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Online Technical Support
Center

AspenTech customers with a valid license and software
maintenance agreement can register to access the Online
Technical Support Center at:

http://support.aspentech.com

You use the Online Technical Support Center to:

e Access current product documentation.

e Search for technical tips, solutions, and frequently asked
questions (FAQs).

e Search for and download application examples.

e Search for and download service packs and product
updates.

e Submit and track technical issues.
e Search for and review known limitations.
e Send suggestions.

Registered users can also subscribe to our Technical Support e-
Bulletins. These e-Bulletins proactively alert you to important
technical support information such as:

e Technical advisories

e Product updates

e Service Pack announcements

e Product release announcements


http://support.aspentech.com

Phone and E-mail

Customer support is also available by phone, fax, and e-mail for
customers who have a current support contract for their
product(s). Toll-free charges are listed where available;
otherwise local and international rates apply.

For the most up-to-date phone listings, please see the Online
Technical Support Center at:

http://support.aspentech.com

Support Centers ‘ Operating Hours

North America 8:00 - 20:00 Eastern time

South America 9:00 - 17:00 Local time

Europe 8:30 - 18:00 Central European time
Asia and Pacific Region 9:00 - 17:30 Local time



http://support.aspentech.com

Table of Contents

Technical Support.....cccciieciicciricir s s s ra s ra e ifi
Online Technical Support Center .....c.ccovviiiviiiiniinnnn. iv
Phone and E-mail......ccooiiiiiiiiiiii e Y%

HYSYS ThermodynamicCS....cccvirimrimrimrrsresransannansanas vii

L0 ] 5 Lo T 5 T=T o 1 o= 1-1

1.1 INtroducCtion ....cocviiiiii i 1-2

1.2 Component List Property View .......cccevviivviinnnnnen. 1-4

Fluid Package ......cocivumimnasimsimssnssmsnsssinsmsnnsnsnnsanes 2-1

2.1 Introduction ..o 2-2

2.2 Fluid Packages Tab.....coiviiiiiiiiiiiiciic i 2-3

2.3 Adding a Fluid Package - Example ..........ccocvvenns 2-5

2.4 HYSYS Fluid Package Property View ...........ccvevns 2-7

2.5 COMThermo Property VIieW ......coovviiiiiiininnnnnns 2-84

2.6 RefEreNCES ....ciiiviiiiiii i i 2-109

Hypotheticals ......ccocviiiiiiiicic i v v v v s ana s 3-1

3.1 Introduction .....ccoiiiiiiii 3-3

3.2 HYpoO Manager ...ccovviiiiiiiiiiic i e 3-4

3.3 Adding a Hypothetical - Example..........c.coevvnnens 3-5

3.4 Creating @ HypO Group ....cvcvviiiiiiiiiniieninennnnens 3-13

3.5 Hypothetical Component Property View.............. 3-26

3.6 Solid Hypotheticals.......ccviviiiiiiiiiiicie 3-36

3.7 Cloning Library Components........ccvevvivvinvnnnnnnn. 3-42

3.8 Hypo Controls.....ccvviiiiiiiiiiiicc e 3-44

3.9 REfEreNCES ..civiiiiiiiiii i e 3-45

HYSYS Oil Manager......cccvveierimsmrimiesnmsassmsassnsasnnsanas 4-1

4.1 Introduction ..ccviiiiiii i 4-3

4.2 QOil Characterization .......cccoviiiiiiiiiiiieeee 4-4

Vi



4.3 Petroleum Fluids Characterization Procedure........ 4-9

4.4 Qil Characterization Property View.............ooo.u.e. 4-14
4.5 Characterizing ASSaysS ....coveiveieiieiiiieiieieieaaeaaens 4-17
4.6 Hypocomponent Generation.........ccocvvviiivviiinnnn. 4-59
4.7 User Property .o e 4-76
4.8 Correlations & Installation .........cccovvviiiiiiinnne. 4-81
4.9 TBP Assay - Example ...c.coooviiiiiiiiiiiiciie i 4-88
4.10 Sulfur Curve - Example.....cooveviiiiiiiiiiiic i 4-107
4.11 ReferenCeS ...iiiiiiiiiiiiii i i 4-115
2= Vot o oY o - 5-1
5.1 Introduction ....ccoiiiiiiii e 5-2
5.2 Reaction Component Selection..........cocvviiviiinnnn 5-3
5.3 ReactionS ..o e 5-6
5.4 Reaction Sets ... 5-35
5.5 Generalized Procedure .......ccovivviiiiiniiniieinnninens 5-45
5.6 Reactions - EXample.....cccoviiiiiiiiiiiiii i 5-47
Component Maps ....cccveervemrmsmsmsnsssnssansssasssnsssnnsnnnsas 6-1
6.1 Introduction ......coiiiiiiiiiii 6-2
6.2 ComponentMapsTab .....cooviiiiiiiiiiiiinii 6-2
6.3 Component Map Property View........ccvevviiennnnnnns 6-4
User Properties ...cccvcremrmrrinrsessesiessssassassassansnnsas 7-1
7.1 Introduction .....coiiiiiii 7-2
7.2 User Property Tab ...cooviiiiiiiiii i i 7-3
7.3 User Property Property VieW ......ccovvivviiiiiiinnnnnnnns 7-5
Property Methods & Calculations.......cciccviiiieiinnns A-1
A.l  Introduction ...cviieiii i A-3
A.2 Selecting Property Methods ........cccvviiiiiiiiinnnne. A-4
A.3 Property Methods.......covviiiiiiii A-9
A.4 Enthalpy & Entropy Departure Calculations........ A-50
A.5 Physical & Transport Properties.........ccvvevvvinnnns A-57
A.6 Volumetric Flow Rate Calculations .................... A-66
A.7 Flash Calculations ......cccoviiiiiiiiiiiiiciiie e A-72
A.8 ReferenCeS ....iiiiiiiii i e A-82

Vii



B Oil Methods & Correlations.......ccuvvisssnnnnnnssnnsnnns B-1

B.1 Introduction .....c.coviiiiiiiiii i B-2
B.2 Characterization Method..........c.coviiiiiiiin e, B-2
B.3 RefereNCeS ...cciiiiiiiiiiiiiiiri i e es B-11
C Amines Property Package......ciccvvmmeervnnrransnansnanns C-1
C.1 Amines Property Package .......cccoevviiiviiiiiiinnnnnnnns C-2
C.2 Non-Equilibrium Stage Model ............ccoovivvieinennn. C-5
C.3 Stage EffiCienCy .ovvvviiiiiiiiiiiccic i Cc-7
C.4 Equilibrium Solubility .....ccovvviiiiiiiiiii C-9
C.5 Phase Enthalpy ....c.covviiiiiiiiiiiic i C-19
C.6 Simulation of Amine Plant Flowsheets................ C-20
C.7 Program Limitations ......cccvviiiiiiiiiiiiiii s C-24
C.8 ReferenCes ....cciiiiiiiiii i i i C-25
D Glycol Property Package......ccicrverieriemmnmsansansannansnns D-1
D.1 Introduction .....coooiiiiiiiiicii e D-2
D.2 Pure Component Vapor Pressure ........cceevvvvvnnennns D-4
D.3 MiXiNg RUIES ... D-4
D.4 Phase Equilibrium Prediction..............ccvveinnnn. D-12
D.5 Enthalpy/Entropy Calculations...........cccvvvvvinnenn. D-13
D.6 REefEreNCES ....ciiviiiiiiiii i e D-13
By T = I-1

viii






HYSYS Thermodynamics

To comprehend why HYSYS is such a powerful engineering
simulation tool, you need look no further than its strong
thermodynamic foundation. The inherent flexibility contributed
through its design, combined with the unparalleled accuracy and
robustness provided by its property package calculations leads
to the representation of a more realistic model.

Not only can you use a wide variety of internal property
packages, you can use tabular capabilities to override specific
property calculations for more accuracy over a narrow range or
use the functionality provided through ActiveX to interact with
externally constructed property packages. Through the use of
Extensibility, you can extend HYSYS so that it uses property
packages that you created within the HYSYS environment.

The built-in property packages provide accurate
thermodynamic, physical, and transport property predictions for
hydrocarbon, non-hydrocarbon, petrochemical, and chemical
fluids.

The Thermodynamics development group at AspenTech has
evaluated experimental data from the world’s most respected
sources. Using this experimental data, a database containing in
excess of 1500 components and over 16,000 fitted binaries has
been created. If a library component cannot be found within the
database, a comprehensive selection of estimation methods is
available for creating fully defined hypothetical components.

HYSYS also contains a powerful regression package that may be
used in conjunction with its tabular capabilities. Experimental
pure component data, which HYSYS provides for over 1,000
components, can be used as input to the regression package.
Alternatively, you can supplement the existing data or supply a
complete set of your own data.

The regression package fits the input data to one of the
numerous mathematical expressions available in HYSYS. This
allows you to obtain simulation results for specific
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thermophysical properties that closely match your experimental
data.

As new technology becomes available to the market place,
AspenTech welcomes the changes. HYSYS was designed with the
foresight that software technology is ever-changing and that a
software product must reflect these changes. HYSYS has
incorporated COMThermo which is an advanced thermodynamic
calculation framework based on Microsofts COM (Component
Object Model) technology. The COMThermo framework is fully
componentized which makes it possible to develop independent,
extensible, customizable, and encapsulated thermodynamic
calculation modules. It acts like a thermodynamic calculation
server which allows users to utilize, supplement, or replace any
of its components.

The framework also encompasses a wide variety of property
calculations, flash methods, databases, etc. The calculation
methods cover all of the thermodynamic calculation packages in
HYSYS. In future releases of HYSYS, the old HYSYS
thermodynamic engine will gradually be replaced by
COMThermo.

Simulation Basis Manager

One of the important concepts upon which HYSYS is based is
that of environments. The Basis Environment allows you to input
or access information within the Simulation Basis Manager while
the other areas of HYSYS are put on hold. This helps to maintain
peak efficiency by avoiding unnecessary flowsheet calculations.
Once you return to the Build Environment, all changes that were
made in the Basis Environment take effect at the same time.
Conversely, all thermodynamic data is fixed and is not changed
as manipulations to the flowsheet take place in the Build
Environment.

Use the Hot Key CTRL B to re-enter the Basis Environment
from any Environment.
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Another advantage of the Simulation Basis Environment is the
assurance that all the basic thermodynamic requirements are
provided before a simulation case is built. The minimum
information required before leaving the Simulation Basis
Manager is as follows:

e At least one installed fluid package with an attached

Property Package.
e At least one component in the fluid package.

e A fluid package specified as the Default fluid package.
This is automatically done by HYSYS after the first fluid
package is installed.

The Simulation Basis Manager can be accessed at any stage
during the development of a simulation case. When a New Case
is created, the first property view that appears is the Simulation
Basis Manager. You can also return to the Basis Environment
from the Main or Sub-Flowsheet Environment at any time to
make changes to the thermodynamic information.

You can create as many fluid packages as you like in the
Simulation Basis Manager. This functionality makes it possible
for each flowsheet in the case to be associated with an individual
fluid package, thus allowing it to have its own particular
property package and set of components. The Default fluid
package is assigned to each new Sub-Flowsheet that is created
while in the Build Environment. If a different fluid package is
desired, you can re-enter the Basis Environment to perform the
required change.

Provided that changes are made in the Basis Environment,
HYSYS displays a message box each time you re-enter the Main
Build Environment.

HYS5YS5 Process x|

@ Do you wish to be left in HOLDIMG mode when entering the Interactive Simulation Environment?

: Mo | Cancall
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Solver Active icon

For more information,
refer to Section 5.2 -
Simulation Basis
Manager from the
HYSYS User Guide.

If HYSYS is left in HOLDING mode, calculations can be
activated by clicking the Solver Active icon in the Toolbar.

This provides a means of leaving HYSYS in HOLDING mode so
that you can perform complimentary changes (for example, new
stream compositions or column specifications) to the flowsheet
prior to the Basis modifications taking effect.

The Simulation Basis Manager property view allows you to
create and manipulate fluid packages in the simulation.
Whenever you create a New Case, HYSYS opens to the
Components tab of the Simulation Basis Manager.

4 Simulation Basis Manager

Companent Lists

—
Components | Fluid Pkgs J Hypotheticals J 0il b anager J Petroleum Aszays J Feactions J Companent bMaps J UzerProperty J_‘

I azter Component List Yiew...
Add
Delete
Copy

Import...
Expart..
BRefresh

Enter P%T Environment... | Enter Simulation Environment... |

The tabs available on the Simulation Basis Manager property
view are described in the table below:

Tab ‘ Description

Components Allows access to a component list which is associated
with a fluid package. When adding a hew component
list or editing a current list, the Component List
property view opens. This property view is designed to
simplify adding components to the case.

Fluid Pkgs Allows you to create and manipulate all fluid packages
for the simulation case. Also, you can assign a fluid
package to each flowsheet that exists within the case
and select a Default fluid package, which is
automatically used for all new flowsheets.




Tab ‘ Description

Hypotheticals Allows individual Hypotheticals and Hypothetical
Groups to be defined for installation into any fluid
package.

Oil Manager Allows access to the Oil Environment where you can

input assay data, cut/blend an oil and define pseudo
components for installation in any existing fluid
package.

Reactions Allows you to install reaction components, create
reactions, create reaction sets, attach reactions to
reaction sets and attach reaction sets to any existing
fluid package.

Component Maps | Allows you to specify composition across fluid package
(sub-flowsheet) boundaries.

User Property Create and make user properties available to any fluid
package.

The Enter Simulation Environment button can be accessed
from any of the tabs on the Simulation Basis Manager
property view.
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1 Components
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1-2 Introduction

1.1 Introduction

The Components Manager is accessed by selecting the
Components tab from the Simulation Basis Manager. The
Components Manager provides a location where sets of chemical
components being modeled may be retrieved and manipulated.
These component sets are stored in the form of Component
Lists which may be a collection of library pure components or
Hypothetical components.

The Components Manager always contains a Master Component
List that cannot be deleted. The Master Component List contains
every component available from “all” component lists. If you
add components to any other Component List, they are
automatically added to the Master Component List. Also, if you
delete a component from the master, it is deleted from any
other Component List that is using it.

# Simulation Basis Manager !EE

~Camponent List:
Master Component List i, .. |
Basiz-1 Component List =
Companent List - 1 Add |
Delete
Copy

Import...
Expart..
BRefresh

Components | Fluid Pkgs I Hypotheticals I 0il b anager I Petroleum Aszays I Feactions I Companent bMaps I UzerProperty ]—

Enter P%¥T Environment.... | i Retumn to Simulation Environment. .. |

For further details

regarding to the use of When working with the Fluid Package Manager, components are

Component Lists with associated with Fluid Packages through Component Lists. A
Fluid Packages, see Component List must be selected for each Fluid Package
Chapter 2 - Fluid created

Package. '
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You cannot associate the Master Component List to a fluid
package. Add a component list and associate it to a fluid
package.

The Components tab of the Simulation Basis Manager property
view contains six buttons which allow you to organize all
component lists for the current case. Each button is described in
the following table:

Button ‘ Description

View Opens the Component List property view for the selected
Component List. From this property view, you can add,
modify, or remove individual components from the current
list.

Add Allows you to add a new Component List into the case.
When clicked, the Component List property view appears
and components associated with the case may be added.
New components may be added to the component list by
highlighting the component list name and clicking the View
button.

Delete Allows you to delete a Component List from the case. No
warning message is provided before deleting a list and a
deleted Component List cannot be recovered.

Copy Makes a copy of the selected (highlighted) Component List.
The copied version is identical to the original, except for the
name. This command may be useful for modifying
Component Lists while keeping the original list intact.

Import Allows you to import a pre-defined Component List from a
disk. When the Import button is selected, the location
dialog window for the component list file appears.
Component Lists have a file extension of (*.cml).

Export Allows you to export the selected Component Lists (*.cml)
to disk. The exported list file can be retrieved in another
case by using the Import function detailed above.

Refresh Allows you to reload component data from the database.
For example, if you have a case from a previous version,
the data is updated from the older version to the latest
version.
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Component List Property View

1.2 Component List
Property View

When adding or viewing an existing Component List from the
Components tab of the Simulation Basis Manager property view,
the Component List property view is opened.

1 [=] B3
Add Component Selected Components—————— —Components Available in the Component Library
B Compongnts ?ti?::e Match Ihitrog Wiew Fillers |
- Traditional Propane
. Electropte iButane £+ Sim Name £~ Full Marne / Synotwrm = Formula
- Hypothetical n-Butane
Ot Pentane | [“Whogen  Miogen M2
= Hydrogen e MOZ2 Mitrogen_Dioxide ND2
co N204 Mitrogen_Peroxide N204
Oxygen F 2 M204 Mitrogen_T etraoxide N204
£0z comsivies ||| NOR L NiveRpeenne C3HEN309
H20
H29_ —IF‘emwe'">
Sort List |
wiew Companent |
¥ Show Synonyms I~ Cluster
-— 1
Selected | Component by Type
Delete | Mame IComponent List - 1 \
The Add Component tree browser allows you to The Name cell displays the name of
filter through alternative component lists. the component list being viewed.

The Component List property view is designed to simplify adding
components to a Component List. Access is provided to all
Library components within HYSYS, which include the traditional
components, electrolytes, defined Hypotheticals, and other
existing lists. The property view consists of the following tabs:
e The Selected tab allows you to add components and
view their properties. The Components page varies

according to the tree browser selection in the Add
Component group.
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e The Component by Type tab displays all components
selected for the component list by its particular type
gtrladitional, electrolytes, hypotheticals, etc.) as shown

elow.

Component by Type Companents

Traditional Eédlugen
Electralyte Oxygen
Methane
Ethane
coz
Propane
r-Butane
Hao
H25
Ethylene
i-Butane

[ Selected Component by Type
Delete Mame Companent List - 1

1.2.1 Adding Library
Components

The Component List property view shown previously is
encountered when you are adding Library components to a
Component List. Use the tree browser in the Add Components
group to filter the library components for each group listed.

The Selected tab has three main groups:

e Add Component
e Selected Components
e Components Available in the Component Library

Each group is described separately in the following sections.
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1-6 Component List Property View

Add Component

[=]- Compaonents
raditional
lectiolyte
i Hypothetical
- Other

Add Component tree
browser

Add Component Group

The Add Component group contains a tree browser that enables
you to filter components by type. Selecting components from
the component tree browser determines the type of components
that are displayed in the Components Available in Component
Library group. A different property view appears depending on
whether you are adding Traditional, Electrolytes, Hypothetical,
or Other components.

Selected Components Group

The Selected Components group shows the list of components
that have been added.

—Selected Components——————

ACENAPHTHM
co

Oxpgen
Methane

Ethane <—dd Pure

Propane
r-Butane
Hz2o
H25
Ethylene
rButane

<-Substitute-»

Remove--

Sort List

[EEEE

Wiew Component

The various functions that allow you to manipulate the list of
selected components are listed in the following table:

Object ‘ Description

Selected Contains all the currently installed components for a
Component List particular component list.

Add Pure Adds the highlighted component(s) from the

Components Available group to the Selected
Component List.

Substitute Swaps the highlighted selected components with the
highlighted available component.
Remove Comp Deletes the highlighted component from the Selected

Component List.
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Object ‘ Description

Sort List Accesses the Move Components property view, where
you can change the order of the selected component
list.

View Comp Accesses the selected component’s identification
property view.

When substituting components, HYSYS replaces the
component throughout the case (i.e., all specifications for
the old component are transferred to the new component).
However, the substitution function does not automatically
handle components that are part of a Reaction.

Components Available in the
Component Library Group

The Components Available in the Component Library group
displays library components depending on the filtered method
used.

Companents Available in the Component Librany
Match Wiew Filkers
" Sim Mame & Full Mame / Synonym " Fomiula
i-Pentane i-Ch CEH12 i‘
n-Pentang n-C5 CEH12
n-Hexane CE CEH14
n-Heptane c7 C7H1E
n-Octane Ca CaH18
n-Nonane ca CaH20
n-Decane cia Cl0H22
n-C11 C11 Cl1H24
nL12 ci2 C12H2E
n-C13 C13 C13H28
n-C14 Cl4 C14H30
n-L15 C15 ClBH32
n-C16 Cl6 Cl16H34
n-L17 C17 C17H3E j
[v Show Sypronyms [~ Cluster
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For further details, refer
to Filter Options for
Traditional
Components.

The group has several features designed to make the selection
of components as efficient and convenient as possible.

Object ‘ Description

Match As you type in this cell, HYSYS filters the component
list to locate the component that best matches your
current input. This depends on the radio button

selected.
View Filter This button opens the Filters floating property view
button which contains a range of property packages and

component filtering options to assist in your
component selection process.

SimName\ These three radio buttons determine the context of
FullName your input in the Match cell.

Synonym\

Formula

Show Synonyms When this checkbox is selected HYSYS includes known
synonyms for each component in the list.

Cluster This checkbox is available only when the Show
Synonyms checkbox is selected. By selecting the
Cluster checkbox, all synonyms are indented and
listed below the component name. Otherwise, the
synonyms are listed alphabetically throughout the list.

1.2.2 Selecting Library
Components

As mentioned previously, library components are selected from
the Components Available in the Component Library group, and
placed in the Selected Components group. There are many ways
in which you can select components for a component list. Once
you become familiar with the available methods for component
selection, you can select the procedure that you find most
convenient.

Whenever a component(s) is highlighted in the Available
List, click the Add Pure button to move it to the Selected
Component List.

The process of adding components from the component library
to the Selected Components list can be divided into three sub-
processes. By visualizing the process of component selection in
this way, you are made aware of all the available possibilities

1-8



Components 1-9

Refer to previous Filter
Options for Traditional
Components for further
details.

offered by HYSYS. You can then adopt the most logical and
efficient approach to use each time you build a case.

For component addition to the component list, the following
methods are recommended:

1. Filter the library list.
2. Select the desired component(s).
3. Transfer the component(s) to the Selected Components list.

Filtering the Component List for
Traditional Components

A recommended practice for component selection is the use of
the available tools which HYSYS provides for filtering the
component library. This narrows the selection range and allows
you to apply one of the various methods for transferring the
selection(s) to the Selected Components list.

Filtering options for electrolytes and hypotheticals are different
and available in Section 1.2.4 - Adding Electrolyte
Components and Section 1.2.5 - Adding Hypothetical
Components, respectively.

There are four tools available for filtering the list in the
Components Available in the Component Library group. The
filtering tools can be used independently or in combination and
are described in the table below:

Filtering Tool ‘ Description

Property Package & Filters the list according to your selection of

Family Type Filters property package and/or component families.

Show Synonyms Component synonyms appear alphabetically
throughout the list when this checkbox is selected.

Cluster The Cluster checkbox is available only when the

Show Synonyms checkbox is selected and
Match input field is empty. By selecting the
Cluster checkbox, all synonyms are indented and
listed below the component name.

Match This input cell allows type-matching of the
component simulation name, full name, synonym
or formula.
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When trying to Match a component, HYSYS searches the
component column in the list for whichever radio button is
selected:

Radio Button ‘ Description

SimName This option matches the text entered into the Match input
to the name used within the simulation.

Full Name/ This option may match the components full name or a
Synonym synonym of the SimName. It is typically a longer name.
Formula Use this option when you are not sure of the library name,

but know the formula of the component.

By using the Match input cell, you can access any component
within the HYSYS library that is accessible under the currently
selected Property Package. You can make the Match field active
by selecting it or by using the ALT M hot key.

The Match input cell accepts keyboard input, and is used by
HYSYS to locate the component in the current list which best
matches your input. The first character of the filtered
component names must agree with first character of the listed
component name. Subsequent characters in the Match cell must
appear somewhere in each listed component name. Other than
the first character, any number of unmatched characters can
appear within the names of the listed components.
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If the component you want to add is Water, type H2 in the Match
cell. HYSYS filters the list of available Library Components to
only those that match your current input string. The first
component in the list, H2, is an exact match of your current
input and therefore, is highlighted. Notice that H20 is available
in the list even though you have entered only H2.

I8 [=] 9

Add Component —Selected Components———— —Components Available in the Component Library

[=- Components Ozygen Match I. “iew Filters
- Hz5
- Traditional

co2
EIECt_[DIPtB Propene £+ Sim Name £~ Full Marne / Synotwrm = Formula
lypothetical
ih Methane | [Hydogen — H2 A2

= Ethane $=ERe Hz02 Hz02 H202

Propane H2504 H2504 H2504

i-Butane F 2 2-Heptanol Heptanol-2 C7H1ED

n-Butane WI Caprolactam  Hexahpdro-2-&zepinone CEHT1MO

Ethanal Caprolactam  Hexshpdro-2H-Azepin-2-one CEH11MO

H20 T | Hicbnd.2 Hicbnd.2 <Urknowrs
Eenzene

Sort List |

Wiew Component |

¥ Show Synonyms I~ Cluster

-—
Selected I Component by Tvpe |
Delete | Mame IComponent List - 1

Since Hydrogen is not the component of choice, you can
continue to reduce the list of available library component
options by typing in the character O after the H2 in the Match
cell.
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~Property Package Filker—
¥ FRecommended Only

Feng Fobinson hd I

—Family Type Filter———
¥ Use Filter

¥ Hudiocarbors
I~ Solids

I Miscellaneous
™ Amines

™ Aleohols

I Ketones

I Aldehydes
I Esters

I~ Cabosylic Acids
™ Halogens

™ Hitriles

I~ Phencls

I Ethers

™ UserDefined

Al

Irecert |

Component List Property View

Filter Options for Traditional
Components

The floating Filter property view is accessed by clicking the

View Filters button from Component List property view. It
allows access to the Property Package filter and Family Type
filter options.

The Property Package Filter group filters components based on
their compatibility with the selected property package. Once a
property package is selected, the Recommended Only checkbox
works as follows:

e If the Recommended Only checkbox is selected, HYSYS
only displays (in the component library list) components
that are recommended with the chosen property
package.

e If the Recommended Only checkbox remains un-
selected, all the components in the HYSYS library are
displayed in the component library list. An *x’ is shown
beside each component that HYSYS does not recommend
for the selected property package, however, you may still
select these components if you want.

The Property Package Filter is only a component selection
filtering tool and does not associate a Fluid Package with the
component list (this is accomplished within the Fluid
Package Manager).

The Family Type Filter group allows HYSYS to filter the list of
available components to only those belonging to a specific
family. The Use Filter checkbox, when selected, toggles the
Family Type Filter options On and Off. By default, all checkboxes
in the Family Filter group are cleared. You can identify which
families should be included in the list of available components by
selecting the desired checkbox(es). The All button selects all
checkboxes, and the Invert button toggles the status of each
checkbox individually. For example, if you select all of the
checkboxes, and then want to quickly clear them, simply click
the Invert button. If you only had the Hydrocarbons and the
Solids options activated and you clicked the Invert button,
these two options are deactivated and the remaining options are
activated.
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Selecting the Component(s)

After the list of Library Components are filtered, you can see the
desired component among the displayed components. Use one
of the following available methods to highlight the component(s)
of choice described in the following table:

Selection Method ‘ Description

Mouse Place the cursor over the desired component and press
the primary mouse button.

Keyboard Use the TAB key or SHIFT TAB combination to move
the active location into the list of components.

Whenever the list of components is filtered, the highlight is

placed on the first component in the reduced list. If you use the
keyboard commands to access the list of components, you may
have to move the highlight if the first component is not desired.

To move through the Components Available in the Component
Library group, use one of the following methods:

Method ‘ Description

Arrow Keys Move the highlight up or down one line in the
component list.

Page Up/Page Use these keyboard keys to move through the list an

Down entire page at a time.

Home/End The HOME key moves to the start of the list and the
END key moves to the end of the list.

Scroll Bar With the mouse, use the scroll bar to navigate through
the list.

Transferring the Component(s)

After the Library Component list is filtered and the desired
component(s) highlighted, transfer the selection(s) to the
Selected Components list. Use one of the following methods:

e Click the Add Pure button

e Press the ENTER key

e Double-click on the highlighted item. This option only
works for a single component selection.
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Refer to Chapter 3 -
Hypotheticals for
detailed information on
Hypothetical
components.

The methods are the same whether you are adding traditional
components, electrolytes, hypotheticals, or other components.

1.2.3 Manipulating the
Selected Components List

After adding the components to the Selected Components list,
you can substitute, remove, sort, and view components. These
methods apply to traditional library components, electrolytes,
hypotheticals, and other components.

To demonstrate the manipulation functions, the Selected
Components group shown below is used for reference purposes.

Figure 1.7

Add Component —Selected Comporents—————

Methane
i-Butane
H reButane
i Electralpte Propane:
- Hypothetical Ethane
- Other

[=1- Components
i Traditional

<-Substitute-> |
Hemae:3 |
Sort List |
Wiew Comparnent |

Removing Selected Components

You can remove any component(s) from the Selected
Components list by the following steps:

1. Highlight the component(s) you want to delete.
2. Click the Remove button, or press the DELETE key.

For Library components, HYSYS removes the component(s) from
the Selected Components list and places back in the
Components Available in the Component Library list. Since
Hypothetical components are shared among Fluid Packages,
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there is no actual transfer between the lists. (i.e., The Hypo
always appears in the Available group, even when it is listed in
the selected Components list.)

Substituting Components

When substituting components, HYSYS replaces the component
throughout the case (i.e., all specifications for the old
component are transferred to the new component). However,
the substitution function does not automatically handle
components which are part of a Reaction.

You can only substitute one component at a time. Even
though HYSYS allows you to highlight multiple components,
the substitution only involves the first highlighted
component.

You can substitute a component in the selected Component List

with one in the Components Available in the Component Library

list by using the following procedure:

1. From the selected Component List, highlight the component
you want to remove.

2. In the Available Component list, highlight the component to
be substituted.

3. Click the Substitute button.

The removed component is returned to the Available
Component list and the substituted component is placed in
the Selected Component List.
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Sorting a Component List

When there are components in the Selected Components group
you can use the Sort List button to rearrange the component
order.

Figure 1.8

Companent(s] ta Mave Insert Befare
[Meihane S [Methane Move |
i-Butans i-Butane —
rrButane n-Butane
Propane Propane
Ethane Ethane
|
LCloze |

Using the property view shown in Figure 1.8, the sorting
procedure is illustrated below:

1.

2.

Click the Sort List button, and the Move Components
property view appears.

From the Component(s) to Move group, select the
component you want to move. In this example, Methane is
selected.

From the Insert Before group, highlight the component
before which Methane is to be inserted. In this case,
Propane is highlighted.

Click the Move button to complete the move. Methane is
inserted before Propane in the component list, and Ethane is
forced to the top of the list, followed by Methane, Propane,
and n-Butane.

You can select and highlight multiple components for
moving.

When you have completed the sorting, click the Close
button to return to the Components tab.



Components 1-17

For more information on
hypotheticals, refer to
Chapter 3 -
Hypotheticals.

For more information on
electrolytes, refer to
Section 1.2.4 - Adding

Electrolyte Components.

Viewing Components

Once a component is added to the Selected Components list, the
View Component button becomes active. The View
Component button accesses the Pure Component property
view allowing you to view and edit properties of the specified
component.

You can also examine the property view for any component
in the Selected Component List by double-clicking on the
component.

The property views are different and are specific to the type of
component selected. Pure library components and hypothetical
components share the first type of property view. The difference
between the two is that you cannot “directly” modify the
properties in the pure components Property View, whereas, in
the hypotheticals you can. The Edit Properties feature allows
you to edit pure component and solid properties.

The second property view is shared by pure component solids
and hypothetical solids. Again you cannot “directly” modify the
pure component solid properties, whereas, hypotheticals can be
edited directly.

The electrolytes property view is the same as the edit properties
feature for library components. Although, the electrolyte
properties are set by OLI systems and cannot be modified like
traditional components.

Each property view consists of five tabs. Throughout the tabs
the information is displayed in red, blue and black. Values
displayed in red are estimated by HYSYS. Values displayed in
blue are user supplied. Black values represent calculated values
or information that is provided by HYSYS.
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Pure Component Property View

In this example, Methane and Carbon are used by clicking the
View Component button, which opens the following traditional
pure component and Solid pure component property views,
respectively:

i i | BIS1 ES
i Component |dentificatio —Camponent |dentification

Component Mame Methane Component Name Carbon
Family / Class Hydrocarbon Family / Class Miscellaneaus
Chern Formula CH4 Chem Formula C
1D Nurnber 1 1D Mumber I
Group Hame Group Mame
CAS Mumber CAS Mumber

~UMIFALC Stucture

<4 No Stucture Available » 3>

User 1D T ag:
~Uszer 1D Tag: Tag Murmber Tag Text
T ag Number Tag Text 1 <Emply> Mot Spec'd

1 < Empty: Mat Spec'd
=
I = 1D IF'mps I Fuaint ITDep IF'SD |
1D I Critical I Faint ITDap I UsePop I
Delste Edit Properties |

Delete | Edit Properties |

You can also view a component by right-clicking on the
component and selecting View command from the object
inspect menu.

ID Tab

The ID tab is the first tab in the property view. The black values
in the Component Identification group represent information
that is provided by HYSYS. The User ID Tags are used to identify
your component by a user specified tag number. You can assign
multiple tag numbers to each component.
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Critical Tab & Props Tab

The Critical Tab displays Base and Critical Properties. The
properties for pure components are supplied by HYSYS and are
read-only. However, you can edit these properties using the Edit
Properties button.

The Component Property view for solid components does not
have critical properties and therefore does not require the
Critical tab. An alternate tab called the Props tab which displays
default values for Solid properties and Coal Analysis is included.
These properties can also be edited using the Edit Properties
button.

Point Tab

Additional Point properties are given by HYSYS for the
Thermodynamic and Physical Props and the Property Package
Molecular Props. The pure component properties differ from the
solid properties.

The solid properties depend only on the Heat of Formation and
Combustion. These properties may be altered by selecting Point
properties in the Edit Properties property view.

TDep Tab

The temperature Dependent Properties for pure components are
shown in this tab. HYSYS provides the minimum temperature,
maximum temperature and coefficients for each of the three
calculation methods.

The difference between pure components and solid pure
components is that solids do not participate in VLE calculations.
Their vapour pressure information is, by default, set to zero.
However, since solid components do affect Heat Balances, the
Specific Heat information is used. The properties may be edited
by selecting the Edit Properties button.
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See Chapter 7 - User
Properties for more
information.

UserProp & PSD Tabs

The UserProp tab displays user specified properties. User
properties must be specified on the UserProperty tab in the
Simulation Basis Manager property view. Once a user property is
specified there, you can view and edit UserProp on this
component property view.

The PSD tab displays the particle size distribution for solids. It
allows the user to specify PSDs and calculate various mean and
modal diameters for the entered PSD.

To edit a PSD, click the Edit Properties button to open the
Editing Properties for Component property view, select Type
radio button in the Sort By group, and select Particle Size
Distribution from the tree browser. The options available for edit
the PSD appears on the right side of the Editing Properties for
Component property view.

I Editing Properties for Component Carbon [_ [O] =]
SOt By rDizcrete PSD Input Deta
= Propetty Mame Input PSD
dinimum Particle I
 Group % User-Defined Disc
& Type " Log Proksbility
1 Mndify Status = Rosin-Rammler
- Particle Size Mass In Range
- Paint Edit Discrete PSD | mim 2]
- Curve —
-- Distribute Besie |
[=- Particle Size Distribution
. - Particle Size Distribution rEit Typ
[+ Hydrate  AutoFit

" Standard Interpola
= Probability Interpol
= Log Probability Fit
= Rosin-Rammler Fit

(% hoFit
rCalculste PSD
Bumber of Desired FS
i [ E42 kgfm3
Calculate PSD | Berticle g
Calculation PSDWYas Mat

Reset selected property to lirary defaut | Reset &l properties to firary, defaul |

et selected property for all users of this cumpurl Bei all properties for all users of this cumpun::i
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A PSD can be specified in three ways:

Input PSD Group ‘ Description

User-Defined Allows the user to enter particle diameter vs

Discrete distribution values over the range of the distribution.
To enter the distribution, Select the Edit Discrete PSD
button. The entered distribution can be a Composition
Basis with mass percent or number percent data and
can be InSize, cumulative Undersize or cumulative
Oversize as an Input Basis. Once a discretized PSD is
entered, the user can have other types of PSD fitted to
it. These fits are displayed in the Fit Type group. The
selected fit can be changed by regenerating the fit at
any time.

Log-probability Is a two-parameter statistical representation which
allows the user to specify the mean and standard
deviation of the PSD.

Rosin-Rammler Is a two-parameter statistical representation which
allows the user to specify the Rosin-Rammler model
diameter and spread parameter of the PSD.

The input information required for each Input PSD are as

follows:
Input PSD Group ‘ Input Information Required
User-Defined The PSD requires PSD name, basis, particle density
Discrete and number of points to use in fitted PSDs. The

distribution requires particle diameters (including
minimum diameter) and either InSize, Undersize or
Oversize distribution points.

Log-probability The PSD requires PSD name, basis, particle density
and number of points to use in generating the PSD.
The distribution requires mean diameter and standard
deviation.

Rosin-Rammler The PSD requires PSD name, basis, particle density
and number of points to use in generating the PSD.
The distribution requires modal diameter and spread
parameter.

The user has the choice between using the User-Defined
Discrete or one of the statistical distribution methods. The
statistical methods (Log Probability & Rosin-Rammler) may be
preferred over the discrete method if any of the following
occurs:
e A number of particle size measurement devices give the
distribution as a statistical fit.

e Certain physical process tend to give rise to distributions
that are described well by a statistical distribution. For
example, processes involving high shear (e.g. crushing
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of coal, atomization of liquids in a two-fluid nozzle) tend
to give size distributions that can be readily described by
a Rosin-Rammler distribution.

e By using a statistical distribution, it is easier to extend
the distribution to lower and higher size ranges. For
many design processes involving size distributions, it is
the values of the distribution at these 'tails' that have
most influence when trying to optimize the design.
Therefore, the accuracy with which these 'tails' can be
described is important.

The Fit Type group for the User-Defined Discrete Input allows
users to fit a distribution to the entered discrete data. The fitting
improves the accuracy of any calculations made by it.
e It increases the number of discrete steps over which a
size distribution can be described. The more steps, mean

smaller steps which means more accuracy when
interpolating, etc.

e It provides more data at the extremes (‘tails’) of the
distribution, again improving accuracy.

The fit type used is based on which provides the closest fit to the
data. The fitting alogorithm displays a dialog with six fits to the
data. The AutoFit selects one fit for the data automatically, and
the NoFit does not fit the data. The Standard and Probability fit
types are lagrangian interpolations on the entered data, but one
works on the raw data while one works on a probability
transformation of the data. That is, the distribution values are
transformed to the linear equivalents used in plotting against a
probability axis.

The other two fits are a log-probability and a Rosin-Rammler
distribution. For these two fits, the value of R? (the fit
coefficient) is given and the closer this is to 1 the better the fit.
Ultimately, it is up to the user to choose the best fit and is often
based on the visual appearance of the fitted distibutions
compared to the entered one. One limitation to PSD is that the
particle diameters cannot be specified as sieve mesh sizes.
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Edit Properties

The Edit Properties button allows the user the flexibility of
viewing and modifying properties for traditional and hypothetical
components. Electrolyte component properties are specified by
OLI Systems which may only be viewed. The Edit Properties
property view can be accessed on three different levels and are
shown below:

e Component level. Double-click on any component or

right-click and select View in the object inspect menu.
Click the Edit Properties button.

¢ Fluid Package level. Click the Edit Properties button on
the Fluid Package property view.

e Stream level. Select a stream which is not a product
stream. Click the Edit Properties button on the
Composition page.

The Component level Edit Properties property view is shown
below for methane.

- ]

SotBy—
% Property Name
¢ Group Froperty Mame Property W alue

C Type Acentricity 1.150e-002
= Modify Status

- pcentricity -
- Antaing

- Boiling Temperature
- Cavett &

- Cavett B

- Characteristic Yolume
- CN Molar Yolume

- CN Solubility

- Critical Pressure

- Critical Temperature
- Critical Volume

- Dipole Maoment

- Enthalpy Bazis Offzet
- EOS Parameters

- Gibbs
- @roup Parameters j

Freset selected property ta libran default | Freset all properties to litran defsul |
Reset selected property for all users of this component | i Reset all properties far all users of this component |
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The properties can be sorted using the Sort By group on any
level.

Sort By ‘ Description

Property Name Sort through properties by Property Name.

Group Sort through properties by Groups. This includes
Thermo, Prop Pkg, Physical, Cold, Solid, etc.

Type Sort through Point, Curve, Distribute, PSD, and
Hydrate properties.

Modify Status Sort through properties which are modified in the
specific Component, Fluid Pkg, or Stream.

The edit Properties feature is flexible in that it allows you to edit
properties on the component, fluid package, or stream levels.
The component level is the highest and allows you to edit
properties throughout your case. Any changes at this level
correspond to a global change to all fluid packages using the
particular component. The initial value stored at this level for
any given component is considered the 'default' property value.

At the component level, the reset options are described below.

Component Level Reset ‘ Description
Reset selected property Resets the selected property to the library or
to library default original default value for this component. This

button is active only if a component is
modified on the component level.

Reset all properties to Resets all properties to library or original
library default default values for this component. This button
is active only if a component is modified on
the component level.

Reset selected property Clears local changes to the selected property

for all users of this for all users of this component. Users are

component defined by changes in the Fluid pkg and
stream levels.

Reset all properties for Clears local changes to all properties for all

all users of this users of this component. Users are defined by

component changes in the Fluid pkg and stream levels.

The second level is the fluid package level which allows you to
edit properties specific to a fluid package. This allows the
flexibility of having different property values for different fluid
packages throughout the case. Any changes at this level
corresponds to a change for any flowsheet using this fluid
package.
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The reset options for the fluid pkg level are described below:

Fluid Pkg Level Reset ‘ Description

Reset selected prop Clears the selected property vector within this fluid
vector to package and resets it to the component level
components default value.

Reset all props to Clears all changed property vectors within this

components default fluid package and resets them to the component
level values.

Reset selected Clears local changes to selected property vector

property for all users | for all users of this fluid package. The user is

of this fp defined as the stream level property selected,
which is overwritten with current fluid package
value.

Reset all properties Clears local changes to all properties for all users

for all users of this fp | of this fluid package. The users are defined as the
stream level properties, which are overwritten
with current fluid package values.

The stream level allows you to edit properties specific to input
streams of the case. Changes made at this level enable one to
modify a particular component's property for a particular
stream. This allows the flexibility of properties to dynamically
change across the flowsheet.

The reset options are listed below and are active if you modify a
property value at the stream level.

Stream Level Reset ‘ Description

Reset Selected Prop Clears selected property vector and reset it to the
Vector to FP Default fluid package level value for this stream.

Reset All Props to FP Clears all changed property vectors and reset
Default them to the fluid package values for this stream.

The properties for the stream are accessible from the stream
level editor. However, only the feed stream properties are
modifiable.

Keep in mind that any property vector changes at the Stream
level supercede changes at the fluid package level. For example,
if a stream is trying to access a particular component's 'Point'
property value and the property vector is contained in the
stream's local property slate, the local value is used. If the
property vector does not exist locally, then it calls up to the fluid
package's property state for the particular property vector and
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uses this value if it exists. If the property vector does not exist
at the fluid package level, then the initial Component level value
is used.

1.2.4 Adding Electrolyte
Components

Electrolytes can be added to the component list in the
Component List property view. In the Add Component group of
the Selected tab, select the Electrolyte page located as the
subgroup of the Components configuration.

The property view is filled with information on electrolytes as
shown below.

# Component List ¥iew: Component List - 1

Add Component —Selected Companents————— —Components Awvailable in the Camponent Librar
- Components 'Sx Match I Additional Database |
Traditional C=
Hz0 * Sim Name = Full Mame # Synorym " Formula
| —
ABIETICAC  Abietic C20H3002 il
<-=Add Pure | ACEMAPHTHM 1.8-Ethylenenaphihalene C12H10
ACENITRILE  Acetonitrile C2H3N
= ACETZ2 Acelic C4H8O04
<Hubstiute | ACETACID  Acelic C2H402
ACETAL 1.1-Diethoxyethans CEH1402
ACETALDEHD Acetic C2H40
Hemove=> | ACETAMIDE  Ethanamide C2H5NO
ACETANHYD  Acetyl C4HED3
= ACETAMILID  M-Phenplacetamide CBHSMO
Sort List | ACETBR Acelyl C2H3Bi0
ACETCL Acetyl C2H3CIo
; ACETOME Acetone C3HED
e Componentl ACETPHEMOM 1-Phenyl-1-ethanone CaHa0 LI
ACETYIFHME  Arahilana FIHT
Databaze Talze ¢ Mone & U £ Limited

—
Selected | Component by Type
Delete | M are IComponent Lizt -1
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Refer to Filtering the
Component List for
Traditional
Components for
additional information on
using the Match field to
filter the component list
for traditional
components.

Refer to the following
sections in the HYSYS
OLI Interface
Reference Guide for
more information on the
OLI databases:

e Section 1.8.1 - Full
Database

e Section 1.8.2 -
Limited Database

e Section 1.8.3 -
Special Databases

e Section 1.8.4 -
Private User
Databases - OLI
Data Service

The methods for adding, substituting, removing, and sorting
components are common for all components on the selected
tab. The filtering options for Electrolytes which are described in
the following table:

Filter ‘ Description

Match This input cell allows type-matching of the component
simulation name, full name / synonym, or formula based on
the ratio button selected.

None No electrolyte components exist or match your selection in
the property view. You need to acquire an additional license
to view the electrolyte database.

Full The full database contains thousands of species in water
based on the OLI system database.

Limited This database contains approximately 1,000 components
which are of most interest to process industries.

You can select or provide additional electrolyte component
databases to simulate special aqueous-based chemical systems.
HYSYS supports three special databases: GEOCHEM, LOWTEMP,
and REDOX.

You can access those special databases by clicking on the
Additional Database button, and select the desired special
databases from the Special Databank group in the
OLI_Electrolyte Additional Database property view. The use of
GEOCHEM, LOWTEMP, and REDOX databases must combine with
the choice of Full Databank. You can also supply your own OLI
private databank to suit the need of your simulation case.

To get a comprehensive list of the Full, and GEOCHEM database
components, refer to:

e Appendix A.1 - List of Full HYSYS OLI Interface
Database, of the HYSYS OLI Interface Reference
Guide.

e Appendix B.1 - List of HYSYS OLI Interface
GEOCHEM Database, of the HYSYS OLI Interface
Reference Guide.
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Refer to Section 3.5 -
Hypothetical
Component Property
View for details on the
various Component
property view tabs.

1.2.5 Adding Hypothetical
Components

Hypotheticals can be added to a component list through the
Components List property view. In the Add Components group
of the Selected tab, select the Hypothetical branch from the
tree browser. The Components List property view is filled with
information appropriate to the addition of Hypothetical

components.

Add Component

[#- Components
i+ Hypothetical
L Other

iButane
r-Butane
Fropane
Ethane

~Selected Components———— ~Hypathetical Camponents Availabl

=[O %]

Avallable Hypo Gioups

Hupo Manager
<--udd Group |
Awallable Hypo Companents
<= ppm |
Remowve-—: | (uick Create a Hypo Component |
Sort List | Guick Create a Solid Component |
Wiew Companent |

Delete |

—
Selecledl Component by Type |

Mame IComponent List- 1

Refer to Chapter 3 -
Hypotheticals for more
detailed information to
Add and modify
Hypothetical components.

Some of the features from the Selected tab are common to both
the selection of Hypotheticals and Library components. Items
specific to Hypotheticals are described in the following table:

Object ‘ Description

Add Group Adds all the Hypothetical components in the Selected
selection in the Hypo Group list current to the current
component list.

Add Hypo Adds the currently selected Hypothetical in the Hypo
Component list to the Current Component List.

Hypo Group Displays all the Hypo Groups available to the current
component list.
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Object

Hypo
Components

‘ Description

Displays all the Hypothetical components contained in
the currently selected Hypo Group.

Hypo Manager

Accesses the Hypotheticals tab of the Simulation Basis
Manager, from which you can create, view, or edit
Hypotheticals.

Quick Create a
Hypo Comp

A short-cut for creating a regular Hypothetical
component and adds it to the currently selected Hypo
Group and opens its property view.

Quick Create a
Solid Hypo
component

A short-cut for creating a solid Hypothetical component
and adds it to the currently selected Hypo Group and
opens its property view.

While you can add Hypos to a Component List from the
Selected tab, this is merely a short-cut. To access all features
during the creation of Hypotheticals and Hypothetical
groups, you should access the Hypotheticals tab of the
Simulation Basis Manager.
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Component List Property View

Add Component

1.2.6 Adding Components
from Existing Component
Lists

Components can be added from other component lists by using
the Other List option. In the Add Components group, select the
Other list. The Components tab is redrawn with information
appropriate to accessing components from alternate component
lists.

- Companents
- Hypathetical
L Other

Delete |

—
Selecledl Component by Type |

= [oOf x|
~Selected Components———— Exizting Companent List
Components in Selected Component List
iButane
r-Butane f
Fliapeiic Component List - 2 E;}égen
Ethane e
Fropene
2-Priopanal
Mitrogen
< Add | n-Hexane
Methane
Ethane
Remave--» | Propane
FButane
n-Butane
Sort List | Ethanal
Hz0
Benzene
Wiew Companent | i-Pentane
n-Fentane
n-Honane
n-Decane j
Mame IComponent List -1

The Existing Components group displays a list of all available
component lists loaded into the current case. Highlighting a
component list name displays its associated group of
components in the Components in Selected Component List.

To transfer a component from an existing component list, simply
highlight the component name in the list and click the Add
button. The highlighted component is added to the Selected
Components list.
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Refer to Chapter 1 -
Components for further
details on the
Components Manager.

Introduction

2.1 Introduction

In HYSYS, all necessary information pertaining to pure
component flash and physical property calculations is contained
within the Fluid Package. This approach allows you to define all
the required information inside a single entity. The four key
advantages to this approach are:

e All associated information is defined in a single location,

allowing for easy creation and modification of the
information.

e Fluid Packages can be exported and imported as
completely defined packages for use in any simulation.

e Fluid Packages can be cloned, which simplifies the task of
making small changes to a complex Fluid Package.

e Multiple Fluid Packages can be used in the same
simulation; however, they are all defined inside the
common Simulation Basis Manager.

In this chapter, all information concerning the fluid package is
covered. This includes the basic procedure for creating a fluid
package by using both traditional HYSYS and COMThermo
thermodynamics. Finally, information on the Fluid Package
property view is provided for each of the following tabs:

e SetUp

e Parameters

e Binary Coefficients
e Stability Test

e Phase Order

e Reactions (Rxns)

e Tabular

e Notes

It should be noted that individual components are not added
within the Fluid Package Manager. Instead, component selection
is handled independently in the Basis Manager through the
Components tab. The Components Manager provides a general
location where sets of chemical components being modeled may
be retrieved and manipulated.
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2.2 Fluid Packages Tab

The next tab of the Simulation Basis Manager property view is
the Fluid Packages (Fluid Pkgs) tab. When you create a New
Case, HYSYS displays the Fluid Pkgs tab, as shown below:

# Simulation Basis Manager

Current Fluid Packages Flowisheet - Fluid Plkg Aszociations
Baszis:1  NC: 36 PP: PengRobinzon iew.. Flowsheet Fluid Pkg To Use
Basiz2 NC:36 PP:MRTL -ldeal 1] Casze [Main) Basis-1
- B V=0 (e Hosia]
Delete
Copy
Default Fluid Pkg Basis-1 -
Import....
Fluid Pkg for Mew Sub-FlowSheets
Export.. = Use Default Fluid Pkg
(" Use Parent's Fluid kg

Companents  Fluid Pkgs | Hypatheticals JDiIManager J Petroleum Assays JHeactionsJ Companent Maps J UserProperty r

Enter BT Enviranment. | Retum to Simulation Environment |

You must define at least one fluid package prior to entering
the Simulation Environment.

