported phases. The phaseLabel passed to this method
must be one of the phase labels returned by the GetPhaseList method of the
ICapeThermoPhases interface and it must also be present in the Material Object, ie. one of
the phase labels returned by the GetPresentPhases method of the ICapeThermoMaterial
interface. This latter condition will be satisfied if the phase is made present explicitly by
calling the SetPresentPhases method or if any phase properties have been set by calling the
SetSinglePhaseProp or SetTwoPhaseProp methods.

A typical sequence of operations for CalcSinglePhaseProp when implemented by a Property
Package component would be:

- Check that the phaseLabel specified is valid.
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- Use the GetTPFraction method (of the Material Object specified in the last call to the
SetMaterial method) to get the temperature, pressure and composition of the
specified Phase.

- Calculate the properties.

- Store values for the properties of the Phase in the Material Object using the
SetSinglePhaseProp method of the ICapeThermoMaterial interface.

CalcSinglePhaseProp will request the input Property values it requires from the Material
Object through GetSinglePhaseProp calls. If a requested property is not available, the
exception raised will be ECapeThrmPropertyNotAvailable. If this error occurs then the
Property Package can return it to the client, or request a different property. Material Object
implementations must be able to supply property values using the client’s choice of basis by
implementing conversion from one basis to another.

Clients should not assume that Phase fractions and Compound fractions in a Material Object
are normalised. Fraction values may also lie outside the range 0 to 1. If fractions are not
normalised, or are outside the expected range, it is the responsibility of the Property Package
to decide how to deal with the situation.

It is recommended that properties are requested one at a time in order to simplify error
handling. However, it is recognised that there are cases where the potential efficiency gains
of requesting several properties simultaneously are more important. One such example
might be when a property and its derivatives are required.

If a client uses multiple properties in a call and one of them fails then the whole call should
be considered to have failed. This implies that no value should be written back to the Mate-
rial Object by the Property Package until it is known that the whole request can be satisfied.

It is likely that a PME might request values of properties for a Phase at conditions of tem-
perature, pressure and composition where the Phase does not exist (according to the
mathematical/physical models used to represent properties). The exception
ECapeThrmPropertyNotAvailable may be raised or an extrapolated value may be returned.
It is responsibility of the implementer to decide how to handle this circumstance.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists, but it is not supported by the current implementation.

ECapeLimitedImpl – Would be raised if the one or more of the properties requested cannot
be returned because the calculation (of the particular property) is not implemented. This
exception should also be raised (rather than ECapeInvalidArgument) if the props argument
is not recognised because the list of properties in section 7.5.5 is not intended to be
exhaustive and an unrecognised property identifier may be valid. If no properties at all are
supported ECapeNoImpl should be raised (see above).

ECapeBadInvOrder - The necessary pre-requisite operation has not been called prior to the
operation request. For example, the ICapeThermoMaterial interface has not been passed via
a SetMaterial call prior to calling this method.

ECapeFailedInitialisation - The pre-requisites for the property calculation are not valid. For
example, the composition of the phases is not defined or any other necessary input informa-
tion is not available.
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ECapeThrmPropertyNotAvailable – At least one item in the requested properties cannot be
returned. This could be because the property cannot be calculated at the specified conditions
or for the specified phase. If the property calculation is not implemented then
ECapeLimitedImpl should be returned.

ECapeSolvingError – One of the property calculations has failed. For example if one of the
iterative solution procedures in the model has run out of iterations, or has converged to a
wrong solution.

ECapeInvalidArgument – To be used when an invalid argument value is passed, for example
an unrecognised value or UNDEFINED for the phaseLabel argument or UNDEFINED for
the props argument.

ECapeUnknown – The error to be raised when other error(s), specified for this operation, are
not suitable.
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CalcTwoPhaseProp

Interface Name ICapeThermoPropertyRoutine

Method Name CalcTwoPhaseProp

Returns CapeError

Description

CalcTwoPhaseProp is used to calculate mixture properties and property derivatives that depend on
two Phases at the current values of temperature, pressure and composition set in the Material Object.
It does not perform Equilibrium Calculations.

Arguments

Name Type Description

[in] props CapeArrayString The list of identifiers for properties to be calculated.
This must be one or more of the supported two-phase
properties and derivatives (as given by the
GetTwoPhasePropList method). The standard identifiers
for two-phase properties are given in section 7.5.6 and
7.6.

