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Black Oil Tutorial Introduction

1.1 Black Qil Tutorial
Introduction

In today’s oil and gas industry, it becomes increasingly
necessary to use a compositional model and equation of state to
accurately model the behaviour of a petroleum fluid downstream
of the well and flowlines. The HYSYS Upstream Option translates
from black oil to a compositional model using the gas
composition and HYSYS oil characterization.

In HYSYS, Black Oil describes a class of phase behaviour and
transport property models. Black oil correlations are typically
used when a limited amount of oil and gas information is
available in the system. QOil and gas fluid properties are
calculated from correlations with their respective specific gravity
(as well as a few other easily measured parameters).

Black Qil is not typically used for systems that would be
characterized as gas-condensate or dry gas, but rather for
systems where the liquid phase is a non-volatile oil (and
consequently there is no evolution of gas, except for that which
is dissolved in the oil).

In this Tutorial, two black oil streams at different conditions and
compositions are passed through a mixer to blend into one black
oil stream. The blended black oil stream is then fed to the Black
Oil Translator where the blended black oil stream data is
transitioned to a HYSYS material stream. A flowsheet for this
process is shown below.

Figure 1.1
Feed ValveOut
1ee VLV-100 alveOu
= ;;—v
MixerOut CﬂT 100 Qutlet
— MIX-100 i
Feed
2
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The following pages will guide you through building a HYSYS
case for modeling this process. This example will illustrate the
complete construction of the simulation, from selecting the
property package and components, to installing streams and
unit operations, through to examining the final results. The tools
available in the HYSYS interface will be used to illustrate the
flexibility available to you.

The simulation will be built using these basic steps:

Create a unit set and set the Black Oil default options.
Select the components.

Add a Neotec Black Oil property package.

Create and specify the feed streams.

Install and define the unit operations prior to the translator.
Install and define the translator.

Add a Peng-Robinson property package.

Nk
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1.2 Setting the Session
Preferences

1. To start a new simulation case, do one of the following:

[ e From the File menu, select New and then Case.
e Click the New Case icon.

The Simulation Basis Manager appears:

New Case icon

Figure 1.2

¥ Simulation Basis Manager

Component Lists

Wiew...
Add
Delete
Copy

Import..
Expart...

FRefiezh

tl:ompnnenls Fluid Pkgs J Hypotheticals J Oil M anager J Petroleum Assaps J Reactions J Companent Maps J UserFroperty J—‘

Enter PVT Environment... ‘ Enter Simulation Environment... |

Next you will set your Session Preferences before building a
case.

2. From the Tools menu, select Preferences.

1-4
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The Session Preferences view appears. You should be on the
Options page of the Simulation tab.

Figure 1.3

.: Session Preferences (HYSYS.PRF) M=l
Simulation General Options
N [ Allow Multiple Stream Connections ¥ Use Input Experts
Options [V “iew New S Creation [¥ Confim Deletes
Erors - E Iw Confirm Mode Switches
Deskiop v Fecord Time ‘When Motes Are Modified [~ Enable Single Click Actions
Maming v Enahble Cioss Hairs On PFD v Enable Cell Edit Button
Tool Tips v Save <ML Fluid Package To User Defined File
Dynamics
FlelEisizs Show Property Package Warning
Uzzrsiing [v Show Praperty Package " aring
SR Stream Property Corelations
Column [v Activate Property Correlations
Status Window [v Confim Before Adding if Active Correlations are Present
Trace Window
Cut/Copy/Paste
"= Simulati | Wariables J Reports J Files | Resouces J Extensions J Oil Input J Tray Sizing r
Save Preference Set. Load Preference Set..

3. In the General Options group, ensure the Use Modal
Property Views checkbox is unchecked so that you can
access multiple views at the same time.

1.2.1 Creating a New Unit Set

The first step in building the simulation case is choosing a unit
set. Since HYSYS does not allow you to change any of the three
default unit sets listed (in other words, EuroSI, Field, and SI),
you will create a new unit set by cloning an existing one. For this
example, a new unit set will be made based on the HYSYS Field
set, which you will then customize.

To create a new unit set, do the following:
1. In the Session Preferences view, click the Variables tab.
2. Select the Units page if it is not already selected.

1-5
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The default Preference
file is named hysys.PRF.
When you modify any of
the preferences, you can
save the changes in a
new Preference file by
clicking the Save
Preference Set button.
HYSYS prompts you to
provide a name for the
new Preference file,
which you can load into
any simulation case by
clicking the Load
Preference Set button.

3. In the Available Unit Sets group, highlight Field to make it
the active set.

Figure 1.4
+ Session Preferences {(HYSYS.PRF) [_ (O] ]
Variables Awvalable Unit 5 et

Units EuraSl e |

Urit Set Name  [Fieid et |
Dizplay Unit
Unit A Wiew ... |

Acidity mg KOHAg
Act. Gas Flow ACFM Addl...
Act. Yol Flaw barrel/day
Actual Liquid Flow USGPM Delete |
Actual Mass Density kag/m3 n l
Angle deg ﬂ Z

" Simuldtion  Variables | Reports IFiIes I Resouces I E xterions I Oil Input I Tray Sizing ]_

Save Preference Set... |

Load Preference Set.. |

4. Click the Clone button. A new unit set named NewUser

appears. This unit set becomes the currently Available Unit

Set.

5. In the Unit Set Name field, rename the new unit set as
Black Oil. You can now change the units for any variable
associated with this new unit set.

In the Display Units group, the current default unit for Std
Gas Den is Ib/ft3. In this example we will change the unit to
SG_rel_to_air.

find the Std Gas Den variable.

Scroll through the table in the Display Units group, until you
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7. To view the available units for Std Gas Den, click the drop-

down arrow in the cell beside the Std Gas Den cell.

Figure 1.5
: Session Preferences (HYSYS.PRF) H[=] B3
Variables r&valable Uit Set
- Cl
Units Eurosl o
Farmats EI‘BH Delete

Unit Set Name IBlack ol

iew Users...

Dizplay Unit:

Uit |
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Standard Density b3 |
Sid Gas Den Ib/ft3 =
Std. Gas Flow kg/m3
Std. Wol. Flow /o
Steam Fatio .

SG_rel_to_air

i

d

i L

Delete

Simulation \I'aliahlesl Fieports IFiIes I Resouces I E stenzions I Oil Input I Tray Sizing r

Save Preference Set... |

Load Preference Set... |

©

From the drop-down list, select SG_rel_to_air.

Repeat the previous three steps to change the Standard
Density unit to SG_60/60 api.

Your Black Oil unit set is now defined.
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1.2.2 Setting Black Oil Stream
Default Options

To set the Black Oil stream default options:
1. Click on the Oil Input tab in the Session Preference view.
2. In the Session Preferences view, select the Black Oils page.

Figure 1.6

.= Session Preferences (hysys.PRF) M= 3
Oil Input Black Qil Stream Options
#zsay Definition Default Viscosity Method Dptions [ S pecily Coefficients x|
Azzay Options
Black Dils Default 'ater Dption | narater Cut x|

] Simulation JVanah\es JHepnrts JF\|ES Resources J Extenzionz  Oil Input | Tray Sizing [~
Load Preference Set...

In the Black Qil Stream Options group, you can select the
methods for calculating the viscosity, and displaying the
water content for all the black oil streams in your
simulation. For now you will leave the settings as default.

ﬂ 3. Click the Close icon (in the top right corner) to close the
_ Session Preferences view. You will now add the components
Close icon and fluid package to the simulation.
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1.3 Setting the Simulation
Basis

The Simulation Basis Manager allows you to create, modify, and
manipulate fluid packages in your simulation case. As a
minimum, a Fluid Package contains the components and
property method (for example, an Equation of State) HYSYS will
use in its calculations for a particular flowsheet. Depending on
what is required in a specific flowsheet, a Fluid Package may
also contain other information such as reactions and interaction
parameters. You will first define your fluid package by selecting
the components in this simulation case.

1.3.1 Selecting Components

HYSYS has an internal stipulation that at least one component
must be added to a component list that is associated to a fluid
package. To fulfil this requirement you must add a minimum of a
single component even when the compositional data is not
needed. For black oil streams, depending on the information
available, you have the option to either specify the gas
components compositions or the gas density to define the gas
phase of the stream.

1-9
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Setting the Simulation Basis

Add Component

To add components to your simulation case:

1. Click on the Components tab in the Simulation Basis

Manager.

2. Click the Add button. The Component List view is displayed.

# Component List ¥iew: Component Liskt - 1

£l Components

[ Hypothetical
L Other

| Methane

~Selected Components————

<--Add Pure |
<-Substitute-> |
Remae-—> |
Sart List |
Wiew Component |

Hatch

€ Sim Mame

i-Butane C4
nButane n-C4
i-Pentane Ch
nFentane nCh
nHexane CE

n-Heptane c7
n0ctane 0]

r-Monane C3

nDecane C10
nC11 1
nCl2 C12
nC13 C13
w14 14

¥ Shaow Synoryms

~Camponents Available in the Companent Librar

—

“iew Filkers |

£+ Full Name / Synonym

Propane c3 C3HE8 g

[~ Cluster

" Formula

C4H10
C4H10
CEH12
C5H12
CEH14
C7H16
CaH18
CH20
Cl0H22
C11H24
C12H26
C13H238
r1AHn0

Delete |

b
Selecledl Component by Type |

Marmne

Component List - 1

For more information on
adding and viewing
components, refer to

Chapter 1 -

Components in the
HYSYS Simulation

Basis guide.

3. In this tutorial, add the following components: C1, C2, C3,
i-C4, n-C4, i-C5, n-C5, and C6.

4. Close the Component List View to return to the Simulation
Basis Manager view.

If the Simulation Basis Manager is not visible, click the

Home View icon & | from the tool bar.
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You can also filter the list
of available property
packages by clicking the
Miscellaneous Type
radio button in the
Property Package Filter
group. From the filtered
list you can select
Neotec Black Oil.

1.3.2 Creating a Fluid Package

In this tutorial, since a Black Oil Translator is used in
transitioning a Black Oil stream to a HYSYS compositional
stream, two property packages are required in the simulation.
You will first add the Neotec Black Oil property package and later
in the tutorial after, you have installed the black oil translator,
you will add the Peng-Robinson property package.

Adding the Neotec Black Oil Property
Package

To add the Neotec Black Oil Property Package to your
simulation:

1. From Simulation Basis Manager, click the Fluid Pkgs tab.

2. Click the Add button in the Current Fluid Packages group.
The Fluid Package Manager appears.

3. In the Component List Selection group, select Component
List - 1 from the drop-down list.

4. From the list of available property packages in the Property
Package Selection group, select Neotec Black Oil.

The Neotec Black Oil Methods view appears.

Figure 1.8

Neotec Black Oil Methods [ =]
Procedure Recommendation B asi

’7 {+ Black 0l Defaults " UserSelected ‘

— P%T Behaviour and Transpart Property Pracedur
Solution GOR Standing -
il FF Standing -
Undersaturated Oil FYF “azguez Begys -
Gas Viscosity Lee, Gonzalsz and Eakin -
Live O Viscosty Chese and Connally -
Undersaturated Oil Viscosity Khan -
Dead Oil Vizcosity Equation ASTh Equstion -
Wistzon K Factor Specify -
Surface Tension Calculate -

Cloze
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Refer to Appendix A -
Neotec Black Oil
Methods for more
information on the black
oil methods available and
other terminology.

You can restore the
default settings by
clicking on the Black Oil
Defaults radio button.

X

Close icon

The Neotec Black Oil Methods view displays the nine PVT
behaviour and transport property procedures, and each of
their calculation methods.

In this tutorial, you want to have the Watson K Factor
calculated by the simulation. The default option for the
Watson K Factor is set at Specify. Thus, you will change
the option to Calculate from the Watson K Factor drop-
down list, as shown below.

Figure 1.9

Solution GOR Standing -
Il FWF Stancing E
Undersaturated Oil FF “azguez Beggs :
Fas Yiscosity Lee, Gonzalez and Eakin :
Live Qil Vizcosity Chevwy and Connally :
Undersaturatedd Oil Yiscosity Fhan =
Dead Oil Wiscostty Equation ASTM Ecpuation -
Watson K Factor Calculate :
Surface Tension Calculate E

The User-Selected radio button is automatically activated
when you select a Black Oil method that is not the default.

6

. Click the Close button to close the Neotec Black Oil Methods

view.
The HYSYS Neotec Black Oil view appears.

Figure 1.10

M HYSYS - Neotec Black Oil [ x|

E asis:

Launch Meotech Black Oil.. |

Advanced... |

7.

In the Basis field, type in the new name Black Oil for the
fluid package.

Close the HYSYS Neotec Black oil view by clicking the Close
icon.

The Black Oil fluid package is now completely defined. If you
click on the Fluid Pkgs tab in the Simulation Basis Manger
you can see that the list of Current Fluid Packages now
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o

Enter Simulation
Environment icon

displays the Black Oil Fluid Package and shows the number
of components (NC) and property package (PP). The newly
created Black Oil Fluid Package is assigned by default to the
main flowsheet. Now that the Simulation Basis is defined,
you can install streams and operations in the Main
Simulation environment.

9. To leave the Basis environment and enter the Simulation
environment, do one of the following:
e Click the Enter Simulation Environment button on the
Simulation Basis Manager view.

e (Click the Enter Simulation Environment icon on the
tool bar.

1.3.3 Entering the Simulation
Environment

When you enter the Simulation environment, the initial view
that appears depends on your current Session Preferences
setting for the Initial Build Home View. Three initial views are
available:

e PFD
e Workbook
e Summary
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Any or all of these can be displayed at any time; however, when
you first enter the Simulation environment, only one appears. In

this example, the initial Home View is the PFD (HYSYS default
setting).

Figure 1.11

AEE

File Edit Simulation Flowshest PFD  Tools  Window  Help
o : — Environment: Case [Main]
D Du|‘@2M[§|I:>G|¢GHEW|A =) = Mode: Steady State
* PFD - Case {Main) [_[O[x] { !i

HMEE oA @B D [Trertorse 1| @f @ B

FLOW CUSTOM)|

00O

BT
| o I B

| u ERE o

There are several things to note about the Main Simulation
environment. In the upper right corner, the Environment has
changed from Basis to Case (Main). A number of new items are
now available in the menu bar and tool bar, and the PFD and
Object Palette are open on the Desktop.

1-14
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The PFD and Object Palette are described below.

Objects ‘ Description

PFD The PFD is a graphical representation of the flowsheet
topology for a simulation case. The PFD view shows
operations and streams and the connections between the
objects. You can also attach information tables or
annotations to the PFD. By default, the view has a single
tab. If required, you can add additional PFD pages to the
view to focus in on the different areas of interest.

You can also open the Object A floating palette of buttons that can be used to add
Object Palette by clicking Palette streams and unit operations.

the Object Palette icon in You can toggle the palette open or closed by pressing F4,
the PFD tool bar. or by selecting the Open/Close Object Palette command
m from the Flowsheet menu.

Before proceeding any further, save your case.

1. Do one of the following:
e From the File menu, select Save.
e Press CTRL S.
e Click the Save icon on the tool bar.
E If this is the first time you have saved your case, the Save
Save icon Simulation Case As view appears.

Figure 1.12

Save Simulation Case As ﬂ E

Savein: || Cases j - £f E-
3 My Fiecent Documents

Desktop
J__I My Documents

_‘5 Iy Computer

_% 3% Floppy [&]

=@ Local Disk [C:]

=@ Local Disk (D]

I.5) Program Files
I5) Hyprotech
L HYSYS 3.4
Y-

When you choose to
open an existing case
by clicking the

4y Documents

Open Case icon g ,
or by selecting Open
Case from the File
menu, a view similar to
the one shown in
Figure 1.12 appears.
The File Filter drop-
down list will then allow
you to retrieve backup
X *
g*:gil:n)) g{;‘i E]Ygé':j"ition By default, the File Path is the Cases sub-directory in your
to standard HYSYS HYSYS directory.
(*.hsc) files.

File name: I A Save I
Save as type; [Hvsrs Simuation Case (*hec) | Cancel

%
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= |

Material Stream icon

Building the Simulation

2.

In the File Name cell, type a name for the case, for example
BlackOil.

You do not have to enter the *.hsc extension, HYSYS
automatically adds it for you.

Once you have entered a file name, press the ENTER key or
click the Save button.

HYSYS saves the case under the name you have given it
when you save in the future. The Save As view will not
appear again unless you choose to give it a new name using
the Save As command. If you enter a name that already
exists in the current directory, HYSYS will ask you for
confirmation before over-writing the existing file.

1.4 Building the

Simulation

1.4.1 Installing the Black Oil

Feed Streams

In this tutorial, you will install two black oil feed streams.

1.

To add the first black oil stream to your simulation do one of
the following:

e From the Flowsheet menu, select Add Stream.

e You can also add a new material stream by pressing the
F11 hot key.

e From the Flowsheet menu, select Palette. The Object
Palette appears.

Double-click on the Material Stream icon.
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The Black Qil Stream property view appears.

Figure 1.13

1 1S[=] B3
Worksheet Streamn MName 1
. Temperature [C] CEMplY:
Conditions Pressure [kPa] <emply>
Properties Specific Grawvity <emplys
Eees Campasiien Walumetric Flow <emply
ass Flow [kgh] <emplys
User Variables tazs Enthalpy [kl /kg] <emply
Moates Fluid Package Black Oil
ol ] ]

Cost Parameters

Bulk Properti
(Gas Ol Ratio: I<EI'HDL'.'> IWater Cut LI I<ampt_l,l> ‘

"Dﬂ Phase Specific Propertie:

Surface Tension: fcempty> Watson K: <Empty: ‘

Wizcosity Mid... | Lalibration |

—
Wolksheell Attachments I Diwnamics

[ Unknown Temperature

Define fram Other Stream... e =9

HYSYS displays three different phases in a black oil stream.
The three phases are:

e Gas

e OQil

e Water
You can also use the The first column is the overall stream properties column. You
Cic’e”v\lz%fl‘lta']gc;ﬁ!s%arto can view and edit the Gas, Oil, and Water phase properties
properties. by expanding the width of the default Black Oil stream

property view.
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The expanded stream property view is shown below.