In the Current Fluid Packages group, there are buttons that
allow you to organize all Fluid Packages for the current case.

When a New Case is created, only the Add and Import
buttons are available.

The following table lists and describes each button:

Button ‘ Description

Refer to Section 2.4 - View This is only active when a fluid package exists in the
HYSYS Fluid Package case. It allows you access the property view for the
Property View for selected fluid package.

details on what Add Allows you to install a new fluid package into the case.

information you can edit
by clicking the View
button.
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For details concerning
the importing and
exporting functionality,
refer to Section 7.23.7
- Exporting/
Importing Workbook
Tabs in the HYSYS
User Guide.

Refer to Chapter 5 -
Logical Operations in the
HYSYS Operations
Guide for detailed
information on the stream
cutter object and fluid
package transitioning.

Button ‘ Description

Allows you to delete a fluid package from the case. When
you delete a fluid package, HYSYS displays a warning,
and asks you to verify that you want to delete the
package. You must have at least one fluid package for
your case at all times.

Delete

Makes a copy of the selected fluid package. Everything is
identical in this copied version, except the name. This is a
useful tool for modifying fluid packages.

Copy

Allows you to import a pre-defined fluid package from

Import
disk. Fluid packages have the file extension *.fpk.

Allows you to export the selected fluid package (*.fpk)
to disk. The exported fluid package can be retrieved into

Export

another case, by using its Import function.

The Flowsheet - Fluid Pkg Associations group lists each
Flowsheet in the current simulation along with its associated
Fluid Package. You can change the associations between
Flowsheets and which Fluid Pkg To Use in this location. You can
also specify a default fluid package by selecting a package in the
Default Fluid Pkg drop-down list. HYSYS automatically assigns
the Default Fluid Package to each unit operation, SubFlowsheet
or columns using the default fluid package in the simulation.

Changing the default package only changes those fluid pkgs
that are currently set to use the default fluid package. That
is, any operation or stream which is not set to the default
fluid package is not modified.

Selecting a alternative fluid package from the Basis Manager
property view allows you to transition or switch between fluid
pkgs anywhere in the flowsheet with the addition of the stream
cutter object.

The Fluid Pkg for New Sub-FlowSheets group allows you to
select the default fluid package that is associated to a
subflowsheet, when the subflowsheet is created.

e Use Default Fluid Pkg radio button associates the

default fluid package of the entire simulation case to the
subflowsheet.

e Use Parent’s Fluid Pkg radio button associates the
default fluid package of the parent flowsheet to the
subflowsheet.

2-4



Fluid Package 2-5

A complete description of
each page of the Fluid
Package property view is
given in Section 2.4 -
HYSYS Fluid Package
Property View.

For further details relating
to Component Lists and
component selection,
refer to Chapter 1 -
Components.

2.3 Adding a Fluid Package
- Example

When you click the Add button from the Simulation Basis
Manager property view, HYSYS opens the Fluid Package
property view to the Set Up tab. The Fluid Package property
view is based on the traditional HYSYS Thermodynamics.

Fluid Package: Basis-1 |_ (O] x|
Property Package Selection

Property Package Filter

& Al Types
ASME Steam " EO0Ss
Braun K10 ™ Activity Models
Ehiao Seader " Chao Seader Models
Chien Null -
Ec T alillen “apour Press Madels
Extended MRTL " Miscelaneous Types
GCEDS
General NRTL hdl

Advanced Thermodynamics
Component List Selectiar
" [ COMThermo

Component List - 1 j Wiew. ..

i Set Up | Parameters J Binary Caeffs J StabTest J Phaze Drdg{ JFhms T abuilar J Motes

|| Hame EBasiz-1 Froperty Pkg <Monex

You can select the COMThermo checkbox to access the
COMThermo option in HYSYS.

The order of the tabs in the Fluid Package property view are tied
to the sequence of defining a Fluid Package using HYSYS
thermodynamics.

e On the Set Up tab, select a Property Package for the case
from the Property Package Selection group. You can filter
the list of Property Packages by selecting a radio button
in the Property Package Filter group. You must also select
a Component List for the case from the Component List
Selection group. Component Lists are built in the
Simulation Basis Manager and may contain library,
hypothetical, and electrolyte components.

e Depending on the Property Package selected, you may
need to specify additional information, such as the
Enthalpy and Vapour Model, Poynting Correction factor,
etc.
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Refer to Chapter 5 -
Reactions for
information on the
Reaction Manager.

Depending on the Property Package selected you may
need to supply additional information based on the
seg)ected components. This is done on the Parameters
tab.

If necessary, specify the binary coefficients on the Binary
Coeffs tab. As an alternative to supplying binaries, you
may want to have estimates made for the selected
components.

If necessary, instruct HYSYS how to perform Phase
Stability tests as part of the flash calculations on the
Stab Test tab.

Define any reactions and reaction sets for the fluid
pat?kage or access the Reaction Manager on the Rxns
tab.

On the Tabular tab, you can access the Tabular Package
for the equation based representation of targeted
properties.

The final tab on the Fluid Package property view is the
Notes tab, where you can supply descriptive notes for the
new Fluid Package.

If you click the COMThermo checkbox in the Advanced
Thermodynamics group, HYSYS opens the Fluid package
property view to the Set Up tab. The Fluid Package property
view is based on the COMThermodynamics framework.

Fluid Package: Basis-1

- (O] x]

todel Selection

odel Option:

<none>

Braun K10

ExtPkg

HuspzPR

|deal Gas

|deal Gas/Lk
Kabad-D anner
Lee-Kesler-Flocker

= |7(:' Wapor € Liquid |

Model Pha:

FProperty tethod

HYCOMFlash
HY'5' 5 Flazh

multiphase

Extended Flash Setun.. |

EEE\VULK j Extended Brapka Setum.. |

Companent List Selection
’] Companent List - 1

LI Wiew... |

Impart
I [EdHThemg  Begression |

"Advanced Thermodynamics

E zport

-
Set UpI Paramneters I Binary Coeffs I StabTest I Phase Order IHkns I T abular I Hotes |

Delete | Name |Basis] Property Pk | Yapor: <none>  Liquid: <none>

Edit: Fioperties

The order of the tabs in the Fluid Package property view are
similar to the traditional HYSYS Thermodynamics as above

except for the following:

e On the Set Up tab, select a model case from the Model
Selection group for the vapor and liquid phase.
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e Depending on the model selected, you may specify
additional information. For example, in the Model Options
group select the calculation methods for Enthalpy and
Entropy, Cp, etc., using the drop-down list.

e Depending on the Model selected, you may need to
supply additional information based on the selected
components. This is done on the Parameters tab.

e If necessary, specify the binary coefficients on the Binary
Coeff tab. As an alternative to supplying binaries, you
may want to have estimates made for the selected
components.

e If necessary, instruct HYSYS-COMThermo how to perform
Phase Stability tests as part of the flash calculations on
the Stab Test tab.

2.4 HYSYS Fluid Package
Property View

The Fluid Package property view consists of eight tabs and is
based on the traditional HYSYS thermodynamics. Among these
tabs is all the information pertaining to the particular Fluid

Package.
Fluid Package: Basis-1 [_ O] =]
Property Package Selection ~EOS Enthalpy Method 5 pecificatio
. Lee-Kesler-Flacker Propeity Package Filte + Eguation of State
Removes the Fluid " LeaKesler

Al Types

Package from the

—Peng Fobinzon O ption:

case. You must  Activity Models = Hyave
confirm that you want S SEE (" Chao Seader Models
f o ~ Yapour Fress Models  Standard
to delete the Fluid EEET " Miscellaneous Types
Package Twu:s‘:vﬂl.‘l'[assma » [ Use EOS Density v Modify H2 Te and Po
Zudkevitch-loffes r [~ Smooth Liquid Density

: | mpart
| Basi i | [~ COMThemo ﬁegressmn...l [t |
gsis-1 Component List =l Wiew S I

—_
Set UpI Parameters I Binary Coeffs I StabT est I Phaze Order IHxns I Tabular I Hotes |

Doete | Mame Jpasis Frapety Pkg — Eci Prapartes |

Advanced Themodynamics
—Caomponent List Selection ’7

You can input a name The selected base Select the gtton to
for the Fluid Package Property Package type is edit properties at the
in this field. shown in this status bar. fluid package level.
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Refer to Section 2.5 -
COMThermo Property
View for more
information on Advanced
Thermodynamics group.

2.4.1 Set Up Tab

The Set Up tab is the first tab of the Fluid Package property
view.

Select a property package Additional information are displayed
for the fluid package using in this space depending on the
the property package filter. Property Package selection.

—Propeity Package Selection

Property Package Filter———
Amine Pkg
Aintoine @ Al Types
ASME Steam " EOSs
Braun K10 " Activity Models
Chao Seader " Chao Seader Models
Chien Null v Press Made!
Clean Fuels Pka B PSS LIRS
DEBR Amine Package " Miscellaneous Types
Eszo Tabular

Extended NRTL |

Component List Selection

I Component List - 1 *ﬂ\ Wiew... I

= Set LIpI Parameters I Binary Coeffs I StahT est ]\Qhase Order Ilens I T abular I Hotes |
\

Irport |
[~ COMThermo EBQTGSSiOH---l
Ezport |

"Advanced Themodynamics——————————————

Select a Component List here. It is not recommended
to use the Master Component List.

When you create a new Fluid Package, the Fluid Package
property view appears as shown in the above figure.

The Set Up tab contains the Property Package Selection,
Component List Selection, Property Package Filter and
Thermodynamics groups.

Once a Property Package is selected, additional information and
options may be displayed to the right of the Property Package
Selection group. This is shown in Figure 2.4 with the EOS
Enthalpy Method Specification group for the Peng-Robinson
property package. The information that is displayed is
dependent on the selected Property Package.

The following sections provide an overview of the various
Property Packages, as well as details on the various groups that
appear on the Set Up tab.
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For more detailed
information about the
property packages
available in HYSYS, refer
to Appendix A -
Property Methods &
Calculations.

Property Package Selection Group

In the Property Package Selection group, you have access to the
list of all the Property Package/Property Methods available in
HYSYS and to the Property Package Filter group.

Property Package Selection

Property Package Filter———

Grayzon Streed
Infochem ultiflash
K.abadi-Danner
Lee-Fesler-Plocker
Margules

e Al Types
" EOSs

 Activity Models
MEH " Chao Seader Models
MBS Steam -
Meatec Black il “Yapour Press Models

MRTL " Mizcellaneous Types
OL|Elecholyte

The Property Package Filter allows you to filter the list of
available property methods, based on the following criteria:

Filter ‘ Description

All Types All the Property Packages appear in the list.
EOSs Only Equations of State appear in the list.
Activity Models Only Liquid Activity Models appear in the list.
Chao Seader Only Chao Seader based Semi Empirical methods

Models are displayed.

Vapour Pressure Vapour pressure K-value models are shown in the
Models list.

Miscellaneous Models that do not fit into any of the above 4

categories (i.e., excluding All) are displayed.

Equations of State (EOS)

For oil, gas and petrochemical applications, the Peng-Robinson
Equation of State is generally the recommended property
package. Enhancements to this equation of state enable its
accuracy for a variety of systems over a wide range of
conditions. It rigorously solves most single-phase, two-phase,
and three-phase systems with a high degree of efficiency and
reliability.

2-9




2-10 HYSYS Fluid Package Property View

All equation of state methods and their specific applications are
described below:

EOS ‘ Description

GCEOS This model allows you to define and implement your own
generalized cubic equation of state including mixing rules
and volume translation.

Kabadi Danner | This model is a modification of the original SRK equation
of state, enhanced to improve the vapour-liquid-liquid
equilibria calculations for water-hydrocarbon systems,
particularly in dilute regions.

Lee-Kesler This model is the most accurate general method for non-
Plocker polar substances and mixtures.

Peng-Robinson | This model is ideal for VLE calculations as well as
calculating liquid densities for hydrocarbon systems.
Several enhancements to the original PR model were
made to extend its range of applicability and to improve
its predictions for some non-ideal systems. However, in
situations where highly non-ideal systems are
encountered, the use of Activity Models is recommended.

PRSV This is a two-fold modification of the PR equation of state
that extends the application of the original PR method for
moderately non-ideal systems.

SRK In many cases it provides comparable results to PR, but
its range of application is significantly more limited. This
method is not as reliable for non-ideal systems.

Sour PR Combines the PR equation of state and Wilson's API-Sour
Model for handling sour water systems.

Sour SRK Combines the Soave Redlich Kwong and Wilson's API-
Sour Model.

Zudkevitch Modification of the Redlich Kwong equation of state. This

Joffee model has been enhanced for better prediction of

vapour-liquid equilibria for hydrocarbon systems, and
systems containing Hydrogen.

BWRS This model is commonly used for compression
applications and studies. It is specifically used for gas
phase components that handle the complex
thermodynamics that occur duirng compression and is
useful in both upstream and downstream industries.

Activity Models

Although Equation of State models have proven to be very
reliable in predicting the properties of most hydrocarbon based
fluids over a wide range of operating conditions, their
application is limited to primarily non-polar or slightly polar
components. Highly non-ideal systems are best modeled using
Activity Models.
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The following Activity Model Property Packages are available:

Activity Model ‘ Description

Chien Null Provides a consistent framework for applying existing
Activity Models on a binary by binary basis. It allows you
to select the best Activity Model for each pair in your
case.

Extended NRTL | This variation of the NRTL model allows you to input
values for the Ay;, Byj, Cjj, Alplj; and Alp2;; parameters
used in defining the component activity coefficients.
Apply this model to systems:
e with a wide boiling point range between
components.
e where you require simultaneous solution of VLE and
LLE, and there exists a wide boiling point range or
concentration range between components.

General NRTL This variation of the NRTL model allows you to select the
equation format for equation parameters: T and o.
Apply this model to systems:
e with a wide boiling point range between
components.
e where you require simultaneous solution of VLE and
LLE, and there exists a wide boiling point or
concentration range between components.

Margules This was the first Gibbs excess energy representation
developed. The equation does not have any theoretical
basis, but is useful for quick estimates and data
interpolation.

NRTL This is an extension of the Wilson equation. It uses
statistical mechanics and the liquid cell theory to
represent the liquid structure. It is capable of
representing VLE, LLE, and VLLE phase behaviour.

UNIQUAC Uses statistical mechanics and the quasi-chemical theory
of Guggenheim to represent the liquid structure. The
equation is capable of representing LLE, VLE, and VLLE
with accuracy comparable to the NRTL equation, but
without the need for a non-randomness factor.

van Laar This equation fits many systems quite well, particularly
for LLE component distributions. It can be used for
systems that exhibit positive or negative deviations from
Raoult's Law, however, it cannot predict maxima or
minima in the activity coefficient. Therefore it generally
performs poorly for systems with halogenated
hydrocarbons and alcohols.

Wilson First activity coefficient equation to use the local
composition model to derive the Gibbs Excess energy
expression. It offers a thermodynamically consistent
approach to predicting multi-component behaviour from
regressed binary equilibrium data. However the Wilson
model cannot be used for systems with two liquid
phases.

2-11



2-12

HYSYS Fluid Package Property View

Chao Seader & Grayson Streed Models

The Chao Seader and Grayson Streed methods are older, semi-
empirical methods. The Grayson Streed correlation is an
extension of the Chao Seader method with special emphasis on
hydrogen. Only the equilibrium data produced by these
correlations is used by HYSYS. The Lee-Kesler method is used
for liquid and vapour enthalpies and entropies.

Model ‘ Description

Chao Seader | Use this method for heavy hydrocarbons, where the
pressure is less than 10342 kPa (1500 psia), and
temperatures range between -17.78 and 260°C (0-500°F).

Grayson Recommended for simulating heavy hydrocarbon systems
Streed with a high hydrogen content.

Vapour Pressure Models

Vapour Pressure K-value models may be used for ideal mixtures
at low pressures. Ideal mixtures include hydrocarbon systems
and mixtures such as ketones and alcohols, where the liquid
phase behaviour is approximately ideal. The models may also be
used as first approximations for non-ideal systems. The
following vapour pressure models are available:

Models ‘ Description

Antoine This model is applicable for low pressure systems that
behave ideally.
Braun K10 This model is strictly applicable to heavy hydrocarbon

systems at low pressures. The model employs the Braun
convergence pressure method, where, given the normal

boiling point of a component, the K-value is calculated at
system temperature and 10 psia (68.95 kPa).

Esso Tabular This model is strictly applicable to hydrocarbon systems at
low pressures. The model employs a modification of the
Maxwell-Bonnel vapour pressure model.




For more information on
the package see
Appendix C - Amines
Property Package.

For more information on
the package see
Appendix D - Glycol
Property Package.

For more information on
the OLI_Electrolyte
property package, refer
to Section 1.6 - HYSYS
OLI_Electrolyte
Property Package in
the HYSYS OLI
Interface Reference

Miscellaneous Types

The Miscellaneous group contains Property Packages that are
unique and do not fit into the groups previously mentioned.

Property Package
Amine Pkg

‘ Description

Contains thermodynamic models developed by
D.B. Robinson & Associates for their proprietary
amine plant simulator, AMSIM. You can use this
property package for amine plant simulations with
HYSYS.

Amines is an optional Property Package. Contact
your AspenTech representative for further
information.

ASME Steam

Restricted to a single component, namely H20.
Uses the ASME 1967 Steam Tables.

Glycol PPkg

Glycol property package contains the TST (Twu-
Sim-Tassone) equation of state to determine the
phase behaviour more accurately and consistently
for the TEG-water mixture.

NBS Steam

Restricted to a single component, namely H20.
Utilizes the NBS 1984 Steam Tables.
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MBWR

This is a modified version of the original Benedict/
Webb/Rubin equation. This 32-term equation of
state model is applicable for only a specific set of
components and operating conditions.

OLI_Electrolyte

Developed by OLI Systems Inc. and used for
predicting the equilibrium properties of a chemical
system including phase and reactions in a water
solution.

Additional Property Package Options

When you select a Property Package, additional information and
options may be displayed on the right side of the Set Up tab.
This information is directly related to the Property Package type
selected.

Guide.
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In this section, the additional information displayed with the
property method selection is discussed. The groups that are
encountered are shown below. It should be noted that not all
EOS’s or Activity models include the specifications indicated.

Property Packages ‘ Specifications and Options

Equation of States

EOS Enthalpy Method Specification, Peng
Robinson Options, Indexed Viscosity Mixing
Rule, EOS Density and Smooth Liquid Density
Specifications

Activity Models

Activity Model Specifications

Amine Pkg

Amine Options:

e Thermodynamic Models for Aqueous Amine
Solutions

e Vapour Phase Model

OLI_Electrolyte

OLI_Electrolyte Options:
e Initialize and View Electrolytes
¢ Phase and Solid options

EOS Enthalpy Method Specification

The Lee-Kesler Plocker (LKP) and Zudkevitch Joffee (ZJ)
property packages both use the Lee-Kesler enthalpy method.
You cannot change the enthalpy method for either of these
Equations of State (in other words, the figure below does not

appear).

EDS Enthalpy Method Specification————————————

’7(3' Equation of State

i Lee-Kesler
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With any other Equation of State, you have a choice for the
enthalpy method as described below:

Enthalpy Method ‘ Description

Equation of State | With this radio button selection, the enthalpy method
contained within the Equation of State is used.

Lee-Kesler The Lee-Kesler method is used for the calculation of
enthalpies.

This option results in a combined Property Package,
employing the appropriate equation of state for
vapour-liquid equilibrium calculations and the Lee-
Kesler equation for the calculation of enthalpies and
entropies.

This method yields comparable results to HYSYS'
standard equations of state and has identical ranges of
applicability.

Lee-Kesler enthalpies may be slightly more accurate
for heavy hydrocarbon systems, but require more
computer resources because a separate model must be
solved.

Peng Robinson Options

The Peng Robinson options are only available when the Peng
Robinson property package is selected.

Figure 2.8

Peng Robinzon Option
& HYSYS
 Standard

The options are explained in the table below:

Option ‘ Description
For more information on HYSYS The HysysPR EOS is similar to the PR EOS with several
property packages, refer enhancements to the original PR equation. It extends its range
to Appendix A.3.1 - of applicability and better represents the VLE of complex
Equations of State. systems.

Standard | This is the standard Peng Robinson (1976) equation of state, a
modification of the RK equation to better represent the VLE of
natural gas systems accurately.
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EOS Density and Smooth Liquid Density
Specifications

The Use EOS Density and Smooth Liquid Density
checkboxes affect the PR, PRSOUR, SRK, and SRKSOUR
property packages.

[~ Use E0S Density

¥ {zmao il
[~ Modify H2 Te and Po
[~ Indexed Viscosity

In previous versions to HYSYS 3.0, these property packages
used the Costald liquid density model. This method was only
applied when the reduced temperature (Tr) was less than unity.
When the reduced temperature exceeded unity, it switched to
the EOS liquid density. Hence, at Tr=1 there is a sharp change
(discontinuity) in the liquid density causing problems especially
in dynamics mode.

For older cases including HYSIM cases, the density smoothing
option is not selected. This means that liquid densities in cases
using the smoothing option may differ from those cases in the
past.

By default, new cases have the density smoothing option
selected and EOS density not selected, which is the
recommended option. By default, or if the smoothing option is
selected, HYSYS interpolates the liquid densities from Tr=0.95
to Tr=1.0, giving a smooth transition. It should be noted that
the densities differ if the option is not selected.

Costald typically gives better liquid densities and smoothing
near Tr=1 is common.

If both the Use EOS Density and Smooth Liquid Density boxes
are not selected, the behaviour and results are the same as
before (previous to HYSYS 3.0) and can cause problems as
discussed earlier.
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Modify H2 Tc and Pc Option

The Modify H2 Tc and Pc checkbox is available for the following
property packages: Peng-Robinson, SourPR, SourSRK, and SRK.

When the checkbox is selected, the critical temperature and
pressure of Hydrogen is modified as a function of temperature.
This feature is used to produce better results for simulation
systems containing hydrogen.

Indexed Viscosity Mixing Rule

The Indexed Viscosity checkbox option enables you to toggle
between two methods/rules used to calculate the blended liquid
viscosity.

[~ Use EDS Density
[~ Smooth Liquid Density
[~ ModiiyHZ Te and Po
W Indexs il

There are two methods are:

e default. HYSYS provides an estimate of the apparent
liquid viscosity of an immiscible hydrocarbon liquid -
aqueous mixture using only the viscosity and the volume
fraction of the hydrocarbon phase. This method is
selected when the Indexed Vicosity checkbox is clear.

e viscosity index. Uses a linearized viscosity equation
from Twu and Bulls. This method is selected when the
Indexed Viscosity checkbox is selected.
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Viscosity Index Parameters Property View

When you select the Indexed Viscosity checkbox, the
Viscosity Index Parameters property view (associated to the
active fluid package) appears.

Wiscosity Index Parameters———

Parameter ‘A’ <emplyy
Parameter 'B' <emphy>
Parameter 'C' <emphy>

& * InfInfviscfi] + C)) + B

Twu and Bulls [1981)

Llose | LCancel |

In the Viscosity Index Parameters group, you can specify the
value for the three parameters used in the linearized viscosity
calculation. The equation below the table displays how each
parameter is used in the Twu and Bulls (1981)2 calculation.

Theory

Viscosity cannot be blended linearly, so a methodology is
adopted that substitutes a function of the measured viscosity
that is approximately linear with temperature. A linearized
equation for viscosity is given by Twu and Bulls (1981)2:

Inln(v+0.7) = mInT+ b (2.1)

where:
T = absolute temperature °R

v = kinematic viscosity in cSt

The above equation can be simplified to the following equation:

alnln(v+c) = b (2.2)
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where:
a = constant at a fixed temperature
v = kinematic viscosity in cSt
c = adjustable parameter

b = constant

Pure Component

HYSYS calculates the viscosity of a pure compound based on the
component class designation as well as the phase in which the
component is present as well as a temperature range:

System ‘ Vapor ‘ Liquid

Light HCs (NBP<155F) Modified Ely and Hanley | Ely and Hanely
Heavy HCs Modified Ely and Hanley | Twu

Modified Letsou-Stiel Modified Ely and Hanely | Modified Letsou-Stiel

Each viscosity model is based on the corresponding states
principle. A complete description of the corresponding stages
NBS model used for viscosity prediction used by Ely and Hanely
is given in the NBS publication3. This model was modified to
eliminate the iterative procedure for calculating the system
shape factors. The generalized Leech-Leland shape factor
models have been replaced by component specific models.

Although the modified NBS models handles most hydrocarbons
well, the Twu method is known to do a better job of predicting
the viscosity of heavy hydrocarbon liquids. The Twu model is
also based on the corresponding states principle and uses a
viscosity correlation for n-alkanes as its reference fluid instead
of methane.

Experimental viscosity curves can be supplied via hypothetical
properties or user data in HYSYS directly by mapping the library
component as a hypothetical.

Estimations for viscosity can be further improved over
internal estimation routines by supplying the experimental
viscosity for a hypothetical component.
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Activity Model Specifications

The Activity Model Specification group appears for each activity
model. There are three specification items within this group as
shown in the following figure.

Activity Model Specifications——————————————————

Vapour Model |deal
UMIFALC Estimation Temp 25,0000 C
Usge Poynting Comection v

Activity Models only perform calculations for the liquid phase,
thus, you are required to specify the method to be used for
solving the vapour phase. The first field in the Activity Model
Specifications group allows you to select an appropriate Vapour
Model for your fluid package.

The list of vapour phase models are accessed through the drop-
down list and are described below.

Models ‘ Description

Ideal The HYSYS default. It is applied for cases in which you are
operating at low or moderate pressures.

RK The generalized Redlich Kwong cubic equation of state is

based on reduced temperature and reduced pressure, and is
generally applicable to all gases.

Virial Enables you to better model the vapour phase fugacities of
systems that display strong vapour phase interactions.
Typically this occurs in systems containing carboxylic acids,
or other compounds that have the tendency to form stable
hydrogen bonds in the vapour phase.

PR Uses the Peng Robinson EOS to model the vapour phase.
Use this option for all situations to which PR is applicable.

SRK Uses the Soave Redlich Kwong EOS to model the vapour
phase. Use this option for all situations to which SRK is
applicable.

The second field in the Activity Model Specifications group is the
UNIFAC Estimation Temp. This temperature is used to estimate
interaction parameters using the UNIFAC method. By default,
the temperature is 25°C, although better results are achieved if
you select a temperature that is closer to your anticipated
operating conditions.
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The third field in this group is a checkbox for the Poynting
Correction. This checkbox toggles the Poynting correction factor,
which by default, is selected. The correction factor is only
available for vapour phase models. The correction factor uses
each component's molar volume (liquid phase) in the calculation
of the overall compressibility factor.

Amine Options

The following Amine options are available when the Amine pkg
is selected.

T hermadynamic Models far Aqueous Amine Salutions—

s Kent-Eisenberg
i Li-tather

% apar Phase Madel

i Ideal
v Moneldeal

Refer to the Appendix The Thermodynamic Models for AQueous Amine Solutions group

S Equilibrium contains radio buttons that enable you to select between the
olubility for detailed . )

information on each Kent-Eisenberg and Li-Mather models.

thermodynamic model.
The Vapour Phase Model group contains radio buttons that
enable you to select between Ideal and Non-Ideal models.
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Refer to the HYSYS
OLI Interface
Reference Guide for
detailed information on
electrolytes.

OLI_Electrolyte Options

If the OLI_Electrolyte property package is selected for the fluid
package, the following electrolyte options appear on the right
side of the property view.

Initialize Electiolytes Environment |

~Phase Optiory Solid Optiar
Yapour Exclude All Solids r
All Scaling Tendency [

Selected Saolid |

Organic
Solid
Agqueous

XX

~Fedox: Optior:
Included [© Fiedoy Subsystemn Selection... I

“Wiew Electiolyte Feaction in Trace Window I

After selecting electrolyte components for a component list from
the database, a electrolyte system is established.

The Initialize Electrolytes Environment button is used for
the following:
e Generating a group of additional components based on

the selected components and the setting in Phase Option
and Solid Option below.

e Generating a corresponding Chemistry model for
thermodynamic calculation.

The View Electrolyte Reaction in Trace Window button is
active when the Electrolytes Environment is initialized. It allows
you to view what reaction(s) are involved in the Thermo flash
calculation in the trace window.

Phase Option Group

The Phase Option includes the following four phases:vapour,
organic, solid, and aqueous. The checkboxes allow you to select
the material phases that are considered during the flash
calculation.

e The vapour, organic, and solid phases may be included or
excluded from calculations.
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Refer to Section 1.6.6 -
Disabling Solid
Components in the
HYSYS OLI Interface
Reference Guide for
more information on
including and excluding
solids.

e The aqueous phase must be included in all electrolyte
simulations and is not accessible.

By default, the vapour and solid phases are selected with the
organic phase cleared.

The flexibility of selecting different phase combinations and the
procedure for phase mixing used by the flash calculation is
described in the following table:

Phases Included ‘ Description of the Flash Action

Vapour and Solid | Generates vapour and solid phases when they exist. If
an organic phase appears, it is included in the vapour

phase.
Organic and Generates the organic and solid phase when they exist.
Solid If a vapour phase appears, it is included in the organic
phase.
Vapour and Generates the vapour and organic phase when they
Organic exist. If a solid phase appears, it is included in the
aqueous phase.
Vapour only Generates the vapour phase when it exists. If an

organic phase appears, it will be included in the vapour
phase and if a solid phase appears, it is included in the
aqueous phase.

Organic Only Generates the organic phase when it exists. If a vapour
phase appears, it will be included in the organic phase
and if a solid phase appears, it is included in the
aqueous phase.

Solid Only An electrolyte case with no organic or vapour phase is
impossible and is not be accepted.

Solid Option Group

The Solid Option group contains two checkboxes and the
Selected Solid button.

e HYSYS allows you to exclude all solids in your case by
selecting the Exclude All Solids checkbox.

e You can exclude solid components individually when the
solid phase is included, by disabling solid components
that are not of interest in the simulation.

To do this, you must invoke Initialize Electrolytes
Environment option first, and then click the Selected
Solid button. When you click the button, you can select
any component that you want to be included or excluded
in all of the Electrolyte streams from the case. When the
solid components are excluded, you have to re-initialize
the Electrolytes Environment.
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Refer to Section 1.6.7 - e If you select the All Scaling Tendency checkbox, all
Scaling Tendencies of solids are excluded from the case. The Scaling Tendency
the HYSYS OLI Index is still calculated in the flash calculation.

Interface Reference
Guide for more

information. Redox Options Group

The Redox Options group contains features that enable you to
access the REDOX database. The REDOX database supports
calculations involving the reduction and oxidation of pure metals
and alloys to simulate the corrosion process in aqueous system.
e The Included checkbox enables you to toggle between

including or ignoring the selected REDOX sub-system for
the active property package.

Refer to REDOX section e The Redox Subsystem Selection... button enables you
from Section 1.8.3 - to access the Redox Sub-Systems property view. This
Special Databases in property view enables you to select the REDOX sub-

the HYSYS OLI system you want to apply to the property package.

Interface Reference
Guide for more
™M Redox Sub-Systems [_ [O] =]

REDDH Subsystem Include
CU{0) CU+1] EU[+2] =

() G+
CL(-1) CL{+1] CL{+3) CL{+5) CL[+7) Cli+d]
Nall) NA+ ]

11 <1f <]

By default, OLI REDOX selects the redox subsystems that
contain metals of engineering importance. This default is
motivated by corrosion applications, for which redox
transformations of engineering metals are important.
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Component List Selection Group

You must also select a Component List to associate with the
current Fluid Package from the Component List Selection drop-
down list.

Biasis-1 Component List ;I Yiem... |

"Enmpnnent List Selectian

Component Lists are stored outside of the Fluid Package
Manager in the Components Manager and may contain
traditional, hypothetical, and electrolyte components.

It is not recommended for users to attach the Master
Component List to any Fluid Package. If only the master list
exists, by default a cloned version of the Master Component
List is created (called Component List -1). This list is
selected initially when a new Fluid Package is created.

HYSYS provides a warning message when you attempt to
associate a Component List containing incompatible and/or not
recommended components, with your property package.

Also, if you switch between property packages, and any
components are incompatible or not recommended for use with
the current property package, a property view appears
providing further options (see the following Warning Messages
section).

Warning Messages

There are two different warning property views that you may
encounter while modifying a Fluid Package. These situations
arise when a Component List is installed into the Fluid Package
and you want to select a new property package. Some
components from the selected Component List may either not
be recommended or are incompatible with the new property
package selection.

2-25



2-26 HYSYS Fluid Package Property View

The first property view involves the use of Non-Recommended
components. In HYSYS, you can select components that are not
recommended for use with the current property package.

If you try to switch to another property package for which the
components are not recommended, the following property view

appears:

Figure 2.18

Mot Recommended

The listed compaonents are not recommended for
uze in the Property Package pou have selected.
Continuing to use them may invalidate pour

Simulation Results. Try a more suitable Package.

Desired Prop Pka: Peng Raobingon j
Actior
Ok
= Delete Components _—I
i Keep Components Cancel |

The objects from the Components Not Recommended for
Property Package property view are described below:

Object ‘ Description
Not The non-recommended components are listed in this
Recommended group.

Desired Prop Pkg

This field initially displays the Property Package for
which the listed components are Not Recommended.

This field is also a drop-down list of all available
Property Packages so you may make an alternate
selection without returning to the Fluid Package
property view.

Action

This group box contains two radio buttons:

* Delete Components. This removes incompatible
components from the Fluid Package.

o Keep Components. This keeps the components
in the Fluid Package.

OK

Accepts the Desired Prop Pkg with the appropriate
Action.

Cancel

Return to the Prop Pkg tab without making changes.
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The second dialog involves the use of Incompatible components.
If you try to switch to a property package for which the
components are incompatible, the following property view
appears:

Incompatible Component

The listed companents are nat avaiable for use
in the Property Package pou have selected.

Methane
Propane

Desired Prop Pka: MBS Steam ;I

Action
If you continue, | will delete aK |
the listed components.

LCancel |

The Objects from the Components Incompatible with Property
Package property view are described below:

Object ‘ Description

Incompatible The incompatible components are listed in this group.
Components

Desired Prop Pkg | This field initially displays the Property Package for
which the listed components are Incompatible.

This field is also a drop-down list of all available
Property Packages so you may make an alternate
selection without returning to the Fluid Package
property view.

OK This button accepts the Desired Prop Pkg with the
appropriate Action (i.e., delete the incompatible
components).

Cancel Press this button to keep the current Property Package
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2.4.2 Parameters Tab

The information and options displayed on the Parameters tab is
dependent on the Property Package selection. Some Property
Packages have nothing on the Parameters tab, while others
display additional information required. Those Property
Packages which have information on the Parameters tab are
mentioned in this section.

If a value is estimated by HYSYS, it is indicated in red and can
be modified.

GCEOS (Generalized Cubic EOS)

The Generalized Cubic Equation of State (GCEOS) is an
alternative to the standard equation of state property packages.
It allows you to define and customize the cubic equation to your
own specifications.

=]
~GCEDS Pure Component P, GCEOS P.
% kappal " kappal 5 = ol Translation ue [Eom
kappal = & + B*omega + Cromega”™2 + D*omega™3  omega = Acentric Factor
A B T ] W= |-1 .0on
Initiglize EO%:
’7| PRSY 'l
—_—
Setlp Palamelelsl Binary Coeffs I StabTest I Phase Order IHxns I Tabular I Notes |

Y Mame IBasis-1 Property Pka | GCEDS Edit Properties |
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Generalized Cubic Equation of State

To gain an understanding of how to specify the GCEOS property
package Parameters tab, you must first consider the general
cubic equation of state form:

P = ﬁ_% (2.3)
v—b V +ubv+wb
OR
2+ C 7 +CZ+Cy =0 (2.4)
where:
C, = Bu-B-1
C, = B*w—B*u—Bu+4 (2.5)

Cy = —(B'w+B w+A4B)

7= 1‘;_; (2.6)
4= a’"z—i (2.7)
R'T
B = b’}”;;P (2.8)
@iy = 0% Jai(Ta)(T) x MRy, (2.9)
bix = Pibi (2.10)
a(T) = a0 (2.11)
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_ (3t -wE’ 2.12
a"_(3+(u—1)§ +”§)RT"V" @12
b=t (2.13)
[u(w+u) - wlE > +3(w+wE+3E 1 = 0 (2.14)

MR;; = the mixing rule

To calculate the values of b; and a., the cubic equation,
Equation (2.14), is solved to find a value for ¢ .

The value of a; in Equation (2.11) requires you to use the o
term.

D) = [1+x(1 =T (215)

o in turn is made up of the x term.The parameter x is a
polynomial equation containing five parameters: «;.k,.,k,,k;,K,,K5 .
The parameter x, is also represented by a polynomial equation
consisting of 4 parameters (A, B, C and D).

K = Ko+ [K) + (K~ K3 TR) (1= T X (1+ T9) (0.7 = Tp) x T (2.16)
Ky = A+ Bo+ Co + Do (217)

The Parameters tab for the GCEQOS consists of three group
boxes:

e GCEOS Pure Component Parameters
e GCEOS Parameters
e Initialize EOS
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GCEOS Pure Component Parameters Group

This group allows you to define o by specifying the values of
Ko to Ks .

To specify the value of k,, select the kappaO radio button and a
property view similar to the one shown in Figure 2.21 should
appear. The group consists of a matrix containing 4 parameters
of Equation (2.17): A, B, C, and D for each component
selected in the Fluid Package.

GCEQS Pure Component Parameters GCEOS Parameters
(+ kappal " kappal-5 " Vol. Translation u- [zom
kappal = & + B*omega + C*omega”2 + D*'omega™  omega = Acentric Factor

= | B | T | ] | w= |-1.000
Methane 03789 1.450 01713 | 1.966e-002
Ethane 0.3789 1.490 01713 | 1966002 [ EDSREADY |
Propane 03789 1.450 01713 | 1.966e-002
i-Butane 0.3783 1.430 01713 | 1.966e-002
Initiglize EOS:
FRSY i
= SetUp  Parameters | Binary Coeffs J StabTest J Phaze Order J Fizns | Tabular J Motes

To specify the remaining kappa parameters (in other words,
K, to k5 ), select the kappal-5 radio button. A new matrix
appears in the GCEOS Pure Component Parameters group.

GCEOS Pure Component Parameters GCEOS Parameters
" kappal o) 5 ™ Wal. Translation u- [zoo0
kappa=kappal+[kappal +[kappa?- kappa3*Tr[1-Tr kappad )1+ Tr 050 7-TrT “kappah
kappal | kappa? | keppad | kappad [ kappaS | w= [1.000
Methane -1.927e-002 0.0000 0.0000 0.0000 0.0000
Ethane 1.343e-002 0.0000 0.0000 0.0000 0.0000 | | | NEDSEESDT
Propane 3163002 0.0000 0.0000 0.0000 0.0000
i-Butane 3.781e-002 0.0000 0.0000 0.0000 0.0000
Initialize EOS
PRSY hd
= SetUp Parameters | Binary Coeffs J StabTest J Phase Order J Fznz | Tabular J Mates

This matrix allows you to specify the « values for each
component in the Fluid Package.

2-31



2-32 HYSYS Fluid Package Property View

Volume Translation

The GCEOS allows for volume translation correction to provide a
better calculation of liquid volume by the cubic equations of
state. The correction is simply a translation along the volume
axis, which results in a better calculation of liquid volume
without affecting the VLE calculations. Mathematically this
volume shift is represented as:

vV=v- Z)cl.cl. (2.18)

i=1

b=b- Z)cl.ci (2.19)

i=1

where:
v = translated volume
b = is the translated cubic equation of state parameter
¢; = the pure component translated volume
Xj = the mole fraction of component i in the liquid phase.
The resulting equation of state appears as shown in Equations

(2.6), (2.7) and (2.8) Wi~th b and v replaced with the
translated values (v and »).
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To specify the value of the pure component correction volume,
c;, select the Vol. Translation radio button. A property view
similar to the one shown in Figure 2.23 will appear.

I8 [=]
~GCEDS Pure Componert P, GCEOS Parameters—
i kappal " kappal& i+ Yol. Trarslation ¢onm Estimate | ue [Eoo0
ol Trans. | |
m3/kamole ™ Use Vol Tranglation for H, 5, Cp Calculation w= [1.000
Methanol -1.118e-002
Ethanal -3.900e-003
EGlycal -1.966-002
Benzene 2.710e-003
Iritialize E0 %
1 D ’7| PREW 'l
Se———
Set Up Palamelelsl Binary Coeffs I StahbTest I Phase Order IHxns I T abular I Notes |
Delete Name |Basis'1 Property Pkg | GCEDS Edit Properties |

The GCEOS Pure Components Parameters group now contains a
matrix containing the volume correction constants for each
component currently selected. The matrix should initially be
empty. You may enter your own values into this matrix or you
may click the Estimate button and have HYSYS estimate values
for you. c; is estimated by matching liquid volume at normal
boiling point temperature with that of the liquid volume obtained
from an independent method (COSTALD).

HYSYS only estimates the correction volume constant for those
components whose cells have no value (i.e., they contain
0.000). If you specify one value in the matrix and click the
Estimate button, you are only estimating those empty cells.

To estimate a cell containing a previously entered value,
select the cell, delete the current value and click the
Estimate button.
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GCEQS Parameters—

u= [F000
W=|w

Initialize EOS:

I PRSY vl

GCEOS Parameters Group

The GCEOS Parameters group allows you to specify the u and w
parameters found in Equations (2.5) to (2.17).

The following table lists the u and w values for some common
equations of state:

van der Waals 0 0
Redlich-Kwong 1 0
Peng-Robinson 2 -1

Equation Status Bar

The GCEOS Parameter group also contains the Equation Status
Bar. It tells you the status of the equation definition. There are
two possible messages and are described as follows:

Message ‘ Description

This message appears if poor values are chosen for u

[[EOS NOT READY | and w.

If the values selected for u and w are suitable this
- EOSREADY message appears.

Initialize EOS

The Initialize EOS drop-down list allows you to initialize GCEOS
Parameters tab with the default values associated with the
selected Equation of State.

The four options available are as follows:

e van der Waals Equation
e SRK Equation

e PR Equation

e PRSV Equation
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Kabadi Danner

The Kabadi Danner Property Package uses Group Parameters
that are automatically calculated by HYSYS. The values are
generated from Twu's method.

—Group Parameters [atmem Bémal 2————————————

Giroup Parameter E-5
Methane 1.3580
Ethane 21980
Propane 3.0071
i-Butane 37647
r-Butane 40274
Hypo20000* £.5353

Peng-Robinson Stryjek Vera (PRSV)

PRSV uses an empirical factor, Kappa, for fitting pure component
vapour pressures.

~PRSY Component Param

Kappa
Methane -0.0153
Ethane 0.0134
Propane 0.0316
i-Butane 0.0378
r-Butane 0.0335
Hypo20000* 00325
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Zudkevitch Joffee

This Property Package uses a b zero Parameter. HYSYS sets the
b zero parameter of the ZJ equation to be zero.

b zero Param

b a0 Parameter

Methane 0.0000
Ethane 0.0000
Propane 0.0000
iButane 0.0000
n-Butane 0.0000
Hypo20000* 00000

Chien Null

The Chien Null model provides a consistent framework for
applying different activity models on a binary by binary basis.
On the Parameters tab, you can specify the Activity Model to be
used for each component pair, as well as two additional pure
component parameters required by the model.

The two groups on the Parameters tab for the Chien Null
property package are:

e Chien Null Component Parameters
e Chien Null Binary Component Parameters
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Component Parameters

Values for the Solubility and Molar Volume are displayed for
each library component and estimated for hypotheticals.

Figure 2.27

r~Chien Mull Component Params
Solukiity Iolar Volume
makagrole] |

2-Propanol 11.5110 0.0103
H20 21.9110 0.0025
Ethanal 12.9680 0.0078
Eenzene 8.3185 0ma21
1-Butanal 10.9460 00125
Hypo20000* 7.3395 01534

The Molar Volume parameter is used by the Regular Solution
portion of the Chien Null equation. The Regular Solution is an
Activity Model choice for Binary pair computations (see the
following section).

Binary Component Parameters

All of the components in the case, including hypotheticals, are
listed in the matrix. You can view the details for the liquid and
vapour phase calculations by selecting the appropriate radio
button:

e Liqg Activity Models
¢ Virial Coefficients

Figure 2.28

—Chien Mull Binary Companent P.
% LigActivity bModels = Yirial Coefficients
2-Propanol H20 Ethanol Benzene | 1-Butanal |Hyppo20000*

2-Propanol = MNRTL MRTL MRTL MRTL MRTL
HZ0 NRTL MRTL MRTL MRTL MRTL
Ethanal NRTL NRTL MRTL MRTL NRTL

Benzene NRTL NRTL MNRTL
1-Butanol NRTL NRTL MRTL MRTL
Hppo200009  NATL NRATL MATL MRATL MRTL

MRTL NRTL
NRTL

By selecting the Liqg Activity Models radio button, you can specify
the Activity Model that HYSYS uses for the calculation of each
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binary. The matrix displays the default property package
method selected by HYSYS for each binary pair.

The choices are accessed by highlighting the drop-down list in
each cell. If Henry's Law is applicable to a component pair,
HYSYS selects this as the default property method. When
Henry's Law is selected by HYSYS, you cannot modify the model
for the binary pair.

The Property Packages available in the drop-down list are:

¢ None Required e NRTL

e Henry e Scatchard
e van Laar e Reg Soln
e Margules e General

In the previous property view, NRTL was selected as the default
property package for all binary pairs. You can use the default
selections, or you can set the property package for each binary
pair. Remember that the selected method appears in both cells
representing the binary. HYSYS may filter the list of options
according to the components involved in the binary pair.

By selecting the Virial Coefficients radio button, you can view
and edit the virial coefficients for each binary. Values are only
shown in this table when the Virial Vapour model is selected on
the Set Up tab. You can use the default values suggested by
HYSYS or edit these values. Virial coefficients for the pure
species are shown along the diagonal of the matrix table, while
cross coefficients, which are mixture properties between
components, are those not along the diagonal.
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Wilson

The Molar Volume for each library component is displayed, as
well as those values estimated for hypotheticals.

—Wilzon Component Param;

Malar Yolume
m3/kgmole]
ZPrapancl 7 7oe 0z |
Hz20 1.7883=-002
Ethanol 5.8492e-002
Benzene 8.9555e-002
1-Butanol 9.011 4e-002
Hypo20000+ 0.153239

Chao Seader & Grayson Streed

The Chao Seader and Grayson Streed models also use a Molar
Volume term. Values for Solubility, Molar Volume, and
Acentricity are displayed for library components. The
parameters are estimated for hypotheticals.

—C5/GS Component Params

Solubility M;;Lv::r;e] Acentricity
Methane E.8519 0.0520 0.0000
Ethane 4.2869 0.0670 0.10E4
Propane 5.9330 0.0840 0.1533
i-Butane 6.2881 01085 0.1825
n-Butane 67133 01014 0.1953
Hppo2DO00%[  7.3395 01534 0.3364
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Antoine

HYSYS uses a six term Antoine expression, with a fixed F term.

For library components, the minimum and maximum

temperature and the coefficients (A through F) are displayed for
each component. The values for Hypothetical components are
estimated.

5[]
—Antoine Wapour Pressure Component Paramm
Trg'” T[rg‘]ﬁ“ Coeff & Coeff B Coeff C Coeff D Coeff E CoeffF
2-Propanal 2315 2351 8.364e+01 -8.249e+03 0. 000e-01 -9.545e+00 2.003e-08 2.000e+00
H20 1.850 340 E.593e+01 7. 228e+03 0. 000e-01 -7 177e+00 403 e-06 2 000e+00
Ethanal 19.85 2389 8.649e+01 -7.93e+03 0. 000e-01 -1.025e+01 E.3859-06 2 000e+00
Benzene -B0.15 2783 1.697e+02 -1.031e+04 0.000e-01 -2.359e+01 2.094e-05 2.000e+00
1-Butanol 1.850 283.9 1.088e+02 -1.007e+04 0.000e-01 -1.326e+01 4.380e-06 2.000e+00
Hypo20000* 115.0 296.2 5.569e+01 6. 451 e+03 0. 000e-01 -5.784e+00 9.241e-18 E.000e+00

|
Setlp Palamelelsl Binay Coeffs I StabTest I Phage Order IHxns I Tabular I Hotes |

Delete | Hame IBasis-1 Property Pkg |

Antoine

Edit Froperties |

Benedict-Webb-Rubin-Starling
(BWRS)

The Benedict-Webb-Rubin-Starling property package uses 11
pure-component parameters.

BWRS pure-component parameters are:

«Q
o
3
3
o

For 15 compounds, the pure-component parameters are built-in
to the property package and stored in the database. For other
compounds, these parameters are automatically calculated
using Tc, V¢, and acentric factor by HYSYS. The values are
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generated from Han-Sterling correlations.

Compounds with Built-in parameters are:

e Methane e I-Pentane e Ethylene

e Ethane ¢ n-Pentane ¢ Propylenen
e Propane e n-Hexane e N2

e I-Butane e n-Heptane e CO2

e n-Butane ¢ n-Octane e H2S

2.4.3 Binary Coefficients Tab

The Binary Coefficients (Binary Coeffs) tab contains a matrix
table which lists the interaction parameters for each component
pair. Depending on the property method selected, different
estimation methods may be available and a different property
view may be shown. You have the option of overwriting any
library value.

The cells with unknown interaction parameters contain dashes (-
--). When you exit the Basis Manager, unknown interaction
parameters are set to zero.

For all matrices on the Binary Coeffs tab, the horizontal
components across the top of the matrix table represent the "i"
component and the vertical components represent the "j"
component.

Generalized Cubic Equation of State
Interaction Parameters

When GCEOS is the selected property package on the Set Up
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tab, the Binary Coeffs tab appears as shown below.

I [=] b3
—Equation of State Interaction Param
Iizing Rules: ai = sqrtfai * aj] * MR
* A i Bij i Cij /NRTL I MR = 1 - wi(aii + BiT + Ci'T 2] - »i(ai + BiT + CirT™2) LI
ethanal Ethanal EGlycal Benzens
Methanal 0.00000 0.00000 0.00000
Ethanal 0.00000 - 0.00000 0.00000
EGilycal 0.00000 0.00000 B 0.48000
Benzene 0.00000 0.00000 043000
Set Up | Parameters  Binary l:oeﬂsl StahTest I Phase Order IFhms I T abuilar I Hotes |
Delete Mame |Basis-1 Fioperty Py | GCEDS Edit Propesties |

The GCEOS property package allows you to select mixing
methods used to calculate the equation of state parameter, a;;.
HYSYS assumes the -following general mixing rule:

a; = a[ajMR[j (2-20)

where:

MR;; = the mixing rule parameter.