[in] phaseLabels CapeArrayString Phase labels of the phases for which the properties are
to be calculated. The phase labels must be two of the
strings returned by the GetPhaseList method on the
ICapeThermoPhases interface and the phases must also
be present in the Material Object.

Notes

CalcTwoPhaseProp calculates the values of properties such as surface tension or K-values.
Properties that pertain to a single Phase are handled by the CalcSinglePhaseProp method of
the ICapeThermoPropertyRoutine interface.Components that implement this method must
get the input specification for the calculation (temperature, pressure and composition) from
the associated Material Object and set the results in the Material Object.

Components such as a Property Package or Property Calculator must implement the
ICapeThermoMaterialContext interface so that an ICapeThermoMaterial interface can be
passed via the SetMaterial method.

The component that implements the ICapeThermoPropertyRoutine interface (e.g. a Property
Package or Property Calculator) must also implement the ICapeThermoPhases interface so
that it is possible to get a list of supported phases. The phaseLabels passed to this method
must be in the list of phase labels returned by the GetPhaseList method of the
ICapeThermoPhases interface and they must also be present in the Material Object, ie. in the
list of phase labels returned by the GetPresentPhases method of the ICapeThermoMaterial
interface. This latter condition will be satisfied if the phases are made present explicitly by
calling the SetPresentPhases method or if any phase properties have been set by calling the
SetSinglePhaseProp or SetTwoPhaseProp methods.

A typical sequence of operations for CalcTwoPhaseProp when implemented by a Property
Package component would be:
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- Check that the phaseLabels specified are valid.

- Use the GetTPFraction method (of the Material Object specified in the last call to the
SetMaterial method) to get the temperature, pressure and composition of the
specified Phases.

- Calculate the properties.

- Store values for the properties in the Material Object using the SetTwoPhaseProp
method of the ICapeThermoMaterial interface.

CalcTwoPhaseProp will request the values it requires from the Material Object through
GetTPFraction or GetSinglePhaseProp calls. If a requested property is not available, the ex-
ception raised will be ECapeThrmPropertyNotAvailable. If this error occurs, then the
Property Package can return it to the client, or request a different property. Material Object
implementations must be able to supply property values using the client choice of basis by
implementing conversion from one basis to another.

Clients should not assume that Phase fractions and Compound fractions in a Material Object
are normalised. Fraction values may also lie outside the range 0 to 1. If fractions are not
normalised, or are outside the expected range, it is the responsibility of the Property Package
to decide how to deal with the situation.

It is recommended that properties are requested one at a time in order to simplify error
handling. However, it is recognised that there are cases where the potential efficiency gains
of requesting several properties simultaneously are more important. One such example
might be when a property and its derivatives are required.

If a client uses multiple properties in a call and one of them fails, then the whole call should
be considered to have failed. This implies that no value should be written back to the Mate-
rial Object by the Property Package until it is known that the whole request can be satisfied.

CalcTwoPhaseProp must be called separately for each combination of Phase groupings. For
example, vapour-liquid K-values have to be calculated in a separate call from liquid-liquid
K-values.

Two-phase properties may not be meaningful unless the temperatures and pressures of all
Phases are identical. It is the responsibility of the Property Package to check such conditions
and to raise an exception if appropriate.

It is likely that a PME might request values of properties for Phases at conditions of tem-
perature, pressure and composition where one or both of the Phases do not exist (according
to the mathematical/physical models used to represent properties). The exception
ECapeThrmPropertyNotAvailable may be raised or an extrapolated value may be returned.
It is responsibility of the implementer to decide how to handle this circumstance.

Exceptions

ECapeNoImpl – The operation is “not” implemented even if this method can be called for
reasons of compatibility with the CAPE-OPEN standards. That is to say that the operation
exists, but it is not supported by the current implementation.

ECapeLimitedImpl – Would be raised if the one or more of the properties requested cannot
be returned because the calculation (of the particular property) is not implemented. This
exception should also be raised (rather than ECapeInvalidArgument) if the props argument
is not recognised because the list of properties in section 7.5.6 is not intended to be
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exhaustive and an unrecognised property identifier may be valid. If no properties at all are
supported ECapeNoImpl should be raised (see above).

ECapeBadInvOrder - The necessary pre-requisite operation has not been called prior to the
operation request. For example, the ICapeThermoMaterial interface has not been passed via
a SetMaterial call prior to calling this method.

ECapeFailedInitialisation - The pre-requisites for the property calculation are not valid. For
example, the composition of one of the Phases is not defined, or any other necessary input
information is not available.