Figure 1.14

1 1=l
Worksheet Stream Name 1 Gaz ail W ater
Conditi Temperature [C] < Emplyy CEmplys <Empty: <emplys
il Fressure [kPa] <emply> <emply <emphys <emply>
Properties Specific Gravity <empy> <emply <emptys <emply>
Gies Campasiian ‘alumetric Flaow <emphy> <emplys <emphys <emply>
. tazs Flow [kg/h] <emphy> <emply <emphys <emply
User Variables tazz Enthalpy [k A&a] <emphy> <emply <emphys <emphy
MNotes Fluid Package Black Ol
Cost P, "
Bulk Praoperti
(Gas Oil B atio: I<EmDLU> I W ater Cut ;I I<empt_u> ‘
0il Phase Specific Propertie
’7§urlace Tenzsion: [<emptys  Watson K: I<Eth}'> ‘
Wiscosity Mid... | Lalibration |
_ -
Worksheet | Attachments | Dpnamics |

[ Unknown Temperature

D elete. | Diefing from Other Stream...

2. Rename the stream to Feed 1 by typing the new stream
name in the Stream Name cell of the Overall column (first
column).

You can only rename the overall column, and that name
appears on the PFD as the name for that black oil stream.
You cannot change the phase name for the stream.

Next you will define the gas composition in Feed 1.
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3. On the Worksheet tab, click on the Gas Composition page
to begin the compositional input for the stream.

Figure 1.15

Feed 1 =l 3
W'ollfsheel Helhare Cempyr |

- Conditions Ethane <emplys ||

- Propeties Propane <empty> | |
Gas Composition IrfBuLE?::e ::_may_ EE:_
UserVariables |20 Zemptys ||
Mates n-Fentane <empty> |

L Cast P 1 n-Hexane Lemptyr |

Total [0.00000

Edi |

>

4 | |_| ™ Activate Gas Composition
—
Wolksheell Attachments I Dynamics |

[ Urknown Temperature

Delte | Define from Dther Stream... “« =
ngn'ggts'l‘;?gﬁ Sﬁ:ckbox 4. Check the Activate Gas Composition checkbox to activate
allows you to specify the the Gas Composition table.
E‘;rs“epgg'ntq'ggf]gﬁg sgﬁh 5. Click on the Edit button. The Input Composition for Stream
selected in the Simulation view appears. By default, you can only specify the stream
Basis manager. After you compositions in mole fraction.

have defined the gas

composition for the black ;
oil stream, HYSYS will Figure 1.16

automatically calculate

the specific gravity for the S Input Composition for Stream: Feed 1
gas phase. If gas :
composition information E’E”‘L Con
H H < >
is not available, you can Erea e
provide only the specific iButane <empty>
. rrButane <Emply:
I-Pentane <emptys
gas gravity on the PP empl
i 0 rPentane <EMmphy
Conditions page to define ot ot

the black oil stream.

Composzition Controls———

Eraze |

Marmalize |

Cancel |
Total {00000 Ok I
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6

. Enter the following composition for each component:

Component ‘ Mole Fraction

Methane 0.3333

Ethane 0.2667

Propane 0.1333

i-Butane 0.2000

n-Butane 0.0677

i-Pentane 0.0000

n-Pentane 0.0000

n-Hexane 0.0000
7. Click the Normalize button to ensure that the mole fraction

sum equals 1.0.

8. Click the OK button, and HYSYS accepts the composition.
9. Click on the Conditions page on the Worksheet tab.

Figure 1.17

Feed 1 =]
Workzheet Stream Mame LI Feed 1 Gas il W ater
- Temperature [F] | < Emplyy CEmplys <Empty: <emplys
Conditions Fressure [psia] | <emply> <emply <emphys <emply>
Properties Specific Gravity/Std. Density | <emply> | 1.201 5G_rel_to <emptys <emply>
Gies Campasiian “alumetric Flow | <emphy> <emplys <emphys <emply>
I azs Flaw [I6/hr] | <emphy> <emply <emphys <emply
User Variables 4 azz Enthalpy [Btudlb] | <emphy> <emply <emphys <emphy

MNotes Fluid Package | Black Ol
|

Cost Parameters -
Bulk Properties

Gas Oil A atio: |<EmDLU> |Water Cut ﬂ |<empt_u>

0il Phase Specific Properties

Surface Tenzsion: |<empty> “Watson K: <emply

Wiscosity Mtd... | Lalibration |

B Worksheet | Attachments | Dpnamics

Unknawn Temperature

Delete ‘ Define from Other Stream... | e =

1

Next you will define the conditions for Feed 1.

0.In the overall column (first column), specify the following
conditions:

Temperature (°C) 50
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Pressure (kPa) 101.3
Volumetric Flow (barrel/day) 4500

HYSYS automatically assigns the same temperature and
pressure to the Gas, Oil, and Water phases.

11. Specify the Specific Gravity for the Oil phase and Water
phase to 0.847 SG_60/60 api and 1.002 SG_60/60 api,
respectively.

Next you will specify the bulk properties for Feed 1.

12.In the Bulk Properties group, specify a Gas Oil Ratio (GOR)
of 1684 SCF/bbl, and Water Cut of 15%.

Figure 1.18

Bulk: Propertie:
’7553 0il Ratio: I1554 |Water cut x| |15.D ‘

The Gas Qil Ratio is the ratio of the gas volumetric flow to oil
volumetric flow at stock tank conditions. The Gas Qil Ratio
will be automatically calculated if the volumetric flows of the
gas, oil, and water phases are known. In this tutorial, the
volumetric flowrates for the three phases are calculated by
the Gas Oil Ratio and Water Cut.

The water content in the Black Oil stream can be expressed
in two ways:

e Water Cut. The water cut is expressed as a percentage.

V
Water Cut = ——24ler (1.1)
V . +V
oil

water

where:
Vivater = volume of water

Vi = volume of oil
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¢ WOR. A ratio of volume of water to the volume of oil.

14
WOR = —I”/—f”ﬂ (1.2)

oil

You can select your water content input preference from the
drop-down list.

Next you will specify a method for calculating the dead oil
viscosity.

13. Click on the Viscosity Mtd button. The Black Oil Viscosity
Method Selection view appears.

Figure 1.19

| Black 0il ¥iscosity Method Selection DiSP|a.YS the current )
selection of the Dead Oil
ASTM Equation < Viscosity Equation. You

can change this equation
in the Neotec Black Oil
Cosfiierts, | CosffciertE | Methods Manager. Refer
to Dead Oil Viscosity
Equation in Appendix
A.1 - Neotec Black Oil
Methods and
Thermodynamics for
more information.

ethod Options: Specity Coethoients

You can select the calculation methods from the Method
Options drop-down list. Neotec recommends the user to
enter two or more viscosity data points. In the event that
only one data point is known, this is also an improvement
over relying on a generalized viscosity prediction.

14. Click on the Method Options drop-down list and select
Twu.

15. Close the Black Oil Viscosity Method Selection view.
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Now Feed 1 is fully defined.

Feed 1 [_ (O] x|
Workcheet Stream Mame Feed 1 Gaz ail W ater
= Temperature [F] 122.0 1220 1220 1220
it
r°0“ ;"tf:; Frioss sl 14.69 14.69 14,63 14.69
DC i Specific Gravity/Std. Density [Estc] <emplyy | 1.201 SG_rel to | 0.84705G_G0A || 1.002 SG_G0/E0
s Lomposton |y, metric Flow [@stc) 4500 barrel/day | 25172002 MM! | 14.94 barel/day | 2,637 bareliday
servaniables | Flow [@ata) [Ib/hi] 9.1 3611 1845 |E2
otes Mass Enthalpy [Bhu/lb] 8353 1677 1218 1218
- Cost Parameters || Fyig Package Black Ol

Bulk Properti
Produced GOR: IT B84 I wiater Cut | I1 5.0 ‘

0il Phase Specific Propertie:

Surface Tension: [25.75 Watson K |1 2.03 ‘

Lalibration |

<]

—
Worksheet | Aftachments IDynam\cs |

Delete | Drefing framn Other Strean.. | 4 =5

The Surface Tension and Watson K are automatically
calculated by HYSYS as specified in the Neotec Black Qil
Methods Manager. You can view the property correlations for
each phase by clicking on the Properties page where you
can add and delete correlations as desired.

Figure 1.21

Feed 1 =] E3

Worksheet Shrearn Nam_e i Feed 1 Gas ail i ater
Candii Heat Capacity[E_0Oil] [Btu/lb-F] 04620 0.4043 0.3774 1.01
— tions Mass Density[E_Dil] [Ib/ft3] 0.2730 8.241e-002 51.42 61.75
o || Mass Flow Rate[B_0il] [Ib/hr] 319.1 95.97 1846 3|52
Gas Carmposition | Mass Fraction[B_0i] <emphy> 0.3007 05756 01207
User Variables | Wiscosity[B_Oil] [<F] 1.850=-002 9.769=-003 3.290 05352
Nates Wol. Fraction[B_0il] <emphyy 09364 3.072e-003 5 337e-004
Cost Parameters || Vise. Coeff. AB_OIl] 11.27 <empty: <empty <empty:
Vize. Coeff. B[B_Ql] 4140 <Emptys <Empty: <Empty:
Yolumetric Flow[B_Oil] [barrel/day] 4396 4378 15.35 2.BEE
Solution GOR[B_Dl] [SCF/bbl] 2372 <empys <emphy> <empy>
(Ol Farmation Yalume Factar[B_0il] 1.027 <empys <emphys <emply>

Property Correlation Control

Bodh e o bl X XH B
ll_l—’l Preference Option: -

—
W’ulksheell Attachments I Diynamics

1
Delete | Define from Other Stream... | £ 5
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16. Create a second black oil feed stream, Feed 2 and define it
with the following data:

In these cells... ‘ Enter...

Conditions Page

Overall

Temperature (°F), Overall 149
Pressure (psia), Overall 29.01
Volumetric Flow (barrel/day), 6800

Specific Gravity (SG_60/60 api) Oil: 0.8487

Water: 1.002
Gas Oil Ratio 1404 SCF/bbl
Water Cut 1.5

Viscosity Method Options

Beggs and Robinson

Gas Composition Page

Methane

| 1.0

Figure 1.22
Feed 2 =] E3
Worksheet Strearn Mame Feed 2 Gas ail W ater
iti Temperature [F] 143.0 143.0 143.0 1490
o Condit
. p,DDnD;,I,?:SS Pressure [psia] 29.01 29.01 29.01 730
- G Composition | e S U ] <empty> | 05542 5G_rel_t | 0.8487 SG_G0/F [[1.002 5G_60/Gl

alumnetric Flow [(Este]

E800 barrel/day | 3.802e-002 MM:

27.08 barrel/day

0.4124 barel/dz

“UserVarisbles | [ o Flow (@ate) [Ibhi]

- Notes Mass Enthalpy [Etu/lb]

- Cost Parameters | [l yd Package

i [v] Wiscosity Mid... |

408.0 £7.00 3.0 E.023
98.49 ans.2 55.72 1488
Black Oi
Bulk Properti
Produced GOR: |1 404 IW’atar Cut x| I'I 5 ‘
Dil Phaze Specific Propertie;
Surface Tensiar: [20.14 Waatzon K |1 203 ‘
Lalibration |

—
Wolksheell Attachments I Dynamics |

Delete | Define from Other Stream... |
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1.4.2 Installing Unit
Operations

The following unit HYSYS unit operations typically solve to equilibrium conditions
gf;irlfgﬁnsstr‘;aa”msslfpport using an equation of state or activity model. With the HYSYS

. Valve ' Upstream Option, HYSYS unit operations will solve in black oil

o Mixer mode and be able to blend different black oils together.

e Pump

e Recycle

e Separator The Worksheet tab of some HYSYS unit operation property

e Pipe Segment views are not supported when the unit operations are used

e Heat Exchanger in Black Oil mode.

e Expander

e Compressor

o Heater Now you have fully defined two black oil feed streams. The next

* Cooler step is to install the necessary unit operations for the blending

and transitioning process.

Installing the Valve

The first operation that will be installed is a Valve, used to
decrease the pressure of Feed 1 before it is blended with Feed 2.

1. Double-click on the Valve icon in the Object Palette. The
Valve property view appears.

2. On the Connections page, open the Inlet drop-down list by
clicking the down arrow icon =|.

Figure 1.23

Valve icon

¥LY-100 J[=] B3
Design Meme  [WLv-100
Connections
Parameters
User Variables
Wates Inlet Olutlet
Feed 1
Feed 2
Fluid Package
I Black Oil -
_—
Designl Fiating I “wiorksheet I Dynaics |
Dot | | [~ 1crcr=c
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: 4

Mixer icon

Building the Simulation

3. Select Feed 1 from the list.

Alternatively, you can make the connections by typing the
exact stream name in the cell, then pressing ENTER.

4. Move to the Outlet field by clicking on it. Type ValveOut in
the Outlet cell and press ENTER.

The status indicator displays Unknown Delta P. To specify a
pressure drop for the Valve:

5. Click on the Parameters page.
6. Specify 5 kPa in the Delta P field.
Now the status indicator has changed to green OK, showing that

the valve operation and attached streams are completely
calculated.

Installing the Mixer

The second operation that will be installed is a Mixer, used to
blend the two black oil feed streams.

To install the Mixer:

1. Double-click on the Mixer icon in the Object Palette. The
Mixer property view appears.

Figure 1.24

MIX-100 J[=] E3

Design Mame |MI-100

Connections

—_—
Parameters

Notes

User Yariables >

PEE——

Inlets Outlst
|| << Shream > lﬁ
Fluid Package
Black Oil - I
-
Designl Rating I Wiorksheet I Dynamics |
Delete | ™ lgnored

2. Click the <<Stream>> cell to ensure the Inlets table is
active.
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The status bar at the bottom of the view shows that the
operation requires a feed stream.

- 3. Open the <<Stream>> drop-down list of feeds by clicking
Down arrow icon the down arrow icon, or by pressing F2 and then the DOWN
arrow key.
MIZ-100 =[O x]
Design Hame IW
Connections
—_—T

Parameters

Uszer Yariables

MNaotes

N

PE——
Injets Outiet

x I Vl
Feed 2
\J’Eallaveﬂul Fluid Package
IB\ack il vl

—
Design | Rating I Worksheet I Dyriamics |

Delete |

[~ lgnored

4. Select ValveOut from the list. The stream is transferred to
the list of Inlets, and <<Stream>> is automatically moved
down to a new empty cell.

Alternatively, you can 5. Repeat steps 3-4 to connect the other stream, Feed 2.
make the connections by L. . .

typing the exact stream The status indicator now displays Requires a product
name in the cell, then stream. Next you will assign a product stream.

pressing ENTER.
6. Move to the Outlet field by clicking on it, or by pressing
TAB.

7. Type MixerOut in the cell, then press ENTER.

HYSYS recognizes that there is no existing stream named
MixerOut, so it will create the new stream with this name.
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HYSYS has calculated the
outlet stream by
combining the two inlets
and flashing the mixture
at the lowest pressure of
the inlet streams. In this
case, ValveOut has a
pressure of 96.3 kPa and
Feed 2 has a pressure of
200 kPa. Thus, the outlet
from the Mixer has a
pressure of 96.3 kPa (the
lowest pressure between
the two inlets).

Refer to Appendix A -
Neotec Black Oil
Methods, for more
information on the
specific gravity and
viscosity of heavy oil/
condensate blends.

Building the Simulation

calculated.
Figure 1.26
MIX-100 1H[=] E3
Design Marme IMIX-1DD
Conneclions
Parameters _\
Uzer Yariables
Motes : _/
—_—
Inlets Outlet
“alvelut IM\xerDut -
Feed 2 i
[ << Sheam > Fluid Package
Elack Ol -
—
Design I R ating I ‘wiorksheet I Dynamics |
[ lgnored

8. Click the Parameters page.

9.

In the Automatic Pressure Assignment group, leave the
default setting at Set Outlet to Lowest Inlet.

Figure 1.27

MIX-100 =] E3
Design
Connections
—_—
Parameters _\
Uzer Vaniables
Muotes : _/
—_—
Avtornatic Pressure Assignment—————————————
" Equalize &l
% Set Outlet to Lowest Inlst
] - . .
Design | Rating I worksheet I Dyriamics |
[~ lgnored

The status indicator now displays a green OK, indicating that
the operation and attached streams are completely
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n

Enter Basis Environment
icon

Installing the Black Oil Translator

Next you will install a Black Oil Translator to transfer the black
oil stream data into a compositional stream so that you can
analyze the properties of the blended black oil stream from the
Mixer. The Black Qil Translator is implemented in HYSYS using
the Stream Cutter operation and a custom Black Oil Transition.
The Black Oil Translator interacts with an existing Stream Cutter
unit operation to convert the Black Oil stream into a
compositional material stream.

Adding Non-Black Qil Stream

Before you install the Black Oil Translator, you need to install a
non-black oil stream for the Black Oil Translator outlet stream.
Thus, you will need to add a new fluid package and assign it to
the outlet stream.

To add a new fluid package:

1. Click on the Enter Basis Environment icon in the tool bar.
The Simulation Basis Manager appears.

2. Click on the Fluid Pkgs tab.
3. Click Add.

Select Peng-Robinson from the property package list in the
Property Package Selection group.
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(= |

Material Stream icon

Building the Simulation

5.

In the Name field, rename the fluid package to PR as shown
below.

Figure 1.28
Fluid Package: PR [_[O] x|
—Property Package Selectionr ~EOS Enthalpy Method 5 pecificatio

Property Package Filter———

Grayson Streed {* Eguation of State

Infochem Multiflash " LeeKesler
K.abad-Danner & Al Types -
Lee-Kesler-Plocker ¢ EOSs

~Pang Robingon Option:
Margules = Activity Models ? e

mggvg‘team " Chao Seader Models g HYSYS
Meotec Black Oil € Wapour Press Models Standard
£ Miscell T
gﬁﬂélecml = peeE e [~ Use EOS Density ¥ Modify HZ Te and Fo

¥ Smooth Liquid Density

Advanced Themodynamics——————————————————

Component List S election et |
. . [~ COMThemo Hedression |

IComponent List - 1 j Wiew... | Expart |

]

Dete | Name [H Propery Pka | NEERGREERS i Propsriss |

Set UpI Parameters I Binary Coeffs I StabTest I Phase Order IFixns I Tabular I Hotes |

10.