There are seven methods to choose for MR;;:

MR(T) = (1= A+ B,T+C,T") (2.21)

MR(T) = (1-Ay+B;T+Cy/ T) (2.22)

MR.(T) = 1 1-4,.+B,T r 1-4.+B,.T r (2.23)
g = T=xi(I=dy+ BT+ Gy ) =xy(1 = Ay + B T+ CyT) '

MR (T) = 1-x,(1-A,;+B,;T+Cy/ T)=x;(1-A;+B;T+C;/ 1  (2.24)
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| an-Laar kij = i + BT + CiFT "2
Xikij + Xk (2.25)

MR(T) = 1-

where:

2
kl:]. = Al:].+Bl:].T+ Ci/'T

VarrLaar ki = &if + Bi*T + Cii/T
| (kyx k)

MR.(T) = 1
o XKy XK

(2.26)

where:

k. =A.+B T+C—U
iy ij T

‘wiong-Sandler kij = Ajj + Bij*T; &e = NRTL; alpha=0.3

Wong Sandler Mixing Rule - Refer to Wong Sandler Mixing Rule
section for more information.

Each mixing rule allows for the specification of three
parameters: A, Bjj, and Cij, except for the Wong Sandler mixing
rule which has the A;; and B;; parameter and also requires you to
provide NRTL binary coefficients.

The parameters are available through the three radio buttons in
the upper left corner of the tab: Aij, Bij, and Cij/NRTL. By
selecting a certain parameter’s radio button you may view the
associated parameter matrix table.

When selecting the Cij/NRTL radio button you are specifying
the C;; parameter unless you are using the Wong Sandler
mixing rule. In this case you are specifying NRTL binary
coefficients used to calculate the Helmholtz energy.

Wong Sandler Mixing Rule

The Wong Sandler! mixing rule is a density independent mixing
rule in which the equation of state parameters a,,;, and b, of
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any cubic equation of state are determined by simultaneously

solving:

e the excess Helmholtz energy at infinite pressure.
e the exact quadratic composition dependence of the

second virial coefficient.

To demonstrate this model, consider the relationship between

the second viral coefficient B(T) and the equation of state

parameters a and b:

—p_
B =5 RT

(2.27)

Consider the quadratic composition dependence of the second

virial coefficient as:

B, (T) = 3D%x;B,,(T)
i

Substitute B with the relationship in Equation (2.27):

a i) a
b= = (0~ 77),

. Y
tj

To satisfy the requirements of Equation (2.29), the
relationship for a,;, and b,y are:

a
S~ 77,
h =il 0
mix 1 B F(x)

RT

with:

i = by (%)

mix

(2.28)

(2.29)

(2.30)

(2.31)
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where:

F(x) = is an arbirtrary function

The cross second virial coefficient of Equation (2.10) can be
related to those of pure components by the following
relationship:

(b_i)__ _ (bi_%);(bj_%)ﬁ—flg—&ﬂ') 2.32)
ij

The Helmholtz free energy departure function is the difference
between the molar Helmholtz free energy of pure species i and
the ideal gas at constant P and T.

RT
V‘ P
AT, Py-4%T, P) = [— | Pdv] RTTdV (233)

V=00

The expression for A€ is derived using lattice models and
therefore assumes that there are no free sites on the lattice.
This assumption can be approximated to the assumption that
there is no free volume. Thus for the equation of state:

limv, = b;
P —e (234)
}Jim_»ovmix = bmix

bmix can be approximated by the following:

a
(1),
1] N

mix — L (235)

b [/%j B Ei(b;; T)

i
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therefore a,;y is:

= Pt - AL (2.36)
and F(x) is:

a.
F(x) = 3~ A(x) (2.37)

The Helmholtz free energy, 44x), is calculated using the NRTL

model. You are required to supply the binary coefficient values
on the parameters matrix when the Cij/NRTL radio button is
selected.

O term is equal to 0.3.
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Equation of State Interaction
Parameter

The Equation of State Interaction Parameters group is shown
below for a selected EOS property package as displayed on the
Binary Coeffs tab using an EOS, as displayed on the Binary
Coeffs tab when an EOS is the selected property package, is
shown below.

o [=]
—Equation of State Interaction Param
I ethane Ethane Propane i-Butane
Methane 0.00295 0.00748 0.01370
Ethane 0.00235 0.00185 0.00511
Propane 0.00748 0.00185 0.00154
iButane 0.01370 0.00511 0.00154

Treatment of Interaction Coefficients Unavailable from the Librar

% Estimate HC-HC / Set Nan HE-HE to 00  Setdlito0.0 Resat Parameters
X X

meters Binary Coef[sl StabT est I Phase Order \lﬂxns I Tabular I Mates |

M ame IBaSIS-1 Property Pkg | \Peng Ruobinzon Edit Properties |

. \
These two raélo buttons only This is equivalent to no Kij
appear for the PR and SRK based
Equations of State.

This information applies to the following Property Packages:

e Kabadi Danner e Soave Redlich Kwong, SRK
e |Lee-Kesler Plocker e Sour PR
e PR e Sour SRK
e PRSV e Zudkevitch Joffee
e BWRS

The numbers displayed in the table are initially calculated by
HYSYS, but you can modify them. All known binary interaction
parameters are displayed, with unknowns displayed as dashes
(---). You have the option of overwriting any library value.

For all Equation of State parameters (except PRSV), Kj; = Kj;, so
when you change the value of one of these, both cells of the pair

automatically update with the same value. In many cases, the
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library interaction parameters for PRSV do have Kj;
HYSYS does not force this if you modify one parameter in a
binary pair.

If you are using PR or SRK (or one of the Sour options), two

Jir

radio buttons are displayed at the bottom of the tab.

Radio Button

to 0.0

Estimate HC-HC/
Set Non HC-HC

‘ Description

This radio button is the default selection. HYSYS
provides the estimates for the interaction parameters
in the table, setting all non-hydrocarbon pairs to 0.

= Kj;, but

Set All to 0.0

When this is selected, HYSYS sets all interaction
parameter values in the table to 0.0.

Activity Model Interaction

Parameters

The Activity Model Interaction Parameters group, as displayed
on the Binary Coeffs tab when an Activity Model is the selected
property package, is shown in the figure below.

The numbering and naming of the radio buttons selections
vary according to the selected Activity Model.

o] x|

Activity Model Interaction Paramet

= *' = P —Coeff Estimation———
‘CueffMatriﬁ To View: & Aij = Bij " Alphai / Cij | & UNIFAC YLE
" UMIFAC LLE
M ethanal Ethanal Hz0 1-Butanol " Immizcible
Methanol 145,875 £10.403 -486.330 = -
Ethanol 57318 1332312 | 32941 Ingivida Pair_|
Hao -48.673 -109.634 570.136 Urknawns Onil |
1-Butanal FH387 38.072 2794.6ER £
AlLL Binaries |
Reset Params. |
R =1.98721
caldgmol K.
Set Up | Parameters  Binary l:oeﬂsl StahTest I Phaze Order IFhms I T abuilar I Hotes |
Delete Mame |Basis-1 Fioperty Py | HRTL - Ideal Edit Propesties |
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This information applies to the following property packages:

e Chien Null e NRTL

o Extended NRTL e UNIQUAC
e General NRTL e van Laar
e Margules e Wilson

The interaction parameters for each binary pair are displayed;
unknown values will show as dashes (---). You can overwrite
any value or use one of the estimation methods. The estimation
methods are described in the following section.

You may reset the binary parameters to their original library
values by clicking the Reset Params button.

To display a different coefficient matrix (i.e., Bj;), select the
appropriate radio button.

Estimation Methods

When using Activity Models, HYSYS provides three interaction
parameter estimation methods. Select the estimation method by
selecting one of the following radio buttons and then invoke the
estimation by selecting one of the available buttons:

Button ‘ Description

UNIFAC HYSYS calculates parameters using the UNIFAC VLE model.
VLE

UNIFAC HYSYS calculates all parameters using the UNIFAC LLE

LLE model.

Immiscible | The three buttons used for the UNIFAC estimations are
replaced by the following:

e Row in Clm Pair. Use this button to estimate the
parameters such that the row component (j) is
immiscible in the column component (i).

¢ Clm in Row Pair. Use this button to estimate
parameters such that the column components (j) are
immiscible in the row components (i).

e All in Row. Use this button to estimate parameters
such that both components are mutually immiscible.

Alphaij = Alphaji, but Aij # Aji.
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Since the Wilson equation does not handle three phase
systems, the Coeff Estimation group does not show the
UNIFAC LLE or Immiscible radio buttons when this property
package is used.

UNIFAC estimations are by default performed at 25°C, unless
you change this value on the Set Up tab.

If you have selected either the UNIFAC VLE or UNIFAC LLE
estimation method, you can apply it in one of the following
ways, by selecting the appropriate button:

Button ‘ Description

Individual This button is only visible when UNIFAC VLE is selected. It
Pair calculates the parameters for the selected component pair,
Aij and Aji. The existing values in the matrix are
overwritten.

Unknowns If you delete the contents of cells or if HYSYS does not

Only provide defaults values, you can use this option and have
HYSYS calculate the activity parameters for all the unknown
pairs.

You may reset the binary parameters to their original library
values by clicking the Reset Params button.

All Binaries Recalculates all the binaries in the matrix. If you had
changed some of the original HYSYS values, you can use
this to have HYSYS re-estimate the entire matrix.

2.4.4 Stability Test Tab

The stability test can be thought of as introducing a "droplet" of
nucleus into the fluid. The droplet then either grows into a
distinctive phase or is dissolved in the fluid.

For multi-phase fluids, there exist multiple false calculated
solutions. A false solution exists when convergence occurs for a
lower number of phases than exists in the fluid. For example,
with a three-phase fluid, there is the correct three-phase
solution, at least three false two-phase solutions and multiple
false single-phase solutions. A major problem in converging the
flash calculation is arriving at the right solution without a prior
knowledge of the number of equilibrium phases.
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The Stability Test allows you to instruct HYSYS on how to
perform phase stability calculations in the Flowsheet. If you
encounter situations where a flash calculation fails or you are
suspicious about results, you can use this option to approach
the solution using a different route.

The strategy used in HYSYS is as follows: unless there is strong
evidence for three phases, HYSYS first performs a two-phase
flash. The resulting phases are then tested for their stability.

=[Ol =]

Flash Algarithm Option: ~Phasefs) Ta Initiate Test——— [ Compls) ToInitiste Test————
’7 r le Deleted v Methane :
Average of Existing _ H20 v
~Dynamic Mode Secant Flash Options—— |deal Gas — o wl
% Flash3 " Multi Phase et Emveian v Coz H
Hydrogen ol
~Temperature Limits——————— it ul
~Stabilty Test P - P e T Ll
. ower T Limit <intemal>
Mapimum Phazes Allowed |3 Upper T Limit Cintemaly
tethod
€ Mone Al
& Low  User
 Medium = HYSIM Flash

Set Up I Parameters I Einary Coeffs SlahTeslI Phase Order IHxns I T abular I Notes |

Delete | Mame [Basis-1 Property Plg | PengRobinson E dit Properties |

Dynamic Mode Flash Options Group

HYSYS enables you to modify the flash calculation methods to
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|

Flash Algorithm O ption:
¥ Ty IOFlash first

(

Dynamic: Mode Secant Flazh Option:

|

s
i

Flash3 ¢ multi Phase

be used. There are three setting options available:

Flash Option ‘ Description

Try IOFlash This activates an alternative optimized Inside-Out flash
first algorithm that may provide a significant speed
improvement in many cases. It is aimed at dynamics
mode, but operates in steady state mode as well. The flash
can handle rigorous three phase calculations using the
Stability Test Parameters settings, although it is not tested
as well as the default flash algorithms and does not work
with all property packages. If you experience problems
that are flash related, try selecting or deselecting the
option. For maximum speed in two phase systems, you can
also set the Maximum Phases Allowed for the fluid package
to two in the Stability Test Parameters group, or set the
Method to none to disable the test.

If the IOFlash fails, HYSYS will immediately go to method
selected in the Secant Flash Options group.

The remaining options are for the dynamic mode secant flash
options.

Flash3 This is the default secant flash algorithm used in dynamics
mode. It is fast, but does not perform rigorous phase
stability tests based on the option set in the Stability Test
Parameters group. Hence, it may not always detect a
second liquid phase when it is present.

Multi Phase This is a secant flash algorithm that performs phase
stability testing according to the settings in the Stability
Test Parameters group. This option is typically slower than
the flash3 option. It can be used when multiple liquid
phases are important or in rare cases where using the
flash3 option results in instabilities due to the second liquid
phase not being detected consistently.

Use Multi The checkbox becomes available when you select Multi
Phase Phase as the Secant Flash Option. If the case consist of
Estimates three phases, estimates are passed to the flash which

speeds up some flashes.

If the IOFlash option is selected, the Pressure Flow Solver group
on the Dynamics page of the Preferences options allows the
flash to be solved simultaneously with heat transfer equations.
The option can result in a further significant speed increase, but
should only be used if the case is stable using IO.

COMThermo is not optimized for dynamics mode and may
result in performance issues if used in dynamics mode.

If a dynamics case has more than one liquid phase (or if a single
liquid phase is aqueous or a hydrocarbon), it is recommended
that you use the Phase Sorting Method for the fluid package on

2-52



Fluid Package 2-53

Stability Test Parameters——————————

M agimum Phases Allowed 3

Methad———
= Mone (o1

© Low & User
 Medium € HY5IM Flash

the Section 2.4.5 - Phase Order Tab. By default, phases are
sorted on density and phase types. If the phase type changes,
instabilities may result. The Phase Sorting Methods allow you to
clearly define the order in which phases should be defined so
that they are consistent.

Stability Test Parameters Group

You can specify the maximum number of phases allowed (2 or
3) in the Maximum Phases Allowed input cell. If this value is set
to 2, the stability test quits after 2-phase flashes. Occasionally,
you may still get 3 phases, as the flash may attempt to start
directly with the 3-phase flash.

The Stability scheme used is that proposed by Michelson. In the
Method group, you can select the method for performing the
stability test calculations by selecting one of the following radio
buttons:

Radio Button ‘ Description

None No stability test is performed.

Low Uses a default set of Phases/Components to Initiate the
Stability Test. This method includes the Deleted phases (if
they exist), the Wilson's Equation initial guess and the
Water component (if it exists) in the fluid.

In addition to the options used for the Low method, this
method also includes the Average of Existing phase, the
Ideal Gas phase and the heaviest and lightest components
in the fluid.

All All available Phases and Components are used to initiate
the test.

Medium
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Phase(s] To Initiate Test———————

Deleted

Awerage of Existing

|deal Gas

‘Wilson's Equation

<11 T

Radio Button ‘ Description

User Allows you to activate any combination of checkboxes in
the Phase(s) to Initiate Test and Comp(s) to Initiate Test
groups. If you make changes when a default Method radio
button (i.e., Low, Medium) is selected, the method will be
changed to User automatically.

HYSIM Flash This is the flash method used in HYSIM. If this choice is
selected, HYSYS will use the same flash routines as in
HYSIM and no stability test will be performed. This option
allows comparison of results between HYSIM and HYSYS.
This stability option is not recommended for dynamics
mode. Use the default flash3 option with the stability
parameter set to none.

Phases to Initiate Test

There are four choices listed within the Phase(s) to Initiate Test
group. These checkboxes are selected according to the radio
button selection in the Method group. If you change the status
of any option, the radio button in the Method group is
automatically set to User.

Checkboxes ‘Description

Deleted If a phase is removed during the 2-phase flash, a droplet of
the deleted fluid is re-introduced.

Average of The existing equilibrium fluids are mixed in equal portions;

Existing a droplet of that fluid is introduced.

Ideal Gas A small amount of ideal gas is introduced.

Wilson's A hypothetical fluid is created using the Wilson's K-value

Equation and is used to initiate the stability test.

If any one of these initiating nuclei (initial guesses) forms a
distinctive phase, the existing fluid is unstable and this nucleus
provides the initial guess for the three-phase flash. If none of
these initial guesses shows additional phases, it can only be said
that the fluid is likely to be stable.

One limitation with the stability test is the fact that it relies on
the property package chosen rather than physical reality. At
best, it is as accurate as the property package. For instance, the
NRTL package is known to be ill-behaved in the sense that it
could actually predict numerous equilibrium phases that do not
exist in reality. Thus, turning on all initial guesses for NRTL may
not be a good idea.
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~Temperature Linmit:
Lower T Limit <internal:
Upper T Limit <internal:

—Comp(s) To Initiate Test—————

Methanal
Ethanal
Hao
1-Butanal

Refer to Section 12.2 -
Material Stream
Property View of the
HYSYS Operations
Guide for more
information on stream
properties.

Temperature Limits

The temperature limits are intended to be used in dynamics
mode and are set to stop the flash when the limits are attained.
If the limits are reached, then dynamics will extrapolate
thereafter. The limits avoid potential problems with some
property packages at low temperatures and during severe
process upsets where you would get numerical errors and heat
exchanger convergence problems.

Components to Initiate Test

When a droplet of nucleus is introduced into the fluid, the
droplet either grows into a distinctive phase or is dissolved in
the fluid. Another obvious choice for the droplet composition is
one of the existing pure components. For example, if the fluid
contains hexane, methanol and water, one could try introducing
a droplet of hexane, a droplet of methanol or a droplet of water.
The choices for the pure component droplets are listed in the
Comp(s) to Initiate Test group.

2.4.5 Phase Order Tab

The Phase order feature is intended for dynamics. HYSYS
dynamics always uses three phases for streams and fluids in the
stream property view. For each unit operation, dynamics also
assumes that the same material is in the same phase slot for all
of the connected streams. The order of the first phase is always
vapour and the second phase is liquid. The third phase may be
aqueous or it can be a second liquid phase.

By default, HYSYS sorts these phases based on their Type (liquid
or aqueous) and Phase Density. However, subtle changes to the
stream properties may change the order. Stream properties

displayed as a liquid phase in one instance may be displayed as
an aqueous phase in another. For example, inside a tray section
the composition of a phase may change so that instead of being
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aqueous it is a liquid phase. The phase moves to a different slot
in the fluid. This can cause disturbances in dynamics mode.

The Phase Sorting Method includes two options and is shown
below.

Phaze Sarting Method
& {5e Phase Type and D ensig
" Use User Specified Primary Compaonents

This feature iz intended for dynamics mode

but will affect steady state as well In denamics

mode, a solid phase will always be in slot 2 but
will be discarded if there are bwo liquid phases.

SetUp J Parameters J Binary Coeffs JStabTest Phase Order | Rzns | Tabular | Motes

Use Phase Type and Density

This option can cause instabilities in dynamics. In practice if
small spikes are identified and an examination of the flowsheet
reveals that some material appears in different phase slots in
different parts of the flowsheet (where the spikes originate)
than the user specified option is recommended.

This option changes the order of phases in steady state as
well. Although in steady state many of the calculations
depend on the phase type and not the order, and hence
should not have any significant impact.

Use User Specified Primary
Components

The Use User Specified Primary Components option displays the
Select Primary Phase Components group that allows you to
specify which components should be in phase slot 1 and which
components should be in phase slot 2. These checks are used to
determine the phase order wherever the fluid package in
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See Chapter 5 -
Reactions for more
information.

question is used.

If there is only one non-vapour phase present and the mole
fractions of the primary component adds up to more than the
specified threshold, it is considered to belong in phase slot 1 and
of type “liquid 1”. Otherwise the ratio of primary component for
the two choices is examined.

This option is recommended when:
e asimulation is performed and it has more than one liquid
phase.
e the densities of the two liquid phases may be close.

e one or more phases is close to being labelled either
aqueous or liquid.

Changing this option does not resolve the case or
immediately update the affected streams. The changes occur
while the integrator is running, which minimizes
disturbances.

2.4.6 Reactions Tab

Within the Basis Environment, all reactions are defined through
the Reaction Manager (Reactions tab of the Simulation Basis
Manager). On the Rxns tab of the Fluid Package property view,
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you are limited to attaching/detaching reaction sets.

Figure 2.37

J[=] Y

~Current Reaction Sets——— —Awailable Reaction Sets———

< Add Set |
Retum ta the Simulation
Hemnye -5 | Bagis Manager to Build

Reactions or Reaction
Sets

Associated Reactions Azsociated Reactions Simulation Basis Mar.. |

_ Setlp I Parameters I Binany Coeffs I StabTest I Phage Order Hxnsl Tabular I Hotes |

Delete | Hame |Basis-1 Fropeity Pkg | MRTL - Ideal Edit Properties |

The objects for the Rxns tab within the Fluid Package property
view are described below.

Object ‘ Description

Current This lists all the currently loaded reactions set in this

Reactions Sets Fluid Package.

Associated There are two Associated Reactions list boxes. Both

Reactions boxes displays all the reactions associated with the
respective selected Reaction Set.

Add Set This button attaches the highlighted Available Reaction

Set to the Fluid Package and displays it in the Current
Reactions Sets group.

Remove This button removes the highlighted Current Reaction
Set from the Fluid Package.

Available This list-box displays all the Available Reactions Sets in

Reactions Sets the case.

Simultaneous Click this button to access the Reaction Manager.

Basis Mgr

2.4.7 Tabular Tab

The Tabular Package can regress the experimental data for
select thermophysical properties such that a fit is obtained for a
chosen mathematical expression. The Tabular Package is utilized
in conjunction with one of the HYSYS property methods. Your
targeted properties are then calculated as replacements for
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whatever procedure the associated property method would have
used.

Although the Tabular Package can be used for calculating every
property for all components in the case, it is best used for
matching a specific aspect of your process. A typical example
would be in the calculation of viscosities for chemical systems,
where the Tabular Package will often provide better results than
the Activity Models.

Tabular Package calculations are based on mathematical
expressions that represent the pure component property as a
function of temperature. The values of the property for each
component at the process temperature are then combined,
using the stream composition and mixing rule that you specify.

HYSYS contains a default library containing data for over
1,000 components.

The Tabular provides access to a comprehensive regression
package. This allows you to supply experimental data for your
components and have HYSYS regress the data to a selected
expression. Essentially, an unlimited number of expressions are
available to represent your property data. There are 32 basic
equation shapes, 32 Y term shapes, 29 X term shapes, as well
as Y and X power functions. The Tabular provides plotting
capabilities to examine how well the selected expression
predicts the property. You are not restricted to the use of a
single expression for each property. Each component can be
represented using the best expression.

You may not need to supply experimental data to use the
Tabular. If you have access to a mathematical representation for
a component/property pair, you can simply select the correct
equation shape and supply the coefficients directly. Further,
HYSYS provides a data base for nearly 1,000 library
components, so you can use this information directly within the
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Tabular without supplying any data whatsoever.

Whenever experimental data is supplied, it is retained in the
memory by HYSYS and stored in the case.

In addition, HYSYS can directly access the information in the
PPDS database for use in the Tabular. This database is similar to
that provided with HYSYS in that the properties for the
components are represented using a mathematical expression.

The PPDS database is an optional tabular feature. Contact
your Hyprotech representative for further information.

The Heat of Mixing property can be applied in one of two
manners. For Activity Models that do not have Heat of Mixing
calculations built in, this allows you to supply data or have
the coefficients estimated, and have Heats of Mixing applied
throughout the flowsheet. Equations of State do account for
Heat of Mixing in their enthalpy calculations, however, in
certain instances predict the value incorrectly. You can use
this route to apply a correction factor to the Equation of
State.

In the cases where the Equation of State is predicting too
high a value, implementing a negative Heat of Mixing can
correct this.

Requirements for Using the Tabular

There are only two requirements on the usage of the Tabular
package. First, most properties require that all components in
the case have their property value calculated by the Tabular.
Second, enthalpy calculations require that the Tabular be used
for both the liquid and vapour phase calculations. Similarly, you
may use only one enthalpy type property for each phase. For
example, liquid enthalpy and liquid heat capacity cannot both be
selected. An extension to this occurs when the latent heat
property is selected. When this property is activated, only one
enthalpy type property or one heat capacity property may be
selected.
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Limits in the Tabular Option

In enthalpy extrapolation, if the upper temperature limit (Tax)
is less than the critical temperature (T.) HYSYS Tabular option
continues to extrapolate the data based on the original curve up
to the critical point. At this point, an internal extrapolation
method is used to calculate the liquid enthalpy. Due to the
internal extrapolation method, there may be a huge
discontinuity and poor extrapolation results from Tp,a5 to Te. The
poor calculated values cause problem with the PH flash
calculation.

There are two methods to avoid this problem:

e Increase the T,,5x value of the original enthalpy curve.
However, as mentioned above the curve itself does not
extend above T3« very well and produces poor results.
You will have to be responsible for changing the curve
shape to extrapolate in a better manner.

e User the Enthalpy Model T, Limit option. This option
allows you to control the starting temperature at which
the extrapolation method is implemented. So instead of
T., the extrapolation will start at a certain T, (the default
value is 0, which tells HYSYS to use the default method)
typically 0.7 to 0.99.

Extrapolating accurate/adequate data is important, especially
for enthalpy values approaching the critical point, as the values
can change in odd manner and may require special
extrapolation.

If you are not using PPDS mixing rules (PPDS extrapolation
methods) HYSYS supplies a very simple extrapolation based on
constant C, calculated from the original tabular enthalpy curve.
This method keeps everything monotonically increasing through
the critical point and into the dense phase.
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When using the Tabular package a general sequence of steps is
shown below:
1. Enable the Configuration and Notes pages (under the

Options branch) by selecting the Enable Tabular
Properties checkbox.

Figure 2.38

=[Ol =]

- Global Tabular Calculation Optians—

Tabular Package
[+ {Enable Calc. On Active Properfy

-~ Configuration

- Options [v Enable T abular Properties
\r:;furmaliun —Basis For Tab. Enthalpy [ideal gasl—
- otes & H =0al 0K [HYSIM Basis)

" H =Heat of Formation at 25C

Set Up I Parameters I Einary Coeffs I StabTest I Phase Order IFhms Tahulall Notes |

Delete Hame IEE‘S'S"I Property Pkg | Peng Robinsan E dit Properties |

2. Select the Basis for Tabular Enthalpy by clicking the
appropriate radio button on the Configuration page.

3. Select the checkboxes for the desired target properties from
the All Properties, Physical, and Thermodynamic pages
in the Options branch.

To view all pages under the Options branch, use the Plus icon
to expand the tree browser.
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The All Properties page is shown below.

I [=] b3

Tabular Package Propeity Type | Use HYSYS [ Use PPDS | Comp. Basis | Mising Param. =
+- Configuration K-valuely/ L1 o N
| Options K-valuelv/L2] o []
.. &l Praperties K-value(L1/L2) o N
- Phypsical Enthalpy(L] o N
- Themodynamic Enthalpuly] o N
Infarmation Latert Heat o (|
- Heat of Mixing Heat Capacity[L) o (|
" Motes Heat Capacityly] o N

Heat of Mixing [V N tile 1.00 LI
e nn — —

~PFDS Setting:
Initialize: |

Enthalpy Model Tr Limil
IU.DDUDD

_ Set Up I Parameters I Einary Coeffs I StahTest I Phaze Order IFhms Tabulall Hotes |

Delete Hame IBasis-1 Fioperty Pkg |

Peng Fobinzon

Edit Froperties |
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As properties are added, the Information branch also
becomes expandible. To expand the branches in the tree
browser, click the Plus icon that appears in front of a

branch.

Expanding the Information branch displays all of the active
target properties selected on the pages under the Options

branch. If the Heat of Mixing property is activated on the All

Properties or Thermodynamics page, a new expandible
branch for Heat of Mixing appears in the Tabular Package

group.

If you have the PPDS database, select the checkbox for the

database.

Once a target property is selected on one of the three pages

under the Options branch, you can select the Mixing Basis
by using the drop-down list.

The Parameter value may also be changed on this page.
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6. To view the existing library information, you must first select
the desired page from the expandible Information branch.
Click the desired property from the tree browser.

Figure 2.40

ol
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Tabular Package
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7. To plot the existing library information, click the Cmp Plots
button. Click a component using the drop-down list in the
Curve Selection group to change the components being
plotted. The variables, Enthalpy vs. Temperature are plotted
from the Variables group and shown in the figure below.

~a] YapEnth =1k
Component Curve riCiuie Setesli
1 | Methane =
T R 4
=T [ 3 | Ethane
o o | et 4 | Propane
P | s S S i-Butane
| —ariables—| n-Butane
el <Moner
T I TFalEy
Uit kd fkgmole |
E 1 Temperature |
& Unit K|
= m @ @ = am == P
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8. Return to the Information page of the property by closing
the plot property view. To view the PropCurve property view
for a selected component, highlight a value in the column of
the desired component and click the Cmp Prop Detail
button.

T e

e aniable W ariable - ariable
E Temperature i Enthalpy o] Pressure
Unit K. Unit k) /kgmole Unit kFa
Shape = " Shape Tvar y Default 101.3
Shape Morm 1907 Shape Morm 1.000
E zponent 1.000 E=ponent 1.000
Egn. Min 9167
Egn. Max 165.0
—Equation Form
| Palyl Yo=a+ b o2+ 3 e LI Reqressable
=
Yariables I Coeff ITabIe IPIots I Notes |
[ New Curve

9. Set the Equation Form and supply data. You can view this
same format of data for library components.

The Tabular tab of the fluid package property view contains a
tree browser which controls the options displayed in the tab. The
options depend on the branches selected in the tree browser,
these branches are:

e Configuration
e Options
e Information

e Heat of Mixing (appears only when Heat of Mixing is
activated in the Options)

e Notes
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Configuration Branch

The Configuration page consists of two groups, the Global
Tabular Calculation Options, and the Basis for Tab. Enthalpy
(ideal gas).

[0 =]

Global Tabular Calculation Options—
¥ | Enable Eale: Ondotive Property

Tabular Package

- Configuration

€ H = 0 at 0K (HivSik Easisl
€5 H = Heat of Farmation &t 255

’—ﬂasls Far Tat: Enthalpy [deal gasl—

_ Set Up I Parameters I Binary Coeffs I StahbTest I Phase Order IFhms Tahulall Notes |

Delete Hame IBasis"I Property Pkg | Peng Robinson E dit Properties |

Global Tabular Calculation Behaviour Group

—Global Tabular Calculation Option:
¥ Enable Calc. On Active Property

o =

The Global Tabular Calculation Behaviour Group contains two
checkbox options:

Checkbox ‘ Description
Enable If this is activated, all the selected Active Properties are
Calculation calculated via the Tabular Package. If this checkbox is
of Active cleared, all properties are calculated by the Property
Properties Package. This provides a master switch to enable/disable
the Tabular Package while retaining the Active Property
selections.
Enable Toggles the Tabular Properties on or off. If the checkbox is
Tabular toggled off, no other pages are available and none of the
Properties previously inputted data is stored.
Selecting the Enable Tabular Properties checkbox
activates the Options, Information, and Notes branch.
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The difference between the Enable Calculation of Active
Properties and the Enable Tabular Properties checkboxes:

The Enable Calculation of Active Properties checkbox toggles
between the properties regressed from the data supplied on
the Tabular tab and the default values calculated by the
Property Package. While clearing the checkbox returns to
the default Property Package values, the tab retains all
inputted data for the active property selections.

The Enable Tabular Properties checkbox makes the other
pages active for specification. Clearing this checkbox purges
the tab of any tabular property data it might have previously
contained.

Basis for Tabular Enthalpies

Bass For Tab. Enthalpy ideal gasi— This group becomes active after the Enable Tabular Properties
k A s I checkbox is clicked. It allows you to select between the enthalpy

basis for tabular calculations:

¢ H = 0K, ideal vapour (HYSIM basis)
e H = Heat of formation at 25 °C, ideal vapour

Options Branch

You can target a property through the three sub-branches
available in the Options branch.

Figure 2.44

1 [=] Y
Tabular Package Propeity Tupe Use HYSYS | Use PPDS | Comp. Basis | Miking Param. «
: Eovaluely /L1 ul N
F.valuely/L2] ol N
K-valuglL1/L2] ol N
Enthalpy(L] ol N
Enthalpyly] ol N
Latent Heat ol (i
Heat Capacity(L] ol (i
Heat Capacity() ol L
Heat of Migin l
e = x|
~PPDS Setting: Enthalpy kModel Tr Limi
Iritialize | 0.00000

_ Set Up I Parameters I Binary Coeffs I StahT est I Phaze Order Ilens Tahulall Notes |

Delete | Hame IBasis—‘I Praperty Pkg | Peng Robinson E dit Properties |

2-67



2-68 HYSYS Fluid Package Property View

To expand the branch, click the Plus icon in front of the
Options label in the Tabular Package group. This displays the All
Properties, Physical, and Thermodynamics pages. Each one
of these pages consists of a five column matrix table.

Property Type

The All Properties page consists of seventeen properties which
include both the Physical and Thermodynamic properties. These
properties have then been subdivided into two groups and
displayed again on either the Physical or Thermodynamics
page. These properties are listed in the table below, along with
the subgroup that they belong to:

e K-value (V/L1) [Thermodynamic]

e K-value (V/L2) [Thermodynamic]
K-value (L1/L2) [Thermodynamic]
Enthalpy(L) [Thermodynamic]
Enthalpy(V) [Thermodynamic]
Latent Heat [Thermodynamic]
Heat Capacity(L) [Thermodynamic]
Heat Capacity(V) [Thermodynamic]
Heat of Mixing [Thermodynamic]
Viscosity (L) [Physical]

Viscosity (V) [Physical]

Thermal Cond (L) [Physical]
Thermal Cond (V) [Physical]
Surface Tension [Physical]

Density (L) [Physical]

Entropy(L) [Thermodynamic]
Entropy(V) [Thermodynamic]

Use HYSYS/Use PPDS

The checkboxes in the Use HYSYS and Use PPDS columns allow
you to select between the Hyprotech and the PPDS libraries.
Depending on the property type selected, the PPDS library may
not be available. When the PPDS library is available, the
checkbox changes from light grey to white.

2-68



Fluid Package 2-69

The PPDS database is an optional tabular feature. Contact
your Hyprotech representative for further information.

Composition Basis

The Composition Basis allows you to select the Basis (mole,
mass, or lig volume) on which the mixing rule is applied. When
you select a property type the Composition Basis becomes
active for that property. The available options can be accessed
from the drop-down list within the cell of each property
selected.

The default mixing rule which is applied when calculating the
overall property is shown in the following form:

=

Property,,;. = {E%#yvpenyﬂ (2.38)

1

Mixing Parameter

The last column in the matrix table is the Mixing Parameter. This
allows you to specify the coefficient (f) to use for the mixing rule
calculations. Notice that the default value is 1.00. The value that
HYSYS uses as the default is dependent on the property
selected. For instance, if you select Liquid Viscosity as the
property type, HYSYS uses 0.33 as the default for the Mixing
Parameter.

If you are using the PPDS database, you can modify the mixing
rule parameters for any property with the exception of the
vapour viscosity and vapour thermal conductivity. The
parameters for these properties are set internally to the
appropriate PPDS mixing rule.
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See Supplying Tabular
Data for further
information on the
PropCurve property view.

HYSYS Fluid Package Property View

Information Branch

After properties are activated on one of the three pages in the
Options branch, the property appears in the Information branch.
This branch can be expanded by clicking the Plus icon in
front of the Information label in the Tabular Package group.
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The Heat of Mixing property does not create a page in the
Information branch. Instead it will create a unique branch in
the Tabular Package group.

A component may be targeted by clicking in any cell in the
component’s column. For example, if Propane was the
component of interest, click in any cell in the third column. Once
the component is targeted, select the Cmp Prop Detail button to
access the PropCurve property view. Most of the information
contained in the PropCurve property view is displayed on the
Information pages and can also be changed there.

Cmp Plots Button

The Cmp Plot button accesses the plot of Temperature vs. the
selected Property Type. The Variables group shows the property
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used for the X and Y axis (Enthalpy in this case).

Figure 2.46
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HYSYS can only plot four curves at a time. The Curve Selection
group lists the components which are plotted on the graph. The
default is to plot the first four components in the component list.
You can replace the default components in the Curve Selection
group with other components by using the drop-down list in
each cell.

Object inspect the plot area to access the Graph Control
property view.

Select the component you want to add to the Curve Selection
group. The new component replaces the previously selected
component in the Curve Selection group, and HYSYS redraws
the graph, displaying the data of the new component.

HYSYS uses the current expressions to plot the graphs, either
from the HYSYS library or your supplied regressed data.

Heat of Mixing Branch

When the Heat of Mixing property is activated on either the All
Properties or the Thermodynamic page in the Options
branch, a new branch gets added to the root of the tree browser
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in the Tabular Properties group. This branch can be expanded by
clicking the Plus icon in front of the Heat of Mixing label in
the Tabular Package group. The pages in the branch correspond
to the components in the fluid package.

Figure 2.47
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Heat of Mixing Page

This page is only visible when Heat of Mixing is selected on the
All Properties or Thermodynamic pages. It consists of the
following objects:

Object ‘ Description

UNIFAC VLE HYSYS uses the UNIFAC VLE estimation method to calculate
the binary coefficients. This overwrites any existing
coefficients.

UNIFAC LLE Same as UNIFAC VLE, except the LLE estimation methods
are used.

Temperature | The reference temperature at which the UNIFAC
parameters are calculated.
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Composition Pages

The Composition pages in the Heat of Mixing branch are very
similar to the pages contained in the Information branch. Click
the View Details button to access a modified PropCurve
property view.

Figure 2.48
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See Supplying Tabular The only difference is that there is no Coeff tab. Most of the
Data for further information contained in the PropCurve property view is

information on the ; : - e
PropCurve property view. displayed on the Information pages, where it can be modified.

Notes Page

Any comments regarding the tabular data or the simulation in
general may be displayed here.

Supplying Tabular Data

When you have specified the flowsheet properties for which you
want to use the Tabular Package, you can change the data
HYSYS uses in calculating the properties. HYSYS contains a data
file with regressed coefficients and the associated equation
shape, for most components.

To illustrate the method of supplying data, use Methane as a
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component and Liquid Enthalpy as the Property. From the
Enthalpy (L) Tabular Package group, select the Methane cell as
the component and click the Cmp. Prop. Detail button.

If Heat of Mixing is used, you can access the Prop Curve by
selecting the component and then click the View Details
button. Although it should be noted that this property view
does not include the Coeffs tab.

The Variables tab of the PropCurve property view is displayed as
shown below:

Figure 2.49

&1 ol
e aniable W ariable - ariable
E Temperature i Enthalpy o] Pressure
Unit K. Unit k) /kgmole Unit kFa
Shape = " Shape Tvar y Default 101.3
Shape Morm 1907 Shape Morm 1.000
E zponent 1.000 E=ponent 1.000
Egn. Min 9167
Egn. Max 165.0
—Equation Form
| Palyl Yo=a+ b o2+ 3 e LI Reqressable
=
Yariables I Coeff ITabIe IPIots I Notes |
[ New Curve

The PropCurve property view contains the following tabs:

Tab ‘ Description

Variables Specify the equation shapes and power functions for the
property.

Coeff Displays the current coefficients for the selected equation.

Table Current tabular data for the property (library or user
supplied).

Plots Plots of the property using the tabular data and the
regressed equation.

Notes User supplied descriptive notes for the regression.

Variables Tab

The Variables tab is the first tab of the PropCurve property view.
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It contains four groups, X-Variable, Y-Variable, Q-Variable, and
Equation Form. The Variables tab is shown in the previous

figure.

X-Variable Group

This group contains information relating to the X-Variable and is

described below.

Cells
X

‘ Description

Since all properties are measured versus Temperature, this
cell always shows Temperature when using the Tabular
Package.

Fluid Package 2-75

Unit

Displays the units for the temperature values. You cannot
change the units here. The HYSYS internal units for
Temperature, K, are always used.

Shape

This is the shape of the X variable. The choices for the X
Shape can be accessed using the drop-down list in the cell.
There are 29 available shapes. Use the scroll bar to move
through the list. In this case, the shape selected is Xvar:x.
This means that the X variables in the equation are equal to
X, which represents temperature. If LogX:log10(x) is
selected as the X Shape, then the X variables in the
equation are replaced by log10(x).

Shape Norm

This is @ numerical value used in some of the X Shapes. In
the drop-down list for X Shape, notice that the second
choice is Xreduced:x/norm. The x/norm term, where norm
= 190.70, replaces the X variable in the equation. You can
change the numerical value for Norm in the cell.

Exponent

Allows you to apply a power term to the X term, for
example, X0-5,

Eqn
Minimum

Defines the minimum boundary for the X variable. When a
flowsheet calculation for the property is outside the range,
HYSYS uses an internal method for extrapolation of the
curve. This method is dependent on the Property being
used. See the Equation Form section.

Eqn
Maximum

Defines the maximum boundary for the X variable. When a
flowsheet calculation for the property is outside the range,
HYSYS uses an internal method for extrapolation of the
curve. This method is dependent on the Property being
used. See the Equation Form section.
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Y-Variable Group

This group contains all information relating to the Y-Variable.

Cells ‘ Description
Y This is the property chosen for Tabular calculations.
Unit Displays the units for the Y variable. You cannot change the

units here, it must be done through the Basis Manager
(Preferences option).

Shape This is the shape of the Y variable. The choices for the Y Shape
are available using the drop-down list within the cell. There
are 32 shapes selected. Use the scroll bar to move through the
list. In this case, the shape chosen is Yvar:y. This means that
the Y variables in the equation are equal to Y, which represents
enthalpy. If LogY:log10(y) is chosen as the Y Shape, then the
Y variables in the equation are replaced by /log10(y).

Shape This is a numerical value used in some of the Y Shapes. In the
Norm drop-down list for Y Shape, notice that the second choice is
Yreduced:y/norm. The Y variable in the equation is replaced
by the y/norm value. This numerical value can be changed
within the cell.

Exponent Ag%ws you to apply a power term to the Y term, for example,
Y&,
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Q-Variable Group

This group contains all information relating to the Q Variable.
This Variable is used in some of the X and Y Variable equations.

(of1]} ‘ Description

Represents the Q variable which is always Pressure.

Unlt Displays the units for the Q Variable, which are always the
default internal units of pressure, kPa.
Default This is the default numerical value given to the Q Variable

which can be modified within the cell.

Coefficients Group

This group is only visible in the Heat of Mixing page when it is an
active property.

Yalug Do Mot Regress |

1

R

<Emply j

The Coefficients group contains the coefficient values either
obtained from the HYSYS database, or regressed from data
supplied in the Table tab.

Equation Form

Depending on which property you have selected, HYSYS selects
a default Equation Shape. You have the option of using this
equation or an alternative one. You can select a different
equation from the drop-down list associated with this cell. The
drop-down list contains 33 available equations to choose from.
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HYSYS Fluid Package Property View

~Equation Farm

I Falyl Y=g+ b s o2+ I3 e LI
Paly2 W= a+ b+ o]+ dE - 72 —
Paly3 Yo=a+ bR+ o2+ dInE"3 - 8l

Falpd Yo=a+ b o2+ I3+ R0 —
Antal Y = a+ b+ cflnf<) + B

Anta2 Y =a+bf + clogfe] + de

Quatl # = @9 b + A + efX2)

Guot2 = ab 1+ (1 - %) d]

Guat3 # = @%b + K]

Expol * = a + biexpledd"d) 4

When HYSYS cannot regress the data to produce equation
coefficients for the selected equation shape, the message Non-
Regressable appears on the right of the drop-down list. You can

still use the equation shape, but you have to manually input the
coefficients.

—Equation Form

S e e |

Regieszable

Some equation shapes only allow you to supply coefficients
directly. You are informed if the equation shape cannot have
tabular data regressed to it.

Coeff Tab

This tab displays the current coefficients for the specified
equation. Notice that this property view also contains the

Equation Form group, allowing you to change the equation from
this tab.

The X, Y, and Q variables and their units are displayed for
reference only. They can not be modified.
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= M=
Coefficient
Temperature
Value Do Mot Regress Uit K
a 370.420 N
b -11.2960 : Malar HeatCapa
c 0.148300 Unit kJ kgmale-C
d -8.55440e-004 ol
e 1.85630e-006 ol Fressure
Urit kFa
E quation Formr
’7| Palyl Yo=a+ b o2+ 3 e LI Reqressable
"~ Vaiisbles  Coeff I Table IPIots I Notes |
[ New Curve

The Coefficients group contains the coefficient values either
obtained from the HYSYS database, or regressed from data
supplied in the Table tab.

The checkboxes supplied next to each coefficient value allow you
to instruct HYSYS not to regress certain coefficients, they will
remain at the fixed value (default or user supplied) during
regression.

Table Tab

You can supply your tabular data before or after selecting the
Equation Shape. To enter data, select the Table tab.

Wi (=
* A o ‘it Factor
| Temperature | HeatCapacity | Pressure
K | k) Mkgmale-C | kPa
] 91.6700 53.2451 101.3250 1.000 «|
95,7400 53.5369 101.3250 1.000 | |
338100 53,9851 101.3250 1.000
103.8800 54.5374 101.3250 1.000
107.9500 55,1536 101.3250 1.000
1120200 55,8058 101.3250 1.000
116.0300 BE.4784 101.3250 1.000
1201600 571679 101.3250 1000 »| _ClearData
Press Regress button to update the equation coefficients after table input
Wariables I Coeff Table I Flots I Notes |
[ New Curve
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If the component is from the HYSYS library, 20 points are
generated between the current Min and Max temperatures. If
you need to supply data, click the Clear Data button. You can
also add your data to the HYSYS default data and have it
included in the regression.

Supplying Data

If you are going to supply data, select the unit cell under the X
and Y variable columns and press any key to open the drop-
down list. From the list you can change to the appropriate units
for your data.

To delete a particular data point, highlight the data point and
press the DELETE key.

The procedure for supplying data is as follows:
1. Select the appropriate units for your data.

2. Clear the existing data with the Clear Data button, or move
to the location that you want to overwrite.

3. Supply your data.

Coefficients calculated using the deleted data are still
present on the Coeff tab until the Regress button is clicked.

4. Supply Net Weight Factors if desired.

Q-Column

This column contains the Pressure variable. The presence of this
extra variable helps in providing better regression for the data.
As with the X and Y variables, the units for pressure can be
changed to any of the units available in the drop-down list.

Wt Factor

You can apply weighting to individual data points. When the
regression is performed, the points with higher weighting factors
are treated preferentially, ensuring the best fit through that
region.
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Regressing the Data

After you have provided the data, you need to update the
equation coefficients. Click the Regress button to have HYSYS
regress your data, generating the coefficients based on the
current shapes. If you then change any of the equation shapes,
the data you supplied is regressed again. You can re-enter the
regression package and select a new shape to have your data
regressed.

Data Retention

Whenever experimental data is supplied, it is retained by HYSYS
in memory and is stored in the case. At a later date, you can
come back into the Tabular Package and modify data for the
Property, and HYSYS regresses the data once again.

Plot Tab

To examine how the current equations and coefficients
represent the property, select the Plots tab to view the plot.

S =1
rie Property Curve ES I Temperature
’BT'l . Jurit | K
rese b olar HeatCapa

Unit k)/kgmaleC |
- a Pressure
£ Uit kPa
e B Default 101.3
cose - P il No. of pts. g m—
— - i 9167
P G i N
IZU Max: [163.0
" Vaiiables ICoeff ITabIe Plolsl Hotes |
[ Mew Curve Regress |

Use the Plot button on the Tabular tab to display up to four
component curves on the same graph.
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To review all notes within
the fluid package, refer to
Section 7.19 - Notes
Manager of the HYSYS
User Guide.

Only the selected component (in this case Methane) is
displayed. The plot contains two curves, one plotted with the
regressed equation and the other with the Table values. If the
Tabular values supplied on the Table tab are in different units,
they are still plotted here using the HYSYS internal units. This
provides a means for gauging the accuracy of the regression. In
this example, the two curves overlap each other, such that it
appears to only show one curve.

Besides displaying the component curve, this property view also
displays the number of points used in determining the tabular
equation (in this case 20). As well, the x-Axis group displays the
Min (91.7) and Max (169) x-values on the curve.

You can change the Min and Max x-axis values and have HYSYS
extend the curve appropriately. Place the cursor in the Min cell
and type in a new value. For example, type 70. This replaces
91.7, and HYSYS extends the curve to include this value.
Similarly, you can change the Max value, and have HYSYS
extend the curve to include this new value. Type 180 to replace
the Max value of 169.00.

The new curve is shown below.

Froperty Curve

i

§§§§5§§

Notes Page

The Notes page is used for supplying a description to associate
with the Tabular Data just entered.

When you have finished providing all necessary data, close the
PropCurve property view and return to the Tabular tab of the
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Fluid Package property view. You can now continue to supply
data for the other components, if you want. The properties that
you have specified to be calculated with the Tabular package
carry through into the Flowsheet.

2.4.8 Notes Tab

The Notes tab allows you to provide documentation that is
stored with the Fluid Package. When you export a Fluid Package,
any Notes associated with it are also exported. When you want
to import a Fluid Package at a later date, the Notes tab allows
you to view information about the Fluid Package.
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2.5 COMThermo Property
View

The Fluid Package COMThermo property view can be accessed
by selecting the COMThermo checkbox in the Advanced
Thermodynamics group. COMThermo consists of eight tabs and
is based on the COMThermo thermodynamics framework. These
tabs include information pertaining to the particular fluid
package selected for the case. When you create a new fluid
package and select the COMThermo radio button the Set Up
property view appears as shown below.

Figure 2.57

Fluid Package: Basis-1 |_ (O] x|
~Model Selectian tadel Option:

Generdl NRTL (S Property Method =
Grapson-Streed  Mapor & Liquid LnStdFugacity | |deal Standard Ln Fugac
HyspsPR LnFugacityCoeff | MRTL Ln. Fugacity Coef

Ideal Solution HIECIHE5 LrFugacity NRTL Ln. Fugacity

Kabad Danner muliphaze LnbictiviyCosff | MATL Ln. Activity Coeffi

ME;' u?::" ST LnfictivityCoefDT | NRTL LnActivityCosff D
NF!'?L Ertended Flash Setup.. | MolaiDensity | CO5TALD Molar Density

PRSY Molat¥olume | COSTALD Molar Yolume
PRSV/LE | Ep st | EvcessEnthalpy HMBKT | o)
[Hypratech MRTL activity madel == =

Advanced Themadynamic:
Component List Selection Irnpart |
|C0mp0nent List - 1 ;I View. o Ciiheme —Iﬁegression E |
wpork
—_—
Set UpI Parameters I Binary Coeffs I StabT est I Phase Order Iﬂxns I Tabular I Notes |
elete Mame |Basis- roperty Fkg apor: |deal Ga gL it Braperties:

o Del N B &sis-1 Property Pki i, Ich IG;L d MRTL Edlit R

Removes the Fluid Package
from the case. You must
confirm that you want to
delete the Fluid Package.

The property packages
selected for the vapor and
liquid phases are shown in
this status bar.

Select the button to
edit properties at the
fluid package level.

You can input a name
for the Fluid Package
in this cell.
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2.5.1 Set Up Tab

The Set Up tab contains the Model Selection, Model Phase,
Model Options, Extended Setup, Advanced Thermodynamics,
and Component List Selection groups for the Fluid Package
property view in COMThermo.