ECapeThrmPropertyNotAvailable – At least one item in the requested properties cannot be
returned. This could be because the property cannot be calculated at the specified conditions
or for the specified Phase. If the property calculation is not implemented then
ECapeLimitedImpl should be returned.

ECapeSolvingError – One of the property calculations has failed. For example if one of the
iterative solution procedures in the model has run out of iterations, or has converged to a
wrong solution.

ECapeInvalidArgument – To be used when an invalid argument value is passed, for example
an unrecognised value or UNDEFINED for the phaseLabels argument or UNDEFINED for
the props argument.

ECapeUnknown – The error to be raised when other error(s), specified for this operation, are
not suitable.
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CheckSinglePhasePropSpec

Interface Name ICapeThermoPropertyRoutine

Method Name CheckSinglePhasePropSpec

Returns CapeError

Description

Checks whether it is possible to calculate a property with the CalcSinglePhaseProp method for a
given Phase.

Arguments

Name Type Description
[in] property CapeString The identifier of the property to check. To be valid this

must be one of the supported single-phase properties or
derivatives (as given by the GetSinglePhasePropList
method).

[in] phaseLabel CapeString The Phase label for the calculation check. This must be
one of the labels returned by the GetPhaseList method on
the ICapeThermoPhases interface.

[out, retval] valid CapeBoolean Set to True if the combination of property and phaseLabel
is supported or False if not supported.

Notes

The result of the check should only depend on the capabilities and configuration
(Compounds and Phases supported) of the component that implements the
ICapeThermoPropertyRoutine interface (e.g. a Property Package). It should not depend on
whether a Material Object has been set nor on the state (temperature, pressure, composition
etc.), or configuration of a Material Object that might be set.

It is expected that the PME, or other client, will use this method to check whether the prop-
erties it requires are supported by the Property Package when the package is imported. If any
essential properties are not available, the import process should be aborted.

If either the property or the phaseLabel arguments are not recognised by the component that
implements the ICapeThermoPropertyRoutine interface this method should return False.

Exceptions

ECapeNoImpl –The operation CheckSinglePhasePropSpec is “not” implemented even if this
method can be called for reasons of compatibility with the CAPE-OPEN standards. That is
to say that the operation exists, but it is not supported by the current implementation.

ECapeInvalidArgument – One or more of the input arguments is not valid: for example,
UNDEFINED value for the property argument or the phaseLabel argument.

ECapeUnknown – The error to be raised when other error(s), specified for the
CheckSinglePhasePropSpec operation, are not suitable.
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CheckTwoPhasePropSpec

Interface Name ICapeThermoPropertyRoutine

Method Name CheckTwoPhasePropSpec

Returns CapeError

Description

Checks whether it is possible to calculate a property with the CalcTwoPhaseProp method for a given
set of Phases.

Arguments

Name Type Description
[in] property CapeString The identifier of the property to check. To be valid this

must be one of the supported two-phase properties
(including derivatives), as given by the
GetTwoPhasePropList method.

[in] phaseLabels CapeArrayString Phase labels of the Phases for which the properties are to
be calculated. The Phase labels must be two of the
identifiers returned by the GetPhaseList method on the
ICapeThermoPhases interface.

[out, retval] valid CapeBoolean Set to True if the combination of property and
phaseLabels is supported, or False if not supported.

Notes

The result of the check should only depend on the capabilities and configuration
(Compounds and Phases supported) of the component that implements the
ICapeThermoPropertyRoutine interface (e.g. a Property Package). It should not depend on
whether a Material Object has been set nor on the state (temperature, pressure, composition
etc.), or configuration of a Material Object that might be set.

It is expected that the PME, or other client, will use this method to check whether the
properties it requires are supported by the Property Package when the Property Package is
imported. If any essential properties are not available, the import process should be aborted.

If either the property argument or the values in the phaseLabels arguments are not
recognised by the component that implements the ICapeThermoPropertyRoutine interface
this method should return False.

Exceptions

ECapeNoImpl – The operation CheckTwoPhasePropSpec is “not” implemented even if this
method can be called for reasons of compatibility with the CAPE-OPEN standards. That is
to say that the operation exists, but it is not supported by the current implementation. This
may be the case if no two-phase property is supported.

ECapeInvalidArgument – One or more of the input arguments is not valid. For example,
UNDEFINED value for the property argument or the phaseLabels argument or number of
elements in phaseLabels array not equal to two.

ECapeUnknown – The error to be raised when other error(s), specified for the
CheckTwoPhasePropSpec operation, are not suitable.