11

Close the Fluid Package view.

Click on the Return to Simulation Environment button in
Simulation Basis Manger.

To add the Black Oil Translator outlet stream, do one of the
following:

e From the Flowsheet menu, select Add Stream.

e Press F11.

e From the Object Palette, double-click on the Material
Stream icon.

In the stream property view, click the Worksheet tab and
select the Conditions page.

In the Stream Name cell type Outlet.

.In the Fluid Package cell, select PR from the drop-down

list.
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Once you selected PR as the fluid package, the Outlet
stream property view is automatically changed to a HYSYS
compositional stream.

Figure 1.29

Outlet J[=] E3
Worksheet Stream Mame Outlet
M e Wapour / Phase Fraction <Emply:
... Propetties Temperatule: [F1 <Emply>
p
Compostion Pressure [psia] <emplys
tolar Flavs [lbmole.hr] <Emplys
K\ alue . Masz Flow [Ib/hi] CEMmplYs
User'ariables || S1g | deal Liq ol Flow [bariel/day] <empiy>
Motes Molar Enthalpy [Bturlbmole] <emply>
i+ Cost Parameters | [Malar Entrapy [Btu/lbmolzF] <emplys
Heat Flow [Btushr] <emply
Lig %al Flow @5td Cond [barrel/day] <emply
Fluid Package FR

—
Wnlksheell Aftachments I Dynamics |

[ Urknown Temperature

Delete I Define from Other Stream... L] =

12.Close the Outlet property view.

Adding the Black QOil Translator

There are two ways that you can add the Black Oil Translator to
your simulation:

You can also open the 1. From the Flowsheet menu, select Add Operation. The
UnitOps view by pressing UnitOps view appears.
the F12 hot key. . - .
2. In the Categories group, select the All Unit Ops radio
button.
3. From the Available Unit Operation lists, select Black Oil
Translator.
4. Click Add.
OR
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-+ 1. From the Object Palette, click on the Upstream Ops icon.
M The Upstream Ops Palette appears.

Upstream Ops icon Figure 1.30

-y

PIRESIM

OLGALINE

e Julcl
~B0E

2. Double-click the Black Oil Translator icon.
6 The Black Oil Translator property view appears.
Plack Ol Transiator fcon

# CUT-100 JH[=] E3

Design Mame I

Connections

User Variables
Inlet

Notes Iﬁ / /

Bemave Cutter

—
Designl Tranzition I ‘workzhest |
Delete [ Not Solved ™ lgnared

In certain situations, the Black Oil Translator will automatically
be added to the flowsheet. This occurs when the stream
connections are made to operations that have streams with
different fluid packages connected or the operation itself is set
to use a different fluid package. The Stream Cutter dictates the
rules for when the Black Oil Translator is automatically added.

You can also delete a
Black Oil Translator by To delete the Black Oil Translator operation, click the Delete

gﬁﬁ?g:;;:grﬂgﬁkon button. HYSYS will ask you to confirm the deletion.

the PFD and pressing
the DELETE key. To ignore the Black Oil Translator operation during calculations,
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activate the Ignored checkbox. HYSYS completely disregards
the operation (not calculate the outlet stream) until you restore
it to an active state by deactivating the checkbox.

Defining the Black Qil Translator

To complete the Connections page:

- 1. Open the Inlet drop-down list by clicking the down arrow
Down arrow icon icon, or by pressing the F2 key and then the DOWN arrow
key.

Select MixerOut as the inlet.
Move to the Outlet field by clicking on it.
Select Outlet as the outlet stream.

Once the outlet stream is connected, the Black Oil Translator
starts transitioning the black oil data to the Outlet stream
using the HYSYS default transition setting.

Figure 1.32

+ CUT-100 [ [O1}

Mame |[CUT-100

PwoN

Connections

Uzer ariables
Inlet

Deisy IMikerD ut hd / /

/ / Outlet
hd

Bemove Cutter

i
Designl T ransition I Worksheet |
pece | I | 5

The solving status is indicated in the Object Status Window.
As the Black Oil Translator is solving, a list of
hypocomponents are generated in the Outlet stream to
characterize a black oil stream from a compositional stream
perspective. You can view each hypocomponent created in
the Trace Window as the Black Oil Translator is solving.
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Refer to Appendix B -
Black Oil Transition
Methods for more
information on the
Simple, Three Phase, and
Infochem Multiflash
transition method.

Building the Simulation

If the Outlet stream had Black Oil as the fluid package, the
following warning message view would appear.

HYSYS [ x|

! The outlet to the black oil three phase transition method must be a non-black oil stream,
LY

5. Click on the Transition tab.

Figure 1.33

¥ CUT-100 1=l B3
Transition Type——— [-Cument Transition
I BlackDil Transition = rBlack Oil Transition Method———— |Methane 0.7343
 Simple © Infachem Multilash Ethane 01081
5 Propane 0.0530
i-Butane 0.0796
0l Phase: Cut Option: TPBE“:;';Z ggégg
Adjust Light End: :
L G e s n-Pentane 0.0000
I Auto Cut - I n-Hexane 0.0000
Erase Composition |
Mamalize Composition |

The Thiee Phase Transition passes the Temperature, Pressure, Flow and composition to the outlet.
Composition is calculated using the gas composition, water cut, and bulk oil characterization

R [V Active

D esign Tlansitionl ‘worksheet |

Do | I | o=t

e The Transition Type group displays the transition type (in
this case: BlackOil Transition) available for this Black
Oil Translator operation.

e The Current Transition group contains all the options
used to configure the Black Qil Transition method.

The composition of MixerOut is copied to the composition
table as shown in the figure above. Leave the composition as
default.

6. In the Black Qil Transition Method group, confirm that the
Three Phase radio button is selected.

7. Save the case.
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1.4.3 Results

When the solving is completed, the status indicator for the

Outlet stream and Black Oil Translator should be changed to a

green OK, showing that both operations are completely defined.

1. In the Outlet stream property view, click on the
Compositions page on the Worksheet tab.

2. In the component composition list, you can view the
composition for all the hypocomponents created as well as
the composition for C1 to C6.

Figure 1.34

Methane X :II
Ethane R
Propane . 0E3841
iButane 035785
n-Butane 032473
i-Pentane 000000
n-Pentane 000000
| n-Hexane 000000
H20 369763
P[0]1490¢ 002316
BP[0]212" 003763
BP[0]237* 004404
EP[0]262* 005320
BP[0]287* 005320
P[O]312* .00E35E
P[O]33 O0EESS
36 .00BE52
P[0]38 008349
P[O]412" .00B3ES
P[0]437* 006308
B2* .00E7ES
P[Oj4e™ 006620
BP[0]51 = 00407
BP[0]537 00610
| NBP[0]562* .005EE6
P[0]587* 005551

NEFIIZ 523 |
il B

3. Close the Outlet stream property view.

4. Double-click on the CUT-100 operation on the PFD. The
—%L black oil translator property view appears.
CcUT-100 5. Click on the Worksheet tab.
CUT-100 operation On the Conditions page, the Compositional stream

properties and conditions for the black oil stream MixerOut
are displayed in the Outlet column.
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Building the Simulation

You can examine and review the results for the MixerOut
stream as a compositional stream.

Figure 1.35

* CUT-100 =l

Name MizerOut Olutlet

- W apour <Empky: 0.7309
Conditions Temperature [F] 1350 1350
Properties Pressure [psia] 13.97 13.97
Compazition talar Flow [lbrnolehr] <Empky: 11.79
tasz Flow [Ib/hr] <Empky: 7271

Std |deal Lig Vol Flow [barel/day] <Empky: 75.43

tolar Enthalpy [Btu/lbmole] < empkys -8, 37 0e+004

tolar Entropy [Btu/lbmole-F] <Empky: 51.12

Heat Flow [Btushi] < empkys -9, 871 e+005

Diesign | Trarzition ‘Worksheet
Dace | I |

Figure 1.36
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Malecular Wieight . E1.66

tolar Dengity [Ibroleft3] = 2.998e-003 LI
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perte | I | oo
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You can also equalize the
inlets pressures for the
Mixer by selecting the
Equalize All radio button
on the Parameters page
on the Design tab.

1.5 Dynamic Simulation

In this tutorial, the black oil dynamic capability will be
incorporated into a steady-state black oil translation simulation
case.

You can continue into this dynamic section with the black oil
translation case that you built during the steady state section.

1. Open the BlackOil.hsc case (if it is not already open in the

HYSYS).

2. Save the case under the new name: BlackOilDyn.hsc.

1.5.1 Modifying the Steady

State Flowsheet

Before the case can be run in Dynamic mode, it is necessary to
modify the steady-state model so that a pressure-flow relation
exists between each unit operation.

In order to realistically model flow behaviour in a dynamic
simulation case, you will change the Mixer to equalize all inlet
pressures so that the flow to and from the Mixer is determined
by the pressure-flow network:

1.

2.
3.
4

|

Delete the specified pressure in Feed 2.
Double-click on the Mixer. The Mixer property view appears.
Click on the Dynamics tab, and select the Specs page.

In the Pressure Specification group, select the Equalize All
radio button.

Fressure Specification
f* Equalize Al
i Set Outlet to Lowest Inlet

HYSYS automatically recalculates and solves the Mixer
operation. The status indicator of the Mixer has now changed
to a green OK. The flowsheet is completely defined.
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1.5.2 Setting Pressure-Flow
Specifications

In Dynamic mode, the degrees of freedom for the flowsheet
must be zero. You can reduce the degrees of freedom by setting
the pressure-flow specifications in each boundary stream:

1. Double-click on Feed 1. The stream property view appears.
2. Click on the Dynamics tab, and select the Specs page.

3. Ensure the Pressure specification is active with a check in
Active checkbox, and deactivate the Volumetric Flow
specification.

Figure 1.38

Feed 1 M= E3

~Dynamic Specification

Dynamics
Specs —Pressure Specificatiorr
Stipchart { Pressure [ Acive |
e il 14.69 psia | v ‘

—Flow Specificatior

“Yolumetic Flow [(Estc Active
4500 barrel/day |l

Feeder block. .. |

N Workzheet | Attachments D_vnamicsl

Deletel Diefing from Other Stream... | L] =
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4. For Feed 2, specify the Specs page as shown:

Figure 1.39
Feed 2 =l 3
TS ~Dynamic Specification:
~Prezsure 5 pecification
Specs
Shinch | Pressure | Active |
it | T397psial [

—Flow Specification

“Wolumetric Flow [@Esto) Aictive
E800 barrel/day v

Feeder block.. |

‘worksheet I Attachments Dynamicsl

Delete | Define from Other Stream... | L

5. For Outlet, specify the pressure-flow specifications as

shown:
Figure 1.40

Outlet =] E3

Timemies ~Dynamic Specification:
~Pressune Specificatior

Specs
. | Fressure | Active

Stripchart [ 1297 poim v

—Flow Specificatiar
{* Molar ¢ Mass (" ldealLigvol ¢ Std Ligvol

| Malar Flow | Active |
| 11,79 Ibrncle/hr | [ |

Product block...

‘Worksheet | Attachments Dynamicsl

Delete | Define fiam Dther Strean.. | e =5

6. Save the case. The simulation case is ready to run in
Dynamic mode.
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hod

Integrator Holding icon
(red)

x|

Dynamic Mode icon

hed

Integrator Active icon
(green)

Dynamic Simulation

©

Click the Integrator Holding icon (red) on the Tools bar to
hold all calculations.

Click the Dynamics Mode icon on the Tools bar.
A view appears asking you to confirm switching the
simulation case to Dynamics mode. Click Yes.

If the Dynamics Assistant is active, HYSYS will ask you
whether you want to make certain changes to the simulation
case in the Dynamic Assistant before engaging in dynamic
mode. Click No to the Dynamic Assistant.

The Dynamic Assistant is one of the methods for preparing a
steady state case for dynamic mode. You can set your own
pressure-flow specifications and size the unit operations
manually on their Specs page on the Dynamics tab.

10.

The Dynamics Assistant makes recommendations as to
how the flowsheet topology should change and what
pressure-flow specifications are required in order to run the
case in dynamic mode. However, in this tutorial some of
these changes have been made manually as you modified
the flowsheet, and the remaining changes are not necessary
for the purpose of this example.

Start the Integrator by clicking the Integrator Active icon
in the toolbar.

The simulation case is now running in Dynamic mode. The
integration time and status are indicated in the Trace Window
and Status Bar.
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1.5.3 Monitoring in Dynamics

In Dynamic mode it is difficult to observe the behaviour of
simulation variables as they vary with time. Stripchart allows
you to monitor various variable sets of interest as they are
constantly updated in real time. You will create a strip chart to
monitor the temperature, pressure, and flow for the Outlet:

p— 1. Set the Integrator to holding mode by clicking the
Integrator Holding icon.
Integrator Holding icon

(red) 2. Double-click on the Outlet stream.
3. Click on the Dynamics tab, and select the Stripchart page.

From the Variable Set drop-down list, select the T, P, and
F variables set.

5. Display the strip chart by clicking the Create Stripchart
button. A strip chart view appears.

@ 6. Activate the Integrator by clicking the Integrator Active
icon in the toolbar.

»

Integrator Active icon
(green) As the Integrator is running, you should see the

temperature, pressure, and flow of the Outlet updating.

Figure 1.41
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1.5.4 Notes

The following should be noted when using black oil in Dynamic
mode:

e Black oil system does not support Component Splitter
and tray section since they are strongly linked to
composition.

e In steady-state black oil translation, the component list
changes after the black oil stream is converted to a
compositional stream. However for black oil translation in
dynamic mode, a new composition using the existing
component list is calculated. Ensure that the desired
components are already present on the non-black oil side
of the transition before the simulation starts. The
simplest way to do this is to use the component list from
a steady-state result.

e Always refer to the stream property view for the black oil
simulation information.

e To obtain the most accurate black oil results, avoid using
black oil system with extreme simulation conditions or
phase ratios.
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A.1 Neotec Black Qil
Methods and
Thermodynamics

You can select the desired black oil methods in the Neotec Black

Oil Methods Manager.

Several black oil PVT calculation methods exist, each based on
data from a relatively specific producing area of the world.

Correlations

Standing (1947) Correlation
for Rg and B,

‘ Data

Based on 22 California crude oil-gas
systems.

Lasater (1958) Correlation
for Rg

Developed using 158 data from 137
crude-oils from Canada, Western and
mid-continent USA, and South America.

Vasquez and Beggs (1977)
Correlations for Rg and B,

Based on 6004 data. Developed using
data from Mid-West and California crudes.

Glaso (1980) Correlations
for Rg and B,

For volatile and non-volatile oils.
Developed using data from North Sea
crudes.

Al-Marhoun (1985, 1988,
1992) Correlations for Rg
and B,

Based on data from Saudi crude oils and
Middle East reservoirs.

Abdul-Majeed and Salman
(1988) Correlation for B,

Based on 420 data points from 119 crude
oil-gas systems, primarily from Middle
East reservoirs.

Dokla and Osman (1992)
Correlations for Rg and B,

Based on 51 bottomhole samples taken
from UAE reservoirs.

Petrosky and Farshad (1993)

Correlations for Rg and B,

Based on 81 oil samples from reservoirs
in the Gulf of Mexico.
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A.1.1 Terminology

Before we discuss the PVT behaviour and transport property
procedures, you should be familiar with the following terms:

» Stock Tank Conditions

e Produced Gas Oil Ratio

« Solution Gas Oil Ratio

» Viscosity of Heavy Oil/Condensate Blends
« Specific Enthalpies for Gases and Liquids
* Oil-Water Emulsions

Stock Tank Conditions

Stock tank conditions are the basic reference conditions at
which the properties of different hydrocarbon systems can be
compared on a consistent basis. The stock tank conditions are
defined as 14.70 psia (101.325 kPa) and 60°F (15°C).

Produced Gas Qil Ratio

The produced gas oil ratio is the total amount of gas that is
produced from the reservoir with one stock tank volume of oil.
Typical units are scf/stb or m3 at s.c./m?3 at s.c.

Solution Gas Qil Ratio

The solution gas/oil ratio is the amount of gas that saturates in
the oil at a given pressure and temperature. Typical units are
scf/stb or m3at s.c./m3 at s.c.

Above the bubble point pressure, for a given temperature, the
solution gas/oil ratio is equal to the produced gas oil ratio. For
stock tank oil (i.e., oil at stock tank conditions) the solution gas
oil ratio is considered to be zero.
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Viscosity of Heavy Oil/Condensate
Blends

A common relationship for estimating the viscosity of a mixture
of two hydrocarbon liquids is as follows:

= iy (A.1)
where:

um= Vviscosity of the blended stream

pa = viscosity of liquid A

ug = viscosity of liquid B

Cx= volume fraction of liquid A in the blended stream

Ha >20

For cases where p, , it is recommended by Shu (1984) that
another correlation should be used to calculate the viscosity of

the mixture assuming that liquid A is the heavier and more
viscous fluid than liquid B.

X, (-Xx,
Mo =y X (A-2)
where:
C
X, = %4 (A.3)
aC,+Cp

17~04(SA _ SB)0‘5237S§1'2745S;6316
o =

Ln(ﬁ—i)

S, = specific gravity of liquid A

(A.4)

Sg = specific gravity of liquid B
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Data from two different crude oil/condensate blends have been
used to compare the results predicted by Equation (A.1) and

Equation (A.2) through Equation (A.4). The following table

contains the available data for the two oils and the condensate
liquid.

Viscosity (mPa.s)

API Specific

Gravity Gravity
Oil A 14.3 0.970 12840 7400 2736
oil B 14.3 0.964 3725 2350 1000
Condensate 82.1 0.662 0.42 0.385 -

To simplify viscosity calculations at intermediate temperatures,
the data given in the above table for each liquid were fitted to
the following form:

:a( 100 \°
: 18-T+3

(A.5)

where:
T = temperature, °C

a, b = fitted constants

The resulting values of a and b are given in the following table.