Figure 2.58

Select a flash calculation Select the Information on Property and
method here. The buttons Vapor or Liquid calculation Methods depending on
below are used to setup the Model Phase the Model selected. Use the drop-
extended custom property using the radio down list to select alternative
package and extended flash. buttons. calculation methods.

Fluid Fackage: Basiz-1

tdodel Option:

General NATL Model Phassy = Froperty Method ™~ -
Grayson-Sheed € Mapor ¢ Liquid LnStdFugacity | |deal Standard Le Fug®
HyspsPR LnFugacityCoeff | MRTL Ln. Fugacity Coef
Ideal 5_°|UU°“ ng\n{g};mﬂ LnFugacity MATL Lh. Fugacity
(elazilDien mulliphase. LnéictivityCoeff | NATL Ln. Activity Cosff
Select a property ,'f;;ffg':"':'me' LnctiviyCosfiDT | NRTL LnéctivitCosff D
Margules e Extended Flash Setup... | il | ST el Sl
model for the L 2 2
PREY MolaiVolume | COSTALD Maolar Yolume
vapor an d Ilq uid PRSWALK LI Szl R Setup...l E xcessE nthalpy HMixRET =
phase. | [Hyprotech NRTL activity model | e S

Import
¥ COMThermo Eegressinn...l mll

Component List Selection
’] Companent List - 1 e |

"Advanced Themodynarnic:

i ] Set UpI Parameters I Binay Coeffs I StabTest I Phase Drd\ef\lF\xns I Tabular I Hotes |
Additional

N
Information on Delete | Mame IBasiS-'l Fropetty Fkg | apar \db\lﬁas Liquid: NRTL Edit Praperties |

the Model \
selected. Select a Component List here. It is not recommended

to use the Master Component List.

After a Model is selected, Properties and Method options are
displayed in the Model Options group. The properties and
methods that are displayed are dependent on the selected
Model.

The following sections provide an overview of the various
models, as well as details on the various groups that appear on
the Set Up tab.
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Model Selection

For detailed information In the Model Selection group, you have access to the list of
flfatcca)xT:far“”;‘t’)l'\e"?:e's default property models that are available in HYSYS-

HYSYS, refer to the COMThermo. The availability of the models depends on the
Aspen COMThermo Vapour or Liquid Model Phase selected for your system. Using

Reference Guide. the radio buttons, the models are filtered for vapor and liquid

models. A model for the vapor and liquid phase is required and
displayed in the Property Pkg status bar.

Object ‘ Description

Vapor Phase The Vapor Phase contains a list of Equations of State*
used to model the vapor phase in the Model Selection
Group.

Liquid Phase The Liquid Phase contains a list of the various Equations

of State*, Activity Models*, and semi-empirical methods
(Chao Seader & Grayson Streed) to characterize the
liquid phase of a chemical system.

* Described in the following sections.

To create or add property packages and properties, refer to
the COMThermo online help in the development kit.

Equations of State

Refer to the Aspen Equations of state are used to model the behaviour of single,

COMThermo Reference ; ;
Guide for more detailed two, and three phase systems. For oil, gas and petrochemical

information on the applications, the Peng Robinson Equation of State is generally
g\t/ailable Equations of the recommended property model. It rigorously solves most
ate.

single phase, two phase and three-phase systems with a high
degree of efficiency and reliability.
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Hyprotech's enhancements to this equation of state (HysysPR),

2-87

enable it to be accurate for a variety of systems over a wide
range of conditions. The equation of state methods and their
specific applications are described below:

EOS ‘ Description ‘ Available for
Ideal Gas PV=nRT can be used to model the Vapor Phase but | Vapor Phase only
is only suggested for ideal systems under
moderate conditions.
PR This model is ideal for VLE calculations as well as Vapor and Liquid
Peng- calculating liquid densities for hydrocarbon Phase
Robinson systems. However, in situations where highly non-
ideal systems are encountered, the use of Activity
models is recommended.
HysysPR The HysysPR EOS is similar to the PR EOS with Vapor and Liquid
several enhancements to the original PR equation. Phase
It extends the range of applicability and better
represents the VLE of complex systems.
PRSV This is a two-fold modification of the PR equation Vapor and Liquid
Peng- of state that extends the application of the original Phase
Robinson PR method for moderately non-ideal systems. It

Stryjek-Vera

provides a better pure component vapor pressure
prediction as well as a more flexible mixing rule
than Peng robinson.

SRK In many cases it provides comparable results to Vapor and Liquid
Soave- PR, but its range of application is significantly Phase
Redlich- more limited. This method is not as reliable for
Kwong non-ideal systems.
Braun K10 This model is strictly applicable to heavy Vapor and Liquid
hydrocarbon systems at low pressures. The model Phase
employs the Braun convergence pressure method,
where, given the normal boiling point of a
component, the K-value is calculated at system
temperature and 10 psia (68.95 kPa).
KD This model is a modification of the original SRK Vapor and Liquid
Kabadi equation of state, enhanced to improve the vapor- | Phase
Danner liquid-liquid equilibrium calculations for water-
hydrocarbon systems, particularly in dilute
regions.
Lee-Kesler- This model is the most accurate general method Vapor and Liquid
Plocker for non-polar substances and mixtures. Phase
Redlich- The Redlich-Kwong equation generally provides Vapor Phase only
Kwong results similar to Peng-Robinson. Several
enhancements are made to the PR as described
above which make it the preferred equation of
state.
Sour Peng- Combines the PR equation of state and Wilson's Vapor and Liquid
Robinson API-Sour Model for handling sour water systems. Phase
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EOS

Virial

‘ Description

pressures.

This model enables you to better model vapor Vapor only
phase fugacities of systems displaying strong
vapor phase interactions. Typically this occurs in
systems containing carboxylic acids, or
compounds that have the tendency to form stable
hydrogen bonds in the vapor phase. In these
cases, the fugacity coefficient shows large
deviations from ideality, even at low or moderate

‘ Available for

Joffee

Zudkevitch-

This is a modification of the Redlich Kwong Vapor and Liquid
equation of state, which reproduces the pure Phase
component vapor pressures as predicted by the
Antoine vapor pressure equation. This model is
enhanced for better prediction of vapor-liquid
equilibrium for hydrocarbon systems, and systems
containing Hydrogen.

Refer to the Aspen
COMThermo Reference
Guide for more detailed
information on the
available Activity models.

Activity Models

Although Equation of State models have proven to be reliable in
predicting the properties of most hydrocarbon based fluids over
a wide range of operating conditions, their application is limited
to primarily non-polar or slightly polar components. Non-ideal
systems at low to moderate pressure are best modeled using
Activity Models. Activity models only perform calculations for the
liquid phase. This requires you to specify a calculation method
for the modeling of the vapor phase.

The following Activity Models are available for modelling the
liquid phase of a system:

Model ‘ Description

Ideal Solution

Assumes the volume change due to mixing is zero. This
model is more commonly used for solutions comprised
of molecules not too different in size and of the same
chemical nature.

Regular
Solution

This model eliminates the excess entropy when a
solution is mixed at constant temperature and volume.
The model is recommended for non-polar components in
which the molecules do not differ greatly in size. By the
attraction of intermolecular forces, the excess Gibbs
energy may be determined.

NRTL

This is an extension of the Wilson equation. It uses
statistical mechanics and the liquid cell theory to
represent the liquid structure. It is capable of
representing VLE, LLE, and VLLE phase behaviour.
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Model
General NRTL

‘ Description

This variation of the NRTL model uses five parameters
and is more flexible then the NRTL model. The following
equation format is used for the equation parameters

(Tt and o ):

T.=A4 +li7+c—ij+F T+G. InT
gy oyt ij ij

o = ocll.j+oc21.jT

Apply this model to systems:
e with a wide boiling point range between
components.

e where you require simultaneous solution of VLE
and LLE, and there exists a wide boiling point or
concentration range between components.

UNIQUAC

Uses statistical mechanics and the quasi-chemical
theory of Guggenheim to represent the liquid structure.
The equation is capable of representing LLE, VLE, and
VLLE with accuracy comparable to the NRTL equation,
but without the need for a non-randomness factor.

Wilson

First activity coefficient equation to use the local
composition model to derive the Gibbs Excess energy
expression. It offers a thermodynamically consistent
approach to predicting multi-component behaviour from
regressed binary equilibrium data. However the Wilson
model cannot be used for systems with two liquid
phases.

Chien-Null

Provides consistent framework for applying existing
Activity Models on a binary by binary basis. It allows you
to select the best Activity Model for each pair in your
case.

Margules

This was the first Gibbs excess energy representation
developed. The equation does not have any theoretical
basis, but is useful for quick estimates and data
interpolation.

NRTL

This is an extension of the Wilson equation. It uses
statistical mechanics and the liquid cell theory to
represent the liquid structure. It is capable of
representing VLE, LLE and VLLE phase behaviour.

Van Laar

This equation fits many systems quite well, particularly
for LLE component distributions. It can be used for
systems that exhibit positive or negative deviations from
Raoult’s Law; however, it cannot predict maxima or
minima in the activity coefficient. Therefore it generally
performs poorly for systems with halogenated
hydrocarbons and alcohols.

UNIFAC VLE/
LLE

Both UNIFAC VLE and UNIFAC LLE use the solution of
atomic groups model in which existing phase equilibrium
data for individual atomic groups is used to predict the
phase equilibria of system of groups for which there is
no data. The group data is stored in specially developed
interaction parameter matrices for both VLE and LLE
property packages.
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COMThermo Property View

Vapor Pressure Models

Vapor pressure K-value models may be used for ideal mixtures
at low pressures. Ideal mixtures include hydrocarbon systems
and mixtures such as ketones and alcohols, where the liquid
phase behaviour is approximately ideal. The Vapour Pressure
models may also be used as a first approximation for non-ideal
systems.

Models ‘ Description

Antoine This model is applicable for low pressure systems that
behave ideally.
Braun K10 This model is strictly applicable to heavy hydrocarbon

systems at low pressures. The model employs the Braun
convergence pressure method, where, given the normal
boiling point of a component, the K-value is calculated at
system temperature and 10 psia (68.95 kPa).

Esso Tabular This model is strictly applicable to hydrocarbon systems
at low pressures. The model employs a modification of
the Maxwell-Bonnel vapor pressure model.

Chao Seader & Grayson Streed Models

The Chao Seader and Grayson Streed methods are older, semi-
empirical methods. The Grayson Streed correlation is an
extension of the Chao Seader method with special emphasis on
hydrogen. Only the equilibrium data produced by these
correlations is used by HYSYS. The Lee-Kesler method is used
for liquid and vapor enthalpies and entropies.

Model ‘ Description

Chao Seader Use this method for heavy hydrocarbons, where the
pressure is less than 10342 kPa (1500 psia), and
temperatures range between -17.78 and 260 °C (0-500
°F).

Grayson Streed | Recommended for simulating heavy hydrocarbon
systems with a high hydrogen content.
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Refer to Extended
Property Packages and
Flash section in the
Aspen COMThermo
Programmers Guide for
detailed information on
how to add extended flash
and extended property
packages.

Extended Property Package & Extended
Flash

The Extended Property Package model allows the user to
incorporate existing external property packages with minimum
modifications to them. You may setup a number of different
property packages using extended methods, which perform
different thermodynamic calculations, handle different
databases for pure compound properties and/or interaction
parameters.

Unlike default COMThermo methods, which are stateless,
Extended Property Packages can keep and carry state
information. State information refers to data such as pure
compound and mixture information. In the implementation of an
Extended Property Package, the calls between different property
calculation routines can be made directly without a need to use
COM interfaces. You can mix and match Extended Property
methods with COMThermo default property calculation methods.
This can be set up in the XML model file.

The COMThermo online help is located in the COMThermo DK
(development kit). You need to setup the COMThermo DK
from the installation disk.

To set up an Extended Property Package two XML model files are
required, one for vapor phase and one for liquid phase. Both
XML model files must contain the same package name. When
selecting an extended package for calculations, the same
extended package must be selected for both vapor and liquid
phase.

To set up an Extended Property Package for calculations, you
must select the same extended package for both the vapor
and liquid phases.

The Extended PropPkg Setup button is accessed by selecting the
appropriate extended package for both the vapor and liquid
model phases. The Extended PropPkg property view is shown
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below for an example package with ExtPkg as the name of the
XML model file.

~Dezcriptior

Fackage Description: Example Extended Package ;I
Setup Description: Example.df is nesded

Setup Files Required: 1

Setup Status: 1

=

—Setup Fil

Add..

Femove |

On Wiew... | Finizh Setup.. |

The Extended Property Package Setup includes a description of
the package and the setup files. The Add button allows you to
browse Setup files for the Extended Property package. The On
View button allows you to see and configure the associated
property views of your selected extended method.

The Extended Flash model provides the user with the capability
to use custom flash calculation methods. COMThermo also
allows the user to mix and match different flash methods. For
example, the user can implement a PV (pressure-vapor fraction)
flash in an Extended Flash package and use the existing
COMThermo PT flash (pressure-temperature). The flash option
can be setup through the Flash Family, which is located in the
Model and Flash XML section of the COMThermo online help.

A Extended Flash also requires a flash XML model file to setup
the flash family name. The Extended Flash Setup button is
accessed by selecting the appropriate XML model filename. The
Extended Flash Setup property view is shown below for an
example flash with ExtendedFlash as the name of the XML
model file.
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Figure 2.60

~Descriptior

Setup Files Required: 0 ;I
Setup Status: 1

/-]

—Setup Fil

Add

Hemaye

Finizh Setup...

Extended Property Package and Extended Flash can be used
together or separately.

Advanced Thermodynamics

The Advanced Thermodynamics group allows you to model the
fluid package based on the COMThermo framework.

"Advanced Thermadpnamics———————————————

Import
W COMThemo Begression..l —I
Export |

The Advanced Thermodynamics group contains the following
buttons:
e Import. Allows you to import an existing COMThermo
property package.

e Export. Allows you to export a COMThermo based
property package.

The imported/exported COMThermo Property package can
be used in HYSYS, DISTIL, and COMThermo Workbench.
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Refer to the
Thermodynamics
Workbench guide of the
Conceptual Engineering
Suite for more
information on
COMThermo Workbench.

e Regression. Allows you to export the fluid package
directly into COMThermo Workbench where the fluid
package can be manipulated by a broad selection of
estimation methods and data regression. Once the
regression is complete in the COMThermo Workbench,
the regressed fluid package can be imported back to

HYSYS.

You must have the Conceptual Engineering Suite installed
with COMThermo Workbench licensing in order to apply the
Regression feature in HYSYS.

When you click the Regression button the following property

view appears:

| Save =ML Fluid Package To User Defined File
Regression Status————————————————————
‘wWiriting Fluid Package File
Starting COMTherma Workbench

Load Regiession |

Start Regression

Regression ‘ Description

This button is similar to exporting a fluid package. It
allows you to select a file to be opened up in
COMThermo Workbench for regression analysis.

Load Regression

This button is similar to importing a fluid package. A
menu of existing packages appear, allowing you to
retrieve information from a previously regressed
package.

Writing Fluid A status indicator to indicate that a new fluid package
Package is being generated.

Starting A status indicator to indicate that COMThermo
COMThermo Workbench is starting after the fluid package is
Workbench generated.

The regressed fluid package is saved with *.ctf extension
along with two default tag files, cc. XML, and pm.XML. You
must have all three files saved in the same directory to
access the regressed fluid package.
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Component List Selection

You must select a Component List to associate with the current
Fluid Package from the Component List Selection drop-down list.
Component Lists are stored outside of the Fluid Package
Manager in the Components Manager and may contain library,
hypothetical, and electrolyte components. To view the
Component List property view, click on the View button.

It is not recommended for users to attach the Master
Component List to any Fluid Package. If only the master list
exists, by default a cloned version of the Master Component
List is created (called Component List -1). This list is
selected initially when a new Fluid Package is created.

Model Options

When you have selected a Model, additional property and option
methods are displayed on the right side of the Set Up tab in the
Model Options group. This information is directly related to the
Model and phase selected.

The Model options group shows each property and what
calculation method is used for that property.

A model must be selected for both the vapor and liquid
phases.
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COMThermo Property View

For example, the Peng-Robinson Model Options for the vapor

phase are shown below:

Fluid Package: Baziz-1 [ _ (O] =]

~Model Selection Model Option

Geneial NATL [ : Properly Method |

Grayson-Streed |7 © Wapor & Liquid LnStdFugacity | Ideal Standard Ln Fugac _I
HyzypzPR LnFugacityCoeff | MRTL Ln. Fugacity Coef
Ideal Solution mg\n}gﬁmf LnFugacity NRTL Ln. Fugacity
Kabad:-Danrier muliphase. LrfictivityCoeff | NRTL Ln Activiy Cos
h?"fﬁf“”“kﬂ LrdctivityCosfDT | NATL LrctivityCasff Dr
NF!TQL Estended Flash Setup.. | MolaiDensity | COSTALD Malar Density
Molatvolume | COSTALD Molar Volume

Egg\vh‘LK j ExterdEdiR R Setup...l ExcessEnthalpy HidixHE1 LI
[Hypratech MATL activity model = ———

Import
W COMTherma EBQIBSSiUn---l _I

Companent List - 1 ;I Wigw... | Export |

-
Set UpI Parameters I Einary Coeffs I StahTest I Phase Order IFhms I T abuilar I Hotes |

Delete | Mame |Basis-1 Property Pkg | Vapor: [deal Gas  Liquid: NRTL Edit Properties |

Advanced Thermodynamic:
"CUI‘HDUHEI’][ List Selection ’7

The Enthalpy property uses the Peng-Robinson Enthalpy
calculation method. The method options which are displayed in
red have alternative calculation methods. By placing your cursor
on the drop-down list, you have a choice to select the Lee-Kesler
calculation method for Enthalpy.

Figure 2.64

Froperty | Method =]
Enthalpy [ Peng-Aobinson Enthaloy =]
Ertropy
Cp [Lee Kesler Enthalpy
LnFugacityCoeff | Peng-Robinson Ln. Fug:
LnFugacity | Peng-Fobinzon Ln. Fug:
Molarvolume | Peng-Fobinson Maolar Vi
Vizcozity Vizcogity
ThermalConductivity Thermal Conductivity
ZFactor | Peng-Robinson £ Factor LI

The Entropy and Cp properties may also be altered to use the
Lee-Kesler calculation methods for the Peng-Robinson EOS. If
the property method is altered, it appears in blue. The
information in black are default methods for HYSYS-
COMThermo. Methods are added in the XML file and then can be
seen in the method group for the property selected. Refer to the
Wizards & Add-Ins section of the COMThermo online help
located in the COMThermo Development Kit to help in adding
new properties, property packages, and flash.
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EOS Enthalpy, Entropy & Cp Method
Specification

With most of the Equations of States, you may have two or
three alternative calculation methods for enthalpy, entropy, and
Cp. The property calculation methods that are available include:
the EOS selected, and the Lee-Kesler method.

Methods ‘ Description

Equation of With this selection, the enthalpy, entropy, and Cp
State calculation methods contained within the Equation of
State are used.

Lee-Kesler The Lee-Kesler method may be used for the calculation of
enthalpies, entropies and Cp values. This option results in
a combined Property Model, employing the appropriate
equation of state for vapor-liquid equilibrium calculations
and the Lee-Kesler equation for the calculation of
enthalpies and entropies. This method yields comparable
results to HYSYS standard equations of state and has
identical ranges of applicability.

Lee-Kesler enthalpies may be slightly more accurate for
heavy hydrocarbon systems, but require more computer
resources because a separate model must be solved.

Once the vapor phase is selected, the liquid phase needs to
defined.

Activity Model Specifications

The Activity Models perform calculations for the liquid phase
only. Once a Liquid phase model is selected, the model options
group is filled with property methods. The UNIQUAC activity
model options are shown below.

Property [ Methad [a
LnStdFugacity [ |deal Standard Ln Fugaci = |
LnFugacityCoeff
LnFugacity | |deal Standard Ln Fugaciby v
LnactiviyCoeff | UMIQUAC Ln. Activity Co
LrdsctivigCoeffDT | UMIQUAL LndctivitCoe
MolarDensity | COSTALD Molar Density
Molat/olume | ZO5TALD Malar Molume
Wizcosity HY'SY'S Viscasity
ThermalConductivity | HYSYS Themal Conduc LI
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Refer to Wizards & Add-
Ins section of the Aspen
COMThermo Reference
Guide.

With most of the activity models, you have a choice for the
calculation method for the standard Ln Fugacity Poynting
Correction. By default, the ideal standard Ln Fugacity is set
without the Poynting correction and may be changed using the
drop-down list. The Poynting factor uses each component’s
molar volume (liquid phase) in the calculation of the overall
compressibility factor.

To aid you in adding customized properties to the model
options group.

2.5.2 Parameters Tab

The information and options displayed on the Parameters tab is
dependent on the selection of the Property Model. Property
models which require additional parameters are displayed here,
while others are not. For example, the Chein-Null activity model
requires parameters to specify alternative models for binary
interaction parameters. The Chien-Null property package is
mentioned in this section.

Chien Null

The Chien Null model provides a consistent framework for
applying different activity models on a binary by binary basis.
On the Parameters tab, you can specify alternative activity
models to be used for each component pair.
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Binary Component Parameters

To view the Chein-Null activity models table, CN must be
selected as the liquid phase model and the IP Model Name on
the binary coefficients tab. All components in the case, including
hypotheticals are listed in the table as shown below:

Figure 2.66

Fluid Package: Basiz-1 o] x|
Chien Mull sctivity Models
Iethane Ethane Propang i-Butane
ethane ne Fegd Hery Henmy
Ethane ne Fegd Heriry Henry
Propane Henry Henry MRTL
i-Butane Henry Henry MRTL =]

Mone Req «
Henmy

Feg Saoln
wanlLaar

Mariu\es
Scatchard 7

|
Setlp Palamelelsl Binay Coeffs I StabTest I Phage Order IHxns I Tabular I Hotes |

Delete | Name |Basis-1 Fioperty Py | Vapor: deal Gas  Liquict Chisr-Hul

The table displays the default property methods provided by
COMThermo for each binary pair. The methods are accessed by
highlighting a cell and opening the drop-down list. From the list
you can specify an Activity Model that COMThermo uses for the
calculation of each binary. If Henry's Law is applicable to a
component pair, COMThermo selects this as the default property
method. When Henry's Law is selected by HYSYS, you cannot
modify the model for the binary pair.

The Activity Models available in the drop-down list are:

¢ None Required e NRTL

e Henry e Scatchard
e van Laar e Reg Soln
e Margules e General

By default, the Henry and NRTL activity models are selected for
the binary pairs in the above property view. You may use the
default selections, or set the property package for each binary
pair. Remember that the selected method appears in both cells
representing that binary.
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COMThermo may filter the list of options according to the
components involved in the binary pair.

2.5.3 Binary Coefficients Tab

The Binary Coefficients (Binary Coeffs) tab contains a table
which lists the interaction parameters for each component pair.
Depending on the property method selected, different
estimation methods are available and therefore a different
property view may be displayed.

All known binary interaction parameters are shown and the
unknown interaction parameters are displayed with dashes (---
). When you exit the Basis Manager, unknown interaction
parameters are set to zero. You have the option of overwriting
any library interaction parameter values.

For all tables on the Binary Coeffs tab, the horizontal
components across the top of the table represent the "i"
component and the vertical components represent the "j"
component.
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Equation of State Interaction
Parameter (IP)

When you select an EOS model using the IP Model Name drop-
down list, the Interaction Parameter model information is
displayed on the Binary Coeffs tab as shown in the figure below.

Figure 2.67

1P Model Name | PR hd Coefficients | &10 hd
tethane Ethane Propane i-Butane

Methane ] - | 2.983e-003 | F.477e-003 | 1.370e-002

Ethane 2953003 1.853e-003 | 51142003

Propane F.a77e-003 | 1.853e-003

1.539e-003

i-Butane 1.370e-002 | 5114e-003 | 1.539=-003

Treatment of Interaction Coefficients Unavailable from the Librany

(+ Estimate HC-HC / Set non HC-HC ta 0.0 " SetAllto 0.0 Beset COM Parameters

= Set Up | Par ‘ez Binary Coeffs | StabT est J Phasze Oider Jlens Tabuilar J Nmtesx
These 5éwo radio buttons only appear for the This is equivalent

PR and SRK based Equations of State. to no Kj

This information applies to the following Property Models:

e Kabadi Danner e Soave Redlich Kwong, SRK

e |Lee-Kesler Plocker e Sour PR
e PR e Virial
e PRSV e Zudkevitch Joffee

The property view contains a table of cells commonly referred to
as the Matrix Pane displaying binary interaction coefficients. The
top of the property view contains the IP Model Name and
Coefficients drop-down lists.
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P Model Mame

WVIRIAL

ChH
HEMRY

=

The drop-down lists determine which binary iteration
coefficients are shown in the table:

Drop-Down List ‘ Description

IP Model Name This drop-down list shows all of the binary interaction
coefficient matrices associated with the property
package selected. Ordinarily there is one, two, or three
binary interaction coefficient matrices per property
package. Equations of state typically have one matrix,
and activity coefficient models typically have two IP
matrices, one for ordinary condensable components
and the other for non-condensible components The
selected Model is displayed in the Matrix Pane.

Coefficients This drop-down list shows the type of binary
interaction coefficients that are displayed in the Matrix
Pane. The naming convention for each binary
interaction coefficient type is A1, ;, A2;;, and so on.
This resembles the "a;;", "b;;" form where i and j are
the column and row in'the binary interaction coefficient
matrix, respectively.

Reset COM This button resets all binary interaction coefficients in
Parameters the matrix pane to the original HYSYS estimated
parameters.

The list of options for both the Model Name and Coefficients are
dependent on the property model (EOS and Activity) selected
for the vapor and liquid phase. For example, if you select the
Virial EOS as the vapor model, it appears in the IP Model Name
drop-down list. You can view and/or edit the virial coefficients
for each binary. The following IP model list represents the vapor
(Virial) and liquid models (Chien-Null) chosen for the example.

Values are only shown in the matrix when the Virial Vapor Phase
model is selected on the Set Up tab. You can use the default
values suggested by HYSYS or edit these values. Virial
coefficients for the pure species are shown along the diagonal of
the matrix, while cross coefficients, which are mixture
properties between components, are those not along the
diagonal.

Matrix Pane contains a list of the binary interaction
coefficients for all binary component pairs in the Fluid
Package. The naming convention is as follows:

e i = column
®j = row
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The numbers that appear in the table are initially calculated by
HYSYS and are modifiable. All known binary interaction
parameters are displayed, with unknowns displayed as dashes
(---). You have the option of overwriting any library value.

For all Equation of State parameters (except PRSV), Kj; = Kj;. If
the value is modified for one of the parameters, both cells of the
pair automatically update with the same value. In many cases,
the library interaction parameters for PRSV do have Kij = Kjis but
HYSYS does not force this if you modify one parameter in a
binary pair.

If you are using PR, SRK or the PR Sour EOS, two radio buttons
appear below the Interaction parameters table.

Radio Button ‘ Description

Estimate HC-HC/ This radio button is the default selection. HYSYS

Set Non HC-HC to provides the estimates for the interaction

0.0 parameters in the table, setting all non-hydrocarbon
pairs to 0.

Set All to 0.0 When this is selected, HYSYS sets all interaction
parameter values in the table to 0.0.
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Refer to the Aspen
COMThermo Reference
Guide for more
information.

Activity Model Interaction
Parameters

The IP activity model displayed in the IP Model drop-down list is
the corresponding liquid phase model selected on the Set Up
tab. When you select an Activity Model in the IP Model Name
list, the Interaction Parameter model information is displayed on
the Binary Coeffs tab, as shown in the figure below.

Figure 2.68

[0 =]
P Model Name [ N | Coeflicients [T
H20 2-Piopanal Ethanal tethanal
H20 - 20.08 -55.18 -24 50
2-Propanaol 8330 - E0.58 1105
Ethanal E70.5 -61.71 = 7317
tethanal 3072 126.3 734
Beset COM Parameters |

Set Up | Parameters  Binary Coeffs I StahbTest I Phase Order I Rxhz I T abular I Notes |

Delete Hame IBasis"I Property Pk | %apor. PengRobinson  Liquid: E dit Properties |

This information applies to the following liquid property models:

e Chien Null e Margules e UNIQUAC
e General NRTL e NRTL e van Laar
e Wilson

The activity models display the appropriate set of Coefficients
for each component pair. For example, Chien-Null allows for 3
sets of coefficients for each component pair, where (Al ; = a; ;,
A2i,j = bi,j and A3i,j = Ci,j)'

Figure 2.69

IP Model Hame | CH hd Coefficients | A2i -

Alij —
H20 2-Propanal Ethanol [ I
Hzo = 20.08 A5.18 A0

2-Propanol 8330

= B0.58 1105
Ethanal E70.5 -61.71 = 7317
ethanal a7z -126.3 7341
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The interaction parameters for each binary pair are displayed;
unknown values show as dashes (---). You can overwrite any
value.

You may reset the binary parameters to their original library
values by clicking the Reset COM Parameters button.

To display a different coefficient matrix pane (i.e., Bj = A2; ;),
select the appropriate coefficient using the drop-down list.

2.5.4 Stability Test Tab

The StabTest tab allows you to control how phase stability and
flash calculations are performed. If you encounter situations
where the flash fails or you are suspicious about the results, you
can use this option to approach the solution using a different
scheme.

COMThermo is not optimized for dynamics mode and may
result in performance issues if used in dynamics mode.

For multi-phase fluids, there exist multiple false calculated
solutions. A false solution exists when convergence occurs for a
lower number of phases than exists in the fluid. For example,
with a three-phase fluid, there is the correct three-phase
solution, at least three false two-phase solutions and multiple
false single-phase solutions. A major problem in converging the
flash calculation is arriving at the right solution without a prior
knowledge of the nhumber of equilibrium phases.

HYSYS initially performs a two-phase flash, unless there is
strong evidence for three phases. The resulting phases are then
tested for their stability.
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—Flash Settings

Max. Mo lterations

150

Absolute Tolerance 1.e007
Relative Tolerance 1.e008
Ignore Composition 1.e-030

The StabTest property view is shown in the figure below.

Figure 2.70

Flash Settings———— - Secant Method Flash Setting

Max. Mo lterations

Absolute Tolerance]

Relative Tolerance

|gnore Composition

Marimum Phases Allowed

¢ Maone Al
& Low
" Medium

Method——————

" HYSIM Flash

[0 =]
150 default  low bound up bound  maxinc  tolerance

T o007 Tk 4230 ] 2.000 | 3000 | 70.00 | 1.000e-00:
1 o008 P [kPa] | 100.0 | 1.000e-00: | 3.200e+00 | 1.200 | 1.000e-00: |
1.e-030

Phase Mole Fraction Tolerance I1 -e-004
|3— Enthalpy Talerance [J/mal] IU-1

Entrapy Talerance [J/mal K] I1 EXIE]

_ Set Up I Parameters I Binary Coeffs SlahTeslI Phase Order IFhms I T abular I Notes |

Delete Hame IBasis"I Property Pkg | Yapor: PengRobinson  Liquid:

Edit Propeities |

Flash Settings

The following options are available in the Flash Settings table:

Flash Settings ‘ Description of Setting

MaximumNo. You can set the maximum number of iterations executed

Iterations in the flash calculations. The algorithm terminates after it
reaches the maximum number of iterations.

Absolute This is the convergence tolerance of the governing flash

Tolerance equilibrium equations. If the equilibrium equation error is
less than the Absolute Tolerance, the flash algorithm is
assumed to have converged.

Relative In addition to the above condition, if the change in the

Tolerance error between iterations is less than the Relative
Tolerance, the flash is assumed to have converged.

Ignore This is used to detect convergence to the trivial solution

Composition (where the compositions in the two phases are identical).

If the differences in the compositions of the two phases
are all less than the Trivial Composition Tolerance, the
result is assumed to be trivial.

To avoid discarding azeotropic results, the
compressibility (Z) factors for the two phases are
computed and compared in the case where the two
phases involved are modelled using the same Property
Methods (Equation of State Methods).
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Stability Test Parameters

Stabilty Test Parameter The Stability Test Parameters group is described in the following

Marimum Phases Allowed |3 sections.
Methad——
" Mone Al
% Low

Maximum Phases Allowed

You can specify the maximum number of phases allowed. If the
maximum is set to 2, the stability test terminates after a 2-
phase flash. Occasionally, you may still get three phases, as the
algorithm may attempt to start directly with the 3-phase flash.

Note that if the true solution has two phases and the maximum
phases allowed is set to two, there is still no guarantee that the
correct solution is reached. For instance, for binary mixtures
around the azeotropic point, the correct solution may be liquid-
liquid equilibrium, but the algorithm may incorrectly converge to
vapor-liquid equilibrium.

The Stability scheme used is proposed by Michelson(1980a). In
the Method group, you can choose the method for performing
the stability test calculations by selecting one of the radio

buttons:
Radio Button ‘ Description
None No stability test is performed.
Low Uses a default set of Phases/Components to Initiate the

Stability Test. The following methods are used: Deleted
Phase, Wilson’s Equation and Component Initiation
(Water). Only the water component (if it is part of your
Fluid Package) is "introduced".

Medium In addition to those methods used for the Low method,
the Average of Existing and Ideal Gas methods are also
included. As well, the heaviest and the lightest
components in the fluid are "introduced" using the
Component Initiation method.

All All Phase Initiation methods are utilized, and all
components are introduced using the Component
Initiation method.
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Secant Method Flash Setting

The Secant Method Flash Setting group is shown below.

Figure 2.71

—Secant Method Flash Setting

default low_bound  up_bound maxlne tolerance
Tk 4230 2.000 | 3000 | 70,00 | 1.000e-00¢
|F [kFa] | 100.0 | 1.000e-00: | 3.200e+00 | 1.200 | 1.000e-00: |

Phase Mole Fraction Talerance |1-S'UU4

Enthalpy Tolerance [J/mal) IU-1
Entiopy Tolerance [J/mal K] |1-9'U3

The settings that are available for the Secant Method Flash are
shown in the following table.

Temperature &

Pressure Settings Description

Default The default or initial value.

low_bound The lower or minimum bound for the secant
method search.

up_bound The upper or maximum bound for the secant
method search.

maxInc The maximum increment or initial step size for the

secant temperature search. The logarithm of
pressure is used as the primary variable for the
pressure search, thus an initial pressure multiplier
is used as the pressure increment.

tolerance The tolerance during the secant temperature and
pressure search. It is used mainly by the backup
flashes.

Phase Mole Fraction Tolerance

The phase fraction tolerance is used whenever a vapor fraction
is given along with a temperature or pressure for the secant
method flash. HYSYS guesses a temperature or pressure
depending on which variable is required and predicts a new
vapor fraction. The calculation terminates when the vapor
fraction is within the tolerance range and the flash is converged.
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Enthalpy Tolerance

Different combinations may be used to flash. If the enthalpy is
given, HYSYS guesses a temperature or pressure depending on
which one is required and predicts a new enthalpy until the flash
is converged within the tolerance specified.

Entropy Tolerance

Different combinations may be used to flash. If the entropy is
given, HYSYS guesses a temperature or pressure depending on
which one is required and predicts a new entropy until the flash
is converged within the tolerance specified.

2.5.5 Reactions Tab

The COMThermo Rxns tab is the same as the traditional HYSYS
property view. See Section 2.4.6 - Reactions Tab.

2.5.6 Notes Tab

See traditional HYSYS thermodynamics Section 2.4.8 - Notes
Tab.

2.6 References

1 Wong, D. S. H., Sandler, S. 1., “A Theoretically Correct Mixing Rule for
Cubic Equations of State”, A.I.Ch.E. Journal, 38, No. 5, p.671
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2Twu, H.C. and Bulls, J.W., "Viscosity Blending Tested", Hydrocarbon
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3 Ely, J.F. and Hanley, H.J.M., "A Computer Program for the Prediction
of Viscosity and Thermal Conductivity in Hydrocarbon Mixtures",
NBS Technical Note 1039.
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3.1 Introduction

HYSYS allows you to create non-library or Hypothetical

components from the Hypo Manager. Hypothetical components
can be pure components, defined mixtures, undefined mixtures,
or solids. You can also convert/clone HYSYS library components
into Hypotheticals, which allow you to modify the library values.

The Hypo Manager is located on the Hypotheticals tab of the
Simulation Basis Manager. It can also be accessed via the Hypo
manager button from the Components tab under hypothetical
components.

A wide selection of estimation methods are provided for the
various Hypo groups (hydrocarbons, alcohols, etc.) to ensure
the best representation of behaviour for the Hypothetical
component in the simulation. In addition, methods are provided
for estimating the interaction binaries between hypotheticals
and library components. You can also use Hypotheticals with the
Tabular Package, as well as in Reactions.

In HYSYS, Hypothetical components exist independent of the
Fluid Package. When a Hypothetical is created, it is placed in a
Hypo Group. From the Hypo Manager, you can create new Hypo
Groups and move Hypothetical components within the Hypo
Groups. Hypo Groups can also be imported and exported, thus
making them available to any simulation case.

Since Hypothetical components are not exclusively associated
with a particular Fluid Package, it is possible for multiple Fluid
Packages to share Hypotheticals. In other words, you only need
to create a Hypothetical once, and it can be used in any Fluid
Package throughout the case.
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3.2 Hypo Manager

By selecting the Hypotheticals tab from the Simulation Basis
Manager, the following property view appears:

¥ Simulation Basis Manager

~Hypathetical Graup

Wiew. ..

i

Add...

Delete

Translocate. .

Impart....

it

Exzport...

—Hypothetical Quick Referenc

Hypo Hame Group Name a| Wiew Hypo... |
NEP[O]45 Elend-1 _I
NEP[0[75* Blend-1 View Group... |
MEP[O111* Elend-1
MEBP[O]1 44 Elend-1 ave Hypas... |
MEP[O[7E* Elend-1
MEP[O]208* Elend-1 Clone Comps. I
MBP[O]240% Blend-1
NEP[O]27 2" Elend-1
NEP[O]304* Elend-1
NEBP[0]336* Elend-1
NEBP[0]365* Elend-1
NEBP[O}400* Elend-1
NEP[Oj423* Blend1 | =]

M E3

] Components I Fluid Pkgs Hypnlhelicalsl 0il M anager I Petroleum Aezaps I Reactions I Component b aps I UszerProperty ]—

Enter P¥T Enviranment...

Fieturn to Simulation Environment. .. |

You can Import and Export Hypothetical groups, allowing
you to use defined hypotheticals in any future simulation

The left side of the property view is the Hypothetical Groups

group.

Hypothetical groups and individual hypothetical components
can be installed in more than one Fluid Package.

The lists all the Hypothetical groups currently installed in the
simulation. The available commands for this group (accessed
using the associated buttons) are as follows:

Button ‘ Description

View Accesses the Hypo Group property view for the selected
group.

Add Adds a Hypothetical Group to the present case.

Delete Deletes the selected Hypothetical Group from the case.
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Button ‘ Description

Translocate Searches through all of the hypothetical components in the
case and if there are duplicates HYSYS replaces them and
puts all the duplicates in a separate Hypo group which then
can be deleted.

This is intended for use when large cases have had large
numbers of templates/fluid packages imported and there
are lots of repeated hypotheticals in the case.

Import Imports a Hypothetical Group from disk.

Export Exports the selected Hypothetical Group and saves it to a
file, so that it can be retrieved at a later time.

The right side of the property view displays the Hypothetical
Quick Reference group. This group includes all Hypotheticals
currently installed in the Basis Environment (Hypo Name
column) along with their associated Hypo Groups (Group Name
column). The available buttons within this group are described
below:

Button ‘ Description

View Hypo Access the property view for the highlighted Hypothetical.

View Group Access the Hypo Group property view for the highlighted
Hypothetical.

Move Hypos Move Hypotheticals from one Hypo Group to another.

Clone Comps Use a copy of a selected library components as the basis for
defining a Hypothetical.

3.3 Adding a Hypothetical
- Example

In this example, a hypothetical Ethanol component is defined,
and the results to the library Ethanol component using the
Wilson property package are compared. The ethanol
hypothetical component is defined as having a boiling point of
78.25 °C and a specific gravity of 0.789.
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Adding a Hypothetical - Example

3.3.1 Creating the Ethanol

Hypo

To create a ethanol hypo, follow the steps outlined below:

1.
2.

Open a new case in HYSYS.

Select Tools | Preferences in the menu bar to open the
Session Preferences property view.

In the Session Preferences property view, click the
Variables tab and select the Units page.

Select SI as the units for this example case.

In the Simulation Basis Manager property view, select the
Hypotheticals tab.

From the Hypothetical Groups group, click the Add button to
create a new Hypothetical Group. HYSYS automatically
names this group HypoGroup1l. You can change the name
later, if desired.

You must install a Hypothetical Group before you can install
a Hypo component.

When you add a new Hypothetical Group, HYSYS
automatically opens the Hypo Group property view, where
you add and define the Hypothetical component(s) for the
group.
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Aliphatic_Alcohal
Aromatic_Alcohal
Cyclo_Alcohal
Paly_alzohal
Fhenal
Ketone
Aldehyde
Carboxilic_aAcid
Ester
Anhydide -
Ether
Epoxide
Peroxide

Halogen % I

Hypotheticals

7. On the Hypo Group property view, enter HypoAlcohol as
the new Group Name.

¥ Hypo Group: HypoAlcohol [_ O]
rHypo Group Contral
Group Mame IHypoAlcohoﬂ Estitnation Methods... | Clone Library Comps.. |
Component Clagsl Hydrocarhon v Estimate Unknown Props | Notes |
rEP Lity Density Tc Pc Wi -
I by Acentricit
=me ] Tk <] kPl |[m3kgmale] [T
Hndividusl Hypo Control
ey | Add Hypo | Acd Solid | Delete | LMIF&C. .. | {+ Base Propertie” Yapour Pressu

Notice that the HYSYS default in the Component Class list
is Hydrocarbon.

© ©

In the Component Class drop-down list, select Alcohol.
Now, install a Hypothetical component. From the Individual

Hypo Controls group, click the Add Hypo button. This adds
a Hypothetical component and automatically names it
Hypo20000*.

10.

cell typing HypoEtoh.
11.In the NBP cell, enter the normal boiling point of the

component as 78.25°C.

Enter a new name for this component by selecting the Name

12. The specific gravity for the hypothetical component is 0.789.
In the Liq Density cell, enter 0.789 and select the
SG_H2060api units. A liquid density of 787.41 kg/m? is
calculated by HYSYS.

MNBP Lic Density T Pc W -
Mo 1] MA | g3l <] k] |imakgmole | oty
Hypok tah* 7B.25 | =empty= AT A1 | =emptys | =emptys | <empty= | =emptys
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Adding a Hypothetical - Example

13. Although HYSYS could estimate the unknown properties for
HypoEtoh with only the NBP and Liquid Density, more
accurate results are obtained if the component structure is
supplied. Click the UNIFAC button to access the UNIFAC
Component Builder.

il

UMIFAC Shucture

Sub Grouy Haw b any

<--- Add Group(s)

LDelete Group

o|lo|o|o|o|lolalala

olo|o|oololo|a|afo)

1]

UMIFAL Stucture

Ayailable UMIFAC Groups

Sub Group Bonds

H2

oDooo
T

H2=CH
H=CH
CH2=C
CH=C
C=C

10 ACH

11 AC

17 arrun

000~ T = LD
SRR ARY N KPR XY

Example Component

2 4-Trimethylpentane
2.4-Trimethylpentans
2 4-Trimethylpentane

Methyl-1-Hexene
M ethyl-1-Hexene
Methyl-1-Hexene
-t ethyl-1-Hexene
Benzene
Benzene

Wil

2.
2,
2.
3-tethyl-1-Hexene
3
3
3+

o] x|

-

]

UMIFAC Calculated Base Propeties——————————————

<4 No Shucture Available s

~UMIFAL Calculated Ciitical Propertie:

Malecular weight <empy Temperature [C] <emphy>
UNIQUALC R <ermplhy Pressure [kPa] <emphyy
UNIGUALC O <emphys Wolume [m3skamale] <emplyy

14. The chemical formula of ethanol is C;H5OH, and it is
comprised of the groups CHz, CH,, and OH. Highlight CH3
in the Available UNIFAC Groups list. It is the first
selection in the list.

15. Click the Add Group(s) button.

Notice that a “1” is displayed under Sub Group in the
UNIFAC Structure group. By default, HYSYS assigns the
value “1” to the How Many cell. The number is valid, since
this is the number of CH3 groups required. The number of
Free Bonds has increased to 1 with the addition of the CH3
Sub Group.
16.To add the CH5 group, highlight it in the Available UNIFAC

Groups list (it is the second in the list) and click the Add
Group(s) button. Again, only 1 Sub Group is required, so

the default is acceptable.
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Property Estimation
Methods are explained in
Section 3.4.2 -
Supplying Basic
Information.
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17.Since the OH group is not immediately visible in the list of
Available UNIFAC Groups, a different approach is taken.
In the UNIFAC Structure input field, type OH at the end of
the existing structure (CH3CH2) and press ENTER.

i I [ B3
UMIFAC Stiucture Awailable UMIFAC Groups
Sub Grou Haw b any Sub Group Bonds  Example Component
12 :II < Add Group(s] 1 CH3 1 2.2.4-Trimethplpentane -
15 1 CH 3 2.2.4-Trimethylpentane
] ] &I 4 C 4 2.2.4-Trimethylpentane
i i 5 CHz=CH 1 3-Methyl-1-Hexene
i 0 0 Free Bonds E CH=CH 2 FMethyl-1-Hexene
7 CH2=C 2 3-Methyl-1-Hexene
I 01 TR | = CH-C 3 3Methyl1-Hexene
1} 1} 9 C=C 4 3Methyl-1-Hexene
1] 1] 10 ACH 3 Benzene
11 AC 4 B
il il 17 ACTUD 3 V.E.\rlicj-.na LI
UMIFAL Stucture |CH3 CHZ OH
UMIFAC Calculated Baze Propeties—————  ~UMIFAC Calculated Critical Propertie:
Molecular w/eight 46.07 Temperature [C] 246.76
UNIGLAC R 25785 Pressure [kPa] 5756.64
UNIQUAL O 2.5880 Yolume [m3/kamale] 01665

Notice that the Incomplete status message is replaced with
Complete when there are 0 Free Bonds.

Once the UNIFAC Structure is complete, HYSYS calculates
the UNIFAC Base and Critical Properties.

18. Click the Close icon x| to close the property view and return
to the Hypo Group property view.

HYSYS can now use the existing information (NBP, Liquid
Density and UNIFAC structure) to estimate the remaining
properties for the Hypothetical component.
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19. We will now examine the Estimation Method that HYSYS

uses. Click the Estimation Methods button to access the

Property Estimation property view.

Critic:al Pressure
Critical Yolume
Acentricity
Molecular \weight
Marmal Bailing Paint
Wapour Pressure
Liguid Density

|deal Gas Enthalpy
Heat of Formation

—Property E stimation Contral

|deal Gas Gibbs Energy

Haab af Wanmrizabioe

=1

Property to Set kethods For

=

E stimation Method For Selected Property

| Default Method

=l

Wariables Affected by this Estimate

Te

StdLigDen

COSTALD Variables

iscosilyT hetas

If you want, you can change the estimation method for any

property. In this example, all properties use the Default

Method.

20. Click the Close icon x| to return to the Hypo Group property

view.

21.Click the Estimate Unknown Props button and HYSYS
uses the currently specified methods to estimate the
unknown properties for the component. The molecular
weight for the hypothetical is the same as the molecular
weight for ethanol, 46.07, since the UNIFAC structure is

used for the Hypo component.

Mame

HER
Ic]

Ligy Density
[kgin3]

Te
IC]

Pc
[kPa]

Yo
[m3kgmole]

Acerntricity

HupoEtoh®

78.25

4607

A

24676

575664

0.1EEG

05677

Remember that specified values are displayed in blue, and
HYSYS estimated values are displayed in red.
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For further information
regarding the Property
View, refer to Section
3.5 - Hypothetical
Component Property
View.

22.You can examine all properties for the Hypo through its
property view. Double-click on the Hypothetical component
name, HypoEtoh, to access the Component property view.

B HypoEtoh™ HiE E
Component |dentificatio
Companent Mame HupaoEtoh®
Family # Clags Alcohol
Chern Farmula
1D Nurmber 20000
Group Mame Hypodicohal
CAS Mumber
~UNIFAL Structure
Structure Builder.. |
CH3 CHZ OH
~Uszer ID Tag:
Tag Mumber Tag Text
1 <Emplys Mot Spec'd
—_
1D | Critical I Foint ITDep I UserProp I
Estimate Unknown PrUpsI Edit Eruperliesl Edit Visc Eurvn4

23.Click the Close icon x| to return to the Hypo Group property
view.

24.Click the Close icon x| and HYSYS returns you to the
Hypotheticals tab of the Simulation Basis Manager. The
Ethanol Hypothetical has is created.

3.3.2 Hypo/Library Component
Comparison

To conclude, compare the ethanol hypothetical to the ethanol

library component. Go to the Simulation Basis Manager:

1. On the Fluid Pkgs tab, click the Add button to install the
new Fluid Package.

2. On the Set Up tab, select Wilson as the Property Package
and close the fluid package property view.

3. Move to the Components tab and add Ethanol to the
Selected Component List by highlighting the Components
page in the Add Component group.
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N

From the Available Hypo Components group, highlight the
HypoEtoh* component and click the Add Hypo button from
the Hypothetical page.

Move to the Binary Coeffs tab in the fluid package property
view and click the Unknowns Only button in the Coeff
Estimation group.

Close the Fluid Package property view.

Click the Enter Simulation Environment button to enter
the Main Environment.

In the Workbook, create the stream Pure. Enter a vapour
fraction of 0 and a pressure of 1 atm for the stream on the
Material Streams tab of the workbook. Move to the
Compositions tab an enter 1 for the mole fraction of Ethanol,
and O for HypoEtoh*.

Now create a second stream, Hypo. Enter a vapour fraction

of 0 and a pressure of 1 atm for the stream. The mole
fraction of HypoEtoh* is 1, and that for Ethanol is O.

When you have specified these two streams, HYSYS
calculates the bubble point temperature for each stream.
The Conditions tab of the property view for each stream is
shown below.

) [s] I [=] b3
Worksheet Strearn Name Pure [ a| Worksheet Shiearn Mame HYPO a]
. ‘Wapour / Phaze Fraction 0.00000 _| . apour / Phage Fraction 0.00000 _|
Conditions Temperature [C] 78171 Conditions Temperature [C] 78.2583
Properties Pressure [kPa] 101.32 Froperties Fressure [kPa] 101.32
. Malar Flows [kgmale/h] <emply> . alar Flow [kgmalesh] <empys
C l L I
SR Mazs Flaw [kg/h] <emply> SR M aszs Flow [kg/h] <emplys
K. Walue Std [deal Lig Yal Flow [mash] <emply> K Value Std [deal Liq Yal Flow [ma/h] <emply>
User Yariables Molar Enthalpy [k)/kgmals] -2.698e+005 User Yariables Malar Enthalpy [l) Akgmole] -2 E5de+005
M bolar Entrapy [kl Akgmale-C] 59 432 N olar Entropy [kJ/kamale-C] E4.501
= Heat Flow [kJ/h] < emplis iz Heat Flow [kJ/h] <Empts
Cost Parameters Lig %ol Flow &5td Cond [m3/h] <emplyr || Cost Parameters Lig %ol Flow &5td Cond [m3/h] <emplys =]
] 0 ] ,
_ _
Worksheet | Attachments | Dynamics Worksheet | Attachments | Dynamics
| Unknown Flow Fate [ Unknavin Flows R ate
Delete | Drefine from Other Strearn... L] = T Delete Diefing fram Other Stream... - =
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3.4 Creating a Hypo Group

When defining a hypothetical, there is no set procedure. The
following is a suggested sequence in which you can follow:

For more information, 1. Create the Hypo Group.

refer to Section 3.4.1 -

Hypo Group Property Select the Component Class for the Hypo Group.

View. , Set the Estimation Methods for the Group (optional).

For more information,

refer to Section 3.4.2 - Install the Hypotheticals.

Supplying Basic Supply all information that you have for the Hypo.
Supply a UNIFAC structure for the Hypo (optional).

Estimate the Properties for the Hypo.

3.4.1 Hypo Group Property
View

refer to Section 3.4.3 -

UNIFAC Structure.
As mentioned in the Hypothetical example, you add a Hypo
Group by clicking the Add button from the Hypotheticals tab of
the Simulation Basis Manager. This opens the Hypo Group
property view, which contains two groups (Hypo Group Controls
and Individual Hypo Controls), and a table of estimated or
known property values.

¥ Hypo Group: HypoGroup1 !E

rHypo Group Contral

NOoUuhWN

Estimation Methods... | Clone Library Comps.. |

Froup Mame

L
Component c|a§3| Hydrocarban ke Estimate Unknowvn Props | Motes |

=1 Lity Density Tc Pc W
B hA
e IC] [kaifm3] IC] [kPa]  |[m3kgmole]

Acentricity

Hndividusl Hypo Control

ey | Acdd H}LPUl Acd Solid | Delete | LMIF&C. .. | {+ Base Propertie” Yapour Pressu
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Hypo Group Controls

The Hypo group contains the following options:

Option ‘ Description

Group Name Displays the current name for the Hypothetical Group.
HYSYS provides a default name, but you can change this to
a more descriptive name. Individual Hypothetical
components must reside inside of a Hypothetical group.

Component Every component in a Hypo Group must be of a common
Class Component Class. The options are accessed using the drop-
down list attached to the input cell. There is a wide
selection of available Classes, which allows for better
estimation of the component properties. HYSYS, by default,
selects the Component Class to be Hydrocarbon. Prior to
installing any components, select the Component Class.

Estimation Access the Property Estimation property view, from which
Methods you can select an estimation method for each property. The
selected estimation methods apply to all Hypotheticals in
the Hypo Group.

For more information, Estimate This button estimates the unknown properties for all
refer to Section 3.4.2 - Unknown Hypothetical components within the Hypo Group, using the
Supplying Basic Props methods chosen on the Property Estimation property view.

Information. CloneLibrary | HYSYS allows you to convert library components into

Comps hypothetical components. For more information, refer to
Section 3.7 - Cloning Library Components.
Notes Allows you to supply Notes and Descriptions for the

Hypothetical Group. This is useful when exporting Hypo
groups, because when you import them later, the
description appears along with the Hypo group name.

For the Component Class, there are varying levels of
specificity. For example, under Alcohol, you can specify sub-
classes of alcohols, such as Aliphatic, Aromatic, Cyclo and
Poly. Using a stricter degree of component type assists
HYSYS in choosing appropriate estimation methods;
however, it forces all components to be calculated using the
same method. If you want to mix component classes (i.e.,
both Aliphatic and Aromatic inside the same Hypo Group),
select the more general Component Class of Alcohol.
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Individual Hypo Controls

The Individual Hypo Controls group at the bottom of the Hypo
Group property view contains buttons for manipulating the

Hypotheticals within the Hypo Group and two radio buttons for

switching between Base Properties and Vapour Pressure data.

Button ‘ Description

View Displays the Property View for the highlighted hypothetical
component.

The View button will not be available unless a hypothetical
is present in the case.

Add Hypo Automatically adds a new hypothetical component to the
group. HYSYS places the new Hypo in the table, and names
it according to the default naming convention (set in the
Session Preferences).

Add Solid Automatically adds a new solid hypothetical component to
the group. HYSYS places the new Hypo in the table, and
names it according to the default naming convention (set in
the Session Preferences).

Delete Deletes the highlighted hypothetical component from the
case. After deleting a Hypo it cannot be recovered.

The Delete button will not be available unless a
hypothetical is present in the case.

UNIFAC Opens the UNIFAC Component Builder, from which you can
provide the UNIFAC Structure for the highlighted
hypothetical component.

The UNIFAC button will not be available unless a
hypothetical is present in the case.

The table displayed in the middle section of the Hypo Group

property view, displays either the Base Properties or the Vapour

Pressure properties, depending on which radio button is

selected. You can add a new Hypo component in either the Base

Properties or Vapour Pressure property view.
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Base Properties

The Base Properties for each Hypothetical are shown on the
Hypo Group property view when the Base Properties radio
button is selected.

¥ Hypo Group: HypoGroup1 |_ (O] x|
Hypo Group Contraol
Group Mame Estination Methods... | Clone Library Comps.. |
Component Cla§sl Hydrocarbon hd Estitnate Unknawn Props | Motes |
NEP Lig Density Tc [P o L
LA [l MY g 1] ksl |[m3kgmole] | =Y
Hndividual Hypo Control
S | Add Hy;pol Al Solict | Defete | LRIFAC... | {+ Base Properie:d” Wapour Pressu
These properties are the same as those shown on the Critical
tab of the Hypo component property view.

The table lists each Hypothetical along with the following Base

Properties:

Base Property ‘ Description

Normal boiling point

NBP

MW

Molecular weight

Liq Density

Liquid density

Tc

Critical temperature

Pc

Critical pressure

Vc

Critical volume

Acentricity

Acentric factor

Individual Base Properties are supplied by selecting the
appropriate cell. Use the drop-down list to select the units
within the cell.
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Vapour Pressure Properties

The Vapour Pressure table displays the temperature range and
Antoine Coefficients for the hypothetical components. Also
shown are the pressure and temperature units on which the
equation is based and the form of the equation.

I8 [=]
~Hypo Group Control
el W E stimation Methods. .. | Clone Library Comps... |
Component Clazs | Hydrocarbon vl Estimate Unknown Props | Hotes |
Trairy Trmak
Name ic] (& Coeff & Cosff B Coeff C Coeff O
Hypo20000* -270.0 5000 <emphy> <emply <empys <Lemply
<] o
InPsat =& + BAT+C)+ DInT + ET*F Units: Pressure [kPa] Temperature [K]
rIndividual Hypo Contral
Wiew... | Add Hypo Add Solid Delete UMIFAC... " Base Fropeities (= “apour Pressure

The values shown on this property view are also available on the
TDep tab of the individual Hypo property view.

Use the horizontal scroll bar to view Coeff E and Coeff F.

3.4.2 Supplying Basic
Information

Before HYSYS can estimate the properties for a hypothetical,
some information about the Hypo must be provided. For the
estimation, you must supply a minimum amount of information
and select the estimation methods to be used.
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Minimum Information Required

If the hypothetical component is defined as a hydrocarbon, the
appropriate default correlations can be used to calculate its
critical properties or any other missing information. Its
interaction parameters are also calculated by HYSYS based on
the estimated critical properties. For HYSYS to estimate the
component's critical properties, a minimum amount of
information must be supplied, as shown in the following table.

Normal Boiling Point Minimum Required Information

< 700 °F (370 °C) Boiling Point
> 700 °F (370 °C) Boiling Point and Liquid Density
Unknown API & Molecular Weight

The more information you can supply, the more accurate the
estimations are.

Estimation Methods

Prior to installing any Hypotheticals into a Hypo group, examine
the Estimation Methods which HYSYS uses to calculate the
unknown properties for a hypothetical component. You can
specify a estimation method for each property. Click the
Estimation Methods button on the Hypo Group property view.

o s Y
~Property Estimation Control:
Property to Set Methads For E stimation Method For Selected Property
Diefault Method

Critical Pressure I e LI
Critical Yolurne
Acentricity Yariables Affected by this Estimate
Malecular Weight Tc
Mormal Bailing Paint StdLigDen
Wi PliEssE COSTALD_Variables
Liquid Dengity Wi S Th
|deal Gas Enthalpy tscosityThetas
Heat of Fomation
ldeal G az Gibbs Enen
(Yot ft Wi i ;p;mgy LI
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The Estimation Methods that you choose for the Hypo Group
apply to all Hypotheticals in that group.

There are three groups in the Property Estimation property view

and are described below:

Group ‘ Description ‘ View
Property to Set This group lists all the available
Methods For properties. From the list, choose the el Bt
property for which you want to set the ggiﬁ['igf'um
Estimation Method. Use the scroll bar to Wolecuist Weight
move through the list. Initially, HYSYS (AN
. PO FTessure
sets all the properties to the Default Liquid Density
Method. et of o
e CEA D =]
Estimation This drop-down list displays all the
Method For available estimation methods for the e il =l Fap S elfzetian) Py
Selected highlighted property. Depending on the | Defaul Method =
Property property, the drop-down list differs. The g 1=l
list shown here is a partial display of Bergman
estimation methods for Critical iy
Temperature. Eaton Parter
E dmister
Group Cantribution -
Lee Kesler
Il athr
Meissner Redding
Mokau =7
Variables This group lists all the variables that are
Affected by this affected by the selected estimation etptles & cred byl Etfnate
Estimate method. The list changes depending on StdliDen
the property selected. For example, when COSTALD Variables
you select an estimation method for iizcos bill=tasl
Critical Temperature, you are not only
affecting the critical temperature, but
also the properties which use critical
temperature in their estimation or
calculation.
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Property

The following table individually lists each Property, its Default
Method, its Available Estimation Methods and the Variables
Affected by estimating the Property. It is understood that each
property can have Do Not Estimate selected as its Estimation
Method, so this option does not appear in the Available Methods

list.

‘ Default Method

Available Methods

Variables Affected

Critical e ifprig > 1067 kg/m>or | Aspen, Bergman, Cavett, e Critical
Temperature NBb'S 800 K, Lee- Chen Hu, Eaton Porter, Temperature
Kesler is used Edmister, Group e Standard Liquid
* If NBP < 548.16 K and Contribution, Lee Kesler, Density
pLIQ<850 kg/m?, Mathur, Meissner Redding, e COSTALD
Bergman is used Nokay, Riazi Dauber, Roess, Variables
. ?;'L?Stggr cases, Cavett | pennState, Standing, Twu « Viscosity Thetas
Critical e ifpig > 1067 kg/m3or | Aspen, Bergman, Cavett, e Critical Pressure
Pressure NB’5 > 800 K, Lee- Edmister, Group e Standard Liquid
Kesler is used Contribution, Lee Kesler, Density
e if NBP < 548.16§< and Lydersen, Mathur, e COSTALD
pLig <850 kg/m?, PennState, Riazi Daubert, Variables
Bergman is used Rowe, Standing, Twu « Viscosity Thetas
o all other cases, Cavett
is used
Critical e Pitzer Group Contribution, Pitzer, e Critical Volume
Volume Twu » Standard Liquid
Density
e COSTALD
Variables
e Viscosity Thetas
Acentricity e for Hydrocarbon, Lee- Bergman, Edmister, Lee o w
Kesler is used Kesler, Pitzer, Pitzer Curl, o 05
e all other cases, Pitzer | Robinson Peng e Standard Liquid
is used Density
e COSTALD
Variables
¢ Viscosity Thetas
Molecular e if NBP < 155 °F, API, Aspen, Aspen Leastq, e Molecular Weight
Weight Bergman is used Bergman, Hariu Sage, Katz
¢ all other cases, Lee- Firoozabadi, Katz Nokay,
Kesler is used Lee Kesler, PennState, Riazi
Daubert, Robinson Peng,
Twu, Whitson
Normal e Hyprotech proprietary Twu ¢ Normal Boiling

Boiling Point

method

Point
Viscosity Thetas

Vapour
Pressure

e for Hydrocarbon, Lee-
Kesler is used

¢ all other cases, Riedel
is used

Gomez Thodos, Lee Kesler

Antoine
Coefficient

PRSV_kappa
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Property ‘ Default Method ‘ Available Methods ‘ Variables Affected
Liquid e Yen-Woods Bergman, BergmanPNA, * Standard liquid
Density Chueh Prausnitz, Gunn Density
Yamada, Hariu Sage, Katz e COSTALD
Firuzabadi, Lee Kesler, Twu, Variables
Whitson, Yarborough, Yen
Woods
Ideal Gas e Cavett Cavett, Falon Watson, e Ideal H Coefficient
Enthalpy Group Contribution, Lee
Kesler, Modified Lee Kesler,
Heat of e for chemical structure Group Contribution e Heat of Formation
Formation defined in UNIFAC e Heat of
groups, Joback is Combustion
used
o all other cases, this
formula is used:
Hfurm(octane)- Mw
MW(octane)
Ideal Gas e Hyprotech proprietary Group Contribution e Gibbs Coefficient
Gibbs Energy method
Heat of e Two Reference Fluid Chen, Pitzer, Riedel, Two e Cavett Variables

Vapourizatio
n

(using benzene and
carbazole)

Referencel, Vetere

Liquid e for non-Hydorcarbon Hyprotech Proprietary, e Viscosity Thetas
Viscosity or NBP < 270 K Letsou Stiel
Letsou Stiel is used
e for Hydorcarbon and
NBP < 335 K, NBS
viscosity is used
o all other cases, Twu is
used
Surface e Brock Bird Brock Bird, Gray, Hankin, e Tabular Variables
Tension Sprow Prausnitz
Radius of e Hyprotech proprietary Default Only e Critical
Gyration method Temperature

e Critical Pressure

¢ Normal Boiling
Point

e Molecular Weight

e Standard Liquid
Density
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In defining Hypothetical components, there are some properties
for which you cannot select the estimation method. HYSYS
determines the proper method based on information you have
provided. The following table lists these properties and their
respective default methods:

Property ‘ Default Estimation Method

Liquid Enthalpy

The previously calculated Liquid Heat
Capacity is used.

Vapour Enthalpy

Liquid Enthalpy + Enthalpy of Vapourization

Chao Seader Molar
Volume

If T. > 300 K, Molar Volume from
COSTALD @ 25 °C and 1 atm is used

all other cases, p g @ 60 °F is used

Chao Seader
Acentricity

component acentric factor is used

Chao Seader
Solubility Parameter

If T. > 300K, Watson type Enthalpy of
Vaporization is used

all other cases, values of 5.0 are used

Cavett Parameter

Two Reference Fluid! method (using
benzene and carbazole)

Dipole Moment

No estimation method available, sets value
equal to zero.

Enthalpy of * No estimation method available, sets value to
Combustion <empty>.

COSTALD e If NBP < 155 °F, Bergman is used
Characteristic e all other cases, Katz-Firoozabadi is used
Volume

Liquid Viscosity
Coefficients A and B

For non-Hydrocarbon or NBP < 270 K,
Letsou Stiel is used

for Hydrocarbon and NBP < 335 K, NBS
viscosity is used

all other cases, Twu is used.

Vapour Viscosity

Chung

PRSV Kappal

Vapour Pressure from Antoine’s
Equation

Kfactorl

Vapour Pressure from Antoine’s
Equation
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3.4.3 UNIFAC Structure

Most of the estimation methods require a UNIFAC structure for
some aspect of the estimation. It may be that either the
property itself, or some other property that is affected by the
estimation procedure requires the chemical structure.

The UNIFAC structure is supplied through the UNIFAC
Component Builder. This can either be accessed by clicking the
UNIFAC button in the Hypo Group property view, or by clicking
the Structure Builder button on the ID tab of the Hypothetical
component property view. Whichever route is taken, the
following property view appears:

- I
UMIFAC Stiucture Awailable UMIFAC Groups
Sub Grou Haw b any Sub Group Bonds  Example Component
I 1 < Adld Groupfs) -
2 1 2 CHZ 2 2.2 A-Trmethylpentane
15 1 3 CH 3 2.2.4-Trimethylpentane
] ] &I 4 C 4 2.2.4-Trimethylpentane
i i 5 CHz=CH 1 3-Methyl-1-Hexene
i 0 0 Free Bonds E CH=CH 2 FMethyl-1-Hexene
7 CH2=C 2 3-Methyl-1-Hexene
I 01 TR | = CH-C 3 3Methyl1-Hexene
1} 1} 9 C=C 4 3Methyl-1-Hexene
1] 1] 10 ACH 3 Benzene
11 AC 4 B
il il 17 ACTUD 3 V.E.\I:I\icj-.na LI
UMIFAL Stucture |CH3 CHZ OH
UMIFAC Calculated Baze Propeties—————  ~UMIFAC Calculated Critical Propertie:
Molecular w/eight 46.07 Temperature [C] 246.76
UNIGLAC R 26755 Pressure [kPa] 5756.64
UNIQUAL O 2.5880 Wolume [m3/kgmale] 01665

The UNIFAC Component Builder property view is made up of the
following objects:

Objects ‘ Description

UNIFAC Structure Displays the Type and Number of Sub Groups in
Group the UNIFAC Structure.
This group makes reference to both the UNIFAC

Structure group (the table of cells) and the
UNIFAC Structure entry field.

Add Group(s) Adds the currently selected Sub Group from the
Available UNIFAC Groups list box to the UNIFAC
Structure group.

Delete Group Deletes the currently selected Sub Group in the
UNIFAC Structure group.
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Objects

Free Bonds

‘ Description

Displays the number of free bonds available in the
present UNIFAC Structure. This is 0 when the
structure is complete.

Status Bar

This bar is found in the centre of the property
view. It indicates the present status of the UNIFAC
Structure. You see either Incomplete in red,
Complete in green, or Multi-Molecules in yellow.

Available UNIFAC
Groups

Contains all the available UNIFAC component sub
groups.

UNIFAC Structure
field

Displays the chemical structure of the molecule
you are building.

UNIFAC Calculated
Base Properties

Displays properties such as Molecular Weight, the
UNQUAC R parameter, and the UNIQUAC Q
parameter for a UNIFAC Structure with at least 1
sub group.

UNIFAC Calculated
Critical Properties

Displays the critical properties for a UNIFAC
Structure with at least 1 sub group.

The procedure for supplying the UNIFAC structure is to highlight
the Sub Group(s) in the Available UNIFAC Groups column and
select the Add Group(s) button. Additional sub groups can be
accessed in the list by using the Scroll Bar.

As you add sub groups, HYSYS displays the number of Free
Bonds available. This is zero when the UNIFAC structure is
complete. When you have supplied enough groups to satisfy the
bond structure, the status message changes to Complete (with
a green background).

As you specify groups, the UNIFAC Calculated Base Properties
and UNIFAC Calculated Critical Properties are automatically
updated based on the new structure.
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There are three methods available for adding Sub Groups to the
UNIFAC Structure:

Sub Group ‘ Description

Highlighting The list of Available UNIFAC Groups displays all the sub
the Sub groups. Notice that CH3 is the first selection in this list. You
Group can use the scroll bars to move through the list until you

find the group you need. When you find the correct Sub
Group, highlight it, and click the Add Group(s) button.
The sub group now appears in the UNIFAC Structure group.
You can highlight more than one sub group, and add all at
the same time.

Using the Each sub group has a number associated with it. If you
Sub Group know the number for the sub group you want to add to the
Number UNIFAC Structure, move the active location to the Sub

Group column of the UNIFAC Structure group. Enter the
number of the Sub Group. HYSYS does not automatically fill
in the number of sub groups. Move the active location to
the How Many column and type in the number of sub
groups required.

Notice the difference between the UNIFAC Structure group
(the table of cells) and the UNIFAC Structure entry field.

Typing in the | Notice the UNIFAC Structure input field near the bottom of

UNIFAC the property view. Any sub groups already installed are
Structure listed here. Place the cursor after the last group, and type
input field in the group to install. For example, if we want to add an

OH group, type in OH. When you type the sub group in this
box, HYSYS automatically adds it to the UNIFAC Structure
group.

You can add multiples of a Sub Group in the UNIFAC
Structure box. Type the number of Sub Groups and the Sub
Group name, separated by a space. For example, type 3 CH2
to add three CH2 groups to the UNIFAC structure. NOTE: You
cannot add Sub Groups in this way to an existing UNIFAC
structure.

HYSYS automatically calculates Base Properties and Critical
Properties using the currently supplied structure.
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3.5 Hypothetical
Component Property

View

Hypotheticals, like library components, have their own property
view. Once inside, you can add or modify information, or
examine the results of the estimations.

You can access the property view for the Hypo component from
different property views:

View ‘ Method of Accessing Hypo

Simulation Basis
Manager,
Hypotheticals Tab

All the hypothetical components are displayed in
the Hypothetical Quick Reference group. You can
either double-click on the component name, or
highlight it and click the View Hypo button.

Hypo Group

All the hypothetical components in the Hypo Group
you have chosen to view, are displayed. Either
double-click on the Hypo component you want to
view, or highlight it and click the View button.

Simulation Basis
Manager,
Components Tab

After adding a hypothetical to the Selected
Component List group, highlight it and click the
View Component button or object inspect its
name and select View.

3-26



Hypotheticals 3-27

The Hypothetical property view is made up of five tabs and are
shown below. Some of the tabs have radio buttons for switching
between the various properties. When a different radio button is
selected, HYSYS redraws the property view with the information
appropriate to the item.

I HypoEtoh® [_[=]x]
~Component [dentificatio
Component Name HypoEtoh*
Family / Class Alcohal
Chem Formula
1D Mumber 20000
Group Mame Hupadlcohol
CAS Murnber
~UNIFAL Structure
Stucture Builder... |

CH3 CH2 OH

~User 1D Tag:

Tag Mumber Tag Test
1 <emply Mot Spec'd

= 1D I Ciitical I Paint I TDep I UserProp I

Estimate Unknawn F‘ropsl Edit Eropertiesl Edit Wisc Euw4

Refer to Edit Properties After you have entered adequate estimation parameters, you

in Section 1.2.3 - . - .

Manipulating the can click the Estimate Unknown Properties button to

Selected Components complete the hypothetical estimation. The Edit Properties

List for more information. b tton allows you to edit properties within the hypocomponent
at the component level. The Edit Visc Curve button allows you
to recalculate the viscosity coefficients based on the

temperature and dynamic viscosity data provided by the user.

Throughout the tabs of the property view, information is
displayed in red, blue, and black. Values displayed in red are
estimated by HYSYS and values displayed in blue are user
supplied. Black values represent calculated values or
information that you cannot modify (in other words, Family/
Class on the ID tab).
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Hypothetical Component Property

You can supply values directly for any of the component
properties, or overwrite values estimated by HYSYS. If you

using that specification are forgotten. Click the Estimate
Unknown Props button to have the properties recalculated.

change a specified value, all properties previously estimated

3.5.1 1D Tab

The ID tab is the first tab in the Hypo property view. If it is the
first time you are entering a Property View, HYSYS places you

on this tab.
B HypoEtoh™ HiE E
Component |dentificatio
Companent Mame HupaoEtoh®
If a Structure is Family # Clags Alcohol
Chern Farmula H
already entered, D Humber i Use this button
it is displayed Group Name Hypodlcohol to access the
here. You can CEENTE UNIFAC
also enter the ~LINIFAC Stucture Component
Structure Structure Builder.. Builder and
directly into this TH3 CH2 OH supply the
cell. structure of the
~Uszer ID Tag: Hypo
Tag Mumber Tag Text
1 <Emplyy Mot Spec'd
B 1D | Critical I Foint ITDep I UserProp I
Estimate Unknown PrUpsI Edit Eruperliesl Edit Visc Eurvn4
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For more information on
the Minimum
Information required for
Property Estimation see
Section 3.4.2 -
Supplying Basic
Information

3.5.2 Critical Tab

The Critical tab of the property view displays the base and
critical properties. This is the same information displayed on the
Hypo Group when the Base Properties radio button is selected.

You can supply or change the Base Properties on this tab. The
property views, shown in Figure 3.17, display the Critical tab
before and after the Estimate Unknown Props button is clicked.
Notice that since the Normal Boiling Point was less that 370 °C,
only the Molecular Weight value was required for this

estimation.
Figure 3.17
N HypoEtoh* M= & S HypoE toh= _ ] x|
B aze Properti Base Propertie
tolecular b/ gight 50.00 Molecular Weight 50,00
Momal Boiling Pt [C] 100.00 Marmal Bailing Pt [C] 100.00
Ideal Lig Density [kafm3] <emply> Ideal Lig Density [ka/m3] 735.97
rLiitical Propertie: —Critical Properti
Temperature [C] <emply Temperature [C] 280,11
Pressure [kPa] < ernphyy Pressure [kPa] 3076.15
Valume [m3/kgmolz] <emphy> “olume [m3/kgmale] 039261
Acentricity <emply> Acenticity 031150

D Critical | Point ITDBD I UserProp I 18] Clilicall Puoint ITDep I UszerProp I

Estimate Unknown PTUDSI Edit Eropertiesl Edit Visc EUT\"EI Estimate Unknown F'rUpsI Edit Erupertiesl Edit ¥isc Qurvq
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3.5.3 Point Tab

The Point tab displays Additional Point Properties for the
hypothetical. There are two radio buttons on the property view,
which allow you to toggle between two tables of information are
the:

e Thermodynamic and Physical Properties
e Property Package Molecular Properties

Thermodynamic & Physical
Properties

This property view displays the Thermodynamic and Physical
properties for the Hypo. HYSYS estimates these values, based
on the base property data entered and the selected estimation

methods.
o HypoEtoh* [_ [ =]

—Additional Foint Propertie:

i+ iThemadynamic and Physical Fiops
i Property Package Molecular Frops

Dipole Moment [Debye] 0.00000
Fadiuz of Gyration [Amstrong] 2 4060
COSTALD [SRE] Acentricity 0.31150
COSTALD “olume [m3/kgmale] 0.19954
Viscozity Coeff A 0181590
Viscozity Coeff B 042229
Cavett Heat of Vap Coeff & 026942
Cavett Heat of Yap Coeff B 0.00000
Heat of Farm [25 C] [kJ/kgmale] 9.1 e+004
Heat of Camb [25 C) [k kgmale] <emplys
Enthalpy Basiz Offzet [k)/kgmale] | -1.035+005
]

— D I Ciitical  Poink I TDep I UserProp I

Estimate Unknawn F‘ropsl Edit Eropertiesl Edit Vise Eurv4

Notice that the Heat of Comb field is <empty>. This indicates
that HYSYS cannot estimate this value with the given
information. HYSYS allows you to input a value for this property.
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The viscosity coefficients of A and B are first estimated by
HYSYS based on the initial specifications from the Hypo Group
property view. If you want to calculate these coefficients, you
can override the estimation by clicking the Edit Visc Curve
button. This allows you to enter a set of data points of
temperature versus dynamic viscosity.

¥ Edit ¥iscosity Curve [ %]
Temperature Dyrtfizc
IC] [F]
1200 0.1500
125.0 0.1200
130.0 0.9000
135.0 0.6000
<Emply: <Emply:
Ok | Delete | LCancel |

There are three buttons available in the Edit Viscosity Curve
property view:

Buttons ‘ Descriptions

oK Allows HYSYS to accept the data to perform the
calculations.

Delete Clears all the data points in the data table and closes the
property view automatically.

Cancel Cancels the operation and exit the property view. The data

points you entered will not be used in the calculations but
these points will be saved in the data table without being
cleared so you can make modification later.

HYSYS will recalculate the values of the viscosity coefficients
based on the data points you just entered. The values of the
viscosity coefficients A and B will then change from red to black
indicating that they are calculated values.
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Hypothetical Component Property

Property Package Molecular Props

This property view displays the Molecular properties for the
Hypo. The values estimated are dependent on the selected
estimation method for each property.

B HypoE toh™ _ (o] x|

~Additional Paint Propertie

" Themodynamic and Physical Props

 Property Package Molecular Props

PRSY - Kappa 0.01043
KD Group Parameter {EMmplys
ZJ EOS Parameter {EMply:
G5/CS - Solubility Parameter 10.83265
G5/C5 - Mol Yol [m3/kamole] 0.06871
GS/CS - Acentricity 0.31150
UNIGUAL - R 234369
UNIGUAL -3 2.93029
Wilzon Molar Yolume [m34gmale] LEmplys
CH Solubility {EMmplys
CM Molar Volume [m3/kamole] {EMply:

10 I Critical ~ Point I TDep I UszerProp I

Estimate Unknown F'rUpsI Edit Erupertiesl Edit Visc Qurvq

Some of the fields in this property view are <empty>. This

indicates that HYSYS cannot estimate these values with the

information given. However, you can specify values for these
properties.

3.5.4 TDep Tab

The TDep tab displays Temperature Dependent Properties for
the hypothetical. There are three radio buttons on the property
view, which allow you to toggle between the three different
displays of information. The property views available are:

e Vapour Enthalpy
e Gibbs Free Energy
e Vapour Pressure
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Vapour Enthalpy

The Vapour Enthalpy calculation is performed on a Mass Basis.
The reference point for the equation is an ideal gas at 0 K. The
units for Mass Vapour Enthalpy and Temperature are kJ/kg and
degrees Kelvin, respectively.

B HypoEtoh™ HiE E

i~ Temperature Dependent Propertis:

i Wapour Pressure

(]

azs Wapour Enthalpy - [deal Gas @ 0 K
H=a+bT +c T2+ T 3+ +FT"5

Hikl/kal TIK

q = Entropy Coeff [Default 1.0

Min Temperature [C -270.00
ax Temperature [C] 5000.00

Cosfficient Mame IdzalH Coefficient d
0.00000e-01 |7 |
2.13228=-
2.81179e-03
-6.61079e-07
0.00000e-01
0.00000e-01 =

ID | Ciitical | Point TDepl UserProp I

Estimate Unknown PrUpsI Edit Eruperliesl Edit Visc Eurvn4

—a oo |o|w

When required, the Vapour Enthalpy equation is integrated by
HYSYS to calculate entropy. Note that if enthalpy coefficients are
entered, a constant of integration, g, should be supplied along
with the other coefficients. Specify this value in the g coefficient
field.

Notice that HYSYS has estimated the Minimum and Maximum
Temperatures.

Below the temperature range are values for the Vapour Enthalpy
equation coefficients (from a to g). HYSYS estimates the
coefficients, but you may change any of the values.
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Hypothetical Component Property

Vapour Pressure

The Vapour Pressure is calculated using the Modified Antoine

equation. HYSYS estimates the Minimum and Maximum
Temperature values based on the supplied properties and

estimation methods.

I HypoEtoch®

£ Wapour Enthalpy
= Gibbs Free Energy

Antoine vapaur pressure

Pressure, P [kPa)
TIK]

~Temperature Dependent Propertie:

In(F] = & + bA(T +&] + dIn(T] + &*TF

[ [CTx]

& Hapour Pressure

Min Temperature [T
&= Temperature [C]

100.00
280.11

Coefficient Name

Antoine Coeft a

5.18035e+01 | |

-5.97857e+03

0.00000e-01

-5.2671 7e+00

—|o oo |o|w

1.046EE-17

£.00000=+00 | =

— D I Ciitical IF'Dint TDepl UserProp I

Estimate Unknawn F‘ropsl Edit Eropertiesl Edit Wisc Euw4

The units used for Pressure and Temperature are kPa, and
degrees Kelvin, respectively.

The bottom section of this property view displays the values for
each of the Antoine equation coefficients (from a to f). HYSYS

estimates the coefficients, however you can modify these

values.
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Gibbs Free Energy

The Gibbs Free Energy calculation uses Enthalpy as its property
type and is performed on a Molar Basis. The basis for the
equation is ideal gas at 25 °C. HYSYS estimates the Minimum
and Maximum Temperature values.

B HypoE toch® _ (o] x|

~Temj

endent Prapertie:

& i " Wapour Pressure
i~ Gibbs Free Energy

Mazs Vapour Enthalpy - [deal Gas @0k
=a+b T+ T2+ T 3+ . +FT5

Hikldagl TIK]

g =Entropy Coeff [Default 1.0]

Iin Temperature [C] <emphy
Max Temperature [C] <emply

Coefficient Hame IdealH Cosfficient d
0.00000=01 || |
1.38076=-01
24726103
-8.34983e-07
1.21557=-10
00000007 | ]

1D ] Ciitical | Point TDepl UserPiop I

Estimate Unknown F'rUpsI Edit Erupertiesl Edit Visc Qurvq

—|m a0 oo

The units for Molar Enthalpy and Temperature are kl/kg mole
and degrees Kelvin, respectively.

The bottom section of the property view displays the values for
each of the Gibbs Free Energy equation coefficients (from a to
c).

HYSYS estimates the Gibbs Free Energy coefficients if you
supply the UNIFAC structure and enter the Ideal Gas Gibbs Free
Energy at 25 °C in the a coefficient cell.
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Solid Hypotheticals

3.6 Solid Hypotheticals

Solid Hypotheticals can be added to any Hypo Group, regardless
of the Group Type. In the Individual Hypo Controls group of the
Hypo Group property view, click the Add Solid button.

Solids do not take part in VLE calculations, but they do have
an effect on heat balance calculations.

When you install a solid hypo, you notice that the Base
Properties cells on the Hypo Group property view are displayed
as <empty>.

3.6.1 ID Tab

To define the Solid Hypo, access its property view by
highlighting the component name on the Hypo Group property
view and clicking the View button.

The ID tab of the Solid Component property view is the same as
that for other Hypo components except that the User Props tab
is replaced by the PSD tab. Note that in this case, the Family/
Class is Alcohol. The Class type has no effect on the values
calculated for the solid component.
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) Solid - Hypo20002= M= E
Component |dentificatior
Component Name Hypo20002*
Family / Clase Alcohal
Cherm Formula
1D Murmber 20002
Group Mame Hypodlzohal
CAS Mumber

User ID Tag
Tag Mumber Tag Text
1 <emply Mot Spec'd

_—
[0} IF'mps I Foint ITDap IF'SD |

Estimate Unknown Props | Edit Properties |

3.6.2 Props Tab

The Props tab displays the basic properties of the component in
two groups:

Solid Properties where bulk properties are entered

Coal Analysis where data can be entered on a possible
Coal Analysis
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Solid Properties

The minimum information that must be supplied includes the
Molecular Weight and the Density. The appropriate units can
also be specified within the cell as shown below.

4 Solid - Hypo20002= 1 =] B I
—Solid Propertie:
Malecular Weight <emphy: |
Density [kag/m3 1400 [ ka/m3 =1
Diameter [mm] <emphy:
S phericity <emphys
ArealUnit Vol [m2/ma3] <Empts

~Coal Analysis [Percent Basish————————————————

Carban <emphys
Hydrogen <emphys
Mitrogen <emphys
Orygen <Empts
Sulphur <Empts
Chlorine <empy:

ID  Props | Point ITDep IPSD

E stimate Unknown Props | Edit Properties |

The other Solid Properties are described below:

Solid Property ‘ Description

Diameter Particle diameter, if not supplied this defaults to 1 mm
when the remaining properties are estimated.

Sphericity Value between zero and one, with one being perfectly
spherical.

Area/Unit Measure of the surface area of the particle as a

Volume function of the particle volume.

Coal Analysis

You can also provide the results of a Coal Analysis on a
percentage basis for the listed components.
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3.6.3 Point Tab

The only information on the Point tab that is relevant to the
Solid is the Heat of Combustion and Heat of Formation.

=i x|

—Additional Paint Propertie:

% Themadynamic and Physical Props
i Property Package Molecular Props

Heat of Forn (25 C] [kJ/kgrnale) {emply
Heat of Camb [25 C] [k kgmale] <Lemply
Erthalpy B asiz Offzet [kJkgmale] <Lemplys

— 1D |Prop: Point | TDep [ PSD |

Estimate Unknown Props | Edit Properties |

This information is only required if you plan on using a Solid
component as part of a reaction.
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3.6.4 TDep Tab

Since Solid Hypos do not participate in VLE calculations, their
vapour pressure information is, by default, set to zero. However,
since solid components do affect Heat Balances, the Specific
Heat information can either be estimated by HYSYS, or supplied.

Figure 3.27

(& 8 [ b3
i~ Temperature Dependent Propertie

{* Specific Heat i Wapour Pressure
i~ Gibbs Free Energy

Specific Heat - Mass Bagis - Solid @ 25 C
Cp=a+bT +c T 2+ dT "3+ T4

Cp. inkl/kgk T, in degree K
f = Entropy Coeff [Default 1.0]

Min Temperature [C] -270.00
M ax Temperature [C] 500000
Coefficient Name Solid Cp Coeff. d
a <empty> J
b <emply
[=3 LEMmpys
d CEMmplYs
e CEMmply: LI

D Pint TDep-

Estimate Unknown Props | Edit Properties |

While other Hypotheticals use the Ideal Gas Enthalpy
coefficients, solids use the Specific Heat Capacity.
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3.6.5 PSD Tab

The PSD tab displays the particle size distribution for solids. It
allows you to specify PSD’s and calculate various mean and
modal diameters for the entered PSD. The PSD tab is shown

below.

Figure 3.28

(& 8 [ b3
Particle Size Distributio
[Min. Particle Size [mm 1 <empty>
Particle Size taszz In Fange Percenl
) r

EditPSD | Basis |
— 10 |Props | Paint | TDep PSD |

Estimate Unknown Props | Edit Properties |

Refer to Section 1.2.3 - Manipulating the Selected
Components List and see UserProp & PSD Tabs for more
information on Particle Size Distribution.
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3.7 Cloning Library
Components

You can convert HYSYS library components into Hypotheticals
through the Clone Library Comps button on the Hypo Group
property view. When you click this button, the Convert Library
Comps to Hypothetical Comps property view is displayed. Any of
the library components present in the current Fluid Package can
be converted to a Hypothetical.

o] x|

~Source Components———— ~Replacement Action———————  ~Hypo Graup

Component Lists ¥ Feplace ALL Instances Hypo Group

Master t it [Fomadleshel

created Hypotheticals
will replace their Source
Components in every
Component List that

Available Library Comps containz instances of Hypo Components
thoze Library
Ethanal Components HypoEtah*

Corweert to Hyppals) —> |

By using the Add New Hypo Group button, you do not have to
return to the Simulation Basis Manager to create a Hypo
Group.

This property view is made up of two sections, the Source
Components group and the Hypo Groups.

Object ‘ Description

Component Lists Allows you to select the component list that contains the
library component you want to clone.

Available Library | Selects the component you want to convert into a

Comps hypothetical.
Replace ALL If you want to replace the library component with the Hypo
Instances in every Fluid Package that contains the library component,

select this checkbox. If you only want to replace the library
components in the highlighted Fluid Package, do not select
the checkbox.
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Object ‘ Description

Hypo Group Selects the Hypothetical Group in which you want the
converted library component placed.

Hypo Displays all the hypothetical components present in the

Components selected hypothetical group. When a library component is

converted into a hypothetical, it is listed here.

3.7.1 Converting a Library
Component to a Hypo

When converting a library component to a Hypo, follow the
procedure outlined below. Figure 3.29 is used as a reference.

1. Select the Component List which contains the target library
component. In this case, Component List - 1 is the
selected component list.

2. From the Available Library Comps group, select the
component to clone. In this case, 1-Propanol is selected.

3. Select the Target Hypo Group, where the new Hypo is to
be placed. HypoAlcohol is selected.

4. Decide if you want to replace all instances of the source
component (1-Propanol) with the new Hypo. Select the
Replace All Instances checkbox to do this. In Figure 3.29
the checkbox is selected.

5. To complete the conversion, click the Convert to Hypo(s)
button.

6. The new Hypo appears in the Hypo Components group, and
has an asterisk (1-Propanol*) after its name, signifying
that it is a hypothetical.

7. Close the property view to return to the Hypo Group
property view.
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3.8 Hypo Controls

The manipulation commands for hypotheticals are contained on
the Hypotheticals tab of the Simulation Basis Manager. The Hypo
Controls are the buttons contained within the Hypothetical Quick
Reference group as shown below:

=[x
~Hypothetical Groups————  ~Hypathetical Quick Reference

Wiew | Hypo Hame Group Mame View Hypo
HypoGroupl HypoEtoh® Hypadlcohal

Add.. Hypo20002 Hypodlcohal iew Group. ..

1-Propanal® Hyposlcohol
Delete | Hypo20001* HypoGroup Maove Hypos...
Tranzlocate.. | Clane Comps... |
Impart.... |
Expatt.. |

Components | Fluid Pkgs Hypulhelicalsl il b anager I Fieactions I Component Maps I UserProperty |

Return to Simulation Enviranment... |

3.8.1 Viewing Groups

Notice that the Hypothetical Quick Reference group displays the
names of hypothetical groups and components. The components
are listed in the Hypo Name column and the group to which each
component belongs is listed in the Group Name column.

From the Group Name column, select the Group that you want
to view, and click the View Group button. HYSYS displays the
Hypo Group property view for that Hypo Group. All the Hypo
components that are part of the group appear on this property
view.
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3.8.2 Moving Hypos

When hypothetical components are created in HYSYS, they are
created within a Hypo Group, and become part of the group.
After adding a hypothetical component to a certain group, you
may want to move it to another existing group. You can
accomplish this through the Hypo Controls. From the
Hypothetical Quick Reference group, click the Move Hypo
button. This produces the following property view:

H_lgpu Cumpunenls Target Hypo Group
Switch to Graup --> | Hypadlcohal
Add Mew H_upn Group

By clicking the Add New Hypo Group button, HYSYS allows
you to add a new Hypo Group while this property view has
focus.

Follow this procedure to move a Hypo to a different Hypo Group:

1. From the Hypo Components group, select the Hypo that you
want to move.

2. Select the Target Hypo Group to which the Hypo is being
moved.

3. Click the Switch to Group button, which becomes available
when a selection is made in both the Hypo Components
group and Target Hypo Group.

4. When you are finished moving groups, close the property
view and return to the Hypotheticals tab of the Simulation
Basis Manager.

3.9 References

1 Reid, R.C., Prausnitz, J.M., Poling, B.E., The Properties of Gases &
Liquids, 4th edition, McGraw-Hill, 1987.
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|

Oil Environment icon

Refer to Chapter 3 -
Hypotheticals for
more information on
hypo controls.

4.1 Introduction

The Oil Characterization environment can be accessed from the
Oil Manager tab of the Simulation Basis manager or by clicking
the Oil Environment icon on the toolbar. To enter the Qil
Characterization environment, at least one fluid package must
exist in the case. Hypothetical (pseudo) components must be
compatible with the property method being used by the fluid
package.

Also on the Oil Manager tab, you can view all flowsheets that
exist in the current case and the fluid package associated with
each. All hypocomponents that are defined within the Qil
Characterization environment are assigned to a Hypo group and
installed in an associated fluid package. Since Light End
calculations for an oil require information from the property
method being used by the associated fluid package, the
hypocomponent cannot be shared among different fluid
packages as regular hypothetical components can. However, you
can still use the same hypocomponent in the non-associated
fluid packages by adding them as hypotheticals, via the Add
Hypo or Add Group button on the Selected tab of the
Component List property view.

The Oil Characterization environment provides a location where
the characteristics of a petroleum fluid can be represented by
using discrete hypothetical components. Physical, critical,
thermodynamic and transport properties are determined for
each hypothetical component using correlations that you select.
The fully defined hypocomponent can then be installed in a
stream and used in any flowsheet.

HYSYS defines the hypocomponent by using assay data which
you provide. The features available for the input of assay data
minimize the time required for data entry. For instance, defined
assays can be cloned, imported and exported. Exported assays
can be used in other fluid packages or in other cases altogether.
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Some of the features exclusive to the oil environment include:

e Providing laboratory assay data

e Cutting a single assay

e Blending multiple assays

e Assigning a user property to hypocomponents

e Selecting correlation sets to determine properties
e Installing hypocomponent into a stream

e Viewing tables and plots for your input and for the
characterized fluid

4.2 Qil Characterization

The petroleum characterization method in HYSYS converts your
laboratory assay analyses of condensates, crude oils, petroleum
cuts, and coal-tar liquids into a series of discrete hypothetical
components. These petroleum hypocomponents provide the
basis for the property package to predict the remaining
thermodynamic and transport properties necessary for fluid
modeling.

HYSYS produces a complete set of physical and critical
properties for the petroleum hypocomponent with a minimal
amount of information. However, the more information you can
supply about the fluid, the more accurate these properties are,
and the better HYSYS predicts the fluid's actual behaviour.

4.2.1 Laboratory Data

Accurate volatility characteristics are vital when representing a
petroleum fluid in your process simulation. HYSYS accepts five
standard laboratory analytical assay procedures:

e True boiling point distillation (TBP)

e ASTM D86 and ASTM D1160 distillations (Separately or
Combined)

e ASTM D2887 simulated distillation
e Equilibrium flash vapourization (EFV)
e Chromatographic analysis
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The characterization procedure performs its calculations based
on an internally calculated TBP curve. If you supply an ASTM or
EFV distillation curve, it is converted to a TBP curve using
standard methods described in the API Data Book. If you do not
supply any distillation data, then an average TBP distillation
curve is generated for you based on the overall molecular
weight, density, and Watson (UOP) K factor of your fluid.

The Watson (UOP) K factor is an approximate index of
paraffinicity, with high values corresponding to high degrees
of saturation:
1
x - (Mean Avg BP)’
sp gr 60F / 60F

where the mean average boiling point is in degrees Rankine.

4.2.2 Conventional Distillation
Data

The five primary types of assay data accepted by the Petroleum
Characterization Procedure in HYSYS are listed here and
explained in the following sections.

e True Boiling Point analysis

e ASTM D86 and 1186 Distillations
e ASTM D2887

e Equilibrium Flash Vaporization

e Chromatrographic analysis

True Boiling Point (TBP) Analysis

A TBP analysis is performed using a multi-stage batch
fractionation apparatus operated at relatively high reflux ratios
(15 - 100 theoretical stages with reflux ratios of 5to 1 or
greater). TBP distillations conducted at either atmospheric or
vacuum conditions are accepted by the characterization
procedure.
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The petroleum fluid's bubble point is a multi-component
equilibrium condition such that there is an incipient vapour
phase forming. This would, in effect, be a single-stage of
fractionation as opposed to the highly refluxed operation of a
TBP analysis.

The initial boiling point (IBP) of a TBP curve does not
correspond to the bubble point temperature of the petroleum
fluid at atmospheric pressure.

ASTM D86 and D1160 Distillations

ASTM D86 and ASTM D1160 distillations also employ batch
fractionation apparatus, but they are conducted using non-
refluxed Engler flasks. Two standard ASTM distillations are
supported: ASTM D86, used for light to medium petroleum
fluids, and ASTM D1160, carried out at varying vacuum
conditions and used for heavier petroleum fluids. For ASTM D86
distillation, HYSYS can correct for barometric pressure or
cracking effects.

ASTM D2887

ASTM D2887 is a simulated distillation curve generated from
chromatographic data. The resulting boiling point curve is
reported on a weight percent basis.

Equilibrium Flash Vaporization

An EFV curve is generated by a series of experiments conducted
at constant pressure (1 atm). The results relate the temperature
versus volume percent of liquid distilled, where the total vapour
is in equilibrium with the unvaporized liquid.

Chromatographic Analysis

A Chromatographic analysis is a simulated distillation performed
by passing a small amount of totally vaporized sample through a
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Refer to Appendix B -
Oil Methods &
Correlations for
information on the
correlations used in the
Oil Environment.

packed gas chromatograph column. The relative amounts of the
sample that appear in each standard "chromatographic"
hydrocarbon group (paraffinic, aromatic and naphthaline
groups, ranging from C6 to C30) are then detected and
reported.

4.2.3 Data Reporting Basis

All of the distillation analyzes described above are reported
using one of the following fractional bases (assay basis):

e Liquid volume percent or liquid volume fractions
e Mole percent or mole fractions
e Mass percent or mass fractions

HYSYS accepts TBP and Chromatographic analyzes in any one of
the three standard bases. However, due to the form of the API
Data Book conversion curves, EFV, ASTM D86 and ASTM D1160
distillations must be supplied on a liquid volume basis, and
ASTM D2887 are only reported on a weight basis.

4.2.4 Physical Property Assay
Data

As you supply more information to HYSYS, the accuracy of the
Petroleum Characterization increases. Supplying any or all of
bulk molecular weight, bulk density or bulk Watson (UOP) K
factor increases the accuracy of your hypocomponent
properties. Appropriately, if you supply laboratory curves for
molecular weight, density and/or viscosity, the accuracy
increases further.

If you cannot supply property curve data, HYSYS generates
internal curves using the available information. This information
is applied using correlations. You can change the default set of
property correlations as required.
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4.2.5 Property Curve Basis

Physical property analyzes are normally reported by a laboratory
using one of the following two conventions:
e An Independent assay basis where the property assay

volume fractions do not correspond on a one-to-one
basis with the distillation assay fractions.

e A Dependent assay basis, where a common set of assay
fractions are utilized for both the distillation curve and
the physical property curves.

Physical properties are average values for the given range, and
hence are midpoint values. Distillation data reports the
temperature when the last drop of liquid boils off for a given
assay range; therefore distillation is an endpoint property. Since
all dependent input property curves are reported on the same
endpoint basis as the distillation curve, they are converted by
HYSYS to a midpoint basis. Independent property curves are not
altered in any manner before being used in the characterization,
since they are already defined on a midpoint basis.

4.2.6 Common Laboratory
Data Corrections

With ASTM D86 data, correction procedures are available to
modify the laboratory results for both barometric pressure and
thermal cracking effects, which result in the degradation of the
sample at high distillation temperatures. These corrections are
sometimes performed by the laboratory. If the corrections have
not already been applied, the Characterization procedure has
options available to apply the necessary corrections before
commencing calculations.
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Refer to Section 4.8.2 -
Correlation Set
Property View for a
listing of available
correlations or Appendix
B - Oil Methods &
Correlations for a
description of each
correlation.

4.2.7 Default Correlations

When you begin a petroleum characterization session, HYSYS
already has a set of default correlations for generating physical
and critical properties of the hypocomponent. You may change
any of the correlations at any time.

4.3 Petroleum Fluids
Characterization
Procedure

4.3.1 Initialization

Before entering the Oil Characterization environment, you are
required to create a fluid package with a specified Property
Package at the very minimum. The Associated Property Package
must be able to handle hypothetical components (i.e., a Steam
Package is not allowed).

If you want to use library components to represent the Light
Ends portion of your assay, it is best to select the components
prior to entering the Oil Characterization environment (if you
forget to do this, you can return later to the Components tab
and select the components).

4-9



4-10 Petroleum Fluids Characterization

The Oil Manager tab of the Basis Manager property view is
shown below:

¥ Simulation Basis Manager !El m

Azzociated Fluid Package: Basis-1 vl

—Aszsociated Flowsheet

Agsociat Flawshest Fluid Pkg In U
SS|070Ia = oinsze[Main] e nBa:in Ta Enter the O environment, There must be a

(] T-100 @k air Basis-1 Fluid Package and the aszociated Property Package

must be able to handle Hypo Components

Components I Fluid Pkgs I Hypotheticals DilManagelI Petioleum Assaps I Feactions I Component Maps I UserProperty r

Enter BT Enviranment... | Return to Simulation Environment. .. |

The Associated Fluid Package for the Qil serves two primary
functions:

e Provides the light end components.

e Identifies to which Fluid Package the Hypo group (oil) is
being installed.