Liquid ‘ a ‘ b

Oil A 849.0 3.07
oil B 370.0 2.62
Condensate 0.28 0.44

In all cases, the fit is very accurate (maximum error is about

3.6%) and the use of Equation (A.5) introduces minimal error

into the comparison.
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Measured data were available at three temperatures (0°C, 5°C,
and 10°C) for each of the crude oils with three blending ratios
(90%, 80%, and 70% crude oil). Mixture viscosities calculated
by Equation (A.1) and Equation (A.2) are compared with
these data in the following table.

Equation 1.3 Equation 1.4
Blend Hmeas
(% crude) (mPa.s) | Mealc Heale
(mPa.s) (mPa.s)

A 0 90 2220 9348 321.1 2392 7.8
A 0 80 382 3111 714.4 370 -3.1
A 0 70 89 1035 1062.9 86 -3.4
A 5 90 1464 4661 218.4 1442 -1.5
A 5 80 272 1656 508.2 260 -4.4
A 5 70 71 588 728.2 66 -7.0
A 10 90 976 2670 173.6 953 -2.4
A 10 80 198 999 404.6 194 -2.0
A 10 70 56 374 567.9 53 -5.4
B 0 90 744 2774 272.9 989 32.9
B 0 80 147 1056 618.4 205 39.5
B 0 70 45 402 793.3 58 28.9
B 5 90 516 1531 196.7 629 21.9
B 5 80 112 615 449.1 148 32.1
B 5 70 37 247 567.6 45 21.6
B 10 90 396 951 140.2 436 10.1
B 10 80 87 399 358.6 113 29.9
B 10 70 29 168 479.3 37 27.6

From the table it is clear that the results calculated using
Equation (A.1) are not acceptable and would lead to gross
errors calculated pressure losses. As for Equation (A.2), it
gives excellent results for the blends involving Qil A. While the
errors associated with Oil B blends are significantly larger, they
are not unreasonable.
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In pipelines and wells the
Joule-Thompson effect is
typically exhibited as a
large decrease in
temperature as a gas
expands across a
restriction. According to
the relationships between
the temperature,
pressure, and latent
energy of the fluid, the
fluid typically cools when
it expands, and warms
when compressed.

Equation (A.3) can be further modified to improve its accuracy
by introducing a proprietary calibration factor.

Equation 1.4

Blend Pmeas

(% crude) (mPa.s)
B 0 90 744 817 9.8
B 0 80 147 157 6.8
B 0 70 45 43 -4.4
B 5 90 516 529 2.5
B 5 80 112 115 2.7
B 5 70 37 34 -8.1
B 10 90 396 371 -6.3
B 10 80 87 90 3.4
B 10 70 29 28 -3.4

The results obtained from the modified Shu correlation show
that the calibration procedure has yielded a significant
improvement in accuracy. This also applies to data at 0°C,
which were not used in the determination of the calibration since
no measured viscosity values for either Oil B or the condensate
were available at that temperature.

It has been demonstrated that the correlation of Shu (1984) is
much superior to the simple blending relationship expressed by
Equation (A.1), and it is capable of giving acceptable accuracy
for most pipeline pressure drop calculations.

Specific Enthalpies for Gases and
Liquids

The temperature profiles are calculated by simultaneously
solving the mechanical and total energy balance equations. The
latter includes a term that is directly related to changes in the
total enthalpy of the fluid(s). This means that all Joule-
Thompson expansion cooling effects for gases, and frictional
heating effects for liquids would be taken into account implicitly.
It is not necessary, for example, to impose the approximations
inherent in specifying a constant average value of a Joule-
Thompson coefficient. it is, however, necessary to be able to
compute the specific enthalpy of any gas or liquid phase, at any

A-7



Neotec Black Oil Methods and

pressure and temperature, as accurately as possible. The
following sections describe the procedures for computing this
important thermodynamic parameter for various fluid systems.

Undefined Gases

For undefined single phase gases, where only the gravity is
known, the specific enthalpy is determined by assuming the gas
to be a binary mixture of the first two normal hydrocarbon gases
whose gravities span that of the unknown gas. The mole
fractions are selected such that the gravity of the binary mixture
is identical to that of the unknown gas of interest.

For example, a natural gas having a gravity of 0.688 would be
characterized as a binary mixture consisting of 72.3 mole %
methane (gravity = 0.5539) and 27.7 mole % ethane (gravity =
1.0382) since (0.723)(0.5539) + (0.277)(1.0382) = 0.688. The
enthalpy of the binary mixture, calculated as described above
for compositional systems, is then taken as the enthalpy of the
gas of interest. This is in fact the same procedure that has been
used to create the generalized specific enthalpy charts that
appear in the GPSA Engineering Data Book (1987).

The specific enthalpy has been evaluated as described above for
a number of specified gas gravities over a relatively wide range
of pressures and temperatures. The enthalpy of the unknown
gas is obtained at any given pressure and temperature by
interpolation within the resulting matrix of values.
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Undefined Liquids

Undefined hydrocarbon liquids are characterized only by a
specific or API gravity, and possibly also the Watson K factor.
They are also referred to as “black oils”, and the specific
enthalpy is computed using the specific heat capacity calculated
using the correlation of Watson and Nelson (1933):

C, = Ay x[Ay+(457)] (A.6)

where:
Cp = specific heat capacity of the oil, btu/Ib°F

T = temperature, °F

The three coefficients have the following equations:

A, = 0.055K +0.35
A, = 0.6811-0.308y, (A.7)
A5 = 0.000815 —0.000306y,

where:
1/3

K = Watson K factor = -2—

S, = specific gravity of the oil

The specific enthalpy at any temperature T, relative to some
reference temperature T, is given by the following equation:

T
H = jcp(r)dr (A.8)
T

o

The specific enthalpy computed using Equation (A.8) is
independent of pressure. For real liquids, the effect of pressure
is relatively small compared to the temperature effect, but it
may become significant when the pressure gradient is large due
to flow rate rather than elevation effects.
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Large pressure gradients tend to occur with high viscosity oils.
At higher flow rates, frictional heating effects can become
significant, and the heating tends to reduce the oil viscosity,
which in turn, affects the pressure gradient. Unfortunately, this
complex interaction cannot be predicted mathematically using
specific enthalpy values that are independent of pressure. The
net result is that the predicted pressure gradient will be higher
than should actually be expected.

For fully compositional systems, the calculated specific enthalpy
of a liquid phase does include the effect of pressure. A series of
calculations have been performed using the Peng-Robinson
(1976) equation of state for a variety of hydrocarbon liquids,
ranging from relatively light condensate liquids to relatively
heavy crude oils. In each case, specific enthalpy was calculated
over a wide range of pressures at a low, moderate, and high
temperature. In the case of the condensate liquids, specific
compositional analyses were used. For the heavier crude oils,
the composition consisted of a number of pseudo-components,
based on published boiling point assay data, as generated by
Neotec's technical utility module HYPOS. In all cases, the effect
of pressure was found to be constant and is well represented by
the following relation:

Hp = Hp,,  +0.0038 x (P~15) (A.9)

where:

Hp 1 = specific enthalpy at the specific pressure and
temperature, btu/Ib-°F

Hpo 1 = specific enthalpy computed with Equation (A.8)

P = pressure, psia

Figure A.1, Figure A.2, and Figure A.3 show the comparison
between specific enthalpies calculated using the Peng Robinson
equation of state and those computed using Equation (A.9) for
16.5, 31.9, and 40.5° API oils, respectively. For comparison
purposes, Hpo T was taken to be the value computed by the Peng
Robinson equations of state at 15 psia.



Neotec Black Oil Methods A-11

Effect of Pressure on Specific Enthalpy for a 16.5° API Oil

Figure A.1
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Effect of Pressure on Specific Enthalpy for a 31.9° API Oil

80

7ol iy
200 °F

60 |
50
40 |
30

B b
2 100 F
10k

31.9 "API
® PREOCS
E quation (4]

0
-10
-20
=30 |-
-40

50 L I . I
o 1000 2000 3000 4000 000

SPECIFIC ENTHALPY (BTUAR)

PRESSURE (pzia)

The effect of pressure is included in all specific enthalpy
calculations, and therefore, in all temperature profile
calculations, in a way that closely approximates similar
calculations for fully compositional systems.

Oil-Water Emulsions

The rheological behaviour of emulsions may be non-Newtonian
and is often very complex. Generalized methods for predicting
transport properties are limited because of the wide variation in
observed properties for apparently similar fluids. It is usually
the case with non-Newtonian fluids that some laboratory data or
other experimental observations are required to provide a basis
for selecting or tuning transport property prediction methods.

Neotec assumed that an emulsion behaves as a pseudo-
homogeneous mixture of hydrocarbon liquid and water and may
thus be treated as if it were a single liquid phase with
appropriately defined transport properties.
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The volumetric flow rate of this assumed phase is the sum of the
oil and water volumetric flow rates,

0,=0,+0, (A.10)
where:

Qe = volumetric flow rate of emulsion, ft3/sec or m3/sec

Q, = volumetric flow rate of oil, ft3/sec or m>/sec

Q,, = volumetric flow rate of water, ft3/sec or m3/sec

The water volume fraction in the emulsion, C,, is thus given by,

9

Cw = —r
0,%t0,

(A11)

Since the emulsion is assumed to be a pseudo-homogeneous
mixture, the density is given by,

P = pwcw + po(l _CW) (A12)

where:
pe = density of the emulsion, Ib/ft> or kg/m>

pw = density of the water at flowing conditions, Ib/ft3 or kg/
3
m

po = density of the oil at flowing conditions, Ib/ft> or kg/m>

The effective viscosity of an emulsion depends on the properties
of the oil, the properties of the water, and the relative amounts
of each phase. For a water-in-oil emulsion (i.e. oil is the
continuous phase), the effective viscosity of the emulsion can be
much higher than that of the pure oil.
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A commonly used relationship for estimating the viscosity of a
water-in-oil emulsion is,

u, = Fu, (A.13)
where:
pe = viscosity of the emulsion, cP or mPa.s
po = viscosity of the oil, cP or mPa.s

Fe = emulsion viscosity factor

The factor Fe is usually considered to be a function of the water
fraction C, and the best known procedure for estimating F, is
the graphical correlation of Woelflin (1942).

More recently, Smith and Arnold (see Bradley, 1987)
recommended the use of the following simple quadratic
equation,

F, = 1.0+25C, +14.1C, (A14)

The emulsion viscosity factors based on Woelflin’s *‘medium’
emulsion curve (he also presented curves for ‘loose’ and ‘tight’
emulsions) are compared in Figure A.4 with those calculated
using Equation (A.14).
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The two relationships are virtually identical for C,, < 0.4, but
diverge rapidly at higher values of C,,.

Figure A4
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With increasing water fraction, the system will gradually behave
more like water than oil. The water fraction at which the system
changes from a water-in-oil emulsion to an oil-in-water
emulsion is called the inversion point. The transition to an oil-in-
water emulsion is generally very abrupt and characterized by a
marked decrease in the effective viscosity. The actual inversion
point must usually be determined experimentally for a given
system as there is no reliable way to predict it. In many cases
however, it is observed to occur in mixtures consisting of
between 50% and 70% water.

Guth and Simha (1936) proposed a similar correlation as Smith
and Arnold (Equation (A.14)),

F, = 1.0+25C,+14.1C, (A15)

where:

Fo = emulsion viscosity multiplier for the continuous phase
viscosity

Cy = volume fraction of the dispersed phase
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If C,; is defined as the water fraction at the inversion point, then
for C,, < C,j, the emulsion viscosity is given by Equation
(A.13), with F, defined by Equation (A.14). However, for C,, >
Cywi, the emulsion viscosity should be computed using the
following expression,

ue = Feuw (A 16)

where:
wy = viscosity of the water phase, cP or mPa.s

Fe = 1.0 + 2.5(1-C,,)+14.1(1-C,,)?

As shown in Equation (A.15), while the constant and the first
order term on the right can be shown to have a theoretical
basis, the squared term represents a purely empirical
modification. It seems reasonable therefore to view the
coefficient of the squared term (i.e., 14.1) as an adjustable
parameter in cases where actual data are available.

To illustrate the predicted effect of the inversion point, Figure
A.5 shows a case in which C,; = 0.65. Also the corresponding
curves for several different values of the coefficient of the
squared term are compared.

Figure A.5
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The large decrease in the predicted value of the emulsion
viscosity is evident. The effect on the emulsion viscosity can be
seen in Figure A.6, since, above the inversion point, the factor
is used to multiply the water viscosity, which is typically
significantly lower than the oil viscosity.

Limited experience to date in performing pressure loss
calculations for emulsions suggests that the Woelflin correlation
over-estimates the viscosity at higher water fractions. It is thus
recommended that one use the Guth and Simha equation unless
available data for a particular case suggest otherwise.

Figure A.6
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A.1.2 PVT Behaviour and
Transport Property
Procedures

Figure A.7

Meotec Black 0il Methods [ =]
Procedure Fiecommendation Basi

’7 {+ Black Ol Defaults " UserSelected ‘

— PYT Behaviour and Transpart Property Procedur
Solution GOR Standing -
il F'F Standing -
Undersaturated Oil F4F Yaznuez Beggs -
Gas Viscosity Lee, Gonzalez and Eakin -
Live Oil Viscosity Ches anc Connally -
Undersaturated Oil Yiscosity Khan -
Dead Oil Yigcosity Equation ASTM Equation -
Watzon K Factor Specify -
Surface Tension Calculate -

Cloze

There are nine PVT behaviour and transport property procedures

available in the Neotec Black Oil Methods Manger:

e Solution GOR

e Oil FVF

e Undersaturated Oil FVF

e Gas Viscosity

e Live Qil Viscosity

e Undersaturated Oil Viscosity
e Dead Oil Viscosity Equation
e Watson K Factor

e Surface Tension

Solution GOR

The solution gas oil ratio, Rs, is the amount of gas that is
assumed to be dissolved in the oil at a given pressure and

temperature. Typical units are scf/stb or m3 at s.c./m?3 at s.c.
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Above the bubble point pressure, for a given temperature, the
solution gas oil ratio is equal to the Produced Gas Oil Ratio. For
the oil at Stock Tank Conditions, the solution gas oil ratio is
considered to be zero.

You can select one of the following methods to calculate the
solution GOR:

e Standing.
e Vasquez Beggs.
e lasater.

e Glaso (Non Volatile Oils)

e Glaso (Volatile Qils)

e Al Marhoun (1985)

e Al Marhoun (Middle East Qils)
e Petrosky and Farshad

e Dolka and Osman

Oil FVF

The Oil Formation Volume Factor is the ratio of the liquid volume
at stock tank conditions to that at reservoir conditions.

The formation volume factor (FVF, B,) for a hydrocarbon liquid
is the volume of one stock tank volume of that liquid plus its
dissolved gas (if any), at a given pressure and temperature,
relative to the volume of that liquid at stock tank conditions.
Typical units are bbl/stb or m3/m3 at s.c.

You can select one of the following methods to calculate the Qil
FVF:

e Standing
e Vasquez Beggs
e Glaso

e Al Marhoun (1985),

e Al Marhoun (Middle East Olls)
e Al Marhoun (1992)

e Abdul-Majeed and Salman

e Petrosky and Farshad

e Dolka and Osman
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Undersaturated Oil FVF

In HYSYS, the default calculation method is Vasquez Beggs. You
can choose other calculation methods as follows:

e Al Marhoun (1992)
e Petrosky and Farshad

Figure A.8 shows the typical behaviour of the oil formation
volume factor that is observed as the system pressure is
increased at a constant temperature.

Figure A.8

1.5
Bubble Point i
E x\_“‘\—q____ ! Compressibility lgnored
] 1.4 — :
= . [ T
3 Am pressibiliy, Neludeg
[nd
]
'_
2 13r
L
LLI
=
=
-
S
2 12
=
l_
T
=
o
RS
1 Saturated =t P || nders aturated
[
1 | | [l | |

1] 1000 2000 300 4000 5000 5000

FRESEURE (psial

From the initial pressure up to the bubble point pressure (i.e.,
the point at which GOR = R, which happens to be 3,073 psia in
this case), the oil is assumed to be saturated, and B, continues
to increase, as more and more gas goes into solution. The effect
of this increasing solution gas is always much greater than the
corresponding shrinkage of the oil due to pure compression
effects.
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At the bubble point, there is no more gas to go into the solution,
and the oil then becomes progressively more undersaturated
with increasing pressure. With the solution gas-oil ratio being
constant, the portion of the curve in Figure A.8 labelled
“Compressibility Ignored” shows the behaviour that would be
predicted by the correlations for B, that we have looked at to
this point. In actual fact, however, at pressures greater than the
bubble point pressure, B, is decreasing, due totally to the
compressibility of the oil. The actual behaviour that is observed
is thus indicated in Figure A.8 by the portion of the curve
labelled “"Compressibility Included”.

In general, the compressibility of liquids tends to be relatively
low, and the pressure effect on B, is thus not large. In this
particular case, B, decreases from 1.417 at the bubble point
pressure to 1.389 at a pressure of 6,000 psia, which represents
a volume decrease of only about 2% for a pressure increase of
almost 50%. For some fluid systems, however, particularly
lighter oils with relatively high GOR values, the effect can be
significantly larger.

Gas Viscosity

Viscosity is a measure of resistance to flow of or through a
medium. As a gas is heated, the molecules' movement increases
and the probability that one gas molecule will interact with
another increases. This translates into an increase in
intermolecular activity and attractive forces. The viscosity of a
gas is caused by a transfer of momentum between stationary
and moving molecules. As temperature increases, molecules
collide more often and transfer a greater amount of their
momentum. This increases the viscosity.

You can select one of the following calculation methods to
calculate the gas viscosity:

e Lee, Gonzalez and Eakin
e Carr, Kobayashi and Burrows (Dempsay version)
e Carr, Kobayashi and Burrows (Dranchuk version)
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Live Oil Viscosity

Live oil viscosity is the measure of flow resistance of the live oil.
Live oil refers to oil that is in equilibrium with any gas that may
be present. If there is any free gas, the oil is also said to be
saturated. If there is no free gas, but more could go into
solution in the oil if it were present, the oil is said to be
undersaturated.