When you install the oil into a stream, HYSYS always places this
stream in the main flowsheet. For this reason, the associated
Fluid Package must be the fluid package used by the main
flowsheet.

The fluid package that is used in the Oil Characterization
environment is displayed in the Associated Fluid Package
drop-down list on the Oil Manager tab of the Simulation
Basis Manager property view.

If you want to install the hypocomponent into a subflowsheet,
this must be done on the Components tab of the Sub-Flowsheet
fluid package (Hypothetical page, Add Group or Add Hypo
button). If the sub-flowsheet uses the same fluid package as the
main flowsheet, then this action is not necessary, as the
hypocomponent is added to the fluid package once an oil stream
is installed.
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If you are going to transfer an oil stream between flowsheets
with different fluid packages, ensure that the hypocomponent is
installed in each flowsheet fluid package.

If you have not defined the same components in each fluid
package, HYSYS will transfer only the compositions for those
components that are available, and will normalizes the
remaining compositions.

The fluid package that is used in the QOil Characterization
environment can be selected from the Associated Fluid Package
drop-down list. To enter the Oil environment, select the Enter Oil
Environment button as shown in Figure 4.1, or select the Qil
Environment button from the toolbar. The following figure
illustrates the make-up of a typical oil:

S e Molecular Weight
o/ ' e Mass Density
@ ~ /7\ @ ™« Watson (UOP) K
Assay 1 Bulk e Viscosity
Properties
o e TBP
_ AT, e ASTM D86
Assay 2 T e ASTM D86-D1160
Boiling Point e ASTM D2887
Curve e EFV
i e Chromatograph
> @ _
| e Molecular Weight
Assay 3 Lo ) —————3 Mass Density
e Viscosity
Property Curves
Dependent/
Independent

An Oil or Blend is comprised of any humber of Assays. Each
individual Assay contains specific information with respect to the
Bulk Properties, Boiling Point Curve and Property Curves. For the
Bulk Properties, you may supply Molecular Weight, Mass
Density, Watson (UOP) K factor, and/or Viscosity. You can
provide the Boiling Point curve in any one of the formats
displayed in the Figure 4.2. During calculations, HYSYS
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Refer to Section 4.5 -
Characterizing Assays
for more details.

automatically converts all curves to a TBP basis. You also have
the option of supplying Molecular Weight, Mass Density, and/or
Viscosity curves.

There are three general steps you must follow when creating an
oil:

1. characterize assay

2. generate hypocomponent

3. install oil in flowsheet

It is a good idea to open the Trace Window before you start
the characterization, since it displays important information
during Oil Characterization calculations.

4.3.2 Step One - Characterize
Assay

Enter the petroleum assay data into HYSYS via the Assay tab of
the Oil Characterization property view. HYSYS uses the supplied
Assay data to generate internal TBP, molecular weight, density
and viscosity curves, referred to as Working Curves.

4.3.3 Step Two - Generate
Hypocomponents

Hypocomponents are generated from the Working Curves via
the Cut/Blend tab of the QOil Characterization property view.

This process is explained in Appendix B - Oil Methods &
Correlations. See Section 4.6 - Hypocomponent
Generation for the procedure.
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Refer to Section 4.8.3 -
Install Oil Tab for more
details.

Refer to Section 4.7 -
User Property for more
information.

Refer to Section 4.8.1 -
Correlation Tab for
more information.

4.3.4 Step Three - Install Oil

Once the Blend is characterized satisfactorily, install
hypocomponent into your HYSYS case via the Install Oil tab of
the Oil Characterization property view. You can install the oil as
a defined stream by providing a Stream name. The
hypocomponent is also added to a distinct Hypo group and to
the associated fluid package.

4.3.5 User Property

In addition to the three basic steps required to characterize an
oil in HYSYS, user properties can be added, modified, deleted, or
cloned. User Properties can be created from the Oil Manger or in
the Basis Environment. A user property is any property that can
be calculated on the basis of composition.

4.3.6 Correlations

Correlations can be selected via the Correlation tab of the Qil
Characterization property view. HYSYS allows you to select from
a wide variety of correlations used in both the determination of
working curves and in the generation of hypocomponent.

All of the information used in generating your
hypocomponent is stored with the case. This includes:
Assays and their associated Options, Property Curves and
Bulk Properties, User Properties, the Correlations used for
generating the pseudo-components, the Constituent oils
(with flow rates) for blends, and the flowsheet stream in
which each oil was installed. This information is available the
next time you open the case.
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4.4 Qil Characterization
Property View

When you enter the Oil Characterization environment, the
following property view appears:

™ 0il Characterization | _ (0] x|
ilzhl a0y rassay Information
[Harme:
B | l—
add. | Lescription
Delete |
Clone |
Import |
Export
2l Imfout Praierences...l
=
assay | cuBiend | user roperty | correrstion [ instaioi |
Clear All | Calculate Al | il Cutput Seﬂings..l Return to Basis Environmenit |

This property view is the Oil Characterization environment.

There are five

tabs which represent the main areas of the

environment and are described below:

Tab ‘ Description

Assay Add, edit, delete, clone, import or export Assays (see
Section 4.5 - Characterizing Assays).

Cut/Blend Add, edit, delete or clone Blends (see Section 4.6 -
Hypocomponent Generation).

User Add, edit, delete or clone User Properties (see Section 4.7

Property - User Property).

Correlation

Add, edit, delete or clone Correlation Sets (see Section
Section 4.8.1 - Correlation Tab).

Install Oil

Install hypocomponent into a stream in a HYSYS case (see
Section 4.8.3 - Install Oil Tab).
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The Clear All, Calculate All, and Oil Output Settings... buttons
are available on any tab of the Oil Characterization property
view.
e If you select the Calculate All button, HYSYS calculates
all Assays and Blends. This option is useful if you have

several Assays and/or Blends and you want to see the
global effect of a change in the correlation.

e If you select the Clear All button, HYSYS displays the
following warning:

Figure 4.4

@ Thiz action will delete all assays, blends, user properties and correlation sets!

Do you want to proceed ?

If you want to delete all Oil Characterization information
select Yes.

e Selecting the Oil Output Settings... button results in
the Oil Output Settings property view.

Oil Output Settings Property View

On this property view, you can set the initial boiling point (IBP)
and final boiling point (FBP) cut points on a liquid volume, mole
or mass percentage basis. These values are used to determine
the initial and final boiling temperatures of the TBP working
curve. The default values are 1% for the IBP and 98% for the
FBP.

R [ [
~Global Initial and Final Bailing Paint:
IBP cut point, & 1.000
FBF cut paint, % 98.000
Basis for [BF & FEP Liquid Yolume %

—Global Default Intercanversion Methods for Dutput———————————————

ASTH D36 Interconversion Method IAF‘\ 1974 vl
ASTH D2887 Interconversion Method: IAF’\ 1387 vl

Change Intercanversion Methods for Existing Column Specs |




4-16

Oil Characterization Property View

If for example, an IBP value of 1% is specified, the initial boiling
point becomes the weighted average boiling temperature of all
components that boil off in the first volume percent. The final
boiling point is determined in a similar manner. If 98% is used
for the FBP, the final boiling temperature becomes the weighted
average boiling temperature of all the components that boil off
in the last 2 volume percent. The ends of the curve are
'stretched' to fill the assay range of 0 to 100%.

On the Oil Output Settings property view, you can select the
default ASTM D86 Interconversion Method TBP conversion type
from the Default D86 Curve Type drop-down list:

e API 1974!
e API 19872
e API 19943

e Edmister-Okamoto 19594

Oil Input settings are accessed through the Session
Preferences property view.

You can also select the ASTM D2887 Interconversion method
from the following:

e API 1987°
e API 1994 Indirect®
e API 1994 Direct”

The Oil Output Settings are saved along with your simulation
case. They can be accessed either within the Oil manager or
through the Simulation menu bar option in the Main Simulation
environment.

Changing the IBP and FBP in the Qil Output Settings will affect
the following calculations:

e Blend Properties Table and Plots
e Boiling Point Utility
e Cold Properties Utility

o Cqun)‘m specs (Cut Point, Gap Cut Point, Flash Point, RON
Point

e Column Profiles

When IBP and FBP changes are made, all necessary calculations
are automatically performed.
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Refer to Section 4.9 -
TBP Assay - Example
for characterizing
assays.

these changes.

The ASTM D86 and ASTM D2887 interconversion methods do
not affect column specifications, since each related
columnspec has its own independent setting. If you want to
change the column specifications, click the Change
Interconversion Methods for Existing Column Specs button.
HYSYS asks you to confirm that you want to globally impose

4.5 Characterizing Assays

The Assay tab of the Oil Characterization property view is shown

below:

Figure 4.6

M 0il Characterization

Available Azsays Azzay Information
ame

[

Description

Wiewy..
= Azzay-1

Describe the Assay here.
Delete

Clane 15:10)

Import

[ |
e |
=T
_ewe |

(Last modified Thu Mar 27, 2003,

Ol Input Preferences...

—_
Assay |Cu1.l'BIend J User Property J Correlation J Install Cil J

Clear &l ‘ Calculste Al | il Ot Seﬂings...| Return to Basis Environment |

The Available Assays are listed in the left portion of the property
view. The following Assay manipulation buttons are available:

Button ‘ Description

View Edit the currently highlighted Assay.
Add Create a new Assay.

Delete Erase the currently highlighted Assay.

used by a blend.

HYSYS does not prompt for confirmation when deleting an
assay, so be careful when you are using this command.
However, HYSYS does not delete an assay that is being
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Button ‘ Description

Clone Create a new Assay with the same properties as the
currently highlighted Assay. HYSYS immediately opens a
new Assay view.

Import Bring a saved assay into the current case.
Export Save an assay to disk so that it can be used in other cases.
Imported and Exported assays have a filename form *.oil.

For a highlighted Assay, you can edit the name in the Name field
and provide a description in the Description textbox found in
Assay Information group.

To create a new assay or edit an existing assay you can click the
Add or View button, respectively. This opens the Assay
property view for the new or existing assay.

When the Oil Input Preferences button under the Assay
Information group is selected, the Session Preferences property
view opens to the Oil Input tab. From here you can set the input
defaults for your case.

Figure 4.7

¥% Session Preferences [HYSYS PHF] _|O ﬂ

0il Input Diefault Assay Definiion

Assay Definition Bulk Properties Wt U =
Aszay Options Mane 2

Agzap Data Type

"~ _Simulation J\f’ariables JHeports JFiIes Fesources J Extensions _ Oil Input _
Load Preference Set...

When a new case is created, the methods specified in the Qil
Input settings initialize the Oil Output settings. However, any
changes made afterwards to either settings group are
independent.
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Assay Property View

The Assay property view is shown below:

Figure 4.8

= -Io[x]
—Azsay Definitior Input Data
Bulk Properties lm ¢ Bulk Props Assay Basis lm
Agzay Data Tupe TEFP - & Distilation Assay Percent Temperature

IC]

Light Ends [lgnore =]
Iolecular . Curve lm
Dengity Curve lm
Yigcasity Curves lm

TEP Distillation Condition:
’7 i« i Wacuum

Light Ends Handling & Bulk Fitting Options | Edit Assay... I [

A least 5 points are required

— - -
Input Dalal Calculation Defaults I ‘whorking Curves IPIUlsI Correlations I User Curves INU[BS]

Delete |ﬂame' Azzay-1 | Lizzay Was Mot Calculated Calculate

The appearance of the Assay property view depends on how
you define the assay in the Assay Definition group and which
radio button is selected in the Input Data group.

The Assay property view consists of seven tabs, which are
described below:

Tab ‘ Description

Input Data Allows you to define and specify the Assay.
Calculation Allows you to set the calculation methods and
Defaults extrapolation methods for the assay and assay

property curves.

Working Curves Displays a table of Assay Working curves.

Plots Allows you to view any of the input assay curves in
graphical form.

Correlations Allows you to edit the individual property conversion
methods used.

User Curves Allows you to attach available user properties to the
assay.

Notes Allows you to attach relevant comments to the assay.
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There are four objects found at the bottom of the property view
and are described below:

Object ‘ Description

Name You can provide the name of the Assay in the Name cell
(maximum 12 characters).

Assay Status | The status bar is displayed at the bottom of the screen:

e Assay Was Not Calculated. You have not provided
enough Assay information to determine a solution (or
you have enough information and have not clicked the
Calculate button).

e Assay Was Calculated. You have provided Assay
information, clicked the Calculate button, and
obtained a solution.

e An Error Was Found During Calculation. The Trace
Window usually shows a description of the type of

Error.
Calculate Select this button to calculate the Assay.
Delete Select this buttons to delete the current Assay.

There is no confirmation when you delete an assay, unless
it is being used by a blend, in which case you cannot delete
it.

The following sections outline each of the tabs contained within
the Assay view (accessed via the View or Add button).

4.5.1 Input Data Tab

The minimum amount of information that HYSYS requires to
characterize a petroleum fluid is either:

e a laboratory distillation curve

e two of the following three bulk properties: Molecular
Weight, Density, or Watson (UOP) K factor.

The Watson (UOP) K factor is an approximate index of
paraffinicity, with high values corresponding to high degrees
of saturation:

K = 3/Mean Avg. BP
sp gr 60F / 60F

where the mean average boiling point is in degrees Rankine.

However, any additional information such as distillation curves,
bulk properties and/or property curves, should be entered if
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possible. With more supplied information, HYSYS produces a
more accurate final characterization of your oil.

When you open the Assay view to the Input Data tab, all that
is displayed is the Assay Data Type and Bulk Properties drop-
downs. New input fields are added as you specify the
information for your oil.

The Input Data tab is shown below:

Figure 4.9

The layout of Input Data Depending on the specifications made in the
group depends largely on Assay Definition group. These radio buttons
the settings you choose in become visible. Each radio button makes a
this group. different entry field visible.
Azzay Definitiorr X i Imput Date &
Bulk Properties Used 'l " Bulk Props Aszsap Basis Liquid Yolume j‘
€ Light Ends -
Assay Data Type TEP - & Distilation e Temﬁgature :II
Specify which Light Ends Input Composition 'I  Molecular Wt 0.0000 -9.444
H A = Density 4500 222
individual InpUt Molecular Wwt. Curve lm  Wiscosityl 5.000 7383
Data curves are to Denity [idependen =] Yy - 1450 1165
be included. Enslytuve : .00 154.4
Wiscosity Curves Independent vl 30.00 2239
40.00 2733
TBP Distillation Condition: 50,00 T
£+ Atmospheric = Yacuum £0.00 3933
Options related to 70.00 4739
the Assay Data L e
Y / £0.00 5461 [ v
Type are ) Light Ends Handiing & Bulk Fiting Optians | Edit Assay
displayed in this [ TableisReady ]
area. = Input Data I Calculation Defaults I ‘working Curves IF’Iots Carrelations I User Curves I Hotes |
Delete | Hame: IAssayr1| [ Azzay'wias Not Calculated Calculate |

The entry fields displayed in this table depend on which
radio button is selected.

For each of the three property curves, Molecular Weight,
Density and Viscosity, you have the following options: Not
Used, Dependent, or Independent. If you switch the status
to Not Used after you have entered assay data, all your data
for that property curve is lost when you return your selection
to Dependent or Independent.

The Input Data tab is split into two groups: the Assay Definition
and Input Data groups. The Assay Definition group is where the
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assay type and use of property curve, light ends data and bulk
properties are defined. The Input Data group is where the
distillation, property curve, light ends and property data is
actually inputted.

Light Ends Handling & Bulk Fitting

If you have a light-ends analysis along with light-ends free input
curves and total bulk properties or light-ends free bulk
properties you can use the HYSYS oil manager to combine the
light-ends analysis with the light-ends free input curves to
match the specified bulk properties. This functionality is clearly
seen in the case of chromatographic input, where you may want
to input the light-ends along with the C6+ as the
chromatographic data groups. Because of the nature of the
analysis, the chromatographic data is light-ends free.

Light Ends Analysis Versus Calculated TBP
Curve

Ideally, for the light-ends free distillation input curve, the TBP at
0% should coincide with the highest NBP in the light-ends
components with non-zero compositions, see Case B in Figure
4.10. However, due to imperfect input data or extrapolation, the
calculated TBP at 0% may be lower than the top NBP for light
ends (Case A in Figure 4.10) or higher than the top NBP for
light ends (Case C in Figure 4.10). To avoid overlapping or
discontinuity, these two cases must be properly handled.
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Figure 4.10

Temperature

Percent to Eliminate

pa

Assay Input 100%

Light-Ends Free TEP Curve

Case A Top Light Ends Temperature is Abowve TBE at 0%
Case B: Tep Light Ends Temperature 15 Equal TEP at 0%
Case C: Top Light Ends Temperature 13 Below TEP at 0%

In Case A, the highest temperature of the non-zero component
in light ends is above the TBP at 0%. In this case, we need to
eliminate the points having TBP lower than the top light-ends
temperature. After the elimination, the remaining portion of the
light-ends free TBP curve are re-scaled to 100%, and then a
new set of standard 51 points calculation tables are regenerated
from the remaining portion of the corresponding curves.

In Case C, the top light-ends temperature is below the TBP at
0%. Since the extrapolation may not be accurate, more trust is
put on the light-ends analysis and hence assign the top light-
ends temperature as the TBP at 0%. To avoid a sudden jump in
the distillation curve, the first 20% of the distillation curve is
also smoothed.
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Curve Partition for Bulk Property Fitting

To allow piece-wise fitting for a bulk property, a property curve
is divided into three sections: head, main, and tail. The ending
% of the head section and beginning % of the tail section can be
specified. Each section can have an independent adjusting
weight factor as shown in the figure below.

Calculated Property Curve

tail section

head section

main section

mainyt
0% = A 0%
head% tail %
headvyt tailvvt

For piecewise bulk property fitting there are two concerns to be
addressed. First, since each section can have an independent
adjusting weight factor, there may be a discontinuity at the
boundary of the two sections. Second, how to ensure relatively
fast convergence with uneven adjustment of the property
concerned. For the first concern, discontinuity is avoided by
using linear interpolation between two sections. For the second
concern, the weight factor is normalized first and then the
following equation is used to calculate the new point property
value from the old point property value:

Newl[i] = [1 + Wt[i] x (Ratio —1)] x Old[i] (4.1)

where:
New(i] = the new property value at point i
Wt[i] = the normalized weight factor at point i
Ratio = the calculated uniform adjusting ratio

Old[i] = the old property value at point i
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HYSYS allows you to specify if a given curve contains light-ends
contributions, set if a specified bulk property contains light-ends
and partition a property curve so that some sections can be
adjusted more than others.

The Light Ends Handling & Bulk Fitting Options property view is
accessed by clicking the Light Ends Handling & Bulk Fitting
Options button.

E] Light-Ends Handling & Bulk Fitting Options: Assay-1

Input Curve Curvelncl LE. | BulkValue |BulkValuelncl LE.| Head % | Head Adi'wt| Main % | Main Adi'wit | Tail Adjwt
Distillation v <Emply B <emplyy <emplyz | <empty: <emply> <emply>
Molecular Yeight i {Empty: 1= 0.00 1.00 | 100.00 1.00 1.00
tass Densiy B 79,8 ka/m3 1= 0.00 1.00 | 10000 1.00 1.00
Wizcosity 1 f Lemply I~ 0.00 1.000 | 10000 1.00 1.00
Yiscosity 2 i <Emply W .00 1.00 | 10000 1.00 1.00

[ Apply smart bulk fitting on molecular weight and mass density [ Allow Partial Light Ends Input

The light ends handling and bulk fitting options are described
below:

Column ‘ Description

Input Curve Displays all the possible input curves, including user
property curves.

Curve Incl L.E. Specifies if the corresponding input curve includes light

ends. If an input curve is not used, the corresponding
checkboxes are grayed out.

Bulk Value Specifies the bulk value for the corresponding input
curve.

Bulk Value Incl Specifies if a given bulk value contains the

L.E. contributions of light ends. If no light end compositions

are given these checkboxes are grayed out.

The last five columns are used for piece-wise bulk property
fitting. When fitting a given bulk property value the internal
calculation curve, either based on the input curve or calculated
from a correlation, is divided into three sections. Each of the
three sections can be independently adjusted.
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Column ‘ Description

Head% Specifies the ending percent for the head section on
the input basis.

Head Adj Wt Specifies the corresponding relative bulk fit adjusting
weight factor from 0 to 10, where 0 means no
adjusting at all.

Main% Specifies the ending percent for the main section of the
input basis.
Main Adj Wt Specifies the corresponding relative bulk fit adjusting

weight factor from 0 to 10, where 0 means no
adjusting at all.

Tail Adj Wt Specifies the corresponding relative bulk fit adjusting
weight factor from 0 to 10, where 0 means no
adjusting at all.

When fitting a given bulk value, at least one section must be
adjustable. Therefore, at least one section must have a non-zero
percentage range and a non-zero adjusting weight factor. Since
the adjusting weight factors are relative, it is the weight factor
ratios among the three sections that matter.

The Apply smart bulk fitting on molecular weight and
mass density checkbox allows you to achieve the best bulk
fitting on mass density and molecular weight input curves. If the
checkbox is selected, the mass density and molecular weight
rows are disabled and the values appear in black.

In situations when either a full light ends analysis is not
available or you do not want to identify part of the analyzed light
ends components (in other words, only partial light ends
analysis data is available), HYSYS can generate overlapping
hypothetical components to compensate the missing portion of
the light ends, making the output stream matching both the
partial light ends input and the other input curves. To activate
this option, select the Allow Partial Light Ends Input
checkbox. Once selected, HYSYS identifies the need and
generate the needed hypothetical components to compensate
the missing portions of the light ends, leading to a much better
fit between the generated curves and the input curves.

If the input for either molecular weight or mass density curves is
less than 95% on a user defined basis, only the extrapolated tail
is adjusted to match the user specified bulk value. If the input is
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more than or equal to 95% on the user defined basis, the entire
curve will be adjusted to match the bulk value specified.

The user input data is the most reliable data available, and
hence should not be adjusted to match the bulk value as long as
there is enough extrapolated data to adjust.

When only the tail is adjusted, it is ensured that the upper end
point is no lower than the linear extrapolation of the last two
points. This means that in most cases, the extrapolated portion
of the curve is concave, i.e., the curvature is positive. If the bulk
value is given such that the extrapolated values are below the
linear extrapolation values, the whole curve is adjusted and the
following warning message is displayed: “Curve is normalized
due to the inconsistency between the supplied curve and bulk
data.”

If the upper limit value is reached when adjusting the molecular
weight or density curve and the specified bulk value is still not
matched, no adjustment is made and the following message
appears: “No exact match, upper limit reached”. For molecular
weight, the upper limit value is ten times that of the bulk value.
For mass density, the upper limit is three times that of the bulk
value.

If a bulk molecular weight or mass density is given without a
corresponding input curve, the whole calculated curve will be
adjusted.

The 95% input is an artificial dividing line to decide if only the
tail is adjusted or the whole curve is adjusted. If the user input
curve crosses the dividing line, there is a chance to have a
sudden change in the behaviour. If this occurs, you can
overcome the problem by manually setting the bulking fitting
options without using the smart option. To achieve similar
results manually, you can set the Head Adj Wt and Main Adj Wt
to zero, set the Main % to the desired tail starting percent, and
leave the Tail Adj Wt to its default value of 1.0.
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Bulk Properties Definition

These bulk properties are optional except when distillation data
is not available (you have selected None as the Data Type). If
you do not supply any distillation data, you must supply two of
the three initial bulk properties (Molecular Weight, Mass Density
or Watson (UOP) K factor) for HYSYS to create a "typical" TBP
curve. This TBP curve is generated based on a Whitson molar
distribution model.

If you are supplying property curves and you supply a bulk
molecular weight, density, or Watson K factor, HYSYS smoothes
and adjusts the corresponding curves to match the supplied bulk
properties. This procedure is performed whether you supply
property curves or they were internally generated by HYSYS.

Assay Definition Group

The Assay Definition group contains only one object involved in
the specification of Bulk Properties: the Bulk Properties drop-
down. The Bulk Properties drop-down list has two options:

Option ‘ Description

Used If an Assay Data Type is not selected, the Input Data group
displays the Bulk Prop table along with the Molecular
Weight of lightest component field. However, if an Assay
Data Type is selected, a Bulk Props radio button appears in
the Input Data group. When this radio button is active the
Bulk Prop table is displayed.

Not Used No bulk properties are considered in the oil characterization
calculations.
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Input Data Group

The Input Data group that appears when Used is selected for
bulk properties is shown in the figure below:

L Aseayhesap-1 i =] |
Aszay Definition Input Data
Bulk Properties Used hal Iolecular Weight <emply> I
Standard D ensity B79.8 kg/m3
Azsay Data Type None jv ‘Watson UOPK <emply>
Viscosity Tppe D'ynamic
Vizcosity 1 Temp ITTEC
izcosity 1 <emphy
Viscozity 2 Temp 93.89C
Viscozity 2 <empls

Malecular weight of lightest component

Light Ends Handling & Bulk Fitting Options |

_|=Input Data‘ Calculation Defaults J ‘working Curves JF‘Iots Carrelations J User Curves JNotes

Delete Mame: |Aszap-1 Agzay Was Mot Calculated Calculate

It consists of two objects: the Bulk Properties table and
Molecular Weight of lightest component field.

The Molecular Weight of lightest component field is only
visible when the Assay Data Type selected is None.

The Bulk Properties table has several fields:

Bulk Properties ‘ Description

Molecular The Molecular Weight must be greater than 16.
Weight

Standard Density | The mass density must be between 250 and 2,000 kg/
m?3 (units can be mass density, API, or specific gravity,
chosen from the drop-down list).
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Bulk Properties ‘ Description
Watson (UOP) K This factor must be between 8 (highly aromatic or
factor naphthenic) and 15 (highly paraffinic). Only field units

are used here.

The Watson (UOP) K factor is an approximate index of
paraffinicity, with high values corresponding to high
degrees of saturation:

K = 3 /Mean Avg. BP
sp gr 60F / 60F

where:

Mean Avg. BP = the mean average boiling point
is in degrees Rankine.

Bulk Viscosities The bulk viscosity type and the temperature at two
reference points.

Defining Assay Types

Assay Definition Group

To define Assay types, select a type in the Assay Definition
group using the drop-down list.

Figure 4.14

Azzay Definitian

Bulk Properties Used -
Asszay Data Tppe MNone -
TEP
ASTM DBE
ASTH D160

ASTH DBED1160
ASTM D2887
Chromatograph
EFV

Mone

Light Ends Handling & Bulk Fitting Options
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Assay types that are available are described in the table below:

Assay Type ‘ Description

TBP True boiling point distillation data at atmospheric pressure.
Once you have selected this option, the TBP Distillation
Conditions group is displayed.

~TEF Distillation Condition:
= Atmospheric (ol

Wacuum Dist, Pressure [LEEre

The default distillation conditions are atmospheric,
however, you can enable Vacuum Distillation for sub-
atmospheric conditions by selecting the Vacuum radio
button. The default pressure in this case is 10 mmHg
(ASTM standard). When you supply sub-atmospheric data,
it is automatically corrected from vacuum to atmospheric
conditions using procedure 5A1.13 (without K-correction)
from the API Data Book.

ASTM D86 Standard ASTM D86 distillation data at atmospheric
pressure.

You must provide data on a liquid volume basis.

You can specify the ASTM D86/TBP Interconversion Method
(API 19741, API 19872, API 19943 or Edmister-Okamoto
1959%) on the Calculation Defaults tab. With the ASTM D86
Assay type you can also correct for thermal cracking as well
as for elevation.

ASTM D1160 ASTM D1160 distillation data. After you have selected this
option, the ASTM D1160 Distillation Conditions group is
displayed. By default, the Vacuum radio button is selected
and the Vacuum Distillation Pressure is set to 10 mmHg
(ASTM standard). When ASTM D1160 Vacuum data is
supplied, HYSYS will first convert it to TBP vacuum data,
and then convert this to TBP data at 760 mmHg using
procedure 5A1.13 of the API Data Book.

You must provide data on a liquid volume basis.

ASTM D86- This is the combination of the ASTM D86-D1160 data types.
D1160 The options for ASTM D86 and ASTM D1160 are similar to
the descriptions above. You must provide data on a liquid
volume basis.

ASTM D2887 Simulation distillation analysis from chromatographic data,
reported only on a weight percent basis at atmospheric
pressure. On the Calculation Defaults tab, you have the
choice of conversion method (API 1987°, API 1994
Indirect®, API 1994 Direct’).

Refer to Chromatogra A gas chromatograph analysis of a small sample of
Chromatographic ph completely vaporized oil, analyzed for paraffin, aromatic
Assay Input for more and naphthenic hydrocarbon groups from Cg to C3p.
information. Chromatographic analyses may be entered on a mole,

mass, or liquid volume basis. With this option, you enter
Light Ends, Bulk and Chromatographic analysis data.
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Assay Type ‘ Description

EFV Equilibrium flash vaporization curve; this involves a series
of experiments at constant atmospheric pressure, where
the total vapour is in equilibrium with the unvaporized
liquid.

None No distillation data is available; HYSYS generates a TBP
curve from bulk property data. With this option, you only
enter bulk data.

Input Data Group

The Input Data group displayed when the Distillation radio
button is selected depends on the Assay type you have selected
in the Assay Definition group.

The conversion procedure from various assay types to a TBP
curve is based on Figure 3-0.3 of the API Data Book.

Distillation Data

For Assay Type options TBP, ASTM D86, ASTM D1160, ASTM
D2887 and EFV, the procedure for entering boiling temperature
information is essentially the same - you are required to enter at
least five pairs of Assay Percents and boiling Temperatures. The
Distillation input table is exactly the same for each of these
options.

You can view and edit the assay boiling Temperature input
table by selecting the Distillation radio button and clicking
the Edit Assay button.
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Aszay Input D ata
Assay Percent Temperature
[%] IC]

1] 0.0000 -9.444

4 500 32.22

5.000 7383

14.50 115.6

20.00 154.4

30.00 2234

40.00 2733

50,00 3267

E0.00 3933

70.00 47349

7E.00 520.6

80.00 5461

85.00 G65.6

<emphy: <emplys
Al input curves except distilation are on midpaint
basis. Dependent curves will be shifted to middle.

LCancel |

For the ASTM D86-D1160 characterization procedure, you are
required to enter boiling temperature information for both the
ASTM D86 and ASTM D1160 data types. This procedure
averages the ASTM D86 curve and ASTM D1160 curve in the
area where they overlap.
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For example, in the combined ASTM D86-D1160 input form
shown on the figure below, the last recorded ASTM D86 assay
point is at 30 vol%, and the first reported ASTM D1160 data
point is at 10 vol%.

Figure 4.16

E] Assay Input Table [ x|

Azzay Input Data

Azsay Percent DE6 D160
[] [F1 IF]
0.00 TS0.0 | =emptys
5.00 720 | =empty=
10.00 §73.0 G200
20.00 885.0 | =empty=
30.00 §95.0 B30.0
50.00 | =empty= 530.0
70.00 | =empty= 7400
90.00 | =empty= ga0.0
=empty= || =empty= <Empty=

Allinput curves except distillation are on
basiz. Dependent curves will be shifted to

Cancel | oK |

Therefore, the resulting TBP curve will represent the average of
the two curves between 10 vol% and 30 vol%. Each curve must
contain a minimum of 5 data points.

Chromatographic Assay Input

This distillation option allows you to enter a standard laboratory
chromatographic analysis directly. The only required input is the
assay fraction for each chromatographic hydrocarbon group in
the paraffin, aromatic, and naphthenic families. The required
minimum of five points can be any combination of points from
the three PNA groups. The normal boiling point of each
hydrocarbon group is displayed in the PNA tables.

Chromatographic analyses may be entered on either a mole,
mass, or liquid volume basis, with the best results obtained
when the input fractions are on a mole fraction basis.
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A typical Cg. liquids chromatographic analysis is shown in the
chromatographic input form below.

Figure 4.17

~Input Data ~Input D ata
" Bulk Props Assay Basis I Mol :l' " Bulk Props Assay Basiz Mole :I'
& Paraffinic T £ Paraffinic =
€ Aramatic Fraction Name [BEH;D Fraction I—j & Aramatic Fraction Name FEFI?D Fraction
@ Mgt Hewane (C5] | £8.9 | 0.0500 @ gt Bercenc [COHEL| 500 | 0.0000
Heptane [C7 598.3 | 0.0500 Toluene [C7HE) 11006 | 0.0000
Octane [CF 1256 | 0.0500 EBZ, p+m-+plene [CEH10) 1361 | 0.0000
Monanhe [C9 160.6 | 0.0300 oylene [CBHTO 144.4 | 0.0000
Decane [C10 1739 | 0.0400 1.2.4 TMbenzene [CIH12 168.9 | 0.0000

Undecane [C11 1961 | 0.0400
Dodecane [C12) 215.0 | 0.0300
Tridecane [C13] 235.0 | 0.0300
Tetradecane [C14] 2522 | 0.0300
Pentadecane [C15) 2706 | 0.0200
Hexadecane [C1E] 2878 | 0.0200

Hartadaramna (0171 anz a Il nnnnn

Total ID.BSDU Total (00000

-

Input D ata

= Bulk Props Azzay Baziz I Male vl
" Paraffinic

" Auomatic Fraction Name TFS;D Fraction

{+ Mapthenic

Cyclopentane [CEH1O 48.9 | 0.0000
Melyclopentane [CEH12) 722 | 00000
Cpclohexane [CEH12) 811 0.0000
tcpclohexane [C7HT4) 101.1 0.0000

Tatal ID.DDUD

You may glso S(upply blllilk Chromatographic analyses are typically performed after the light
property data (see Bu R .
Properties in Section ends of the _orl_glna_l sample are remo_ved. If you have a Light
4.5.1 - Input Data Tab Ends analysis in this case, refer to Light Ends Handling &

for details). Bulk Fitting for details.

Assay Input - No Distillation Data Available

When a distillation analysis is not available, HYSYS generates a
typical TBP curve based on supplied bulk properties (molecular
weight, mass density, and Watson (UOP) K factor). You have the
option of specifying the molecular weight of the lightest
component in the mixture, which may help in generating more
accurate TBP curves for heavy petroleum fluids.
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HYSYS uses the Whitson Molar Distribution model that
requires at least two of the three bulk properties (not

including bulk viscosities) to produce an average TBP

distribution.

Figure 4.18

~Input D ata

Molecular Weight L emphys
Standard Density 879.8 kg/m3
' atson LIOPK <emply:

iscosity Type Dipnamic

izcosity 1 Temp J778C
izcosity 1 <emphys
izcosity 2 Temp 9889 C
iscosity 2 <emphys

Malecular Weight of lightest companent I

Although accurate enough for heat balance applications, caution
should be exercised when the Whitson option is used to produce
hypocomponent for fractionation calculations. This method
realistically supplies accuracy sufficient only for preliminary
sizing calculations.

For condensate with only bulk data available for the C,,
fraction, experience has shown a considerable increase in
accuracy by representing the fraction with several
hypocomponent as opposed to a single hypothetical component
with the bulk properties.

Refer to Bulk Properties Definition (earlier in this Section) for

details on entering bulk property data, particularly in regards to
Bulk Viscosities.
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General Guidelines

Some general guidelines are provided below:

e There is no limit to the number of assay data points that
you may enter for TBP, ASTM D86, ASTM D1160, ASTM
D86-D1160 ASTM D2887 or EFV analyses. Data points
may be input in any order, as HYSYS automatically sorts
your input data.

e HYSYS requires a minimum of 5 data points for all
assays. Depending on the shape of the input curve,
intermediate values for HYSYS' internal TBP working
curve are interpolated using either a third or fourth order
LaGrange polynomial fit. The points outside your data are
extrapolated using the extrapolation method which you
select on Calculation Defaults tab: Least Squares,
Lagrange or Probability.

e FEach time you change the Basis or Extrapolation method,
the Assay needs to be recalculated.

e TBP, EFV, and Chromatographic laboratory assay values
may be entered on a liquid volume, mole or weight basis.
Liquid volume is the default basis for TBP and EFV input,
and mole is the default basis for Chromatographic input.
Due to the form of the conversion curves in the API Data
Book, you must supply your ASTM D86 and ASTM D1160
distillation data on a liquid volume basis. ASTM D2887 is
only reported on a weight percent basis.

e If you are editing an assay, redefining the Basis does not
alter your supplied assay values. For example, consider
an assay curve with 10, 30, 50, 70 and 90 liquid volume
percent points. If you change the Basis to mass percent,
the assay percents and temperature are not changed.
The temperature you supplied for 10% liquid volume is
retained for 10% mass.

HYSYS generates all of its physical and critical properties
from an internally generated TBP curve at atmospheric
conditions. Regardless of what type of assay data you
provide, HYSYS always converts it to an internal TBP curve
for the characterization procedure. The internal TBP curve is
not stored with the assay.
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Light Ends

I Ignare -
Input Compasition
Auto Calculate

Light Ends Definition

Light Ends are defined as pure components with low boiling
points. Components in the boiling range of C5 to n-Cs are most
commonly of interest. Generally, it is preferred that the portion
of the oil's distillation assay below the boiling point of n-Cs be
replaced with discrete pure components (library or
hypothetical). This should always yield more accurate results
than using hypocomponent to represent the Light Ends portion.

Assay Definition Group

HYSYS provides three options to account for Light Ends, which
are as follows:

Option ‘ Description

Ignore HYSYS characterizes the Light Ends portion of your sample
as hypocomponents. This is the least accurate method and
as such, is not recommended.

Auto Select this when you do not have a separate Light Ends
Calculate analysis but you want the low boiling portion of your assay
represented by pure components. HYSYS only uses the
pure components you selected in the fluid package.

Input Select this when you have a separate Light Ends assay and
Composition your petroleum assay was prepared with the light ends in
the sample. HYSYS provides a form listing the pure
components you selected in the fluid package. Input your
data on a non-cumulative basis.

To correctly employ the Auto Calculate or Input Composition
options, you should either pick library components, or define
hypothetical components to represent the Light Ends before
entering the Oil Characterization environment. If you have
selected the Auto Calculate method without specifying light
ends, HYSYS calculates the oil using only hypocomponent,
just as if you had selected Ignore. If you selected Input
Composition, there are no light end components for which
you can supply compositions. You can go back to the Fluid
Package property view at any time and define your light
components.
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The following sections provide a detailed explanation of Light
Ends, how the laboratory may account for them, how they are
reported and how HYSYS utilizes this information. It is
recommended that you read this information to ensure that you
are selecting the right options for your assay.

Laboratory Assay Preparation

During TBP and ASTM laboratory distillations, loss of some of
the Light Ends components from the sample frequently occurs.
To provide increased accuracy, a separate Light Ends assay
analyzed using chromatographic techniques may be reported.

Regardless of whether a separate light ends analysis was
provided, your overall assay is either Light Ends Included or
Light Ends Free. The way in which your sample was analyzed
affects both the results and the method you should use to input
the information for your characterization.

Light Ends Portion Included in Assay

In this case, your assay data was obtained with the light ends
components in the sample; i.e., the assay is for the whole
sample. The IBP temperature for your assay is lower than the
boiling point of the heaviest pure light end component. This
corresponds to an IBP approximately equal to the weighted
average boiling point of the first 1% of the overall sample. For
example, if the lightest component is propane and it makes up
more than 1% of the total sample, the IBP of the assay is
approximately -45°F (the normal boiling temperature of
propane).
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If the Light Ends were included in your overall assay, there are
two possibilities:

Option ‘ Description

Light Ends If you know that light ends are included in your assay,

Analysis select the Input Composition option from the Light

Supplied Ends group, and enter the composition data directly
into the Light Ends composition property view.

No Light Ends If you do not have a laboratory analysis for the light

Analysis ends portion of your assay, then you should use the

Available Auto Calculate option. HYSYS represents the light ends

portion of your assay as discrete pure components,
automatically assigning an appropriate assay
percentage to each. If you do not do this (you select
Ignore), HYSYS represents the Light Ends portion of
the assay as petroleum hypocomponent.

Assay is Light Ends Free

Your assay data was analyzed with the Light Ends components
removed from the sample, or the assay was already adjusted for
the Light Ends components. The IBP temperature for your assay
is higher than the boiling point of the heaviest pure light end
component - typically your assay is for the Cg, fraction only and
the IBP temperature is somewhat above 95°F (36°C).

If your distillation data is light-ends free and you have separate
light-ends analysis data, you can use HYSYS oil characterization
to combine the two. The advantage of doing this is that the bulk
properties, if available, will be fitted and matched accurately. To
do the combining, you need to input the distillation data and
light ends data as usual and then click the Light Ends
Handling & Bulk Fitting Options button accessible from
Input Data or User Curves tab. In the Light-Ends Handling &
Bulk Fitting Options property view, clear the Curve Incl L.E.
checkbox for distillation. If you have bulk properties to fit, you
need to indicate if the bulk values include light ends by selecting
or clearing the Bulk Value Incl L.E. checkboxes.
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Input Data Group

When you have selected Input Composition as the Light Ends
option and you select the Light Ends radio button in the Input
Data group, the following property view appears.

Figure 4.19

(& o [m] b
~&zzay Definitior Input Data
Bulk Properties Used =] | | BulkFrops Light ErdsBasis | Liquid Volume % |+
A Data T TEP " Light Ends T
sy BEE b € Distillation Light Ends | Compasition 0
Light Ends Input Composition VI WMethane 5005003 615
Ethane 2.250e-002 -88.50
talecular wt. C Hat Used I
plectlar i Lurve | HotDss = B 93200 4210
Drensity Curve Mot Used vl i-Butane 0.2400 -11.73
r-Butane 0.8200 -0.5020
Yiscozity Curves Mot Used VI Hzo 0.0000 100.0
TBF Distillation Condition:
’7 " Atmospheric = Yacuum
Light Ends Handling & Bulk Fitting O ptions
| Percent of Light Ends in Assay E 1.4090
-
Input Data | Calculation Defaults I ‘wiorking Curves IF‘Iots I Correlations I Uszer Curves I Hotes |
e Hame: [y L AsasCduided

There are three objects associated with the Light Ends Input and
are described below:

Object ‘ Description

Light Ends Basis Allows you to select the basis for the Light Ends
analysis on a mole, mass, or liquid volume basis. The
way in which you enter the rest of the light ends data
depends on whether you select a percent or flow basis:

¢ Percent. Enter the percent compositions for the
Light Ends on a non-cumulative basis. HYSYS
calculates the total Light Ends percentage by
summing all of the Light Ends assay data. If the
sum of the light ends assay values is equal to 100
(you have submitted normalized data), you must
enter the Percent of light ends in the Assay. This
value must be on the same basis as the
distillation data.
If the sum of the light ends is equal to 1.0000,
HYSYS assumes that you have entered fractional
data (rather than percent), and you are required
to enter the Percent of light ends in the Assay.

¢ Flow. Enter the flows for each component, as well
as the percent of light ends in the assay.
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Refer to Appendix B -
0Oil Methods &
Correlations for a
graphical representation
of the Auto Calculate
Light Ends removal
procedure.

Object ‘ Description

Light Ends The matrix consists of the three fields:

Composition e Light Ends. Displays all pure components or

matrix hypotheticals you selected in the associated fluid
package.

e Composition. The composition value of the
associated component is either entered (when
Light Ends drop-down is set to Input
Composition) or automatically calculated (when
the Light Ends drop-down is set to Automatically
Calculated)

e NBP. The Normal Boiling Point of the associated
component or hypothetical.

Percent of lights The total percentage of light ends in the Assay. If the
ends in Assay Light Ends Basis selected is percentage (i.e.,
LiquidVolume%, Mole% or Mass%), then this is
automatically calculated. If the Basis selected is flow
based (i.e., Liquid Flow, Mole Flow or Mass Flow), you
are required to provide this value.

Auto Calculate Light Ends

The Auto Calculate extraction procedure internally plots the
boiling points of the defined Light Ends components on the TBP
working curve and determine their compositions by
interpolation. HYSYS adjusts the total Light Ends fraction such
that the boiling point of the heaviest Light End is at the centroid
volume of the last Light Ends component. The results of this
calculation are displayed in Light Ends Composition matrix.

If a fluid package contains a large number of hydrocarbons,
especially heavy ones, HYSYS may allocate a very large portion
of the assay input to light ends, leading to undesired results.
The checkboxes under the Use column allows you to decide
which components are used in the light ends auto allocation.
This option gives you more control on the light ends to be used,
and allows the use of any fluid package to be associated with
the oil manager, even with very heavy hydrocarbons.
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Unlike when setting the Input Composition, the matrix is not

editable.

Figure 4.20
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Physical Property Curves

Specification

Physical property analyzes are normally reported from the
laboratory using one of the following two conventions:

¢ An Independent assay basis, where a common set of
assay fractions is not used for both the distillation curve
and physical property curve.

e A Dependent assay basis, where a common set of assay
fractions is used for both the distillation curve and the
physical property curves.

Physical properties are average values for the given range, and

hence are midpoint values. Distillation data reports the

temperature when the last drop of liquid boils off for a given
assay range, and therefore distillation is an endpoint property.
Since all dependent input property curves are reported on the
same endpoint basis as the distillation curve, they are converted
by HYSYS to a midpoint basis. Independent property curves are
not altered in any manner as they are already defined on a

midpoint basis.
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As with distillation curves, there is no limit to the number of
data points you provide. The order in which you input the points
is not important, as HYSYS sorts the input data. A minimum of
five data points is required to define a property curve in HYSYS.
It is not necessary that each property curve point have a
corresponding distillation value.

Entering the 0 vol% point of a dependent curve contributes
to defining the shape of the initial portion of the curve, but
has no physical meaning since it is a midpoint property
curve.

If a bulk molecular weight or mass density is going to be
supplied, then the corresponding Molecular Weight or Density
working curve generated from your input is smoothed to ensure
a match. If you do not enter bulk properties, then they are
calculated from the unsmoothed working curves.

Assay Definition Group

Each property curve type (i.e., Molecular Wt., Density and
Viscosity) has its own drop-down list in the Assay Definition
group.

—Azsap Definition
Bulk Properties I Used vl
Azeay Data Type TEF -

Light Ends Im
Malecular st Curve Im
Density Curve Im
“iscozity Curves IWLI

"TBF‘ Dijstillation Cond|

. Dependent
& Atmospheric \nd‘;endent
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Each drop-down list contains the same three options and are
described below:

Option ‘ Description
Not Used No property data is considered in the assay calculation.
Dependent A common set of assay fractions is used for both the

distillation curve and the physical property curves.

Independent | A common set of assay fractions is not used for both the
distillation curve and physical property curve.

Input Data Group

Defining Molecular Weight and Density property curves as either
Independent or Dependent adds the corresponding radio button
to the Input Data group. However, defining a Viscosity property
curve as Independent or Dependent, HYSYS accepts viscosities
for assay values at two specified temperatures, with the default
temperatures being 100 and 210°F. Selecting the Molecular
Wt., Density, Viscosityl, or Viscosity2 radio buttons brings
up the objects associated with the specification of the respective
property curve.

To enter the property curve data, simply select the radio button
for the property curve you want to input and click the Edit Assay
button.
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Molecular Wt. Curve

An example of a Molecular Weight assay is shown below:

~Input Data

" Bulk Props
i Light Ends
" Digtillation Aszsap Percent Iale et

i Molecular W 0.0000 500
4.500 50.00
9.000 1170
14.50 135.0
20.00 150.0
30.00 1820
40.00 225.0
50.00 2820
50.00 3800
70.00 486.0
80.00 585.0
90.00 T30

Edit Assay... |
[ TableisReady ]

In Dependent Curves, making a change to an Assay Percent
value automatically changes this value in all other
Dependent curves (including the Boiling Point curve).

The assay data is entered into the Assay Input Table property
view which is opened when the Edit Assay button is selected.
The form of this property view is the same regardless of whether
you have specified Independent or Dependent data. However, if
you specified Dependent data, the Assay Percents that you
defined for the distillation data are automatically entered in the
table.

Depending on the shape of the curve, intermediate values for
HYSYS' internal working curve are interpolated using either a
third or fourth order Lagrange polynomial fit of your input curve,
while points outside your data are extrapolated. You can select
the extrapolation method for the fit of your input curve on the
Calculation Defaults tab: Least Squares, Lagrange or Probability.
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Density Curve

An example of a Density assay is shown below:

~Input Data

" Bulk Props

" Light Ends Diensih
 Distilation Assay Percent [kg,améf]

' Molecular Wt 13.00 725.0
i+ Density 33.00 7a7.8
57.00 736.0
74.00 8321
51.00 8965

The assay data is entered into the Assay Input Table property
view which is opened when the Edit Assay button is selected.
The form of this property view is the same regardless of whether
you have specified Independent or Dependent data. However, if
you specified Dependent data, the Assay Percents that you
defined for the distillation data are automatically entered in the
table.

Depending on the shape of the curve, intermediate values for
HYSYS' internal working curve are interpolated using either a
third or fourth order Lagrange polynomial fit of your input curve,
while points outside your data are extrapolated. You may select
the extrapolation method for the fit of your input curve on the
Calculation Defaults tab: Least Squares, Lagrange (default) or
Probability.
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Viscosity Curves

HYSYS accepts viscosities for assay data at two specified
temperatures and therefore provides two radio buttons,
Viscosityl and Viscosity?2, in the Input Data group.

Figure 4.24

Input Data
" Bulk Props

€ Light Ends Wiscosity Type I Drpnamic VI

" Distilation

= Molecular Wi Temperature IW
= Density _

€ Miscosity] Agsay Percent Viscosity-2

€ Viscosity2 [cP]

10.00 01000

iscosity Curve: 30.00 0.3000
™ Uz Curve 1 50.00 0.8000
= Use Curve 2 F0.00 7.500
&+ Use Both 30.00 1223

You can input data for one or both of the viscosity curves. Each
radio button brings up identical sets of objects, specific to assay
data at the designated temperature. Temperatures are entered
in the Temperature field with default values being 100 and
210°F. This implies that you have determined the viscosity at
100 or 210°F for each of your assay portions (10%, 20%, etc.).

In the Viscosity Curves group box, you can specify which curve
(or both) you want to use by selecting the appropriate radio
button.

The Assay Input Table property view, which is opened when the
Edit Assay button is selected, is filled in with the assay data. The
form of this property view is the same regardless of whether you
have specified Independent or Dependent data. However, if you
specified Dependent data, the Assay Percents that you defined
for the distillation data are automatically entered in the table.
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You may also define the viscosity unit type. The Units Type can
be one of the following:

Unit Type ‘ Description

Dynamic Conventional viscosity units (e.g., - cP)
Kinematic Ratio of a fluid's viscosity to its density (e.g.,- stoke, m?/s)

Depending on the shape of the curve, intermediate values for
HYSYS' internal working curve are interpolated using either a
third or fourth order Lagrange polynomial fit of your input curve,
while points outside your data are extrapolated. You may select
the extrapolation method for the fit of your input curve on the
Calculation Defaults tab: Least Squares, Lagrange or Probability.

The defaults for a new assay may be modified by clicking the Oil

Input Preferences... button on the Assay tab of the QOil

Characterization property view. The same property view may

also be accessed from the Simulation environment by the

following sequence:

1. Select Tools-Preferences command from the menu bar.

2. On the Session Preferences property view, go to the Oil
Input tab.

3. Select the Assay Options page.
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The Calculation Defaults tab is shown below:

F Assay:Assay-1 !Ii[ E
rConversion Method! rExtrapolation Methods——————————————————
Da6-TEF AF115T4 :l' Curye Extrapolation Apply
: Era—
pesETTER — Distilation | Probabifty = | [ Both End = |
~Corrections for Baw Lab Data
[ Use Only if Lab Dats is Nt Corrected Molecular | Least Sauare || Both Ends
Apply Lab Barometric Pressure Correction PNy I L= Squarejl Lo Endej
f* Mo (Recommended) ~ Yes Viscosity 1 I e Squarejl et Endsj
Lab Barometric Pressure I 4.70 psia iscosty 2 I Least Squarejl Both Endej

r&pply ASTh DEE AP Cracking Correction
% Mo (AP-Recommended)  ( Yes

—_—
Input Data  Calculation Defaults | Working Curves IP|DtS I Correlations: IUsar Curves }des r

The internal TBP curve is not stored with the assay. The
Calculation Defaults tab contains three main groups:

e Conversion Methods
e Corrections for Raw Lab Data
e Extrapolation Methods

Conversion Methods Group

HYSYS generates all of its physical and critical properties from
an internally generated TBP curve at atmospheric conditions.
Regardless of what type of assay data you provide, HYSYS
always converts it to an internal TBP curve for the
characterization procedure. For ASTM D86 and ASTM D2887
assays types, you may specify the inter-conversion or
conversion methods used in the Conversion Methods group.
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The group consists of the following two drop-down lists:

Field ‘ Description
D86-TBP There are four interconversion methods available:
(Interconversion) e API 19741

e API 19872

o API 19943

 Edminster Okamoto 19594
D2887-TBP There are three interconversion methods
(Interconversion) available:

e API 1987°

e API 1994 Indirect®

o API 1994 Direct’

Corrections for Raw Lab Data Group

In this group, two correction methods are available for
previously uncorrected laboratory data:

Correction ‘ Description

Apply Lab ASTM D86 data that is generated above sea level
Barometric conditions must be corrected for barometric pressure.
Pressure If this is not done by the laboratory, select the Yes
Correction radio button from the subgroup and HYSYS performs

the necessary corrections. Enter the ambient
laboratory barometric pressure in the Lab Barometric
Pressure field and HYSYS corrects your ASTM
distillation data to 1atm before applying the API Data
Book conversions for ASTM D86 to TBP distillation.

Apply ASTM D86 API no longer recommends using this correction:

API Cracking The ASTM cracking correction is designed to correct for
Correction the effects of thermal cracking that occur during the
laboratory distillation. If this is not done by the
laboratory, select the Yes radio button, and HYSYS
performs the necessary corrections. This correction is
only applied to ASTM D86 temperatures greater than
485°F (250°C).

The API cracking correction should not be applied to
ASTM D86 distillations that extend beyond 900°F
(500°C), due to the exponential nature of the
correction.
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Extrapolation Methods Group

HYSYS allows you to choose the extrapolation method used for
the different Assays (i.e., Distillation and the Molecular Weight,
Density and Viscosity property curves). There are three

methods available:

Extrapolation
Method

Lagrange

Uses

For assays representing cuts (i.e., naphtha) or assays
for properties other than Boiling Temperature.

Least Squares

The Least Squares method is a lower order Lagrange
method. For this method, the last five input points are
used to fit a second order polynomial. If the curvature
is negative, a straight line is fit.

Probability

Use the Probability extrapolation method in cases when
your Boiling Temperature assay represents a full range
crude and the data is relatively flat. For instance, the
data in the distillation range of your assay (i.e., 10% to
70%) may be relatively constant. Instead of linearly
extending the curve to the IBP and FBP, the Probability
method only considers the steep rise from the FBP.

Known Part
F—of Curve —

Extlaggolated
Part

Temperature

Assay%

This group also allows you to specify which end of the curve to
apply the extrapolation method. There are three choices

available:
e Upper end
e Lower end
e Both ends
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4.5.3 Working Curves Tab

The third tab of the Assay view is the Working Curves tab.
After the Assay is calculated, you can view the Assay Working
Curves:

Figure 4.26

- = £

—Azsay Working Curve:

X MNEP Mass Density | Yiscosity 1 Viscosity 2 | &
Point Ioles Cum. Moles K] Idole Wt [kg/rd] [cF] [eF] :II
0 0.00000 0.00000 06020 5687 5245 0137 0.0
1 0.01000 0.01000 43158 B4.65 ES91.8 0.251 0132
2 0.01000 0.02000 18.26 E2.72 E93.2 0.267 0142
3 0.01000 0.03000 2753 E5.90 70E5 0.285 0153
4 0.01000 0.04000 36.93 £3.52 138 0.234 0162
5 0.01000 0.05000 46.24 7342 7209 0233 0168
[ 0.01000 0.06000 55.45 77.35 FRT 0.288 0167
7 0.01000 0.07000 £4.52 81.30 7344 0,306 0185
2 0.01000 0.02000 733 g5.10 740.7 0325 0196
9 0.01000 0.03000 a0.84 a7.93 7460 0343 0205
1a 0.01000 0.10000 86.32 90.30 7439 0,358 0213
11 0.02500 0.12500 101.6 98.71 7E0.3 0.405 0.237

12 0.02500 0.15000 1198 1081 7724 0.473 0271

13 0.02500 017500 1372 17.3 7836 0.552 0308

14 0.02500 0.20000 1545 1271 7345 0644 =
Input [ ata I Calculation Defaults  ‘Working Curves I Flots I Correlations I Uszer Curves I Notes |
Debte | Mame: [Evamole I C:cude |

Recall that the working curves are interpolated using either a
third or fourth order Lagrange polynomial fit of your input curve,
while the method used to extrapolate points outside your data
depends on the type of curve (Mass Density, Viscosity, Molecular
Weight). You select the method for the fit of your input curve:
Least Squares, Lagrange or Probability.

HYSYS always uses 50 points in the calculation of the working
curves, but the molar distribution varies depending on the data
you provide. In cases where there is a region with a steep
gradient, HYSYS moves more points to that region, but still uses
50 points.
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4.5.4 Plots Tab

Following the Working Curves tab is the Plots tab, on which you
can view any of the input data curves in a graphical format.

Figure 4.27
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only available if a User Fronet
raperty:
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The Property drop-down list, shown above, displays the options
available for the y-axis of the plot. The Distillation option shows
the boiling temperature input according to the Assay Type
chosen (i.e., TBP, ASTM D86, etc.). The x-axis displays the
Assay% on a basis consistent with the format of your input.

An example of a distillation boiling point curve is shown in the
figure below. All of the entered data point pairs and the
interpolated values are drawn on the plot.

Figure 4.28
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For details on the various
Graph Control options,
refer to Section 10.4 -
Graph Control of the
HYSYS User Guide.

Refer to Section 4.8.1 -
Correlation Tab for
more information.

To make changes to the appearance of the plot, object inspect
the plot area. From the menu that appears, select Graph
Control.

4.5.5 Correlations Tab

The Correlations tab of the Assay property view is shown below:

Figure 4.29

~ =]

~Carrelation Set
Selected: IDefauItSet -
L°Wgnd ! H'Qh[CE]”d T ww 56 Te Fe doc. Factor | IdealH
N 1200 | Twu citical pr | Constant ' at Lee_Kesler Lee_Kesler Lee_Kesler Lee_Kesler
Edi... |
Input Data I Calculation Defaults I ‘working Curves IF‘Iots Correlati | Uszer Curves INotes]

Delete | Name: [Assayt SR Cocut

The correlations tab consists of the following objects:

Object ‘ Description

Selected By default, this is Default Set (if you have changed the
Correlation name of the default set, that name is displayed). You can
Set select another correlation set from the Selected drop-down

list, but first you must define one on the Correlation tab of
the Oil Characterization property view.

You can define new correlations sets via the Correlation
tab, accessible from the main Oil Characterization property

view.
Low and This is the range for which the Correlations are applied. If
High End you split the range, then more than one temperature range

Temperature | is displayed.

You can edit the temperature of defined splits for custom
Correlation Sets on this tab.

MW The MW correlation is displayed. You cannot change the
correlation in this property view; this can be done from the
Correlation tab accessible from the main Oil
Characterization property view or by clicking the Edit
button.

You can change only the name of the default set. If you
want to change any correlations, you must create a new
correlation set.
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Object ‘ Description

SG The specific gravity (density) correlation is displayed. You
cannot change the correlation in this property view; this

can be done from the Correlation tab accessible from the
main Oil Characterization property view or by clicking the

Edit button.
Tc, Pc, Acc. The critical temperature, critical pressure, acentricity and
Factor, Ideal Ideal Enthalpy correlations are displayed. You cannot
H change correlations on this tab; this can be done in the

Correlation property view accessible from the main Oil
Characterization property view. To edit the Selected
Correlation Set from this tab, click the Edit button. This
takes you to the Correlation property view.

Only the molecular weight and specific gravity correlations are
required in the calculation of the working curves. The critical
pressure, critical temperature, acentricity, and ideal enthalpy
correlations are also displayed on the Assay property view, as
these are applicable only in the calculation of the
hypocomponent properties.

Although a Correlation set contains methods for all
properties, the Correlation tab, as seen on the Assay and
Blend property views, displays only the properties
appropriate to that step in the Characterization process.

If you supply molecular weight or density curves, then their
respective correlations are not required. You do not have a
choice of correlations for calculating the viscosity curves.

4-56



HYSYS Oil Manager 4-57

4.5.6 User Curves Tab

See Light Ends The User Curves tab of the Assay property view is shown below:
Handling & Bulk Fitting

for details on the Light "
Ends Handling & Bulk Figure 4.30

Fitting Options button.

(& ) [s]
User Property Selection User Curve Dat
Awailable User Prop Selected Uszer Prop Manme ISquur—
[Bafo————
Table Type Independent
Bulk Yalue <emplys
LI Extrap Method Lagrange
< Remove | Apply To Upper End
Aigzay ¥ Walue j‘
1.600 0.002
E.564 0.0
11.73 0.002
15,09 0002 ||
Edt. |
Light-Ends Handling & Bulk Fitting Dptions |
_ Input Data I Calculation Defaults I ‘wiorking Curves I Plats I Correlations  User Curves -
Deletz | Wame: [AssayT S ool

The available and selected User Properties are displayed in the
left portion of the property view. User Properties are defined on
the User Property tab of the Oil Characterization property view.

There are two elements to a User Curve:
e The definition of how the property value is calculated for
a stream (mixing rule).

e The assay/property value information that is supplied for
a given assay.

The property definition (see Section 4.7 - User Property for
details) is common to all assays.

After a User Property is defined, you can add it to the Assay by
highlighting it and selecting the Add button. To remove a User
Property from the current Assay, highlight it and select the
Remove button. Double-clicking on a User Property name in the
selection list opens the User Property property view as described
in Section 4.7.2 - User Property Property View.
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After adding a User Property, you can edit the User Curve Data:

User Curve Data ‘ Description

Table Type This is either Dependent or Independent. If you select
Dependent, the Assay Percents are automatically set to
the values you specified for the Boiling Temperature
assay (Input Data tab).

If the table type is Dependent and you change the
assay percents on this tab, this also changes the assay
percents in the Distillation boiling temperature matrix
and for any other dependent curve.

Bulk Value Specify a Bulk Value. If you do not want to supply a
bulk value for the user property, ensure that this cell
reads <empty> by placing the cursor in that cell and
pressing the DELETE key.

Extrapolation This field allows you to choose the extrapolation
Method method used for the selected user property in the
current assay. The available choices are:

e Least Squares

e Lagrange

¢ Probability
Apply To This field allows you to choose which end of the curve

to apply the extrapolation method to. There are three
choices available:

e Upper end

e Lower end

e Both ends
User Property Provide the Assay percents and User Property Values in
Table this table. At least five pairs of data are required.

4.5.7 Notes Tab

HYSYS provides a tab where you can enter a description of the
Assay for your own future reference. This can also be accessed
through the notes manager.
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4.6 Hypocomponent
Generation

The Cut/Blend tab of the Oil Characterization property view is
shown below:

= 0il Characterization

ilahle Blend: rBlend Information
Mame

Blend-1 WiEw... Blend-1

Description
Describe the Blend here

Delete
(Last modified Fri Mar 28, 2003,

Clone 10:46)

1L

_—
Azzzy  Cut/Blend | User Property I Correkstion I Inztall Cil I

Clear Al | Calculate Al | Oil Outpaut Seﬂlngs..l Eeturn to Basis Environment

For a highlighted Blend, you can edit the name and provide a
description in the Blend Information group.

The Available Blends are listed in the left portion of the property
view. The following Blend manipulation buttons are available:

Button ‘ Description

View Edit the currently highlighted Blend.
Add Create a new Blend.
Delete Erase the currently highlighted Blend. HYSYS does not

prompt for confirmation when deleting a Blend, so be
careful when you are using this command.

Clone Create a new Blend with the same properties as the
currently highlighted Blend. HYSYS immediately opens a
new Blend property view.
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As described in the Oil Characterization property view section,
the general buttons at the bottom of the property view are:
e The Clear All button is used to delete all Qil
Characterization information.

e The Calculate All button re-calculates all Assay and
Blend information.

e The Oil Output Settings... button allows you to change
IBP, FBP, ASTM D86, and ASTM D2887 interconversion
methods for output related calculations.

In the following sections, each tab of the Blend property view
(accessed through the View or Add buttons) is described.

4.6.1 Data Tab

The Cut/Blend characterization in HYSYS splits internal working
curves for one or more assays into hypocomponents. Once your
assay information is entered through the Assay view, you must
Add a Blend and transfer at least one Assay to the Oil Flow
Information table to split the TBP working curve(s) into discrete
hypocomponent. The first tab of the Blend property view is
shown below:

~ I[=]
—Agzap Selection and Oil Informatior —Cut Range:
Ayailable Aszays il Flawe Infarmation Cut Option Selection I User Ranges -
ail Flow Units | FlowRate | | | -Ranges Selectio

Cop) || I A Lower TempLimt | 36.059C

[Upper Temp Limt | 786015 C |

Starting Cut Paint  [37.778 C

Cut End paint

K] Mum. of Cuts
426,667 28 Submit |
548,889 8

<—Femave | 760.000 2
< Emply

BulkD=a |
-
Datal Corelations ITabIes I Property Plot I Distribution Plat I Composite Plat I Plat Summary INotes]
Dofte | Mome: [Bln] L BendWesCalaaled ]

All Boiling Point information supplied in an assay is
converted to TBP format.
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Assay Selection

A list of the available Assays is shown in the left portion of the
property view. You can choose an assay by highlighting it and
clicking the Add button. It is removed from the Available Assays
list and added to the Oil Flow Information table, which displays
the following information:

Oil Flow
Information

Description

oil The name of the Assay is displayed in this column. There is
no limitation to the number of assays that can be included
in a single blend or to the number of blends that can
contain a given assay. Each blend is treated as a single oil
and does not share hypocomponent with other blends or
oils.

Flow Units You can select the Flow Basis (Mole, Mass or Liquid Volume)
here.

If you have several Assays, it is not necessary that they
have the same Flow Basis.

Flow Rate Enter the flow rate; you can use any units (with the same
basis); they are converted to the default.

You are allowed to define a flowsheet stream for each
constituent assay in a blend.

To view an Assay, double-click on the Assay name, either in
the Available Assays list, or in the Oil column of the Oil Flow
Information table.

You can remove an Assay from the Oil Flow Information table by
highlighting it and selecting the Remove button.
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Bulk Data

The Bulk Data button becomes available when more than one
assay is present in the Oil Flow Information table.

wil 8 [ b3

Bulk [ ata

Iolecular 4 eigh <emply:
azs Density <empy:

' atzon uopk <empys
iscosity Type Dynamic
izcosity 1 Temp ErIs
izcosity 1 <empy>
izcosity 2 temp 98.89C
iscosity? <emptys

HYSYS allows you to provide the following bulk data for a blend
on the Bulk Values property view:

e Molecular Weight

e Mass Density

e Watson (UOP) K

e Viscosities at 2 temperatures

The Bulk Data feature is particularly useful for supplying the
bulk viscosities of the blend, if they are known.

Cut Ranges

You have three choices for the Cut Option Selection:

Cut Options ‘ Description

Auto Cut HYSYS cuts the assay based on internal values.

User Ranges You specify the boiling point ranges and number of cuts per
range.

User Points You specify only how many hypocomponent you require.
HYSYS proportions the cuts according to an internal
weighting scheme.

These methods are described in detail later in this section.
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When you re-cut an oil, HYSYS will automatically update the
associated flowsheet streams with the new hypocomponents
when you leave the Basis Environment.

You can specify as many components as you want, within the
limitations of the available memory. Whether specified or
calculated internally, each cut point is integrated to determine
the average (centroid) boiling point. The centroid is always
determined using HYSYS' internally generated TBP curve on a
weight basis.

Although the external procedure for blending assays is almost
identical with that for cutting a single assay, HYSYS' internal
procedure is somewhat different. After HYSYS has converted
each assay to a TBP vs. weight percent curve, all of the
individual curves are combined to produce a single composite
TBP curve. This composite curve is then used as if it were
associated with a single assay; hypocomponents are generated
based on your instructions.

These hypocomponents are now common to the blended oil and
all the constituent oils. For each of the constituent oils, HYSYS
back calculates the compositions that correspond to these
hypocomponents.

Caution should be exercised when blending some
combinations of analyzes. An inherent advantage, as well as
limitation, of blending is that all constituent oils share a
common set of hypocomponent and therefore physical
property characteristics. Any analyzes that have large
overlapping TBP curves and very different physical property
curves should not be blended (for example, hydrocracker
recycles and feedstocks have similar TBPs but very different
gravity curves). The physical properties of components for
overlapping areas represent an average that may not
represent either of the constituent assays.

This procedure is recommended whenever recombining product
oils or fractions to produce a single inlet stream, for example in
generating a feed for an FCCU main fractionator from analyzes
of the product streams. The major advantage to blending is that
fewer hypocomponents are used to represent a given feed
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because duplicate components for overlapping TBP curves are
eliminated.

HYSYS allows you to assign the overall blend composition
and/or individual assay compositions to streams via the
Install Oil tab (Section 4.8.3 - Install Oil Tab).

A second advantage is that the composite TBP curve tends to
smooth the end portions of the individual assay curves where
they may not be as accurate as the middle portions of the
curves.

Recommended Boiling Point Widths

The following table is a guideline for determining the number of
splits for each boiling point range. These are based upon typical
refinery operations and should provide sufficient accuracy for
most applications. You may want to increase the number of
splits for ranges where more detailed fractionation is required.

Cutpoint Range Boiling Point Width Cuts/100°F
IBP to 800°F (425°C) 25°F (15°C) per cut 4
800°F to 1200°F (650°C) 50°F (30°C) per cut 2

1200°F to 1650°F (900°C) | 100°F (55°C) per cut 1

Regardless of your input data, it is recommended that you limit
your upper boiling range to 1650°F (900°C). All of the critical
property correlations are based on specific gravity and normal
boiling points and thus, NBPs above this limit may produce
erroneous results. The critical pressure correlations control this
limit. There is no loss in accuracy by lumping the heavy ends
because incremental changes in solubility of lighter components
are negligible and this range is generally not be fractionated.
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Auto Cut

If you select the AutoCut option, HYSYS performs the cutting
automatically. HYSYS uses the boiling point width guidelines, as
shown previously:

Range ‘ Cuts

100 - 800°F 28
800 - 1200°F 8
1200 - 1600°F | 4

User Points

If you select User Points from the Cut Option Selection drop-
down list, HYSYS performs the cutting process depending on the
number of cuts you specify. Enter the total number of cuts you
want to use for the oil in the appropriate field. All splits are
based upon TBP temperature, independent of the source or type
of assay data. HYSYS proportions the cuts according to the
following table:

Cutpoint Range ‘ Internal Weighting

IBP - 800°F (425°C) 4 per 100°F
800°F - 1200°F (650°C) 2 per 100°F
1200°F to FBP 1 per 100°F

The internal weighting produces more hypocomponents per
100°F range at the lower boiling point end of the assay. For
example, given a TBP temperature range of 100°F to 1400°F
and 38 components requested, HYSYS produces 28 components
for the first range, eight components for the second range and
two components for the last range:

(800 - 100) / 100 * 4 = 28

(1200 - 800) / 100 *2 = 8

(1400 - 1200) / 100 * 1 = 2
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Refer to the Boiling
Ranges Section 4.4 - Oil
Characterization
Property View for
definitions of the IBP and
FBP.

User Ranges

If you want to define cutpoint ranges and specify the number of
hypocomponent in each range, select User Ranges and HYSYS
displays the Ranges Selection information as shown in the figure
below.

Figure 4.34

~Cut Rang

Cut Option Selection I Uzer Ranges vl

~Hanges Selectonr—————————————

{Lower Ternp Limit | <emply> |

|Upper Temp Limit | <emplyy |

Starling Cut Point |37 77aC

= EndEpomt Murn. of Cuts

426 667 28 Eriitariift

E45.883 g _I
FEO.000 2
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The IBP and FBP are shown above and these values correspond
to the initial boiling point and the final boiling point of HYSYS'
internal TBP working curve. At this point all light ends are
removed (if requested) and the IBP presented is on a light ends
free basis.

The IBP and FBP of the internal TBP curve used for the column
operation's cutpoint specifications and the boiling point tables
are determined in this manner. If the first or last
hypocomponent has a volume fraction larger than that defined
by the endpoints for the IBP or FBP respectively, the TBP curve
is extrapolated using a spline fit.

You may supply the Initial Cut Point; however, if this field is left
blank, HYSYS uses the IBP. HYSYS combines the material boiling
between the IBP and the initial cutpoint temperature with the
material from the first cut to produce the first component. This
component has an NBP centroid approximately half way
between these boundaries.

The next parameters that you must supply are the upper
cutpoint temperature and the number of cuts for the first
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cutpoint range. As shown in Figure 4.34, the upper cutpoint
temperature for the first range also corresponds to the lower
boiling point of the second cutpoint range, so it does not have to
be re-entered. After the first cut range is defined, only the upper
cutpoint temperature and the number of cuts need to be
supplied for the remaining ranges. If the final cutpoint
temperature is not equal to or greater than the FBP, HYSYS
combines the material between the FBP and the last cut
temperature with the material in the last component.

For example, assume that the IBP and FBP are 40 and 1050°F
respectively, the initial cut temperature is 100, the upper limit
for the first cut is 500 degrees, and the number of cuts in the
first range is eight.

Since the boiling width for each component in the first cut range
is 50°F (i.e., [500-100]/8), the first component's NBP is at the
centroid volume of the 40 to 150 cut, in this case approximately
95°F. The remaining components have NBP values of
approximately 175, 225, 275, 325, 375, 425 and 475°F. The
upper temperature for the second range is 1,000 and the
number of cuts is equal to 5. Since the FBP is 1050, the material
in the boiling range from 1,000 to 1,050 is included with the last
component.
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4.6.2 Correlations Tab

The Correlations tab of the Blend property view is shown in the
figure below:

Wi =]
—Comelation Set
Selected: I Dretfault Set vl
Low E”d T H'gh[CE]"d T hw 56 Te Po Anc Factor Ideal H
-273.1 1200 | Twu critical p | Constant 'w'at Lee Kesler Lee Kesler Lee Kesler Lee Kesler
KN vl
Edit.. |

Data L ITabIesl Property Plot I Distribution Plot I Composite Plat I Plat Summary INotes]
Dete | Meme: [Flenc L BerdWssCaeusted |

As in the Assay Oil characterization, you can only change the
name of the default set. If you want to change any
correlations, you must create a new correlation set.

The Correlations tab consists of the following objects:

Selected
Correlation
Set

‘ Description

By default, this is Default Set (if you have changed the
name of the default set, that name is displayed). You can
select another correlation set from the Selected drop-down
list, but first you must define one on the Correlation tab of

the Oil Characterization property view.

You can define new correlations sets via the Correlation
tab, accessible from the main Oil Characterization property
view. See Section 4.8.1 - Correlation Tab.

Low and
High End

Temperature

This is the range for which the Correlations are applied. If
you split the range, then more than one temperature range

is displayed.

You can edit the temperature of defined splits for custom

Correlation Sets on this tab.
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Object ‘ Description

MW The MW correlation is displayed. You cannot change the
correlation in this property view; this can be done from the
Correlation tab accessible from the main Qil
Characterization property view or by clicking the Edit
button.

You can change only the name of the default set. If you
want to change any correlations, you must create a new
correlation set.

SG The specific gravity (density) correlation is displayed. You
cannot change the correlation in this property view; this

can be done from the Correlation tab accessible from the
main Oil Characterization property view or by clicking the

Edit button.
Tc, Pc, Acc. The critical temperature, critical pressure, acentricity and
Factor, Ideal Ideal Enthalpy correlations are displayed. You cannot
H change correlations on this tab; this can be done in the

Correlation property view accessible from the main Qil
Characterization property view. To edit the Selected
Correlation Set from this tab, click the Edit button. This
takes you to the Correlation property view.

The critical pressure, critical temperature, acentricity and ideal
enthalpy correlations are required in the Blend calculation (or
more specifically, in the calculation of hypocomponent
properties). In the calculation of hypocomponent properties, the
molecular weight and specific gravity (and viscosity) are
estimated from their respective working curves.
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4.6.3 Tables Tab

After calculating a Blend, you can examine various property and

flow summaries for the generated hypocomponent that
represent a calculated oil.

Figure 4.36

< (o]
Table Type | ~Camponent Physical Properti
Component Properties = MNEP Density Yiscosityl Wiscozity2
I]—J‘ Comp Name K] I ole 't [kg/m3] [cF] [cF]
rTable Controb———————— NBP_45 4511 8250 630.8 012618 | 6.0146e-00;
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i MBP_8E 86.45 1241 BEE.0 015184 | 7.3929e-00;
Im NEF_100 100.5 138.4 679.4 016473 | B.1156e-000
MNEP_115 1145 145.5 632.8 018107 | 9.0047e-00;
MNEP_127 1271 153.4 705.7 0.20144 010077
MNEP_143 1423 161.5 715.0 022257 011141
MNBP_156 156.1 171.2 7228 0.25704 012735
MNEP_170 169.8 179.0 7279 0.30947 015144
MEP_184 1836 1903 7328 037898 018008
MEP_198 1975 2022 7382 046880 0.21393
MREF 711 2113 ?1R 1 FAR 7 NFRRAT7 nomore |2
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From the Table Type drop-down list, you can select any one of
the following:

Table Type ‘ Description
Component With this Table Type selection, you can select one of the two radio
Properties buttons in the Table Control group:

* Main Properties. Provides the normal boiling point, molecular
weight, density and viscosity information for each individual
component in the oil.

e Other Properties. Provides the critical temperature, critical
pressure, acentric factor, and Watson K factor for each
individual hypocomponent.

Component Provides individual liquid volume%, cumulative liquid volume%,

Breakdown volume flows, mass flows and mole flows, for the input light ends
and each hypocomponent in the oil.

Molar Provides the molar fraction of each light end component and each

Compositions hypocomponent in the oil.
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Table Type

Oil Properties

‘ Description

For this selection, you can select the Basis (liquid volume, molar or
mass) in the Table Control group box. There are also three radio
buttons, each producing a different table:

* Distillation. Provides TBP, ASTM D86, D86 Crack Reduced,
ASTM D1160 (Vac), ASTM D1160 (Atm), and ASTM D2887
temperature ranges for the oil.

e Other Properties. Provides critical temperature, critical
pressure, acentric factor, molecular weight, density and
viscosity ranges for the oil.

¢ User Properties. Provides all user property ranges for the oil.

Oil Distributions

Provides tabular information on how your assay would be roughly
distributed in a fractionation column. Examine the End Temperatures
of the various ranges as well as the Cut Distributions. You can select
the basis for the Cut Distribution Fractions (Liquid Volume, Molar,
Mass) in the Table Control group. The radio buttons provide the
option of standard fractionation cuts or user defined cuts:

e Straight Run. Lists crude column cuts: Off gas, LSR Naphtha,
Naphtha, Kerosene, Light Diesel, Heavy Diesel, Atmos Gas Oil
and Residue.

e Cycle Oil. Lists Cat Cracker cycle oils: Off Gas, LC Naphtha, HC
Naphtha, LCGO, ICGO, HCGO, Residue 1 and Residue 2.

e Vacuum Oil. Lists vacuum column cuts: Off Gas, LVGO, HVGO
and 5 VAC Residue ranges.

e User Custom. Allows for the definition of customized
temperature ranges. If changes are made to the information in
any of the standard fractionation cuts, the radio button will
automatically switch to User Custom.

4.6.4 Property Plot Tab

HYSYS can plot various properties versus liquid volume, mole or
mass percent distilled. The x-axis choice is made from the Basis
drop-down list. Any of the following options may be plotted on
the y-axis by making a selection from the Property drop-down

list:

Distillation. A table appears in which you can select which
boiling point curves to examine. Select the checkbox of
each curve you want displayed. The options include: TBP,
ASTM D86, D86(Crack Reduced), ASTM D1160(Vac),
ASTM D1160(Atm) and ASTM D2887.

Molecular Weight

Density

Viscosities at 100 and 210°F (or the input temperature)
Critical Temperature

Critical Pressure

Acentric Factor

User Property. A table appears to allow you the choice of
which user property to plot.
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Refer to the Section
4.6.7 - Plot Summary
Tab section for
information concerning
the Plot Summary tab.

Click the Clone and shelf this plot button to store the current
plot. HYSYS automatically nhames the plot with the following
format: 'the name of the active blend'-'number of plots created'.
For instance, the first plot created for Blend-1 would be named
Blend-1-0, and any subsequent plots would have the number
after the dash incrementally increased.

To edit plot labels, you must clone the plot using the Clone and
shelf this plot button. The BlendPlot appears and is stored in the
Plot Summary tab.

Plot labels can not be modified within the Property Plot tab
Blend property view.

An example of a TBP curve on a liquid volume basis for an oil is
shown below.

Figure 4.37
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4.6.5 Distribution Plot Tab

HYSYS can also plot a distribution bar chart so you can study
how your assay would be roughly distributed in a fractionation
column. Straight Run, Cycle Oil, Vacuum QOil and User Custom
TBP cutpoints are available distribution options, as shown by the
radio buttons in the Cut Input Information group. You can
choose the Basis for the Cut Distribution Fractions (Liquid
Volume, Molar, Mass) in the Plot Control group.

Figure 4.38
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Click the Clone and shelf this plot button to store the current
plot. HYSYS automatically names the plot with the following
format: ‘the name of the active blend'-'number of plots created'.

ieée;toslhe Ssection For example, the first plot created for Blend-1 is named Blend-
.6.7 - Plot Summary _

Tab for information 1-0, apd any subsequent plots would have the numper after the
concerning the Plot dash incrementally increased. All stored plots are listed on the

Summary tab. Plot Summary tab.

To edit plot labels, you must clone the plot using the Clone and
shelf this plot button. The BlendPlot appears and is stored in the
Plot Summary tab.

Plot labels can not be modified within the Distribution tab
Blend property view.
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Refer to the Section
4.6.7 - Plot Summary
Tab for information
concerning the Plot
Summary tab.

If changes are made to the names or end temperatures in any of
the standard fractionation cuts, the radio button automatically
switches to User Custom.

An example distribution plot is shown in the following figure.

Figure 4.39
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4.6.6 Composite Plot Tab

The Composite Plot tab allows you to visually check the match
between the input assay data and the calculated property
curves. The choice for the graphical comparison is made from
the Property drop-down list:

¢ Distillation

e Molecular Weight
e Density

e Viscosity

e User Property

Click the Clone and shelf this plot button to store the current
plot. HYSYS automatically names the plot with the following
format: 'the name of the active blend'-'number of plots created'.

For example, the first plot created for Blend-1 is named Blend-
1-0, and any subsequent plots have the number after the dash
incrementally increased. All stored plots are listed on the Plot
Summary tab.
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To edit plot labels, you must clone the plot using the Clone and
shelf this plot button. The BlendPlot appears and is stored in
the Plot Summary tab.

Plot labels can not be modified within the Composite tab
Blend property view.

An example molecular weight curve comparison is shown in the
following figure.

Figure 4.40
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The calculated molecular weight lies above the input curve
(instead of over-laying it) because the calculated curve has been
shifted to match an input bulk MW.

4.6.7 Plot Summary Tab

e At On this tab, you can view the list of stored plots for the current
blend. From the Created Plots group you can access any stored
plots or remove plots from the list. The list of created plots are
generated from the Property, Distribution, and Composite Plots
tabs and shown on the left.

Access a plot by double-clicking on its name or by right-clicking
_ Rewoe | its name and selecting View from the object inspect menu.
From the BlendPlot property view, you can edit plot labels by
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Refer to Section 4.5.6 -
User Curves Tab for an
explanation of attaching
User Properties to
existing Assays.

User Property

right-clicking and selecting the graph control option. This
method of modifying plots is preferable, since you can plot what
you want and that there is a single location for viewing them.

The cloned plots are independent, thus the labels can be
modified and are not overwritten. The plotted data for the
cloned plots is also updated as the blend changes.

Click the Remove button to remove a selected plot from the
list. Only one plot can be removed from the list at a time.

There is no confirmation message when you click the
Remove button.

4.6.8 Notes Tab

HYSYS provides a tab where you can enter a description of the
Blend for your own future reference.

4.7 User Property

A User Property is any property that can be defined and
subsequently calculated on the basis of compositions. Examples
for oils include R.O.N. and Sulfur content. During the
characterization process, all hypocomponents are assigned an
appropriate property value. HYSYS then calculates the value of
the property for any flowsheet stream. This enables User
Properties to be used as Column specifications.

After User Properties are installed, you can then supply assay
information as for Viscosity, Density or Molecular Weight Curves.
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4,7.1 User Property Tab

The User Property tab of the Oil Characterization property view
is shown below:

Figure 4.41
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The Available User Properties are listed in the left portion of the
property view. The following User Property manipulation buttons
are available:

Button ‘ Description

View Edit the currently highlighted User Property.

Add Create a new User Property (see the following section,
User Property Property View).

Delete Erase the currently highlighted User Property. HYSYS does

not prompt for confirmation when deleting a User Property.

Clone Create a new User Property with the same properties as the
currently highlighted User Property. HYSYS immediately
opens a new User Property property view.

The general buttons at the bottom of the property view are:
e The Clear All button is used to delete all Qil
Characterization Information.

e The Calculate All button re-calculates all Assay and
Blend information.

e The Oil Output Settings... button allows you to change
IBP, FBP, ASTM D86, and ASTM D2887 interconversion
methods for output related calculations.

4-77



4-78 User Property

For a highlighted User Property, you can edit the name and
provide a description.

4.7.2 User Property Property
View

sefer ;0 Chal:_ter f7 - When you first open this property view, the Name field has
ser Properties ror
detailed information on focus. The name of the User Property must be 12 characters or
User Properties. less.
Figure 4.42
M user Property: UserProp-1 !li[ﬁ
rBasic user prop definition
Mixing Basis Male Fraction
Mixing Rule Prmbx™F1 = F2 * SUMCCP( 1)
Mixing Parameter F1 1.00000
Mixing Parameter F2 1.00000
Unit Type Unitlezs
Lowver Limit Walue =emptys=
Upper Limit alue =emptys=
Hnitial uzer property values for all componerts in master component list——
Companent Property Yalue ;i
Methane <empty=
Ethane =empty=
Propane =Empty=
i-Butane =empty=
n-Butane <empty=
Hzo =empty=
MEBP[O145* =Empty=
HER{O]TS" zempty=
MBP[0]111* =Empty=
MBF[0]144* =Empty=
MBP[0]17E* =empty= ﬂ

i
Data I Motes

|§Edit component user property values i Mame I UzerProp-1
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Equation Parameters

The following options are available for the Basic user prop
definition group:

Parameter ‘ Description

Mixing Basis You have the following options: Mole Fraction, Mass
Fraction, Liquid Volume Fraction, Mole Flow, Mass Flow,
and Liquid Volume Flow.

All calculations are performed using compositions in
HYSYS internal units. If you have specified a flow basis
(molar, mass or liquid volume flow), HYSYS uses the
composition as calculated in internal units for that
basis. For example, a User Property with a Mixing Basis
specified as molar flow is always calculated using
compositions in kg mole/s, regardless of what the
current default units are.

The choice of Mixing Basis applies only to the basis
that is used for calculating the property in a stream.
You supply the property curve information on the same
basis as the Boiling Point Curve for your assay.

Refer to Chapter 7 - Mixing Rule Select from one of three mixing rules:
User Properties for
more detail on the Mixing

N
Rules. (P =12 T ()P

i=1

) N
P = 12 Y () In(P(i))")

i=1
2e Pmix
f1 oPml.x+10/ =

N
T x() (/1 0 P()+ 10770
i=1
where:
Pnix = total user property value
P(i) = input property value for component

x(i) = component fraction or flow, depending on
the chosen Mixing Basis

f1, f2 = specified constants

Mixing The mixing parameters f1 and f2 are 1.00 by default.
Parameters You may supply any value for these parameters.
Unit Type This option allows you to select the variable type for

the user property. For example, if you have a
temperature user property, select temperature in the
unit type using the drop-down list.
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Component User Property Values

If you want, you may provide a Property value for all of the Light
End components you defined in the Property Package. This is
used when calculating the property value for each
hypocomponent (removing that portion of the property curve
attributable to the Light Ends components).

Once you have calculated a Blend which includes an Assay
with your User Property information, the value of the User
Property for each hypocomponent is displayed in the
Component User Property Values group.

On this property view, you do not provide property curve
information. The purpose of this property view is to instruct
HYSYS how the User Property should be calculated in all
flowsheet streams. Whenever the value of a User Property is
requested for a stream, HYSYS uses the composition in the
specified basis, and calculate the property value using your
mixing rule and parameters.

Notes Tab

HYSYS provides a tab where you can enter a description of the
User Properties for your own future reference.
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4.8 Correlations &
Installation

4.8.1 Correlation Tab

Correlation sets can also HYSYS allows you to choose from a wide variety of correlations
Ki:;iwtz%t_hmugh the to determine the properties of the generated hypocomponent.
Correlations and Cut/ From the Correlation tab of the Oil Characterization property
Blend tab - view, you can create customized Correlation Sets.

Correlations tab.

Figure 4.43

‘3] 0il Characterization

Available CotrelationSets Correlation Set Information:
Mame

Y. Defaut St
Add.. Description

[ e |
Clone

] Azsay J CutBlend J Uszer Property  Correlation | Install Cil

Clear All | Calculste Al | Oil Cutput Settings | Return to Basiz Environtmerit ‘

The Available Correlation Sets are listed on the left side of the
property view. The following Correlation manipulation buttons
are available:

Buttons ‘ Description

View Edit the currently highlighted Correlation Set.

Add Create a new Correlation Set (see the following section,
Correlation Set Property View).
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Refer to Section 4.8.2 -
Correlation Set
Property View, for more
information

Buttons ‘ Description

Delete Erase the currently highlighted Correlation Set. HYSYS does
not prompt for confirmation when deleting a Correlation
Set.

Clone Create a new Correlation Set with the same properties as

the currently highlighted Correlation Set. HYSYS
immediately opens a new Correlation Set property view.

For a highlighted Correlation Set, you can edit the name and
provide a description.

The general buttons at the bottom of the property view are:

property view appears:

The Clear All button is used to delete all Oil

Characterization Information.
The Calculate All button re-calculates all Assay and

Blend information.

The Oil Output Settings... button allows you to change
IBP, FBP, ASTM D86, and ASTM D2887 interconversion
methods for output related calculations.

4.8.2 Correlation Set Property
View

When you create or edit a Correlation Set, the following

Figure 4.44

5

o s B

Low End T
IC]

High End T
[C]

M

SG

Tc

Pc

Acc. Factor

Ideal H
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1200

Twu critical pro
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Lee_Kesler

Lee_Kesler

Lee_Kesler

Les_Kesler

~Range Cantral————

Sdd Hew Fanae:
Fiemayve Fange

Aszay and Blend Aszociation

¥ Mew Assaps/Blends

= fvailable Assays
i~ Ayailable Blends

Assa

Set Used by Assay

Azzay-1

Default Set

Lizzay-2

Default Set

—
Dplionsl Motes |
[elete |

Hame: ID efault Sef

4-82



HYSYS Oil Manager 4-83

When you first open this property view, the Name field has
focus. The name of the Correlation Set must be 12 characters or
less.

Correlations and Range Control

Changes to the Molecular Weight or Specific Gravity correlations
are applied to the curve (Assay), while the critical temperature,
critical pressure, acentric factor and heat capacity correlations
apply to the Blend's hypocomponent properties. Changes to the
Assay correlations have no effect when you have supplied a
property curve (e.g., Molecular Weight); they only apply in the
situation where HYSYS is estimating the properties.

e The Working Curves are calculated from the Assay data,

incorporating the Molecular Weight and Specific Gravity
correlations.

e The Hypocomponents are generated based on your cut
option selections.

e Finally, the hypocomponent properties are generated:

e The NBP, molecular weight, density and viscosity are
determined from the Working curves.

e The remaining properties are calculated, incorporating
the critical temperature, critical pressure, acentric factor
and heat capacity correlations.

To change a correlation, position the cursor in the appropriate
column and select a new correlation from the drop-down list.

You cannot change the correlations or range for the Default
Correlation Set. If you want to specify different correlations
or temperature ranges, you must create a new Correlation
Set.
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Detailed discussions
including the range of
applicability for the
correlations is found in
Appendix B - Oil
Methods &
Correlations.

The table below shows the HYSYS defaults and available options
for these properties.

Property gg:f:ll:tion Optional Correlations
MwW Twu e Lee-Kesler e Riazi-Daubert
e Aspen e Bergman
e Penn State o Katz-Nokay
e Katz-Firoozabadi e Modified Kesler-
e Hariu-Sage Lee
e API e Aspen least-
¢ Robinson-Peng squares
o Whitson * Twu
Pc Lee-Kesler e Rowe e Cavett
e Standing e Riazi-Daubert
e Lyderson e Edmister
e Penn State e Bergman
e Mathur e Aspen
e Twu
Tc Lee-Kesler e Rowe e Cavett
e Standing e Riazi-Daubert
¢ Nokay e Edmister
e Penn State e Bergman
e Mathur e Aspen
e Spencer-Daubert e Roess
e Chen-Hu e Eaton-Porter
e Meissner-Redding e Twu
SG Constant Watson e Bergman e Bergman-PNA
K e Yarborough e Hariu-Sage
e Lee-Kesler ¢ Katz-Firoozabadi
Ideal Lee-Kesler e Cavett e Modified Lee-
Enthalpy e Fallon-Watson Kesler
Acentric Lee-Kesler e Edmister e Bergman
Factor e Robinson Peng

The Riazi-Daubert correlation has been modified by Whitson.
The Standing correlation has been modified by Mathews-
Roland-Katz. The default correlations are typically the best
for normal hydrocarbon systems. An upper limit of 1250°F
(675°C) is suggested for the heaviest component. Although
the equations have been modified to extend beyond this
range, some caution should be exercised when using them
for very heavy systems. Highly aromatic systems may show
better results with the Aspen correlations.

You have the choice of changing a property correlation over the

entire range, or making a certain correlation valid for a
particular boiling point range only. To split correlations over
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several boiling ranges click the Add New Range button and the
following property view appears.

Figure 4.45

"Qdd Mew Temperature Range—————

Mew Temp  [O0.0C

Split Bange |

Enter the temperature where you want to make the split into the
New Temp cell (in this case 400°C), and select the Split Range
button. The temperature is placed in the correlation set, and the
Correlation table is split as shown below:

Figure 4.46

pd I s B
"°""[E]”d T H'gh[EE]”d T M/ 56 Te Pe Ace. Factar Ideal H
2731 400.0 | Twu critical pro Constant W ats Lee Fesler Lee Kesler Lee_Fesler Lee_Kesler
400.0 1200 | Twu critical pro Constant 'w'ats Lee Fesler Lee Kesler Lee Fesler Lee Kesler
~Range Contral———— Azeay and Blend Azsociation
Azza) Set Uzed by Aszay Uze thiz Set
Add New Range o e e mElnes Assay-1 Default Set r
hzsap-? Diefault Set r
Remaove Range
% Available Assaps
" Awailable Blends
-
Dplionsl Hotes |
Delete | Name: ICUnSeH

You can now specify correlations in these two ranges.

e You can add more splits.

e You can also delete a split (merge range) by selecting the
Remove Range button as shown in Figure 4.46.

When you merge a range, you delete the correlations for the
range whose Low End Temperature is equal to the range
temperature you are merging.
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Highlighting the appropriate temperature in the Temperature
Range list and selecting the Merge Temp Range button removes
or merges the temperature range. When you merge a range,
any correlations you chose for that range is forgotten.

Any changes to the correlations for an Input Assay results in
e first the assay being recalculated, followed by any blend
which uses that assay. For an existing oil, it will be
automatically recalculated/re-cut using the new
correlations, and the new components are installed in the
flowsheet.

Assay & Blend Association

The different components of the Assay and Blend Association
group are described below:

Object ‘ Description

New Assays/Blends If you select this checkbox, all new Assays and
Blends that are created use this Correlation Set.

Available Assays/ These radio buttons toggle between Assay or

Available Blends Blend information.

Assay/Blend Table This table lists all Assays or Blends with their

associated Correlation Sets, depending on which
radio button is selected. You can select the Use
this Set checkbox to associate the current
Correlation Set with that Assay or Blend.

You can also select the Correlation Set for a
specific Assay on the Correlation tab of that Assay
view.

Notes Tab

HYSYS provides a tab where you can enter a description of the
Correlations for your own future reference.

4-86



HYSYS Oil Manager 4-87

4.8.3 Install Oil Tab

The Install Oil tab of the Oil Characterization property view is
shown below:

Figure 4.47

| 0il Characterization [ [ =]

il Install Informetion:

il Matme: Ready | Install Streatm Mame Flowshest
Blend-1 |~ [ Raw Crude | Case (Main)

Azsay ICul.l'BIand I Uszer Property I Correlation  Install Oil I

Clear All | Calculste Al | Ol Dutput Settings l Return to Basis Environment |

You may install a calculated Blend into your HYSYS case; it
appears in the Oil Name column of the table. Simply provide a
Stream name for that Blend, and ensure that the Install
checkbox is selected. You may use an existing stream name, or
create a new one. If you do not provide a name or you cleared
the Install checkbox(es), the hypocomponent is not attached to
the fluid package. You can install an oil to a specific
subflowsheet in your case by specifying this in the Flow Sheet
column.

If you want to install the hypocomponent into a non-
Associated Fluid Package, Add the Oil Hypo group from the
Components tab of that Fluid Package property view.

Each installed Oil appears in the component list as a series of
hypocomponents named NBP[1] ***, NBP[2] ***, with the 1
representing the first oil installed, 2 the second, etc.; and ***
the average boiling point of the individual Oil components.
HYSYS also assigns the Light Ends composition, if present, in
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the flowsheet stream.

When a Blend is installed in a stream, the relative flow rate of
each constituent Assay is defined within the Oil Characterization
and cannot be changed. However, if you install each of the
constituent Assays (represented by Blends with a single Assay)
into their own flowsheet stream, various combinations can be
examined using Mixer or Mole Balance operations. The flow and
composition for each constituent oil is transferred to your
designated flowsheet streams. The flow rate of any specified Oil
stream (as opposed to the constituents of a Blend) can be
changed at any time by re-specifying the stream rate in the
flowsheet section.

For Blends that contain more than one Assay - each
individual Assay is automatically displayed in the Oil Install
Information table.

4.9 TBP Assay - Example

In this example, a crude oil with a TBP assay curve extending
from 100°F to 1410°F is characterized. Associated with this TBP
assay are:

e A dependent molecular weight curve
e An independent API gravity curve

e Two independent viscosity curves, one at 100°F and the
other at 210°F

e The bulk molecular weight and bulk API gravity
e A liquid volume Light Ends assay for the crude oil

It is desired to split the assay into 38 hypocomponents, with
25°F cuts between 100 and 800°F, 50°F cuts between 800 and
1200°F, and the remaining portion of the crude assay into two
components.

The following assay information is available:

Bulk Crude Properties

MW 300
API Gravity 48.75
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Light Ends Liquid Volume%

Propane 0.0

i-Butane 0.19
n-Butane 0.11
i-Pentane 0.37
n-Pentane 0.46

TBP Distillation Assay

Liquid Volume%

Temperature (F)

Molecular Weight

0.0 80.0 68.0

10.0 255.0 119.0
20.0 349.0 150.0
30.0 430.0 182.0
40.0 527.0 225.0
50.0 635.0 282.0
60.0 751.0 350.0
70.0 915.0 456.0
80.0 1095.0 585.0
90.0 1277.0 713.0
98.0 1410.0 838.0

4-89

Dependent property curves have values at the same
distillation percentage as the Boiling Temperature assay, but
does not need to have values at every percentage.

API Gravity Assay

Liq Vol% Distilled | API Gravity
13.0 63.28
33.0 54.86
57.0 45.91
74.0 38.21
91.0 26.01

Viscosity Assay
Liq Vol% Distilled

Visc. (cP) 100°F

Visc. (cP) 210°F

10.0

0.20

0.10

30.0 0.75 0.30
50.0 4.20 0.80
70.0 39.00 7.50
90.0 600.00 122.30
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Refer to Chapter 2 -
Fluid Package for
details on installing a
fluid package.

H

Oil Environment icon

Refer to the Section
12.3.1 - Units Page of
the HYSYS User Guide
for details on creating a
customized unit set.

For more information
concerning the Trace
Window, refer to Section
1.3 - Object Status &
Trace Windows of the
HYSYS User Guide.

4.9.1 Initialization

Before you can start the actual characterization process, you
must:

1. Begin a new HYSYS case.

2. Select an appropriate property package.

3. Add any non-oil components, including the Light Ends that

are to be used in the characterization process, to the
component list.

In this case, use the Peng-Robinson equation of state, and
select the following components: C3, i-C4, n-C4, i-C5, and n-C5.
After you have selected the Light End components, click the Qil
Environment icon on the toolbar to enter the Qil
Characterization environment.

Prior to the input of assay data, a customized Unit Set is created
such that the default units used by HYSYS correspond to the
assay data units. Create a customized unit set by cloning the
Field unit set. Select API as the new unit for both Mass Density
and Standard Density and leave all other Field default units as
they are.

You can view a display of important messages related to the
progress of the characterization in the Trace Window. If you
want, open the Trace Window at the bottom of the Desktop.
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The main property view in the Oil Environment is the QOil
Characterization property view, as shown below:

Figure 4.48

M 0l Characterization M= R

I Azzay Information

Mame

e I—

Description

Delete

Clarne

L

It

Export

il Input Preferences.. |

—_—
Assay | CutBlend I U=er Property I Correlation I Install Cil I

Clear All | Calculate &l | il Ot Seﬂings..l Return to Basis Environment |

The tabs are organized according to the general procedure
followed in the characterization of an oil. Completing the
characterization requires the following three steps:

1. Access the Assay view by selecting the Add button on the
Assay tab of the Oil Characterization property view. Input all
of the assay data on the Input Data tab of the Assay view
and click the Calculate button.