You can select one of the following calculation methods to
calculate the live oil viscosity:

e Chew and Connally
e Beggs and Robinson
e Khan

Undersaturated Oil Viscosity

For a given temperature, an oil is said to be undersaturated at
any pressure above the bubble point pressure. Increasing the
pressure would force more gas to go into solution if there was
any, but above the bubble point pressure, there is no more free
gas. With no more gas going into solution above the bubble
point, the viscosity of the oil actually begins to increase with
increasing pressure due to the compressibility of the oil. Since
liquid compressibility is typically small, the effect of pressure on
viscosity is much smaller above the bubble point than below.

A number of correlations have been proposed for computing the
viscosity of undersaturated oils, and a few of these are
described below. All of these procedures assume that the bubble
point pressure is known at the temperature of interest, as well
as the saturated oil viscosity corresponding to the bubble point
pressure.

You can select one of the following calculation methods to
compute the undersaturated oil viscosity:

e Vasquez and Beggs
e Beal

e Khan

e Abdul and Majeed
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Dead Oil Viscosity Equation

The term Dead Oil refers to oil that has been taken to stock tank
conditions and contains no dissolved gas (in other words, gas
solution). Dead oil may exist at any pressure or temperature,
but it is always assumed that all gas was removed at stock tank
conditions. Any properties ascribed to a dead oil are thus
characteristic of the oil itself.

Dead Oil Viscosity is the viscosity of an oil with no gas in
solution. A number of the more useful methods for calculating
this quantity are defined in the equations below.

The General Equation is defined as,
SLP
ny, = czspr(%) (A17)

where:
Hg4o = dead oil dynamic viscosity, cP
CEPT, SLP = constants for a given oil

T = oil temperature, °F

The ASTM Equation is defined as,
log,,(log,pZ) = A —Blog,,(T +460) (A18)

where:
Z=vg+0.7
V4o = dead oil kinematic viscosity, cS
A, B = constants for a given oil

T = oil temperature, °F
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The kinematic viscosity, vq4, is given by,

v,, = Sdo (A19)
Po

where:

po = density of the oil at the temperature of interest,
expressed in g/cm3.

The Eyring Equation is given by,

1.88
Vg, = Aexp(T+460) (A.20)
where:

A and B = constants for a given oil

Watson K Factor

You can choose to specify the Watson K Factor, or you can have
HYSYS calculate the Watson K Factor. The default option is
Specify.

The Watson K Factor is used to characterize crude oils and crude
oil fractions. It is defined as,

iy (A21)

where:
K = Watson K factor

T1g = normal average boiling point for the crude oil or crude
oil fraction, °R

SG, = specific gravity of the crude oil or crude oil fraction
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For example, a particular kerosene cut, obtained over the
boiling point range 284 - 482 °F, has a specific gravity of
0.7966. Then,

= [0.5(284 +482) + 601"
0.7966 (A22)

= 11.86

Values of K typically range from about 11.5 to 12.4, although
both lower and higher values are observed. In the absence of a
known value, K = 11.9 represents a reasonable estimate.

Surface Tension

Surface tension is the measure of attraction between the
surface molecules of a liquid. In porous medium systems (i.e. oil
reservoirs), surface tension is an important parameter in the
estimation of recoverable reserves because of its effect on
residual saturations. On the other hand, most correlations and
models for predicting two phase flow phenomena in pipelines
are relatively insensitive to surface tension, and one can
generally use an average value for calculation purposes.
Calculations for wells have a somewhat stronger dependence on
surface tension, in that this property can be important in
predicting bubble and droplet sizes (maximum stable droplet
size increases as surface tension increases), which in turn, can
significantly influence the calculated pressure drop. Even then,
however, surface tension typically appears in the equations
raised to only about the ¥ power.

You can choose to have the surface tension calculated by
HYSYS, or you can specify the surface tension. The default
option is Calculate.
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Transition Methods

B.1Transition Methods

The Black Oil Transition is the engine that is used in translating
between black oils and compositional models. There are two
available methods for Black Oil Transition:

e Simple

e Three Phase

B.1.1 Simple Method

The Simple method is a set of black oil transitions that do not
require any additional user input at the operation level. The
Simple method can be used when transitioning between the
types of streams described in the following sections.

Figure B.1

Transition Type Current Transzitior

Blackil Transition = Black O Transition Method

* Simple " Infochem Multiflash
{" Three Phase

The Simple Transition only passes the Temperature, Pressure and Flow to the Outlet Stream

[ Active

f———
Design  Transition | ‘wiorksheet J

Black Oil to Black Oil

If two different black oil fluid packages are available within a
flowsheet, the Simple method can be used for the transitioning
between them. In this case, you need to specify the viscosity
method and any corresponding viscosity data (such as a
viscosity curve if required for that particular method) on the
outlet stream. The transferrable properties include
Temperature, Pressure, Phase Mass Flow Rates, Watson K (if
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necessary), Surface Tension (if necessary), Oil Gravity, Gas
Gravity or Gas Composition, and Water Gravity.

Compositional to Black Oil

When using a traditional compositional fluid package and a black
oil fluid package in the same flowsheet, it maybe desirable to
set the inlet as the compositional stream and the outlet as the
black oil stream. This way, the Simple method can be used. The
Temperature, Pressure, Phase Mass Flow Rates, Watson K (if
necessary), Surface Tension (if necessary), Oil Gravity, Gas
Gravity or Gas Composition, and Water Gravity are all
transferred to the outlet.

Black QOil to Compositional

The Simple method can also be used to convert between black
oil and compositional material streams. In this situation the
Temperature, Pressure, and Overall Mass Flow Rate are
transferred to the outlet compositional material stream from the
black oil inlet stream. As such, the outlet stream must already
have a defined composition. This feature is primarily useful in
providing flowsheet continuity. For a more thorough form of
transition the Three Phase method should be used.
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The Normalize
Composition button is
useful when many
components are
available, but you want to
specify compositions for
only a few. When you
enter the compositions,
click the Normalize
Composition button and
HYSYS ensures the Total
is 1.0, while also
specifying any <empty>
compositions as zero. If
compositions are left as
<empty>, HYSYS cannot
perform the flash

calculation on the stream.

Transition Methods

B.1.2 Three Phase Method

The Three Phase method of transition is used when thorough
conversion from black oil to compositional transition is required.
The Three Phase method independently characterizes the three
phases of the black oil as compositional phases and then
recombines the phases back into a single compositional stream.

Figure B.2

Transition Type | [ Current Transitiorr

Elackqil Transition 'l Black il Transition Method—————————— [Methane 0.7343
 Simple " Infochem Muliilash Ethc""e 3102310
= Topane i

‘0 MireolFiese iButans ES
n-Butane 0.0263

0il Phage Cut Optioh: -
acliust Light End i-Pentang 0.0000
] e rPentane 0.0000
I Auta Cut hd nHexane 0.0000

Eraze Composzition 4—\1\

— Hormalize Composition |

The Three Phaze Tranzition passes the Temperature, Pressure, Flow asd composition to the outlet.
Composzition is calculated using the gas composition, water cut, and bulb\gil characterization
¥ Active
\
Design  Transition I ‘wiorksheet

Allows you to enter any value for fractional
compositions and have HYSYS normalize
the values such that the total equals to 1.

Clears all compositions.

Gas Phase

The black oil gas phase is converted to a compositional model by
relying on user inputs. If the black oil inlet stream has a known
gas phase composition it is used by the Black Oil Transition. The
composition as displayed in Figure B.2 is referred to as the
Operating Gas Composition. You can overwrite the Operating
Gas Composition. If you do not modify the Operating Gas
Composition it will automatically reflect any changes that occur
to the inlet black oil stream gas composition. If you modify the
Operating Gas Composition, any changes to the inlet stream
black oil gas composition will not be propagated to the
Operating Gas Composition.
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Qil Phase

The Black Oil oil phase is transitioned to a compositional model
using the HYSYS Qil Manager Bulk Properties Assay Definition
methods. The transition passes on the oil phase standard
density and oil phase Watson K to the Oil Manager and an
appropriate assay and blend is created for the user. This
functionality is automatically done by HYSYS and no additional
user interaction is required.

Figure B.3

Transition Type——— [~Cument Transition

Im r-Black Ol Transition Method——————————— |Methane 07343
" Simple  Infochem Multiflash Ethane 0.1061

% Three Phase fé?f::: gg?gg

- il Phase Cut Option nHutane Lo

I~ Adjust Light Ends o U:UDUU
Im n-Hexane 0.0000

Erase Compositian |

Mamalize Composition |

The Thiee Phase Transition passes the Temperature, Pressure, Flow and composition to the outlet.
Composition is caloulated using the gas composition, water cut, and bulk oil characterization

R [ Active

—_—
D esign Tlansiliunl ‘workshest |

You can use the Oil Phase Cut Options to adjust the light end
and auto-characterize the hypocomponents into user specified
light end components. You have the option to have the HYSYS
Oil Manager perform an auto cut, or specify the appropriate
number of cuts.

Water Phase

The black oil water phase is assumed to be pure water by the
black oil transition.

After the transition models the three phases, it recombines
them into the outlet stream and passes on Temperature,
Pressure, and Overall Mass Flow Rate. At this point, the outlet
stream will flash and in most cases three corresponding
compositional phases will be calculated. The outlet Vapour
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phase represents the inlet Gas phase, the Liquid phase
represents the Oil phase, and the Aqueous phase represents the
Water phase. The outlet stream's property package and the
flash determine the existence of phases, the phase fractions,
and the phase properties. In most cases these items will be very
similar to the inlet black oil stream particularly when using a
property package such as Peng-Robinson. Overall Mass balance
between the inlet and outlet is assured.

B.1.3 Infochem Multiflash

Multiflash is an advanced software package for modeling the
properties of gases, liquids and solids. It consists of a
comprehensive library of thermodynamic and transport property
models, a physical property databank, methods for
characterising and matching the properties of petroleum fluids
and multiphase flashes capable of handling any combination of
phases.

Refer to Chapter 2 - Multiflash for HYSYS Upstream for
more information on Infochem Multiflash.
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Introduction

2.1 Introduction

Multiflash is an advanced software package for modeling the
properties of gases, liquids and solids. It consists of a
comprehensive library of thermodynamic and transport property
models, a physical property databank, methods for
characterising and matching the properties of petroleum fluids
and multiphase flashes capable of handling any combination of
phases.

This chapter describes the use of Multiflash with HYSYS
Upstream (a product of Aspen Technology Inc.). Multiflash is
available as a property package in the COMThermo
thermodynamics option. The use of the Multiflash GUI for
Microsoft Windows is described in the User Guide for
Multiflash for Windows which is supplied as a pdf file (in the
Multiflash installation directory) and as online help.

2.1.1 Installing Multiflash

Multiflash for COMThermo is installed as part of the HYSYS
Upstream. The installation instructions in the User Guide for
Multiflash for Windows refer to the standalone version of
Multiflash and do not apply to HYSYS Upstream.
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2.2 Multiflash Property
Package

A Multiflash property package consists of a set of components
and thermodynamic and transport property models for several
phases. In HYSYS terminology it corresponds to a Fluid Package
plus a set of components. You may create several different
property packages with different components and/or models as
required.

2.2.1 Adding a Multiflash
Property Package

To add a Multiflash property package to a new case, you must
start HYSYS.

1. From the File menu, select New and then Case.
The Simulation Basis Manager appears.

Figure 2.1

4 Simulation Basis Manager

Companent Lists

Add
Delete
Copy

Impart...
Ezport..

Refresh

=
Components | Fluid Pkos J Hypotheticals J 0il M anager J Petroleum Aesaps J Reactions J Component Maps J UszerProperty J_‘

Enter P%¥T Environment. . | Enter Simulation Ervironment... |
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Refer to Chapter 8 - PVT
Environment in the
HYSYS Simulation
Basis guide for more
information on the PVT
Environment Manager.

section on Components. You cannot select the components
within HYSYS.

The components for the property package must be selected
within the Multiflash GUI, for more information refer to the

2. Click on the Enter PVT Environment button. The PVT
Environment Manager appears.

3. On the Engine Setup tab, click the Add button. A new PVT

package (PVT-1) is added to the PVT package list.

Figure 2.2

“! P¥T Environmenkt = [T}
Namee P

Selected Engine

InfoChem fultiflash

Launch Engine...

Bemove

B Engine Setup | Reservoir Fluids

Leave Enviranmernt... |

4. From the Selected Engine list, select Infochem
Multiflash.
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5. Click the Launch Engine button to launch the Infochem
Multiflash GUI.

B 'Multiflash 3.3 for COMThermo =]
File Edit Select Tools Calculate Table Help
SH & 4B PTPHPS | (P (7 |dp Ot |BPET [0 |RT | 3 o | PV

Conditions

Temperature l:l K Enthalpy l:l Jdmal |
Pressure l:l Fa Entiopy l:l Jdmal sk
Wolume l:l m3/mal Int. energy l:l Jdmal

L T T R e Y J
v v
b MULTIFLASH wersion 3.3.61 February 2004 b
N N
b serial number: 2000 b
okt Hysys Upstream: ateh okt
N N
% cCopyright (C) Infochem Computer Serwices Ltd, 1982-2004 ald
N N
BB BB BB B VBB BEBE BB BV BB B BB BBV BV BB B BEBEBEBE VBB BB BBV BV BB B BEREREREB VB VBB
RUN on: 14 June 2004 at 13:59

Multiflash application files Tocation: C:ZwProgram Files\Common Files“Hyprotech
“owersion B.EE

mMultiflash output will be recorded on the following file: c:“program
Fileshcommon files\hyprotechiymultiflashiwersion 3.3%mflash. log

Multiflash Flash

The Multiflash flash is very reliable in most circumstances,
including situations with multiple liquid phases and solids. The
convergence tolerance is very tight and, therefore, it may take
longer to converge than some other options but the result is
correct. For simple vapour-liquid equilibrium calculations any
flash method should be reliable.

The Multiflash flash is capable of doing calculations for solid,
liquid and gas phases but for HYSYS Upstream only the gas
and liquid phases are used.
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HYSYS Flash

If you are using the HYSYS flash and you want to change the
flash settings, you can click the Advanced button on the HYSYS-
Multiflash Setup view, which opens the Fluid Package view.

Figure 2.4

Fluid Package: Basis-1 [_ (O] <]

—Maodel Selectiar tdodel Option:
;I odel Phase — Froperty Method
& Yapor (" Liquid ExtendedProperty | AultiflashE=tPkg Property

F.abadi-Danner
L aeKeslor Placker Estended Flash Setup... |

LI Extended PrapPlg Setup. |

Meotec Black Oil

Infochem Multiflash Extended Package

Import
B |
i, . | F¢ COMThemo  Begression Export

—
Set Upl Parameters I Binary Coeffs I StabTest I Phasze Order IFikns I T abular I Hotes |

Delete | Mame IBGSiS'1 Property Pka | Vapor: MultiflashExtPka  Liquid: Edlt Properties

Advanced Thermodpnamices—————————————————
"Ebmponent List Selection ’7

When you click the Extended PropPkg Setup button, the
Extended Property Package Setup view appears.

Figure 2.5

M Extended Property Package Setup B

Descriptiar

Package Mame: COTHMultiflashE stPlg d
Package Description: Multiflash CORMThemo Package

Setup Files Reguired: 0

Setup Statuz: 1

=

Eil
FEil

—Setup

A

Eemove |

O e Finizh Setup...

Refer to Section 2.2.2 -
Configuring a Property
Package for information Clicking the Finish Setup button opens the Multiflash GUI.
on configuring the
property package.
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2.2.2 Configuring a Property
Package

The Multiflash Windows program (GUI) is used to configure a
property package for HYSYS Upstream but it can also be used to
carry out flash calculations, to plot phase envelopes or to
regress model parameters to match experimental
measurements. The use of the GUI is described in the User
Guide for Multiflash for Windows. This section gives a brief
description of how it is used with HYSYS and highlights extra
features provided for the HYSYS setup.

To configure a Property Package it is necessary to specify the
following information:
e The components (substances) that are included. These

maybe any components from databanks supported by
Multiflash or petroleum fraction pseudocomponents.

e The thermodynamic/physical property models that will
be used to evaluate properties such as volume, enthalpy,
fugacity coefficients, transport properties.

e The binary interaction parameters (BIPs) that will be
used by the model(s).

e The phases which may be included.

Components

The Select/Components menu item allows you to specify the
components in the property package. Components may be
selected from a databank by clicking on a component name or
typing the name of a component. Components in a databank
may be searched for by name, part of a name or by formula as
shown in the figure below.

Petroleum fraction pseudocomponents may be specified by
entering properties such as molecular weight, specific gravity,
and Multiflash will then estimate any other properties required.

2-7



2-8 Multiflash Property Package

In addition there is an option to define a new component by
entering in all the data.

Figure 2.6

Select Components

Companents selected

ARGON
METHANE

Edit Delete

Close |

[ ata source
IInfochem fluids databank (Infodata) j
Search for..
seren et £ Mame ~ Formula
& All companents = Synonyms = Substring
Search |

< Ingert |

< Replace |

Lrits |

FPHUR
HvDROGEM BROMIDE

Petroleum Fluid Characterisation

An alternative way of entering compositional information is to

use the PVT Lab Input item on the Select menu. This displays a

form that allows input of the typical information included in a

PVT report produced by oil industry service companies. The
representation of the fluid can be controlled by the user by
selecting the number of pseudocomponents used to describe the
fluid is and how to group or split pseudocomponents.
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Other information used to set up solid deposition models in
Multiflash may also be entered.

Figure 2.7

P¥T Lab Fluid Analysis

Defined component data: IInchhem fluids databank (Infodata) j Analysis method: IHewsed method (Infoanal2) j
Single Fluid | L\qu|d+Eas| Single Fluid with n-Paraffing | Liquid+Gas with n-ParafhnsI Black Oil Analyswsl
[ |  Pseudocomponent
Start pseudocomponents at
Component Delete | Fluid ICB :II r-paraffing NG :II
Components mass % ﬂ Humber of pseudocomponents required
p [NITROGEN = |5 j n-paraffing |1 5 ﬂ

gég — Properti
METHANE . tatal liquid ((.: b
ETHANE heaviest SCH SG
PROPAME  SARA Analysi =
ISOBUTANE massk
M-BEUTAME Saturates
ISOPENTAMNE Aromatics
MNEOPENTANE Elzsiie
N-PENTANE
53 Azphaltenes
METHYLCYCLOPENTANE Estimate RA r
BENZENE — Total Wax Cantent
CvCLOHEXANE l— igEs &
c7
METHTLCYCLOHERSNE E stimate \wax Content I

| |TOLUENE ;I —Wiater Cut (as % of total liquid)

Total % I volume %
Tatal fluid
’7T0tal amaunt of fuid Imole %

Da Characterisation | LCloze |
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Physical Property Models and Phases

Multiflash offers a wide choice of models for representing the
properties of fluid and solid phases. Models are defined using
the Select/Model Set menu item.

Figure 2.8

Select Model Set [ x|
Asphaltenes | Wares I LCombined Salids I
Equations of State | Activity Models I Hydrates
" RKS PR " PSRK
 RKS APlversion ¢ PR [Advanced) L fgpsgﬁi:flilem]
Carespanding
(% RKS [Advanced)  LEP r states (5MA]
£ RKSA (Infochemn) " BWRS  LOVM
= PCSAET € PC-SAFT (Lyngby]
r— Transport propertie: Phase:
* Pederzen. CLS. Macleod-Sugden ¥ Gas
" Pedersen + Twu, CLS, Macleod-Sugden W Liquidl
¢~ LBC, CLS. Macleod-Sugden -
. v Liguid2
= Mixing rules
i~ Mone I~ Include Diffusivity Iv water

The Select Model Set window has several tabs that group
together different types of models. Figure 2.8 shows the
equation of state models. A number of different transport
property options may be selected along with the thermodynamic
models. Models that are not part of your license will be greyed
out and cannot be selected. After choosing a model click the
Define Model button and then Close to return to the main
window.

The number of phases available in a Multiflash property package
can be controlled by the checkboxes in the lower right hand
corner of the Select Model Set window. By default most of the
equation of state models are set up for four phases: Gas,
Liquid1, Liquid2 and Water (aqueous phase). In cases where
two liquid phases in addition to water are unlikely performance
can be improved by clearing the Liquid2 checkbox. Similarly if
an aqueous phase will not be present the Water phase may be
unchecked.
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Although Multiflash does not have restrictions on the type
and number of phases, the HYSYS flash or HYSYS unit
operations may not support all the phases.

Binary Interaction Parameters

Most models require values of binary interaction parameters
(BIPs) to make sure the model represents the interactions
between components in a mixture. BIPs for the equation of state
models are mostly generated automatically using correlations.
For activity models a large humber of BIPs are stored on the
supplied BIP databanks but it is necessary for the user to enter
any missing values. This is done using the Tools/BIPs menu
item.

2.2.3 Carrying Out
Calculations

Once the components, models and other parameters have been
set up as described in Section 2.2.2 - Configuring a Property
Package, you may use the Multiflash GUI to carry out property
calculations.

Composition

To enter a mixture composition click on the Compositions
button. The amount of each component can be entered in the
mole field. The amounts are total moles or mass rather than
mole fractions or mass fractions.

Compositions. ..

=+

compaonent mole
ARGON lo
METHANE 0
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Units

Units of measurement for the Multiflash GUI can be set using
the Select/Units menu item. This only affects operation of the
GUI and has no connection with units in HYSYS.

Figure 2.10

Unit Selection
Enthalpy / Int. Energy | Entropy / Cp # Cw | “iscosity
Thermal Conductivity I Suiface Tengion I Diffusion Coefficients
Amaunt | Temperatuie I Pressure I Wolume/D ensity
Input it Output unit
@ mole o Al Metric |
 kmal i
kg “ All British |
b e
= lomol i«
g i

output 3z ..
@« fractions
" total amaunts
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Flash Calculations

To carry out a flash calculation set the values of known
quantities in the Input Conditions display and select an option
from the Calculate menu. There are toolbar buttons for many of
the common flash calculations. Calculated properties are
displayed in the main window. The properties calculated depend
on the property output level selected. This can be changed using
the Select/Property Output menu item.

Figure 2.11

Physical Property Dutput Options E

— Themadynamic Properti

v Fhase amounts and compositions plus.  §

Wolume / Enthalpy £ Entropy # Gibbs Energy /
I~
Intemal Energy

I~ Heat Capacity / Speed of Sound
[ Thermal properties relative to elements
I~ Fugacity coefficients

I Activity coefficients

r~ Transport Propertie:

r Yizcasity / Thermal Conductivity / Suface
Tension

I Diffusivity

ok I Cancel
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Phase Envelope

Phase boundaries and lines of fixed volume, enthalpy, entropy
can be plotted. Use the Calculate/Phase Envelope menu item. To
plot a vapour-liquid phase boundary click on the VLE AutoPlot
button - see example output below. Other types of diagrams
may be plotted by setting the Basis and X/Y axes as required.

Phase Diagram

Figure 2.12

I = =l s N e | ) ) = ) s R A oY

Fhaze Envelope

o3
o
= |m
=
&
@ | ® PRV
o

a

in

o

o
o 1 1 1 1 1 1 1 ]
m =0 m 20 wm =0 i = o 2
Temperature K
v Eeepthe new plat

Write bo Excel | Elp_tic-nsl Clzar | Erint | Copy | Cloze |

[

Matching Experimental Data

It is possible to adjust models to match measured values of
quantities such as dew points, bubble points and viscosities for
petroleum fluids. The mixture must include petroleum fraction
pseudocomponents for the matching options to work. To match
data use the Tools/Matching menu item.
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Online Help

Help is provided by two items on the Help menu. Help Topics is
an online version of the Multiflash for Windows User Guide and
Multiflash Error Codes gives an explanation of any error or
warning messages issued by Multiflash.

Returning to HYSYS

After a property package has been configured you may return to
HYSYS by selecting the Exit item from the File menu. This will
display a warning message:

Multiflash E

@ Exit Mulkiflash setup for COMThermo

Cancel |

Click OK to return to HYSYS, or Cancel to return to Multiflash to
allow further editing of the configuration.
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You can also add the
Lumper by clicking the
F12 hot key.

You can also open the

Object Palette by clicking
the F4 hot key.

Lumper

3.1 Lumper

The Lumper is an upstream operation, which allows the user to
blend multiple (well) streams to one stream with a reduced
number of components to the total components into the unit
operation. This technique is used to map petroleum and process
thermodynamic properties together.

The Lumper unit operation is currently available only in steady
state mode. The user can attach one or more streams using one
or more different fluid packages with a total of n distinct
components. In the simulation environment, the user then adds
a new equation of state (EOS) fluid package, fluid package
name and components list name to lump the n distinct
components into y components using the Montel and Gouel' or
Custom lumping methods.

3.1.1 Lumper Property View

There are two ways that you can add a Lumper to your
simulation:

1. From the Flowsheet menu, click Add Operation. The
UnitOps view appears.

2. Click the Upstream Ops radio button.
3. From the list of available unit operations, select Lumper.
4. Click the Add button.

OR
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1. From the Flowsheet menu, click Palette (or press F4). The
Object Palette appears.

2. Click on the Upstream Ops icon. The Upstream Object
Palette appears.

Figure 3.1

3. In the Upstream Object Palette, double-click the Lumper

. icon.

The Lumper property view appears.

Lumper icon
» Lumper: LUMPER-100 [_[O]x]
Design Mame |LUMPER-100
Connections
Parameters — ™
- Lumping Dutlet Stream Mame:
User Variables ) LUMPER-100 Dutput
Motes B
Inlet streams:
[| << Stream >
B Design | R ating J ‘Workshest J Dipnamics J
Deie | e _ 5 Crang= | T
You can also delete a To delete the Lumper operation, click the Delete button. HYSYS
Lumper by clicking on will ask you to confirm the deletion.

the Lumper icon on the
PFD and pressing the
DELETE key. To ignore the Lumper during calculations, activate the Ignored

checkbox. HYSYS completely disregards the operation (and
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You can specify one or
more inlet streams using
one or more different
fluid packages. The fluid
packages may have

different component lists.

Lumper

cannot calculate the outlet stream) until you restore it to an
active state by deactivating the checkbox.

3.1.2 Design Tab

The Design tab consists of the following pages:

e Connections
e Parameters

e Lumping
e User Variables
e Notes

Connections Page

The Connections page is used to define all of the connections to
the Lumper. You can specify the inlet streams to attach to the
operation. The name of the operation can be changed in the
Name field, and you can also change the name of the outlet
stream in the Outlet Stream Name field.

» Lumper: LUMPER-100 =] B3
Design Mame |LUMPER-100

Connections
—_—]

Paramelers Outlet Stream Mame:

=+ Lumping

UserVariables LUMPER-100 Output

Motes 5
—_—

Inlet streams:

7
2
|| << Stream >3

B Design | Fating J ‘Workshest J Diynamics J

Code | Miseng desved ot rumbrof ot comporents ™ lgnoes
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Parameters Page

The Parameters page allows you to specify the outlet settings
and automatic pressure assignment.

Figure 3.4

® Lumper: LUMPER-100 [ - [O] <]
Design Mame ILUMPEH"I 1l1]
++ Connections
- Parameters ——
- ~DOutlet Setting:
—_—]

FuidPkgName:  [LUMPER-T00 Duiput FPkg
Froperty Pka: | Peng-Robinzon j
Comp List Mame: ILUMF‘EH-‘I 00 Output Comp List

Automatic Prezsure Azsighment———
’7(" Equalize &Il

+ Set Outlet ta Lowest Inlet Bulk Viscosity Fit Temperatwie 1:  [37.78C
Bulk Vizcosity Fit Temperature 2 9889 C
Flash Type With Respect to Feeds: | T-F Flash vl

"Dullet Stream Temperature

Source: {* Auto Caloulated i Specified

Walle:

—
Design | Rating I W orkzheet I Dyriamics |

ey R

The Outlet Settings group consists of the following parameters:

Parameters ‘ Description
Fluid Pkg Name Allows you to specify the name for the fluid
package to be generated.
For more information on Property Pkg You can select the Equation of State (EOS)
the EOS property property package from the drop-down list:
packages, refer to the e Peng-Robinson
section on the Equations e PRSV
of State (EOS) in the e Sour PR
HYSYS Simulation e SRK
Basis guide. e Kabadi-Danner
e Sour SRK

A new fluid package with components will be
created during the delumping process.

Comp List Name Allows you to specify the name for the component
list to be generated.

Bulk Viscosity Fit The first temperature at which the outlet stream

Temperature 1 bulk viscosity is to match that of the combined
feed.
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Parameters

Bulk Viscosity Fit
Temperature 2

‘ Description

The second temperature at which the outlet
stream bulk viscosity is to match that of the
combined feed.

Flash Type with

You can select the flash type to be used for the
Respect to Feeds

outlet stream with respect to the combined feed.

clnlgt—————————
Available Components
—Sorted Bp————
{* Mone

" Buoiling Paint
™ Malecular Weight
= Molar Flow [Rev)

Methane -
Ethane Il
Fropane
i-Butane
n-Eutane
i-Pentane
n-Pentane
n-Hexane
n-Heptane
n-Octane
n-Monane
n-Decans
n-C11
nC12

= B

Inlet group

There are two options:
e T-P Flash
e P-H Flash

Outlet Stream
Temperature Group

This group appears when you select T-P as the
flash type from the Flash Type with Respect to
Feeds drop-down list. There are two radio buttons
in the Outlet Stream Temperature group:

e Auto Calculated. The outlet stream
temperature will be automatically calculated
based on the combined feed. You cannot
specify the outlet stream temperature in the
Value field.

e Specified. You have to specify the outlet
stream temperature in the Value field.

The Automatic Pressure Assignment group consists of the
following radio buttons:

Equalize All. Click this radio button, if you want to force
all stream pressure to be the same.

Set Outlet to Lowest Inlet. Click this radio button, if
you want the outlet pressure to be the lowest inlet
pressure.

Lumping Page

On the Lumping page, you can select the lumping method that
you want to use. The outlet component list shown on the
Lumping page can be constructed by a combination of the
following three ways:

Keeping inlet components: You can select any
number of inlet components to keep as individual
components in the outlet component list. You can also
click the Keep All Comps button to keep all the inlet
components.

Manually creating user hypothetical components
(User Hypos): After creating a hypothetical group, you
can create any number of user hypos and decide the
constituent inlet components for each user hypo. Any
empty user hypo will be deleted from the outlet
component list when you submit the changes or close the
Lumper property view.
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e Automatically creating hypothetical components

(Auto Hypos): When the desired total number of outlet

components is more than the sum of the kept
components and non-empty user hypos, the difference
will be the number of auto hypos to be generated

automatically by the lumping method you have selected.

You can select a lumping method by expanding the
Lumping page of the Design tab. The default method is
Montel and Gouel. Once an auto hypo is generated, you

are allowed to empty or delete it, but not to change the

contained components.

As a result, the outlet component list may contain three groups

of components: directly kept components, user created hypos,

and automatically generated hypos. The outlet components are

first ordered by groups in the aforementioned order and then,
within the first two groups, can be sorted by clicking the Sort
Comp List button. The auto hypos cannot be sorted since they
are generated on the fly.

Figure 3.5

—Outlet

Companents ~Hypo Design——————————
Lo Fropane : |Hypoz0000*
Individual e Hypo: [Hypo
components and 2-Mpentane Constituent Components Components from
3Epentane - the inlet
lu mped Fiihexane MBelhane P — e inle
i Hypo20000* iButane i
hypothetical i i components list.
components. Hypo20002
Hypo20003*
Sort Comp List |
Diesired total number of companents: IHA—

You can specify the total number of outlet com;Lonents in the Desired total
number of components field. The valid range for this number depends on the
current state of the outlet components list. The minimum number equals the
total number of kept components and the non-empty user hypos plus one (if
there is one or more inlet components left). The maximum number equals
the total number of kept components and the non-empty user hypos plus the
remaining number of inlet components. If you enter an invalid number in this
field, the trace window will show you the valid range.
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There are currently three lumping methods:

¢ Montel and Gouel'. The Montel and Gouel method is
the default lumping method. This method uses an
iterative clustering algorithm around mobile centers,
resulting in a classification into hypothetical components
optimum with respect to the considered equation of state
(EOS) and the chosen lumping properties. This method is
therefore only applicable to the EOS property package

Figure 3.6

» Lumper: LUMPER-100 [_[O]x]

i . Outlet
Eeson K\I:Iab\e Components Ecithb polioup Components Hypo Design
Connections Sorted By Delete Hypo Group Fropane Hypox: |HprZDDDD"
Parameters & Mone nCa0
=1 Lumping  Boiling Point 2-Mpentane Canstituent Companents
Montel and Gouel ||| Molecular Weight FEpentane —

! Methane
Custom £ Molar Flow [ev) T iButane

UszerVanables Ethare Hypo20001* 2-Mhexane
Motez 22-Mpropane :ypngggggz
PO,
<-- Remaove from Hypol
Create User Hypa
Delete Uzer Hypa

Sort Cormnp List
Desired total number of companents: 11
b
Design | R ating J ‘Workshest J Dipnamics J

Delste Click. "“Subrrit Changes™ button of close view to caleulate the unit operation Submit Changes I™ lgnored

For the Montel and Gouel method, both the lumping
properties and their weights are fixed as follows:

Lumping Property ‘ Weighting Factor

EOS sqrt (a) 1.0
EOS b 1.0
EOS m 0.1
Mw 0.5
where:

EOS means the equation of state such as PR and SRK

sqgrt (a), b and m are the square root of a, b and m
respectively used in the EOS

Mw is the molecular weight of a component
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You must add at least one e Custom. The Custom method uses the same iterative
lumping property. clustering algorithm as the Montel and Gouel method,
| — although you can select lumping properties and specify
i i weighting factors to be used in the lumping algorithm.

EQS Sqrtfa)

EOE m Figure 3.7

M
. . Design Inlet Edit Hypa Group D=t :
The Welghtlng factors " fvailable Components Components Hypo Design
must be between 0 and 1. Lonnectians Soited By Delete Hypo Graup || [Fropane Hupo: [Hypa200007
Parameters & Mone 30
=I- Lumnping " Boiling Point 2-tpentane Conatituent Components
Montel and Gouel ||| Molecular Weight g g:ap';:f:: I
Custam ™ Molar Flaw [Rev) | Hypo20000"
User Variables Thane Hypo20001*
Notes 22-Mpropane :ﬁggggggg:
<-- Remave from Hypo!
Lumping Properties
Create User Hypo Sort Comp List Property Wweight
E0Sb  [J0.5000
Delete User Hypa
Desired total number of companents: il
= Design | Rating J Warkshest J Dynamics J
Refer to Section 4.2 - e HYSYS Oil Characterization. The HYSYS Oil
Oil Characterization Characterization method uses the combined feed to
fsr_om tlh‘:_"'YSBYS_ » construct the working curves similar to those used in the
Imulation Basis guide blend in the oil characterization. The working curves then

for more information. are cut according to the selected cutting method which

are: Auto Cut, User Ranges, or User Num of Cuts (in
other words, exactly the same as in the blend).