2. Access the Cut/Blend property view (which also gives you
cutting options) by selecting the Add button on the Cut/
Blend tab of the Oil Characterization property view. Cut the
assay into the required number of hypocomponent using the
cut points outlined previously.

3. Install the calculated oil from the Oil Environment into the
flowsheet by accessing the Install Oil tab of the QOil
Characterization property view.

Although you can access the User Property tab and the
Correlation tab from the Oil Characterization property view,
neither of these tabs are used in this example.
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4.9.2 Step 1 - Input Assay
Data

On the Assay tab of the Oil Characterization property view,
select the Add button. This opens the Assay view and places the
active location in the Name cell of the Input Data tab. For this
example, change the name of the Assay to Example. The Assay
tab is shown below.

The first time you enter this property view, it is blank, except for
the Bulk Properties field and the Assay Data Type field.

Figure 4.49

~ I[=]
—Azsay Definitior Input Data
Bulk Properties lm = Light Ends Assay Basis I Male j'
ey Dl g lﬁ_ - & Distilation pR— TenpEee

[F]

Light Ends [Input Compostion =]
Iolecular . Curve lm
Dengity Curve lm
Yigcasity Curves lm

TEP Distillation Condition:
’7 v Atmospheric i Wacuum

Light Ends Handling & Bulk Fitting Options | Edit Assay... I [

At least 5 points are required

Input Dalal Calculation Defaults I ‘working Curves IPIUlsI Correlations I Uszer Curves INUles]

Delete |ﬂame' Azzay-1 | Lizzay Was Mot Calculated Calculate

The layout of this property view depends on:

1. Which Data Type you have selected. This mainly affects what Data Type
options are available (Distillation, Light Ends, etc.)

2. Which Input Data radio button you have selected. When you specify that
you have Independent or Dependent Molecular Weight, Density or
Viscosity data, a new radio button is added to the property view. In this
property view, the TBP Data Type is selected and the Distillation radio
button is selected.
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Defining the Assay

The Input Data tab is split into two groups: Assay Definition and
Input Data. As its name implies, the Assay Definition group is
where the properties of the assay are defined. Since bulk
property data is provided, select Used from the Bulk Properties
drop-down list. The bulk properties appears in the Input Data
group. Next from the Assay Data Type drop-down list, select
TBP. The Bulk Props and Distillation radio buttons are now
visible.

Light ends can be Auto Calculated by HYSYS, however since you
are provided with the light ends data, select Input Compositions
from the Light Ends drop-down list.

Now, set the Molecular Weight, Density and Viscosity curve
options in each of the respective drop-down lists. The Molecular
Weight curve is Dependent, the Density curve is Independent,
and the Viscosity curves are also Independent. As you specify
these options, radio buttons corresponding to each curve are
added to the Input Data group box. Now that the Assay is
sufficiently defined, you can begin entering assay data.

Specifying Assay Data

Specification of the Assay occurs in the Input Data group. The
field and options visible inside the group are dependent on
which radio button is selected in the Input Data group.

HYSYS calculates internal working curves using the supplied
property curve data. For each property curve, you can select the
method used for the Extrapolation of the working curve. The
Extrapolation method for each working curve is specified in the
Curve Fitting Methods group of the Calculation Defaults tab.
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Bulk Props

Select the Bulk Props radio button. Input a Bulk Molecular
Weight (300) and Bulk Mass Density (48.75 API_60) as shown
in the figure below.

Figure 4.50

Iolecular Wweight 300.0
Standard D ensity 48.75 API_ED
‘wWatson UOPK <emplys
izcosity Type Diyharmic

izcosity 1 Temp 100.0F
Wizcosity 1 <emply
Vigcozity 2 Temp 2100F
Wigcogity 2 LEmplys

No bulk viscosity information is available, so leave the Viscosity
cells blank. It is not necessary to delete the Viscosity
Temperatures as these are ignored if you do not provide bulk
viscosities.

Light Ends

Next, select the Light Ends radio button. The Input Data group
displays a Light Ends Basis drop-down list and a Light Ends
Composition table. From the drop-down list, select LiquidVolume
as the Light Ends Basis and enter the Light Ends composition as
shown below:

~Input D ata

€ Bulk Praps Light Ends Basis I Liquid Wolume %2 =

i+ Light Ends p—

 Distillation Light Ends | Composition il

; “D"D'Bct“'a' & Fropane 0.0000 4378

P V.E”S‘? ' FELtane 01300 10,69
lerasiy n-Butane 01100 31.10

" Viscosiy2 Pentane 0.3700 8218

-Pentane 04600 96.91

Percent of Light Ends in Aszay I 1.1300
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Distillation

Select the Distillation radio button to view the TBP Distillation
assay. To enter the data, click the Edit Assay button. The Assay
Input Table property view appears and enter the following assay
data:

Aszay [nput D ats
Agzay Percent Temperature
[%] [F]
1] 0.0000 80.00
10.00 255.0
20.00 3430
30.00 430.0
40.00 527.0
50.00 E35.0
E0.00 781.0
F0.00 915.0
80.00 1035
90.00 1277
58.00 1410
<emply> <emply>
Al input curves except distilation are on midpoint
basiz. Dependent curves will be shifted to middle.
LCancel

As you enter values into the table, the cursor automatically
moves down after each entry, making it easier to supply all
values in each column.

Molecular Weight

Select the Molecular Weight radio button to view the Molecular
Weight data.

Since the Molecular Weight assay is Dependent, the Assay
Percentage values that you entered for the Boiling Point
Temperature assay are automatically displayed.
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You need only enter the Molecular Weights as shown below:

Aszay [nput D ats
Assay[;;arcent Mole Wt
0.0000 5500
10.00 119.0
20.00 150.0
30.00 182.0
40.00 2250
50.00 2820
E0.00 350.0
70.00 456.0
50.00 585.0
50.00 713.0
58.00 838.0

LCancel

All input curves except distillation are on midpoint
basiz. Dependent curves will be shifted to middle.

Density

Select the Density radio button to view (or edit) the Density

assay. The default density units are displayed, in this case API.

The completed API gravity curve input is shown below:

Figure 4.54

Assay Input Data

Aszay Percent tazz Density
[#] [&P1]

1] 13.00 B3.28
33.00 54.86

57.00 45.91

74.00 /A

1.00 26.01

<LEmply: <emphy:

LCancel

Al input curves except distilation are on midpaint
bagis. Dependent curves will be shifted to middle.
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Viscosity

Select the Viscosityl and Viscosity2 radio buttons to view (or
edit) the Viscosity assays. When either of these buttons are
selected, an additional input box is displayed, which allows you
to supply the viscosity temperatures. Make sure the Use Both
radio button is selected in the Viscosity Curves group box. The
required viscosity input is shown below:

Assay Percent Viscosity Assay Percent Wiscosity
[%] [=F] 1%] [=P]
10.00 02000 ] 10.00 0.1000
30.00 7500 30.00 0.3000
50.00 4.200 50.00 0.3000
70.00 33.00 F0.00 7.500
40.00 G00.0 90.00 1223
<emphys <emphys <emplhys <emphy

Ensure that the Viscosity Units Type is Dynamic, and that the
two temperatures entered are 100°F and 210°F.
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=

~LCornversion kMethod:

DBE-TEP Interconversion AP115374 hd I
D2887-TBP Caonversion AP 15987 - I

Comections for Baw Lab Data

[ Use Only if Lab Data is Mot Corrected

Apply Lab Barametric Pressure Corection————————————
" No [Recommended] i Yes

Lab Barometric: Pressure I1 4.70 psia

Apply A5TK D8E AP Cracking Correctio
’7 Mo [4PI-Recommended) i Yes

Calculating the Assay

After entering all of the data, go to the Calculation Defaults tab.
The extrapolation methods displayed in the Curve Fitting
Methods group.

Figure 4.56

=13

~Extrapalation kethod

Curve Type Extrapolation Methad  Apply Ta

Distillation | Probabilty

jl Upper End j

Iolecular weight I Lagrange

jl Upper End j

;” Upper End LI

L” Upper End LI

Density | Lagrange
Vizcosity 1 I Lagrange
WViscosity 2 I Lagrange

L” Upper End LI

_—
Input Data  Calculation Defaullsl ‘working Curves IPIUls I Correlations I Uszer Curves I Motes |

Delete |ﬂame- Example |

Lizzay Was Mot Calculated

Calculate

The default extrapolation methods for the working curves are
adequate for this assay. To begin the calculation of the assay,
press the Calculate button. The status message at the bottom of
the Assay view shows the message Assay Was Calculated.
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Refer to Section 4.5 -
Characterizing Assays
for information on the
characterization
procedure, working curves
and extrapolation
methods.

After the Assay is calculated, the working curves are displayed
on the Working Curves tab.

Figure 4.57

< MEE
—hszay Warking Cur
. MEP Masz Dengity | Viscozity 1 Wizcogity 2 s
Paint Ioles Cum. Moles ] Iole /'t &P [cF] [cF] :II
0 0.00000 0.00000 80.00 5832 108.0 0.120 0.240
1 0.01000 0.01000 9963 9207 106.2 0123 0.066
2 0.01000 0.02000 1065 9613 1035 0123 0.073
3 0.01000 0.03000 1299 9821 98,62 0135 0.087
4 0.01000 0.04000 1663 1006 9358 0142 0.168
& 0.01000 005000 1731 1029 90.44 0143 0181
3 0.01000 0.06000 190.3 5.2 B7.46 0157 0.134
7 0.01000 0.07000 206.4 107.4 B4.76 0165 0.207
8 0.01000 0.05000 2215 1097 82.30 0174 0.221
9 0.01000 0.03000 2356 122 B80.06 0.164 0.235
10 0.01000 010000 2487 1147 78.04 01594 0.243
11 0.02500 012500 2698 119.2 74.88 0.215 0.273
12 0.02500 015000 2861 124.0 72.09 0.243 0.308
13 0.02500 017500 3189 1200 70.87 0.250 0.335
14 0.02500 020000 3393 1361 B9.77 0.333 035 |7
_ Input Data I Calculation Defaults  Working Curves I Plots I Carrelations I Uzer Curves I Hotes |
Delete | Hane: [Esaripls SR oot

The working curves for the normal boiling point, molecular
weight, mass density and viscosity are regressed from your
input curves. HYSYS uses 50 points in the calculation of the
working curves, but the molar distribution varies depending on
the data you provide. HYSYS moves more points to a region with
a steep gradient. The calculation of the Blend is based on these
working curves.

You can examine graphical representations of your assay data
on the Plots tab. Open the Property drop-down list and select
the curve that you would like to view. The default plot is the
Boiling Point Temperature (Distillation) curve. Because input
data for the boiling temperature, molecular weight, density and
viscosity were provided, all of these options are shown in the
drop-down list.

The options available in the Property drop-down list
correspond to the property curve data specified on the Input
Data tab. If only bulk data is provided, there are no plots
available.
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If multiple assays are
blended, repeat the steps
outlined in Section 4.9.2
- Step 1 - Input Assay
Data.

Figure 4.58
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Input Data I Calculation Defaults I ‘working Curves Plolsl Correlations I Uszer Curves INotes]

Delete | Name:  [Exarple SR Cocut
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4.9.3 Step 2 - Cut Assay into
Hypocomponents

You can now cut the Assay into individual hypocomponents. On
the Cut/Blend tab of the Oil Characterization property view,
select the Add button. This takes you to the Blend property view
with the list of available assays.

Figure 4.59
Wi =]
—#izzap Selection and Oil Information ~Cut Rang
Aywailable Aszays il Flow Information Cut Option Selection I Auta Cut -

il Flow Urite | FlowRate |

Add---» | <--Hemove |

BufkDsan |

—
Datal Comelations ITabIesI Property Plot I Distribution Plot I Composite Plat I Plat Summary INotes]

Delete | Hame: IBIend-T [ Blend Was Mot Calculated

If you have only one Assay, it is not necessary to enter a
Flow Rate in the Oil Flow Information table.

From the Available Assays group, select Example and click the
Add button. This adds the Assay to the Oil Flow Information
table, and a Blend (Cut) is automatically calculated.

The Blend is calculated because the default Cut Option, Auto
Cut, appears as soon as a Blend is added. Since the Cut Option
was not changed prior to the addition of the Available Assay to
the Blend, HYSYS realizes enough information is available to cut
the oil and the calculations occur automatically.
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Figure 4.60
il Flaws Information
il Flow Units Flow Rate
Example Liquid “al <emphys

Instead of using the default Cut Option, the cut points are
defined. From the Cut Option drop-down list, select User
Ranges. Enter a Starting Cut Point Temperature of 100°F and fill
out the Cut Point table as shown on the left. Click the Submit
button to calculate the Blend.

Figure 4.61

~Cut Fange:

Cut Option Selection User Ranges vI

~Ranges Selectonr———————————————

Lower Temp Limit B0.000 F
Upper Temp Limit | 1677.738F

Starting Cut Pairt |1 00.000 F

Cut End point

i Murn. of Cuts

0l 800,000 28 Subrnit |
1200.000 a

1410.000 2

< emphys

The results of the calculation can be viewed on the Tables tab of
the Blend property view. The default Table Type is the
Component Properties table with the Main Properties radio
button selected in the Table Control group.
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From the drop-down list, you can also view a Component
Breakdown, Molar Compositions, Oil Properties, and Oil
Distributions.

Figure 4.62

i =] Y
Table Type — | ~Component Physical Propertie:
IComponent Properties j MEF Denzity Wiscosity] Wiscosity2 ;I
Comp Name Il tale 't [4PI] [cF] [cF]
- Table Contral——————— MNEP_100 5383 93E0 105.7 012366 | 67187000
& Main Properties MNEF_138 1377 = 93.58 013376 | 9.0107=-00:
" Other Properties NEP_164 1636 100.4 93.74 014144 016276
it NEP_133 187.8 1037 89.25 015154 018511
él 1 = NEP_213 2128 107.2 084.65 0.16466 0.20609
£ MEP_238 2374 11.3 B0.65 018081 0.23038
MEP_263 2629 1160 76.90 0.20014 0.26623
MEP_288 2880 1200 7422 0.21574 0.27858
MNBP_313 3130 1262 71.61 0.25716 0.31269
NEP_333 3376 1325 70.23 0.30303 0.34756
NEP_362 362.4 140.3 £8.91 0.37843 0.38530
NEP_383 3875 14849 67.55 0.46802 0.42706
MRP 4172 123 1RA R RR 22 n&Ea31 NA47R34 LI
~ Dala I Comelations Tahlexl Property Plat I Diztribution Plat I Cornposzite Plot I Plot 5 urmmary I Notes |
Dk [ tawe FEE
Refer to Section 4.6.3 - All of the data that is found on the Tables tab can be viewed
Tables Tab for details raphically from the following three tabs:
on the information graphically Tro e follo 9 ee tabs:
available on the Tables e Property Plot
tab.

e Distribution Plot
e Composite Plot

On the Distribution Plot tab, select Liquid Volume fraction from
the Basis drop-down list. The following plot is displayed:

Figure 4.63

Cut Distribution - Blend-1

o7mm

osmm

osmm
Heay Diesel

i g ol

O.4om e sidoe

oam

ozm

Liquid “olume Fraction of T otal Oil

1 e

oom
oo @nn «mn amn oo 1 150

Boiling Poirt (F)

4-103



4-104 TBP Assay - Example

Refer to the tab
subsections in Section
4.6 - Hypocomponent
Generation for
information on the
available plots.

The Cut Distribution Plot, as shown above, displays the volume
fraction of the oil that would be recovered in various products.
This graph is particularly useful in providing estimates for
distillation products.

4.9.4 Step 3 - Transfer
Information to Flowsheet

The final step of the characterization is to transfer the
hypocomponent information into the flowsheet.

On the Install Qil tab of the Qil Characterization property view,
enter the Stream Name Example Qil, to which the oil
composition is being transferred.

Figure 4.64

™ 0il Characterization [ [ =]

Ol Install Information:

Qil Mame Ready | Instal Stream Natme Flovirshest
Blend-1 ¥ vl Erample Ol | Caze (Main)

Assay ICui.l'BIend I User Property I Correlation  Install Gil I

Clear &l | Calculste Al | il Output Seﬂings.l Return to Basis Environment |

HYSYS assigns the composition of your calculated Oil and Light
Ends into this stream, completing the characterization
procedure. Also, the hypocomponent is placed into a Hypo group
named Blendl and installed in the fluid package. When you
leave the Oil Characterization environment, you are placed in
the Basis environment. It is here that you can examine
individual hypothetical components that make-up your oil.
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Enter the Simulation Environment and move to the Workbook to
view the stream you just created. The Compositions page
displaying the stream Example Oil is shown below.

Figure 4.65

(=
Worksheet i
— |Propane 0. 000000 N
Conditionz i-Butans 0. 003606
P 7 rButane 0.004240
(E=Ai=s i-Pentane 0013638
Composition rPentane 0.1 7E7S
P[O]100¢ 0.022199
K W alue BF[0]135" 0003377
. BP[0]164* 0.012827
User Variables OiToee PAE]
Notes NEFIOI13" 0015768 | v
Cost Parameters Totel [T.00000
Edit.. | Edit Praperties.. | Basis... |
Refinery Asza
-
Worksheet | Altachments I Dyriamics |
| Unknown Temperature
T helete I Define from Other Stieam... L] =

If you decide that some of the hypocomponent parameters need
to be recalculated, you can return to the Oil Environment at any
time to make changes. To edit an Assay, highlight it on the
Assay tab of the Oil Characterization property view, and click the
Edit button. If you want to see the effect of using a different
correlations on your oil, you can access this information on the
Correlation tab of the Oil Characterization property view.
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4.9.5 Fluid Package
Association

In the example shown in Figure 4.66, there is only one fluid
package for the flowsheet. Specifying the stream name
(Example Oil) not only creates the stream in the flowsheet, but
adds the Hypo group (which contains all of the individual
hypocomponents) to the fluid package.

Figure 4.66

I [=
Agsociated Fluid Package: Basis-1 'l

—Aszociated Flow Shest:

Associat FlowSheet Fluid Pkg In LI
SSD:IE = wé:as:eiMain] HETRg %azi; Tao Enter the Ol environment, There must be &

Fluid Package and the associated Property Package

must be able to handle Hypo Components

Enter Oil Erironment... |

Companents I Fluid Pkgs I Hypothetical: ~ Oil Manager | Reactions I Component Maps I UserProperty I

Return to Simulation Environment |

In this case, the Oil is Associated with Fluid Package Basis-1

When there are multiple fluid packages in the simulation, you
can specify the one with which the Qil is to be associated
(accessed through the Oil Manager tab of the Simulation Basis
Manager property view). This serves two functions: first, it
identifies which pure components are available for a light ends
analysis, and second, it identifies the fluid package to which the
Hypo group is being installed.

If you do not want to associate the oil to the fluid package, clear
the appropriate Associate checkbox.
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4.10 Sulfur Curve -
Example

The User Property option in the Oil Characterization
environment allows you to supply a property curve and have
HYSYS characterize it with an Assay. Each hypocomponent is
assigned a property value when the Blend is characterized. You
can specify the basis upon which the property should be
calculated (mole, mass or liquid volume, and flows or fractions),
as well as which mixing rule should be used.

In this example, a TBP curve with an associated Sulfur Curve is
installed. There is no Light Ends analysis available, so the Auto
Calculate Light Ends option is used.

4.10.1 Fluid Package

Prior to entering the Oil Characterization environment, create a
Fluid Package with Peng-Robinson as the property method and
C1, C2, C3, i-C4, and n-C4 as the components. The choice of the
Light Ends components is influenced by the Sulfur Curve data
(refer to Section 4.10.3 - Install the Assay section).
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|

Oil Environment icon

4,10.2 Install a User Property

Enter the QOil Environment by clicking the Oil Environment icon
on the toolbar. To supply a User Curve for an assay, you must
first add a User Property. On the User Property tab of the Qil
Characterization property view, select Add to access the User
Property property view as shown below.

Figure 4.67

M User Property: Sulphur [_ O] =]
rBasic user prop definition
Mixing Basiz Mole Fraction
Mizing Rule Priz®F1 = F2 * SUMC(i*PI0F1)
Mixing Parameter F1 1.00000
Mixing Parameter F2 1.00000
Unit Type Unitless
Lowveer Limit “alue <emptys
Upper Limit Yalue <emptys
Anitial uzser property values for all components in master component list——
Companent Froperty Value
Methane =gmpty=
Ethane =gmpty=
Propane =Empty=
i-Butane =Empty=
n-Butane =Empty=
-
Data | hotes

Edit component user property values | &amel Sulphur

You can also add a User Property via the User Property tab in
the Simulation Basis Manager.

The default options are used for the Equation Parameters except
for the Mixing Basis field. Sulfur is quoted on a w/w basis so,
select Mass Fraction from the drop-down list. HYSYS
automatically names and numbers the User Properties. You can
provide a descriptive Name for the property, such as Sulfur.

HYSYS gives you the option of providing a Component User
Property Value for each Light End component. If, for example,
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this was a Heating Value Property, you would supply each
component value at this point. These components do not have a
“Sulfur value", so they can be left at 0.

4.10.3 Install the Assay

Create an Assay by clicking the Add button on the Assay tab of
the Oil Characterization property view. Select TBP as the Assay
Data Type, specify a Liquid Volume®o as the Assay Basis, and
leave the TBP Distillation Conditions group at the default
settings.

Since no Light Ends analysis is provided, select the Auto
Calculate from the Light Ends drop-down list. The Auto Calculate
procedure replaces the portion of the TBP curve which is
covered by the Boiling Point range of the Light Ends
components. In this way, the initial boiling point of the TBP
working curve is slightly higher than the normal boiling point of
the heaviest Light End component.

The TBP curve starts at -25°C. Taking this information into
account, Light End components with boiling points that lie within
the first two percent of the TBP assay were chosen. In this way,
the benefits of the Auto Calculate procedure are gained without
losing a significant portion of our property curve.

There is no Molecular Weight, Density, or Viscosity data, so you
can leave the curve options as Not Used. On the Calculation
Defaults tab, the extrapolation method for the Distillation curve
can be left at its default, Probability. There are no bulk
properties for the assay. Provide the boiling temperature data,
as tabulated below:

TBP Data

Assay% | Temp (C) | Assay% | Temp (C) | Assay% | Temp (C)
0.02 -25 20.73 180 71.43 500

0.03 -20 24.06 200 73.86 520

0.05 -10 27.55 220 76.22 540

0.31 0 30.93 240 78.46 560

0.52 10 34.32 260 80.57 580
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TBP Data

Assay% | Temp (C) | Assay% | Temp (C) | Assay% | Temp (C)
0.55 20 37.83 280 82.55 600
1.25 30 41.21 300 84.41 620
2.53 40 44.51 320 86.16 640
2.93 50 48.01 340 87.79 660
3.78 60 51.33 360 89.32 680
4.69 70 54.58 380 90.67 700
5.67 80 57.73 400 93.48 750
7.94 100 60.65 420 95.74 800
10.69 120 63.39 440 98.78 900
13.84 140 66.16 460

17.28 160 68.90 480

The Assay view with the TBP Data is shown below:

Figure 4.68

(& ) [s]
~&zzay Definitior Input Data
Bulk Properties Mat Used vl  Light Ends Agzay Basis I Liquid Yolume hd
& Distilation
Assay Data Type TEP - Assay Percent Tem?E;atule j‘
Light Ends Auto Calculate vl 2.000e-002 -25.00
3.000e-002 -20.00
alecular wt. Curve | Mot Used 'l 5.000e-002 -10.00
i [NeiDeed i -] e H
Density Curve 0.5200 10.00
Yiscosity Curves Mot Used vl UFggg gg gg
TBP Distilation Condition 2:530 40:00
" Atmospheric = Yacuum 2930 50.00
3780 60.00
4650 70.00
5670 80.00 |/~
Light Ends Handling & Bulk Fitting Options | E dit zzay |
— [ TableisReady ]
-
Input Data | Calculation Defaults I ‘wiorking Curves I Plats I Correlations I Uszer Curves I Hotes |
Delete | Hame: |Assay-1 | Aszay Was Mot Calculated Calculate
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Sulfur Curve

On the User Curves tab of the Assay property view, select the
Available User Property Sulfur and click the Add button. In the
User Curve Data group, select Independent as the Table Type
and ensure that the Bulk Value cell displays <empty>. Click the
Edit button and enter the Sulfur Curve Data shown below in the
Assay Input Table.

Sulfur Curve Data

Assay% | Sulfur Value | Assay% | Sulfur Value

0.90 0.032 54.08 2.733
7.38 0.026 55.85 2.691
11.48 0.020 57.17 2.669
16.42 0.083 60.00 2.670
22.40 0.094 64.47 2.806
26.68 0.212 68.40 3.085
31.78 0.616 72.09 3.481
36.95 1.122 75.66 3.912
42.04 1.693 78.99 4.300
47.14 2.354 82.05 4.656
48.84 2.629 84.85 4.984
50.52 2.786 87.38 5.286
52.22 2.796 90.33 5.646

After this data is entered, click the Calculate button found at the
bottom of the Assay property view.
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4.10.4 Create the Blend

A Blend is created using the Auto Cut option. On the Cut\Blend
tab of the Qil Characterization property view, select the Add
button. On the Data tab of the Blend property view, highlight
Assay-1 from the list of Available Assays and click the Add
button. The assay is now added to the QOil Flow Information
table. The Blend is immediately calculated, as the default Cut
Option is Auto Cut.

Figure 4.69

Wi =]
—#izzap Selection and Oil Information ~Cut Rang
Aywailable Aszays il Flow Information Cut Option Selection I Auta Cut -
il Flow Urite | FlowRate |
Azzap-1 | iquid Yol < Emplys

BufkDsan |

—
Datal Comelations ITabIesI Property Plot I Distribution Plot I Composite Plat I Plat Summary INotes]

Delte | Name: [FlnT L BendWesCaluated ]
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4.10.5 Results

Finally, the user property is defined and needs to be installed.
On the Install Qil tab of the Qil Characterization property view,
specify the Stream Name as Example Qil to which the oil
composition is transferred.

Figure 4.70

= 0il Characterization

il Install Information

il Mame Ready | Instal Stream Mame Flowwshest
Blend-1 ] W ¥ Example Oil | Case (Main)

] Aszay ICut.l'ElIend I User Property I Correlstion  Install Oil I

Clear Al | Calculate Al | il Outgut Seﬂlngs.l Eeturn to Basis Environment |

HYSYS assigns the composition of your calculated Oil and Light
Ends into this stream, completing the characterization
procedure for the User Property.
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You can return to the User Property tab of the Qil
Characterization property view and click the View button to
display the Sulfur User Property property view.

Figure 4.71

M User Property: Sulphur [_ O] =]
rBasic user prop definition
Mixing Basiz Mole Fraction
Mizing Rule Pmix"i-:1 =F2 * SUMC(i*PI 1)
Mixing Parameter F1 1.00000
Mixing Parameter F2 1.00000
Unit Type Unitless
Lovwer Limit Value <emptys
Upper Limt alue =Emitys
Hnitisl user property values for all components in master component list——
Component Property ‘alue ;i
Methane =empty>
Ethane =empty>
Propane =empty>
i-Butane =empty>
n-Butane =empty>
MBP[O]T* 3.12662e-002
MBP[0]22* 3.10473e-002
MBP[0]57* 3.07843e-002
MBP[0]50* 3.02114e-002
MBP[0]E4* 2 90673e-002
MBP[O]7&* 2 76634e-002
MBP[0]S2* 2.56216e-002
MER[D]107* 2.534910e-002
BR[O 21* 3.16689e-002 ;I

-
Data INntas |
Eclit component user property values.. | Iame I Sulphur

In the Component User Property Values group, the Property
Value is calculated for all the hypocomponents for the blend. You
can scroll through the table to view the Property Value for each

hypocomponent.
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From the Composite Plot tab of the Blend property view, you can
view a plot of the Calculated and Inputted values for the User

Property. Select User Property from the Property drop-down
list and select the Sulfur checkbox to view the following figure.

Figure 4.72
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Introduction

5.1 Introduction

Reactions within HYSYS are defined inside the Reaction
Manager. The Reaction Manager, which is located on the
Reactions tab of the Simulation Basis Manager, provides a
location from which you can define an unlimited number of
reactions and attach combinations of these reactions in Reaction
Sets. The Reaction Sets are then attached to Unit Operations in
the Flowsheet.

The Reaction Manager is a versatile, time-saving feature that
allows you to do the following:
e Create a new list of components for the Reactions or
simply use the fluid package components.
e Add, Edit, Copy, or Delete Reactions and Reaction Sets.

e Attach Reactions to various Reaction Sets or attach
Reaction Sets to multiple Fluid Packages, thus
eliminating repetitive procedures.

e Import and Export Reaction Sets.

# Simulation Basis Manager !EE
~Rxn Camponent: ~Reactjon: —Reaction Set:
ViewFgn .| View Set..
Run-2 —
Rin3 | Add Set...
Rend Add Ban.. =] €l
Delete Fxn | Delete Set
Copy Set...
%I Agzoc. Fluid Plkgs
- Impart Set
B asic-1
E<port Set..
Add Comps... | Add to FP
] Companents I Fluid Plkgs I Hypotheticals I 0il b anager I Petroleum Aszay:  Reactions I Companent bMaps I UzerProperty ]—
Enter P%¥T Environment.... | i Retumn to Simulation Environment. .. |
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Refer to Chapter 1 -
Components for more
information on adding
components.

Refer to Section 5.4 -
Reaction Sets for details
on attaching a fluid
package.

5.2 Reaction Component

On the

Selection

Reactions tab of the Simulation Basis Manager, there are

three main groups which are described below:

Group ‘ Description

Rxn Displays all components available to the Reaction Manager

Components and the Add Comps button.

Reactions Displays a list of the defined reactions and four buttons
available to help define reactions.

Reaction Displays the defined reactions sets, the associated fluid

Sets packages and several buttons that help to define reaction

sets and attach them to fluid packages.

Each of the main groups within the Reaction Manager are
examined in more detail. In this section, the Rxn Components
group is described. The features in the Reactions group and
Reaction Sets group are detailed in subsequent sections.

There are three distinct ways in which components can be made
accessible to Reactions in the Reaction Manager:

You can add components on the Component tab of the
Simulation Basis Manager. The components are added to
the component list and are available in the Rxn
Components group to be attached to the Reaction Set.
These components are also included in the fluid package
depending on the component list selected for the
package.

You can install components directly in the Reaction
Manager without adding them to a specific component
list by clicking the Add Comps button. The Component
List property view appears and you can add reaction
components for the reaction. These components appear
automatically in the master component list, but not in
the component list selected for the fluid package.

When a Reaction Set (containing a Reaction which uses
the new components) is attached to a fluid package, the
components which are not present in the fluid package
are automatically transferred.

You can select an Equilibrium Reaction from the Library
tab of the Equilibrium Reactor property view. All
components used in the reaction are automatically
installed in the Reaction Manager. Once the Reaction Set
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Refer to Chapter 4 -
HYSYS Oil Manager for
details on
hypocomponent.

(containing the Library reaction) is attached to a fluid
package, the components are automatically transferred
to the fluid package.

5.2.1 Adding Components
from Basis Manager

With this method of component selection, components are
selected on the Components tab from the Simulation Basis
Manager. Add a component list by clicking the Add button. From
the Component List property view, select the components which
are required for the reaction. This is similar to adding
components to a component list for a particular fluid package or
case. All components that are selected are displayed and
available in the Rxn Components group of the Reaction Manager.

The components listed in the Selected Reaction Components
group are available to any Reaction that you create.

Hypocomponents created using the Oil Manager can be used
in Reactions. They are listed as Associated Components if
they are installed in a fluid package.

5.2.2 Selections Within the
Reaction Manager

Components can be made available prior to the creation of
Reactions by directly selecting them within the Reaction
Manager. By selecting the components within the Reaction
Manager, you are not required to transfer component
information from the fluid package. The components appear in
the Master Component list, but not in the component list. Once
a Reaction Set is attached to a fluid package, HYSYS
automatically transfers all of the components contained within
the Reaction(s) to the fluid package.

At least one fluid package must exist before components can
be transferred from the Reaction Manager.
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ju)

New Case icon

See Section 5.3 -
Reactions, and Section
5.4 - Reaction Sets for
details.

See Section 5.4.4 -
Adding a Reaction Set
to a Fluid Package for
details.

The following procedure demonstrates the steps required when

beginning with a new case:

1. Create a new case by clicking the New Case icon on the
toolbar.

2. On the Fluid Pkgs tab of the Simulation Basis Manager, click
the Add button. A new fluid package is created and its
property view opens. Close the Fluid Package property view.

3. Move to the Reactions tab. Click the Add Comps button in
the Rxn Components group and the Component List property
view is displayed.

4. Select either traditional or hypothetical components. The

procedure for selecting components is similar to the
selection of components for the fluid package.

5. Return to the Reaction Manager to create the Reaction(s)
and install the Reaction(s) within a Reaction Set.

6. Attach the Reaction Set to the fluid package created in Step
#2.

7. All components used in the Reaction(s) that are contained
within the Reaction Set are now available in the fluid
package.

5.2.3 Library Reaction
Components

When a Library Equilibrium Reaction is selected, all of its
constituent components are automatically added to the Reaction
Manager. You can then use the components in the Rxn
Components group of the Reaction Manager to define other
reactions. Library reactions can be installed prior to the addition
of components to the case. You are not required to add
components using the Component List property view or Reaction
Manager.

To add a Library reaction, do the following:

1. From the Reaction Manager, click the Add Rxn button in the
Reactions group.

2. Highlight Equilibrium from the Reactions property view and
click the Add Reaction button.
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Refer to Section 5.4 -
Reaction Sets for
information on Reaction
Sets.

Reactions

3. Move to the Library tab of the Equilibrium Reaction property
view and select a reaction from the Library Equilibrium Rxns

group.

Library Equilibrivm Bxns————————————

CH4 +H20 =C0O + 3H2
1/2M2 + 3/2H2 = NH2
Ethylbenzene = Styrene + H2
CO5 +H2=H25 +CO

COS +H20 = H25 + CO2

Add Library Rxn

N Staichiometiy IBasis IKeq I Approach Liblal_vl

T 5

4. Click the Add Library Rxn button. All library information
concerning the reaction is transferred to the various tabs of
the Equilibrium Reaction property view. The components
used by the reaction are now shown in the Rxn Components
group of the Reaction Manager.

5.3 Reactions

In HYSYS, a default reaction set, the Global Rxn Set, is present
in every simulation. All compatible reactions that are added to
the case are automatically included in this set. A Reaction can
be attached to a different set, but it also remains in the Global
Rxn Set unless you remove it. To create a Reaction, click the
Add Rxn button from the Reaction Manager.

The following table describes the five types of Reactions that can
be modeled in HYSYS:

Reaction Type ‘ Requirements

Conversion

Requires the stoichiometry of all the reactions and the
conversion of a base component in the reaction.

Equilibrium

Requires the stoichiometry of all the reactions. The
term Ln(K) may be calculated using one of several
different methods, as explained later. The reaction
order for each component is determined from the
stoichiometric coefficients.
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Reaction Type ‘ Requirements

Heterogeneous Requires the kinetics terms of the Kinetic reaction as

Catalytic well as the Activation Energy, Frequency Factor, and
Component Exponent terms of the Adsorption kinetics.

Kinetic Requires the stoichiometry of all the reactions, as well

as the Activation Energy and Frequency Factor in the
Arrhenius equation for forward and reverse (optional)
reactions. The forward and reverse orders of reaction
for each component can be specified.

Simple Rate Requires the stoichiometry of all the reactions, as well
as the Activation Energy and Frequency Factor in the
Arrhenius equation for the forward reaction. The
Equilibrium Expression constants are required for the
reverse reaction.

Each of the reaction types require that you supply the
stoichiometry. To assist with this task, the Balance Error tracks
the molecular weight and supplied stoichiometry. If the reaction
equation is balanced, this error is equal to zero. If you have
provided all of the stoichiometric coefficients except one, you
may select the Balance button to have HYSYS determine the
missing stoichiometric coefficient.

Reactions can be on a phase specific basis. The Reaction is
applied only to the components present in that phase. This
allows different rate equations for the vapour and liquid phase in
same reactor operation.

5.3.1 Manipulating Reactions

From the Reaction Manager, you can use the four buttons in the
Reactions group to manipulate reactions. The buttons are
described below:

Button ‘ Command

View Rxn Accesses the property view of the highlighted reaction.

Add Rxn Accesses the Reactions property view, from which you
select a Reaction type.

Delete Rxn Removes the highlighted reaction(s) from the Reaction
Manager.

Copy Rxn When selected, the Copy Reactions property view appears
where you can select an alternate Reaction Type for the
reaction or duplicate the highlighted reaction.
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Refer to Section 5.4 -
Reaction Sets for more
information.

Reactions

When you right-click a reaction in the Reactions group, you
can select View or Delete from the object inspect menu.

5.3.2 Conversion Reaction

The Conversion Reaction requires the Stoichiometric Coefficients
for each component and the specified Conversion of a base
reactant. The compositions of unknown streams can be
calculated when the Conversion is known.

By default, conversion reactions are calculated
simultaneously. However you can specify sequential
reactions using the Ranking feature.

Consider the following Conversion reaction:

b

a

B—Sc+9p (5.1)
a a

A+
where:

a, b, ¢, d = the respective stoichiometric coefficients of the
reactants (A and B) and products (C and D)

A = the base reactant
B = the base reactant not in a limiting quantity

In general, the reaction components obey the following reaction
stoichiometry:

Ny=N,(1-X,)
N, =N —[—)N X
B =Ng, =N, 4,
¢ (5.2)
Ne = Ne + (N, X))
N, =N, dN X
D= D0+;( 4,X4)
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where:
N« = the final moles of component * (*= A, B, Cand D)
Nx, = the initial moles of component *
X, = the conversion of the base component A
The moles of a reactant available for conversion in a given
reaction include any amount produced by other reactions, as
well as the amount of that component in the inlet stream(s). An

exception to this occurs when the reactions are specified as
sequential.

When you have supplied all of the required information for
the Conversion Reaction, the status bar (at the bottom right
corner) will change from Not Ready to Ready.

Stoichiometry Tab

The Stoichiometry tab of a conversion reaction is shown in the
figure below:

Stoichiomety Infor

Component tole W/eight Stoich Coeff

Methane 16.043 -1.000

Hz2o 18.015 -1.000

co 28.011 1.000

Hydragen 206 3.000

“Add Comp™

Ealance | Balance Ermor [ 0.00000 |
= Fieaction Heat (25 C)|  2.1e+05 kJ/kgmale |

-
Stoichiometry I Basic |

[ oeke | Name i o Ry
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For each Conversion reaction, you must supply the following

information:

Input Field ‘ Information Required

Reaction Name A default name is provided which may be changed. The
previous property view shows the name as Rxn-1.

Components The components to be reacted. A minimum of two
components are required. You must specify a minimum
of one reactant and one product for each reaction you
include. Use the drop-down list to access the available
components. The Molecular Weight of each component
is automatically displayed.

Stoichiometric Necessary for every component in the reaction. The

Coefficient Stoichiometric Coefficient is negative for a reactant

and positive for a product. You may specify the
coefficient for an inert component as 0, which, for the
Conversion reaction, is the same as not including the
component in the table. The Stoichiometric Coefficient
does not have to be an integer; fractional coefficients
are acceptable.

The Reaction Heat value is calculated and displayed
below the Balance Error. A positive value indicates that
the reaction is endothermic.

Basis Tab

The Basis tab of a conversion reaction is shown in the figure
below:

< s
Basi

Base Component Methane
Run Phaze WapouPhaze
Co 40.00
C1 {EMplL
c2 <emply

Conversion [%] = Co + C1°T + C25T "2
[T in Kelvin)

=5 toichiometry  Basis

[ Dokl | tane [ R
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See Reaction Rank, in
Section 5.4 - Reaction
Sets.

On the Basis tab, you must supply the following information:

Required Input ‘ Description

Base Component

Only a component that is consumed in the reaction (a
reactant) may be specified as the Base Component
(i.e., a reaction product or an inert component is not a
valid choice). You can use the same component as the
Base Component for a number of reactions, and it is
quite acceptable for the Base Component of one
reaction to be a product of another reaction.

You have to add the components to the reaction before
the Base Component can be specified.

Rxn Phase

The phase for which the specified conversions apply.
Different kinetics for different phases can be modeled
in the same reactor. Possible choices for the Reaction
Phase are:

¢ Overall. Reaction occurs in all Phases.

¢ Vapour Phase. Reaction occurs only in the
Vapour Phase.

¢ Liquid Phase. Reaction occurs only in the Light
Liquid Phase.

¢ Aqueous Phase. Reaction occurs only in the
Heavy Liquid Phase.

¢ Combined Liquid. Reaction occurs in all Liquid
Phases.

Conversion
Function
Parameters

Conversion percentage can be defined as a function of
reaction temperature according to the following
equation:

“onv = Co+Cl- T+C2- T

This is the percentage of the Base Component
consumed in this reaction. The value of Conv.(%)
calculated from the equation is always limited within
the range of 0.0 and 100%.

The actual conversion of any reaction is limited to the
lesser of the specified conversion of the base
component or complete consumption of a limiting
reactant.

Reactions of equal ranking cannot exceed an overall
conversion of 100%.

Sequential Reactions may be modelled in one reactor
by specifying the sequential order of solution.

To define a constant value for conversion percentage, enter
a conversion (%) value for Co only. Negative values for C1
and C2 means that the conversion drops with increased
temperature and vice versa.
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5.3.3 Equilibrium Reaction

The Equilibrium Reaction computes the conversion for any
number of simultaneous or sequential reactions with the
reaction equilibrium parameters and stoichiometric constants

you provide.

The Equilibrium constant can be expressed as follows:

N,

K= H[([BASE]ef)vf} (5.3)

Jj=1

where:

K = Equilibrium constant

This equation is only valid when BASE (i.e., concentration) is
at equilibrium composition.

[BASE]e; = Basis for component j at equilibrium
v; = Stoichiometric coefficient for the jth component

N, = Number of components

The equilibrium constant /n(K) may be considered fixed, or
calculated as a function of temperature based on a number of

constants:

Ln(Keq) = a+b (5.4)

where:

1=A+1—;+C- In(T)+D- i

—E-T+F- T+G- T"+H- ;

Alternatively, you may supply tabular data (equilibrium constant
versus temperature), and HYSYS automatically calculates the
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equilibrium parameters for you. Ln(K) may also be determined
from the Gibbs Free Energy.

When you have supplied all of the required information for
the Equilibrium Reaction, the status bar (at the bottom right
corner) changes from Not Ready to Ready.

Stoichiometry Tab

The Stoichiometry tab for a equilibrium reaction is shown in the
figure below:

Stoichiometr
Component tdole weight Stoich Coeff
co 28011 -1.000
Hz20 18.015 -1.000
coz 4400 1.000
Hydrogen 2016 1.000
“#dd Comp™
Balance Emor I 0.00000
Balance | Reaction Heat (25 C] | -4.2e+04 kl/kgmole
"= Stoichi try IEasls IKeq I Approach I Library |
Delete | Hame IW _ K. Table

For each reaction, you must supply the following information:

Input Required ‘ Description

Reaction Name A default name is provided, which may be changed by
simply selecting the field and entering a new name.

Components A minimum of two components is necessary. You must
specify a minimum of one reactant and one product for
each reaction you include. The Molecular Weight of
each component is automatically displayed.

Stoichiometric For every component in this reaction. The
Coefficient Stoichiometric Coefficient is negative for a reactant
and positive for a product. You may specify the
coefficient for an inert component as 0. The
Stoichiometric Coefficient need not be an integer;
fractional coefficients are acceptable.
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Basis Tab

The Basis tab for an equilibrium reaction contains two groups,
the Basis and the Keq Source, which are shown in the figure

below:

i R [ [
B asi
Basis Partial Press Keq Sourc
Phase “WapourPhase  LnlKeq) Equation
Min Temperature -2i31C "~ Gibbs Free Energy
tax Temperature 3000 C ™ Fived Keq

Basis Units | atm

i+ Kegws T Table

=

I~ Auto Detect

Stoichiometry  Basis I Keq I Approach I Library ]

Dot | wame [Fins — <

The Basis group requires the following information:

Input Required ‘ Description

Basis

From the drop-down list in the cell, select the Basis for
the reaction. For example, select Partial Pressure or
Activity as the basis.

Reaction Phase

The possible choices for the Reaction Phase, accessed
from the drop-down list, are the Vapour and Liquid
Phases.

Minimum
Temperature and
Maximum
Temperature

Enter the minimum and maximum temperatures for
which the reaction expressions are valid. If the
temperature does not stay within the specified bounds,
a warning message alerts you.

Basis Units

Enter the appropriate units for the Basis, or make a
selection from the drop-down list.

The Keq Source group contains four radio buttons and a

checkbox.

e By selecting the appropriate radio button, you can select
one of four options as the Keq Source for the equilibrium

reaction.

e If the Auto Detect checkbox is selected, HYSYS
automatically changes the Keq Source, depending on the
Keq information you provide. For example, if you enter a
fixed equilibrium constant, the Fixed Keq radio button is
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automatically selected. If you later add data to the Table
tatIJ, theCI Keq vs. T Table radio button is automatically
selected.

Keq Tab

Depending on which option was selected in the Keq Source
group (from the Basis tab), the Keq tab will display the
appropriate information.

The following table outlines each of the Keq source options and
the respective information on the Keq tab.

Description ‘ View on Keq Tab

Ln(Keq) Ln(Keq), assumed to be a function of temperature
equation only, is determined from the following equation: LnlK.eq] E guatior

Ln(Keq) = a+b 5 Lile)=ast:
C 1.012 a=A+BT+ChT]+DT
E ”:‘49'Utﬂj HeE T 2eF T E+E T a5
where: F T T o)
B G <emphy
a=A+}+C- ln(T)+D T H <emphy
b=E- T"+F- T"+G- T'+H- T
A, B, C, D, E, F, G, H = the constants defined
on the Kegq tab.
Gibbs The equilibrium constant is determined from the
Free default HYSYS pure component Gibbs Free Energy Gibbs Free Energy vs Keg
Energy (G) database and correlation. I

The correlation and database values are valid/
accurate for a temperature (T) range of 25°C to
426.85°C.

If a wider range of G-T correlation is required, the
user can clone the library component and input
the components Gibbs Free Energy correlation to
temperatures beyond the default temperature
limit.
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Fixed K

Description

In this case, the equilibrium constant Keq is
considered to be fixed, and is thus independent of
temperature. You may specify either Keq or
Ln(Keq) on the Keq tab. Select the Log Basis
checkbox to specify the equilibrium constant in the
form Ln(Keq).

View on Keq Tab

~Fixed Kegq Congtant——————

™ LogBasis

Kvs. T
Table

On the Keq tab, you can provide temperature and
equilibrium constant data. HYSYS estimates the
equilibrium constant from the pairs of data which
you provide and interpolates when necessary. For
each pair of data that you provide HYSYS
calculates a constant in the Ln(K) equation. If you
provide at least 4 pairs of data, all four constants
A, B, C and D are estimated.

The constants may be changed even after they are
estimated from the pairs of data you provide,
simply by entering a new value in the appropriate
cell. If you later want to revert to the estimated
value, simply delete the number in the appropriate
cell, and it is recalculated.

The term R2 gives an indication of the error or
accuracy of the Ln(K) equation. It is equal to the
regression sum of squares divided by the total
sum of squares, and is equal to one when the
equation fits the data perfectly.

You can also provide the maximum (T Hi) and
minimum (T Lo) temperatures applicable to the
Ln(K) relation. The constants are always
calculated based on the temperature range you
provide. If you provide values in the K Table which
are outside the temperature range, the calculation
of the constants is not affected.

-K Table

1. 2e+01

5. 3e+02

1.0e+00

1.1e-04

<emphys

<Emptyy

<Emptyy

<emplys

o|x|m||mofofm|=
o

0933372

THi

<Emphy

TLo

<Emphy

T

Kegq

KCalc

%Emor | a

e

4523

4547

1489

736

.3

5] |

0.3

204.4

2068

206.7

0.5

232.2

1180

1185

0.4

2E0.0

72.75

7252

0.3

2878

46.70

4673

0.1

3156

31.44

31.47

1] -]

W Active

Erase Table I

Approach Tab

Under certain process conditions, an equilibrium reaction may
not, actually reach equilibrium. The Equilibrium reaction set
uses two types of approach, Fractional and Temperature, to
simulate this type of situation. You may select either one or both
types of approaches for use in the simulation.
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The Approach tab contains two groups, the Fractional Approach
and Temperature Approach.

Figure 5.7

I[=] 3

—Fractional &pproach
Co [|  <empty> | Appoach % =Co+C1=T+C2*T"°2

c1 <empty: | T =reaclion temperature in Kelvin

cz <eMply> | Feed - Prod = Approach % [ Feed - Prod(equilibrium] ]

~Temperature Approach

IDe\taT | LEmplys

Keqat T = Treaction - DelaT  endothermic reaction
Keqat T = Treaction + DeltaT  exothermic reaction

N Stoichiometry IEasls IKeq Appmachl Library ]

Deteto | Nane [Fon — 5

Temperature Approach is not relevant for a fixed Keq source
and thus the group does not appear when Fixed Keq is
selected from the Basis tab.

Both the Fractional Approach and Temperature Approach
methods can be used to simulate an Equilibrium reaction that is
a departure from equilibrium.

For the Temperature Approach method, the HYSYS reaction
solver will take into account the heat of reaction according to
the equations listed. The direction of non-equilibrium departure
depends on whether the reaction is endothermic or exothermic.

The Fractional Approach method is an alternative to the
Temperature Approach method and is defined according to the
following equation:

Feed - Product = Approach% - (Feed— Product) (5.5)

equilibrium

Equation (5.5) could be interpreted as defining the “actual”
reaction extent of the equilibrium as only a percentage of the
equilibrium reaction extent of the reaction. In the solver, the
value of Approach % is limited between 0 and 100%.
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Library Tab

The Library tab allows you to add pre-defined reactions from the
HYSYS Library. The components for the selected Library reaction
are automatically transferred to the Rxn Components group of
the Reaction Manager.

o s B

Library Equilibrium Rans———————————————

CH4 +H20 = C0 + 3H2

1/2M2 + 3/2H2 = NH3

Ethylbenzene = Styrene + H2

COS +H2=H25 +C0

COS + H20 =H25 + Co2 B

Add Library Fien |

N Stoichiometry IEasis IKeq I Approach Liblalyl

Deete | Nane [Fn® G

When you select a reaction, all data for the reaction, including
the stoichiometry, basis, and Ln(K) parameters, are transferred
into the appropriate location on the Equilibrium Reaction
property view. To access a library reaction, highlight it from the
Library Equilibrium Rxns group and click the Add Library Rxn
button.

When K Table contains data input, the library reaction
selection will be blocked. You must click the Erase Table
button on the Keq tab and before you can add a library
reaction.
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5.3.4 Kinetic Reaction

To define a Kinetic Reaction, it is necessary to specify the
forward Arrhenius Parameters (the reverse is optional), the
stoichiometric coefficients for each component, and the forward
(and reverse) reaction orders. An iterative calculation occurs,
that requires the Solver to make initial estimates of the outlet
compositions. With these estimates, the rate of reaction is
determined. A mole balance is then perfo