Figure 3.8

Design Inlet Olutlet ;
C i Available Components || ~Kept Componets Hypao Options:
P::anr::t::rzs Sorted By - Generated Hypos Cut methaod
L & Mone Hypob0* HvP{1}-245+ User Ranges -
= Lumping " Boiling Point HypoB HYPA Y231
Montel and Gouel |||~ Molecular wWeight Hypo70: HYP{ 47
Custarn " Molar Flow [Rev] Hypo80® HP{1}-202+ LowerHypa T|| -25260C
Hysys Ol Char nyno1sg‘n Hypa20057* Upper Hypo T|  36343C
. lypol007 A7
User Variables Mitrogen Hypal10® nx;ﬂ H ;gx Fange End T Mo, of outs
Notes EY Hypo120- HYPi}144¢ [c] L
aﬂyﬁﬁn Hypol20¢ HyP{1}-130 125.00 5
EliLI::: :}'DD:: ég“ HPi1-115* 260.00 15
Ippot S0 HvP{1}101* D
Ethane HypalE0* At | <emply> |
foz Hypol 707 B ] e
Propene Sart Kent O H_upor2?DEE" ﬂ
o g B ey =risd )
féﬁ::: Change Hypo Mame BT B
i-Butene Add to Keep Comp Delete Hypo Group
1-Butene
13-Butadiens ﬂ Remove Kept Comp | Delete All Hypos | Edit Carrelation 5 et |
Dl

= Design | Rating J Warkshest J Dynamics J
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When the HYSYS Oil Characterization method is used in
lumping, the generated hypothetical components do not
have the knowledge on the distribution of the inlet
components. Therefore, if the inlet components are first
lumped using this method, the delumping will not be able to
recover the original inlet components, except the ones kept
in the lumper's outlet component list.

Sorting the Inlet Components

You can sort the available components in the inlet group by
clicking on the appropriate radio button.

Radio Button ‘ Description

None The components remain in the original order. This is the
order when you added the components to the fluid
package component list.

Boiling Point You can sort the components according to the boiling
point of each component.

Molecular You can sort the components according to the molecular

Weight weight of each component.

Molar Flow You can sort the components according to the molar flow

(Rev) of each component. The component with the largest
molar flow is on the top.
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Creating a Hypothetical Group

You can create a hypothetical group.

The Lumper Hypothetical 1. Click the Create Hypo Group button. The Hypo Group view
group name appears on appears.

the Hypothetical tab of

the Simulation Basis

the Basis environment.
Refer to Section 5.2.3 -

i Hypo Group: LUMPER-100 Hypo Groy M=l 3
Hypotheticals Tab in 4 = 4 :

- ~Hypo Group Contral
1;2;3 nI::rSeYi:f;Jrsn?;tgtl‘lde Group Name [(UMPER 100 Fopo Grop Estimalion Methods.. | Clove Libay Comps. |
The Component Class Component Class IHydrUcalbun Estimate Wnknown Frops: | Motes |
field on the Hypo Group NEF LigDensity Tc Pc Vo »
view shows the class for fene [ W g (] el | [natkgnolg Peentl

grouping the
hypotheticals.

rIndividual Hypo Contral
WiEw. Sdd Hypo A Solid Delete LIHIFAE.. (¥ BasePropetties ¢ Wapour Pressure

The hypothetical group created by the lumper is also
managed by the lumper. Therefore, you have very limited
access to the functionality of the group.

2. If you want to change the Hypo group name, type the new
name in the Group Name field.
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Refer to the section on
the Base Properties in
the HYSYS Simulation
Basis guide for more
information.

Refer to the section on
the Vapour Pressure
Properties in the HYSYS
Simulation Basis guide
for more information.

For more information on
the Estimation Methods,
refer to the section on the
Estimation Methods in
the HYSYS Simulation
Basis guide.

Lumper

3. In the Individual Hypo Controls group, click the appropriate

radio button to select the Basic Hypothetical component
properties to view in the table. The table view changes
according to the radio button that has been selected.

MEP Lig Density Tc Fc Vi

Hame ] W lkam3] ] [kPal | [m3/kgmole]
Base Properties Table
N Trin Tmax Coeft & Coeff B Cosff C
ame [C] [C] OEl il OE|

InPsat =4 +BAT+C) + DInT +ETF

Vapour Pressure Table

Units: Pressure [kPa] Temperature [K]

4. Click the Estimation Methods button to setup property
estimation methods for the contained hypothetical
components. The Property Estimation view appears.

Figure 3.11

# Property Estimation: LUMPER-100 Hypo Group

Property Estimation Controls

Property ta Set Methads For

Lotical Temperature .4 | [Defauk Method -
Critical Pressure J

E stimation Methad For Selected Property

Critical Volurme
Acentricity ‘Yariables Affected by this E stimate

Malecular Weight Tc
Narmal Boiling Point StdLiqDen

“apour Pressure COSTALD Variables

Liquid Denszity
Ideal Gas Enthalpy WiscostyThetas

Heat of Foimation
|deal Gas Gibbs Energy j

Hasb b ama iz sk
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5.

On the Property Estimation view, select the property to set
the methods for from the Property to Set Methods For list.
Then, from the Estimation Method For Selected
Property drop-down list, select the estimation method. The
default estimation method is Default Method.

E stimation Method For Selected Property
Default Methad x|

Aszpen -
Bergman

Cavett

Chen Hu

Eatan Porter

Edmister

Graup Contribution

Lee Kesler

I athur

feizzner Redding —
Mokay

—| Riiazi D aubert

Fioess A

6.

7.

Close the Property Estimation view to return to the Hypo
Group view.

If you want to add notes to the hypothetical group, click the
Notes button. The Notes and Descriptions for Hypothetical
Group view appears.

Figure 3.13

# Motes and Descriptions for Hypothetical Group: LUMPER-100 Hypo Group

arialBlack | 10 = @ Bl 7|o| [= ==

The Notes and Descriptions for Hypothetical Group view
provides a text editor that allows you to record any
comments or information regarding the hypothetical group.
After you have added the notes, close the Notes and
Descriptions for Hypothetical Group view to return to the
Hypo Group view.



You can also access the
hypothetical groups from
the Basis environment.

1. From the Simulation
menu, select Enter
Basis Environment.
The Simulation Basis
Manager appears.

2. Click on the
Hypotheticals tab.

3. Select the hypothetical
group you want to edit
from the Hypotheticals
Groups list.

4. Click the View button.
The Hypo Group View
appears.

Lumper

8. Close the Hypo Group view to return to the Lumper property
view.

Once you have closed the Hypo Group view, you will notice
that the Create Hypo Group button is now the Edit Hypo
Group button and that the Delete Hypo Group and Create
User Hypo buttons are now enabled on the Lumper page.

Editing a Hypothetical Group

1. Click the Edit Hypo Group button. The Hypo Group view
appears.

2. From here you can change the estimation methods, add
notes, change the group name and the basic hypothetical
component properties.

Deleting a Hypothetical Group
1. Click the Delete Hypo Group button.

2. HYSYS will prompt you to confirm the deletion of the hypo
group.

Deleting the hypothetical group will also delete all the
hypothetical components it contains, including both user
created and auto-generated hypothetical components.
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Creating a User Lumped Hypothetical
Component

After you have created a hypothetical group, you can create a
new lumped hypothetical component.

1. Click the Create User Hypo button.

2. The created lumped hypothetical component is displayed in
the outlet components list. The Hypo field of the Hypo
Design group allows you to change the name of the lumped
hypothetical component.

Outlet
Companents Hypa Desigr

| Hypo20000* Hypo: |Hypo20000

Deleting a User Lumped Hypothetical
Component

1. From the list of components in the Outlet group, select the
lumped hypothetical component you want to delete.

2. Click the Delete User Hypo button.

HYSYS does not prompt you to confirm the deletion of your
lumped hypothetical component. After the lumped
hypothetical component is deleted, the information cannot
be retrieved.
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Viewing a Lumped Hypothetical Component

You can also view the You can view both the user created and auto generated lumped

lumped hypothetical hypothetical components from the Hypo Group view.
property view from the

Basis environment.

1. From the Simulation You are not allowed to alter any data in a hypothetical

menu, select Enter component created by a lumper.
Basis Environment.

The Simulation Basis

Manager appears. 1. Click the Edit Hypo Group button. The Hypo Group view

2. Click on the appears.
Hypotheticals tab.
ypotheficals ta 2. From the Individual Controls group, click the View button.
3. Select a lump
hypothetical 3. The information that appears corresponds to the
component from the hypothetical group the lumped hypothetical component is

Hypothetical Quick associated with.
Reference table and

click the View Hypo

button. Figure 3.15

| Hypo20000= M= E
~Comporent |dentificatonr————————————————————
Component Hame Hypo20000*
Family / Class Hydracarban

Chem Formula
1D Murnber 20000
Group Name LURMPER-100 Hypo Group
CAS Number
~UNIFALC Stuchu
Structure Builder...
<4< No Structure Available »»»
UszerID Tag:
T ag Number Tag Text
1 <emphys Mot Spec'd
=
1D I Critical I Fairk ITDep I UzeiProp
Estimate Unknown F'ropsl Edit Eropertiesl Edit Wisc Qurv%

For more information on the lumped hypothetical component
property view, refer to Section 3.5 - Hypothetical
Component Property View in the HYSYS Simulation Basis
guide.
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Adding Components to a User Lumped
Hypothetical Component

You can add inlet components to the created lumped
hypothetical component.

1. From the list of available components in the Inlet group,

e Tea—— select the components you want to add.

Sorted By

+ Mone

£ Boiling Paint If you want to add all the inlet components to the lumped

" Molecular weight hypothetical component, click on the first inlet component in

gl F A the list. Then press SHIFT and click on the last inlet

Methane - component in the list. All the inlet components will be
E_:E;gﬁe highlighted. Alternatively, you can also press SHIFT END.
LBBULE?::E If you want to add individual inlet components to the lumped
iFentane hypothetical component, press and hold down the CTRL key
n-Pentane then click on the inlet components you want to add to the
2::2”?::8 lumped hypothetical component. The selected inlet
e components will be highlighted.
n-Monane
n-Decane
-C11 :
12 2. Click the Add to User Hypo button.
£25 = , . .
e [ 3. The hypothetical components are displayed in the

Inlet group Constituent Components list of the Hypo Design group.

Outlet
Compongnts Hypo Desigrr
Hypo20000 Hypo |H_l,lanI]I]I]I]"
Constituent Components
i-Pentane
rrHeptane
rrDecane
rl12
re26
28




Ensure that you have a
lumped hypothetical
component selected in
the outlet components list
before you can remove
the component.

Ensure that you have a
component selected in
the outlet components list
before you can remove
the component.

Lumper

Removing a Component from the User Lumped Hypothetical

Component

1. From the list of constituent components in the Outlet group,
select the components you want to remove.

2. Click the Remove from Hypo button. The components will
now be moved back to the Available Components list in the
Inlet group.

Keeping All Inlet Components

You can add all inlet components to the output component list if
you have not created a lumped hypothetical component by
clicking the Keep All Comps button.

Keeping Individual Components

You can add individual components from the inlet components
list to the output component list.
1. From the available components list of the Inlet group, select

the component you want to add to the output component
list.

2. Click the Add to Keep button. The selected inlet component
is added to the outlet component list of the Outlet group.

Removing Components

1. From the components list in the Outlet group, select the
individual component you want to remove.

2. Click the Remove Comp button. The component will now be
displayed in the inlet component list.
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If you have one individual
component and one
lumped hypothetical
component the Sort
Comp List button remains
disabled.

You cannot sort the
automatically lumped

hypothetical components.

Sorting the Outlet Component List

You can only sort the outlet component list if you have at least

two individual components or two user lumped hypothetical

components.

1. Click the Sort Comp List button in the Outlet group. The
Sorting Output Components view appears.

2. From the Sort List group, click the appropriate radio button.
You can sort the individual components or user lumped
hypothetical components in the outlet component list.

Figure 3.17

"q Sorting Output Components for LUMPER-100

L =] to b | t Bef .
= enponer(sliolkioe CEELL LS St it When you click the
ropane Propane R
Ethane Ethane ? ﬁomplj to keep < Comps to Keep radio
i-Butane i-Butane 67 Nypos :
IEpertane 3Epentane button, the Sorting
: Output Components
view shows the
individual components
that you can sort in the
outlet components list.
"q Sorting Output Components for LUMPER-100

When you click the User

(Emé;:‘m oo Hypos radio button, the
& am Hvnae < Sorting Output
Components view shows
the user lumped
hypothetical components
that you can sort in the
outlet components list.

Inzert Before
Hypo20000*
Hypo20001=
Hypo20002+

Companent(s] ta Mave

Hypo20000+
Hypo20001=
Hypo20002+

Move

3. From the Component(s) to Move list, select the component
you want to move. Then, from the Insert Before list, select
the component that you want the moved component to be
inserted before.

4. Click the Move button to move the component.

From example, if you have three lumped hypothetical
components as shown in Figure 3.17. When you select
Hypo20000 from the Component(s) to Move list, then you
select Hypo20002 from the Insert before list and click the
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The desired total humber
of output components is
indicated in the Desired
total number of
components field.

The Empty Auto Hypo and
Delete Auto Hypo buttons
are active only when you
have selected an
automatically lumped
hypothetical component
in the outlet component
list.

Lumper

Move button, Hypo20000 will be inserted between
Hypo20001 and Hypo20002 as shown in the figure below.

Figure 3.18

R Sorting Output Components for LUMPER-100 [ %]

Companent(s] ta Mave Inzert Before

FypeZ000T" " [FypozoooT- S L
FHvpo2OOOC® ...} |Hypo20000% ¢ Comps to keep
Hypo20002+ Hypo20002* & User Hypos

Move

5. Close the Sorting Output Components view to return to the
Lumper property view.

Emptying and Deleting an Auto Lumped
Hypothetical Component

If the desired total number of outlet components is more than
the sum of the individual components and the user lumped
hypothetical components, HYSYS will make up the difference by
automatically generating the required number of hypos using
the chosen lumping method. You can remove all the components
from an automatically lumped hypothetical component.

1. From the outlet components list, select the automatically
lumped hypothetical component you want to remove all
components from.

2. Click the Empty Auto Hypo button. The components will
now be displayed in the inlet component list.

3-20
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Ensure that you have an
automatically lumped
hypothetical component
selected in the outlet
components list before
you can delete.

If you want to test what
happens with the current
changes, click the Submit
Changes button. If you
have finished editing,
close the view to enable
on-the-fly calculations.

To delete the automatically lumped hypothetical component:

1. From the outlet components list, select the automatically
lumped hypothetical component you want to delete.

2. Click the Delete Auto Hypo button.

HYSYS does not prompt you to confirm the deletion of your
automatically lumped hypothetical component. After the
automatically lumped hypothetical component is deleted, the
information cannot be retrieved.

Calculating the Lumper Unit Operation

The Submit Changes button is enabled when there is sufficient
information for the lumper to calculate. By clicking this button,
HYSYS will calculate the unit operation based on the current
information. Therefore, the Submit Changes button can be
viewed as an ad hoc test button.

Closing the Lumper Property View and On-
the-Fly Calculations

When the Lumper property view is open, HYSYS assumes that
the lumper is still in editing mode and most of the calculations
are on hold. Therefore, you must click the Submit Changes
button to calculate the unit operation. If you have finished
editing and want to enable on-the-fly calculations, you have to
close the Lumper property view.

User Variables Page

The User Variables page allows you to create and implement
variables in the HYSYS simulation case. For more information on
implementing the User Variables, refer to Chapter 5 - User
Variables in the HYSYS Customization Guide.
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Refer to Section 1.3.1 -
Worksheet Tab in the
HYSYS Operations
Guide for more
information.

Lumper

Notes Page

The Notes page provides a text editor that allows you to record

any comments or information regarding the specific unit
operation, or the simulation case in general. For more

information, refer to Section 7.20 - Notes in the HYSYS User

Guide.

3.1.3 Rating Tab

This unit operation currently does not have rating features.

3.1.4 Worksheet Tab

The Worksheet tab contains a summary of the information
contained in the stream property view for all the streams
attached to the operation.

3.1.5 Dynamics Tab

This unit operation is currently not available for dynamic
simulation.
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For information on the
Lumper unit operation,
refer to Section 3.1 -

3.2 Delumper

The Delumper is an upstream unit operation used to delump the
lumped hypothetical components created by one or more

Lumper. lumpers.
Figure 3.19
—1>
LUMPER-101
LUMPER-100
= LUMPER-101
LUMPER-100 3
Butaut Cutput1

WLV-100
—

PP
LUMPER-101

Cutput

-
Ei DELUMPER-100
Dutput

DELUMPER-100

You can attach one or more feed streams using one or more
different fluid packages (hence potentially different component
lists), with a total of m distinct components. In the Delumper
property view, you can specify a new equation of state (EOS)
fluid package, a new fluid package name and a new components

list name.

By using the currently available Component Recovery delumping
method, you can recover part or all of the original components
from the lumped hypothetical components, with a total of n

outlet components,

where n2m,

conducted.

The Delumper does not have to be connected to a Lumper
directly in order to delump its lumped components.
Furthermore, the Component Recovery delumping method is
capable of recovering the very original constituent
components from a lumped hypothetical component,
regardless how many layers of lumping have been

As a result, the outlet component list may include the individual
components from the input list, and recovered components from
the lumped components in the input components list.
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You can also add the
delumper by clicking the
F12 hot key.

You can also open the
Object Palette by clicking
the F4 hot key.

&y

Delumper icon

Delumper

3.2.1 Delumper Property View

There are two ways that you can add a delumper to your
simulation:

1. From the Flowsheet menu, click Add Operation. The
UnitOps view appears.

2. Click the Upstream Ops radio button.
3. From the list of available unit operations, select Delumper.
Click the Add button.

OR

1. From the Flowsheet menu, click Palette. The Object
Palette appears.

2. Click on the Upstream Ops icon. The Upstream Object
Palette appears.

Figure 3.20

nnnnnnnn

3. In the Upstream Object Palette, double-click the Delumper
icon.
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You can also delete a
Delumper by clicking on
the Delumper icon on
the PFD and pressing
the DELETE key.

The Delumper property view appears.

= Delumper: DELUMPER-101 =] 3
Design Name IDELUMPEH-‘ID‘I
++ Connections
E:zms:; Outlet Stre:am Mame:
- UserVariables |DELUMPER-101 Output
i Motes :

rlnlet streams—————

{| << Stream >3

i
Designl R ating I ‘worksheet I Dynamics |

Dee | e |

To delete the Delumper operation, click the Delete button.
HYSYS will ask you to confirm the deletion.

To ignore the Delumper during calculations, activate the Ignored
checkbox. HYSYS completely disregards the operation (and
cannot calculate the outlet stream) until you restore it to an
active state by deactivating the checkbox.

3.2.2 Design Tab

The Design tab consists of the following pages:

Connections
Parameters
Delumping
User Variables
Notes
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You can specify one or
more inlet streams using
one or more different
fluid packages. The fluid
packages may have

different component lists.

Delumper

Connections Page

The Connections page is used to define all of the connections to
the Delumper. You can specify the inlet streams to attach to the
operation. The name of the operation can be changed in the
Name field, and you can also change the name of the outlet
stream in the Outlet Stream Name field.

Figure 3.22

® Delumper: DELUMPER-100 H[=] E3
Design Mame IDELUMPEFH uli}
. Connections
H —_—
F'afamBFerS Outlet Stream Mame:
- Delumping
{ . Comp Recovery IDELUMPEFH 00 Dutput
i UserVariables o
‘- Mates E—

lnlet streams————————

|| LUMPER-101 O
<4 Stream »»

i
Designl R ating I ‘worksheet I Diynamics |

Delete | Click "Subrrit Changes" button or close view to calculate the unit operation Submit Changes | I~ lanored
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Parameters Page

The Parameters page allows you to specify the outlet settings
and automatic pressure assignment.

Figure 3.23

r Delumper: DELUMPER-100 =13
Design Mame IDELUMF’EFH [ul]
- Connections

arameters —

_elumping

- Comp Recovery )

zer Vanables : —Outlet Setting

Motes —=] Fluid Pkg MName: DELUKMPER-100 Output FPkg
Property Pka: Peng-Robirson ;I

P A A AR Comp List Mame: DELUMPER-100 Output Cornp List
= Equalize &l
£ Set Outlet to Lowest Inlst Bulk Viscosity Fit Temperature 1: I3?-73 C

Bulk Wiscosity Fit Temperature 2: |99-39 €
Flazh Type ‘ith Respect to Feeds: T-F Flash -

"D utlet Stream Temperature

Source: % Auto Calculated (~ Specified

alue: I

—_
Designl R ating I “wiorksheet I Dynamics |

Delete | | Click "Submit Changes" button or close view to calculate the unit operation Submit Changes | [ lanored

The Outlet Settings group consists of the following parameters:

Parameters ‘ Description
Fluid Pkg Name Allows you to specify the name for the fluid
package to be generated.
For more information on Property Pkg You can select the Equation of State (EOS)
the EOS property property package from the drop-down list:
packages, refer to the e Peng-Robinson
section on the Equations e PRSV
of State (EOS) in the e Sour PR
HYSYS Simulation e SRK
Basis guide. e Kabadi-Danner
e Sour SRK

A new fluid package with components will be
created during the delumping process.

Comp List Name Allows you to specify the name for the component
list to be generated.

Bulk Viscosity Fit The first temperature at which the outlet stream

Temperature 1 bulk viscosity is to match that of the combined
feed.
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Parameters ‘ Description

Bulk Viscosity Fit The second temperature at which the outlet

Temperature 2 stream bulk viscosity is to match that of the
combined feed.

Flash Type with You can select the flash type to be used for the
Respect to Feeds outlet stream with respect to the combined feed.
There are two options:

e T-P Flash
e P-H Flash
Outlet Stream This group appears when you select T-P as the

Temperature Group flash type from the Flash Type with Respect to
Feeds drop-down list. There are two radio buttons
in the Outlet Stream Temperature group:

e Auto Calculated. The outlet stream
temperature will be automatically calculated
based on the combined feed. You cannot
specify the outlet stream temperature in the
Value field.

e Specified. You have to specify the outlet
stream temperature in the Value field.

The Automatic Pressure Assignment group consists of the
following radio buttons:
e Equalize All. Click this radio button, if you want to force
all stream pressure to be the same.

e Set Outlet to Lowest Inlet. Click this radio button, if
you want the outlet pressure to be the lowest inlet
pressure.
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For the Component
Recovery method only the
lumped hypothetical
components can be
delumped.

Delumping Page

On the Delumping page, you can select the delumping method
that you want to use.

Figure 3.24

= Delumper: DELUMPER-100 Hi=] &3
. Il Outlet
De.slgn _Iglmt By Outlet Companents rDelumped Hypos———
« Connections = Mone —
arameters ¢ Boilng Paint Delump All Hypos > || [Ethane

Jelumping " Molecular Weight
- Comp Recovery " Molar Flow (Rev) Keep Al Hypos - |
ser Variables
Motes

Awail. Lumped Hypos
Hypo20000*

Hypo20001* Add Hypo ta Kesp >
Hypo20002+

Constituznt Components

Constituent Companents Delump Hypo - |

< Festare Hypa
Sort Comp List |
Total number of autlet components: 14

—_
Designl Rating I ‘Worksheet I Diynamics |

Delete | Click ""Subrmit Changes" button or close view to calculate the unit operation Submit Changes | I~ lanored

There is currently one delumping method:

Component Recovery: You may choose to recover none to
all of the lumped input hypothetical components. The default
is to recover all lumped hypothetical components to their
original constituent components, regardless how many times
the components have been lumped, as well as how many
intermediate unit operations exist between the lumpers and
the current delumper.
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The outlet component list may include the individual
components from the input list, and recovered components from
the lumped components in the input components list.

Figure 3.25

Outlet
Outlet Components  ~Delumped Hypos———
. Eth. ]

Components in w25 e Delumped
the outlet it Hype2000 = hypothetical
component list. Methane Hopa20n0s: components

I-Butane

n-Butane

iPentane

r-Pentane

n-Hexane

n-Heptane

n-Octane

r-Decane Constituent Components Com ponents

22-Mpropane Methane - .

22-Mbutane B - packaged in the

nilsEs +| [mButane h delumped

me = e < h othpetica [

Sart Comp List n-Pentane ;I cg)lr?w ponents

Tatal number of outlet components: IZS‘\ '

HYSYS calculates the total number of the

outlet components.

Sorting the Available Lumped Hypothetical
Components

You can sort the available lumped hypothetical components in
the inlet group by clicking on the appropriate radio button.

Radio Button ‘ Description

None The components remain in the original order. This is the
order when you added the components to the fluid
package component list.

Boiling Point You can sort the components according to the boiling
point of each component.

Molecular You can sort the components according to the molecular

Weight weight of each component.

Molar Flow You can sort the components according to the molar flow

(Rev) of each component. The component with the largest

molar flow is on the top.
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Delumping All Available Lumped
Hypothetical Components

You can delump all the lumped hypotheticals that are shown in
the available lumped hypothetical list of the Inlet group.

Figure 3.26

It —Outh
—Igl;t Ey—— LlDutlet Components rDelumped Hypos———
N ane —
» Bgizi]:g i Delump Al Hypas -> |
= Molecular Weight
= Molar Flow [Fev) Keep Al Hypas - |
Awail. Lumped Hypos
Hypo20000*
Hypo20001 AddHypota Keep - |
Hypoz0002+
Hypo20003*
HypoZ0004* <-- Hemave Kept Hypnl
Hypo20005*
Constituent Components:
Constituent Components Delump Hepo - |
|
Sort Cornp List
Tatal number of autlet components: I28
~Detumped Hypos——— To delump all the available lumped hypothetical components:
Hypo2Diid" 1. Click the Delump All Hypos button.
Hypoz0003+ i i
he 2. The delumped hypothetical components appear in the
e Delumped Hypos group.

Constituent Components

Delumping Available Lumped Hypothetical
Components

3-Epentane

You can delump the lumped hypothetical components from the

inlet components list to the delumped hypos list.

1. From the Avail. Lumped Hypos list of the Inlet group, select
the lumped hypothetical component you want to delump.

2. Click the Delump Hypo button. The selected lumped
hypothetical component appears in the Delumped Hypos
group.
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Delumper

Keeping All Available Lumped Hypothetical
Components

You can keep all the lumped hypotheticals that are shown in the
available lumped hypothetical list of the Inlet group.

1. Click the Keep All Hypos button.

2. The lumped hypothetical component appears in the outlet
components list of the Outlet group.

Figure 3.27

utlet
Outlet Companents Delumped Hypos———

rC30

Hypo200085*
Hypo20004*
Hypo20003*
Hypo20002+
Hypoz20001=
Hypo20000+

Constituent Components

Sort Comp List |
Total number of outlet components: I"'I

Keeping Available Lumped Hypothetical
Components

You can add lumped hypothetical components from the inlet
components list to the output component list.
1. From the Avail. Lumped Hypos list of the Inlet group, select

the lumped hypothetical component you want to add to the
output component list.

2. Click the Add Hypo to Keep button. The selected lumped
hypothetical component is added to the outlet component
list of the Outlet group.
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Removing Kept Lumped Hypothetical
Components

Ensure that you have the 1. From the components list in the Outlet group, select the

lumped hypothetical lumped hypothetical component you want to remove.
component selected in .
the outlet components list 2. Click the Remove Kept Hypo button. The lumped

before you can remove hypothetical component will now be displayed in the inlet
the lumped hypothetical component list
component. p '

You cannot remove the individual components from the
outlet component list.

Restoring the Delumped Hypothetical
Components

You can restore the delumped hypothetical components.

1. From the Delumped Hypos group, select the delumped
hypothetical component you want to restore.

2. Click the Restore Hypo button. The delumped hypothetical
component appears in the Avail. Lumped Hypos list of the
Inlet group.

Figure 3.28

Inlet
SartBy————
' Mone

i Baiing Point

" Molecular ‘Weight
= Molar Flow [Rev)

Avail. Lumped Hypos

Hyppo000a:
Hypo20004*

Constituent Components

n-Monane

n-C25
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The outlet component list
may include the individual
components from the
input list, and recovered
components from the
lumped components in

the input components list.

Delumper

Sorting the Output Components

You can sort the available components in the Outlet Components

list by clicking on the Sort Comp List button. The Sorting
Outputs Components for Delumper view appears.

Figure 3.29

B Sorting Output Components for DELUMPER-100

Component{z] to Move Ingert Before
Propane Fropane
Ethane Ethane
n-C28 nC28
n-C23 nC23
n-C30 nC30
r-Monane n-Monane
n-C11 nC11
nCi2 n12
n-C25 nL2h
n-C26 nC26
nC27 nC27
Stdhexane Mhexane
2-tdhexane 2-Mherane
2-Mpentane 2-Mpentane
3-Mpentane 3-Mpentane
23-Mbutane 23-Mbutans
3-Epertane 3Epentane
Hypo20000+ Hiio2DUDD*

Sort Method————
& Manual
" Automatic

[doye |

In the Sort Method group, you can select the method you want
to use to sort the output components by clicking on the Manual
or Automatic radio button.
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Manual Sort Method

By default the Manual radio button is selected. To sort manually:

1. From the Component(s) to Move list, select the component
you want to move. The Move button is enabled.

2. From the Insert Before list, select the component you want
the component from the Component(s) to Move list to be
inserted before.

Figure 3.30

Component(z) to Move Inzert Before

Piopane

Ethane Ethane

n-C28 nC28

n-C23 nC23

n-C30 n-C30

n-Honane ntonane

n-C11

nL12

n-C25

n-C26

n-C27

IMhexane

2-hexane

2-Mpentane 2+dpentane

3-Mpentane 3-hpentane

23-Mbutane 23-Mbutane

3-Epentane 3-Epertane

Hypo20000+ Hypo2000o«

3. Click the Move button. For example, the figure below shows
that Propane has been moved before 3-Mhexane.

Figure 3.31

Component(z] to Move Inzert Before
Ethane Ethane
rC28 n-C28
re28 n-C29

n-C30
n-Nonane
n-C11
n-L12
n-L25
n-LC2E
n-C27
Propane
FMhexane
2-Mherane 2-Mhexans
2tpentane 2-Mpentane
3-Mpentane 3-Mpentane
Z3-Mbutane 23-Mbutane
3Epentane 3-Epentane
Hypo20000+ Hypo20000+

4. Close the Sorting Outputs Components for Delumper view to
return to the Delumping page.
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If you want to test what
happens with the current
changes, click the Submit
Changes button. If you
have finished editing,
close the view to enable
on-the-fly calculations.

Delumper

Automatic Sort Method

When you select the Automatic radio button, the Sort By group
appears.

Figure 3.32

SotBy———
& Mone

" Boiling Point

= Mole weight

= Male Flow [Fev)

Radio Button ‘ Description

None The components will be put in the order before the
sorting view is launched.

Boiling Point You can sort the components according to the boiling
point of each component.

Molecular You can sort the components according to the molecular

Weight weight of each component.

Molar Flow You can sort the components according to the molar flow

(Rev) of each component. The component with the largest

molar flow is on the top.

Calculating the Delumper Unit Operation

The Submit Changes button is enabled when there is sufficient
information for the Delumper to calculate. By clicking this
button, HYSYS will calculate the unit operation based on the
current information. Therefore, the Submit Changes button can
be viewed as an ad hoc test button.

Closing the Delumper Property View and On-
the-Fly Calculations

When the Delumper property view is open, HYSYS assumes that
the delumper is still in editing mode and most of the calculations
are on hold. Therefore, you must click the Submit Changes
button to calculate the unit operation. If you have finished
editing and want to enable on-the-fly calculations, you have to
close the Delumper property view.
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Refer to Section 1.3.1 -
Worksheet Tab in the
HYSYS Operations
Guide for more
information.

User Variables Page

The User Variables page allows you to create and implement
variables in the HYSYS simulation case. For more information on
implementing the User Variables, refer to Chapter 5 - User
Variables in the HYSYS Customization Guide.

Notes Page

The Notes page provides a text editor that allows you to record
any comments or information regarding the specific unit
operation, or the simulation case in general. For more
information, refer to Section 7.20 - Notes Manager in the
HYSYS User Guide.

3.2.3 Rating Tab

This unit operation currently does not have rating features.

3.2.4 Worksheet Tab

The Worksheet tab contains a summary of the information
contained in the stream property view for all the streams
attached to the operation.

3.2.5 Dynamics Tab

This unit operation is currently not available for dynamic
simulation.

3.3 References

1 Montel, F and Gouel P.L., A new Lumping Scheme of Analytical Data
for Compositional Studies. Presented at the 59th Annual Technical
Conference and Exhibition, Houston, Sept. 16-19, 1984; Paper SPE
13119.
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Introduction

4.1 Introduction

The HYSYS Liquid-liquid Hydrocyclone predicts the performance
of an oily water cleaning unit operation. The Liquid-liquid
Hydrocyclone generates results based on the Migration
Probability Theory. An oil droplet size distribution based on a
sauter mean diameter is applied and the resulting volume of oil
separated is calculated.

The Liquid-liquid Hydrocyclone is designed to be easy to use
with a single input tab giving liner details and the oil droplet
distribution. Process details, Hydrocyclone liner dimensionless
parameters, and separation performance are calculated. You
have the option of modelling two different types of liner:

e Vortoil G-liners
e Serck Baker Qilspin liners

The fundamental calculation methods are similar for both liners.
The hydraulic parameters however vary considerably.

4.1.1 Theory

The Liquid-liquid Hydrocyclone operation performs the following
calculations to generate the results:

¢ Oil Droplet Distribution

e Hydrocyclone Liner Dimensions

e Hydrocyclone Hydraulics

e Oil Droplet Migration Probability

¢ Hydrocyclone Separation Efficiency
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Oil Droplet Distribution

The Liquid-liquid Hydrocyclone uses a Rosin Rammler Oil Droplet
Distribution to describe the dispersion at the Inlet. A two
parameter Cumulative Distribution is defined.

The Cumulative Distribution is defined by the following
equation:

F(d) = l—exp(—(diim)n) (4.1)
where:
F(d) = cumulative distribution
d = droplet diameter
drm = Rosin Rammler modal diameter
n = exponential power index

The Rosin Rammler modal diameter d,,,, can be related to
another mean diameter dy by the following equation.

dy = d,, x[-In(1-f(d))]"" (4.2)

where:

f(d) = fraction undersize at diameter dy
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Hydrocyclone Liner Dimensions

The Hydrocyclone Dimensions are based on the following
variables:

¢ Dimensions Schematic

Figure 4.1

D T o

k A
Ly

2D > a X
el L2

l < Y

D - i

0,

L3

\i
DI2—— '
DW L4
\» vy

e Characteristic Diameter (D). The Hydrocyclone
characteristic diameter is defined by the user.

e Inlet Diameter (Diy). The Inlet diameter is set at 0.35D.
e Underflow Diameter (Dyy). The Underflow diameter is set

at 0.50D.

e Overflow Diameter (Dg). The Overflow diameter is
defined by the user.

e Taper Angles. The Taper angles 0, and 6, define the
Separation section geometry.



Liquid-liquid Hydrocyclone 4-5

e Lengths. The length of each taper section is calculated
from the Taper angles (6, and 6, ) and the characteristic

diameter (D). The length from the end of the taper
section to the liner tip is taken as 20D. These lengths are
then summed to give a total liner Length (L).

Hydrocyclone Hydraulics

The Hydrocyclone can be modelled Hydraulically in a dimensionless
manner assuming geometrically similar criteria. A Reynolds
number and Hydrocyclone number can be defined using
dimensions, fluid parameters, and operating conditions. Split
Ratio and Maximum flow are also determined from the operating
data.

e Reynolds Number. Rep is expressed as:

X
Re, = Or * b

T (4.3)
900 x T x Dy x .,

where:

volumetric flow rate

Qr

Pe

continuous phase density

Dy = Hydrocyclone Characteristic Diameter

u, = continuous phase viscosity

e Hydrocyclone Number. Hys relating to an oil droplet
diameter d';5 may be defined as:

, 2
- OrxApxdys (4.4)

Hy;s 3
3600 x D, x p,

where:
Q1 = volumetric flow rate
Ap = oil and water density difference
d';s = 75% Migration Probability Droplet Diameter

Dy = Hydrocyclone Characteristic Diameter
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p, = continuous phase viscosity

The Hydrocyclone Number can also be related to the Reynolds
number for similar geometric units by means of the following
general equation:

Hy,s = a(ReD)b (4.5)

Experimental or Production performance data can be used to
establish the values of a and b. These constants are Liner
specific.

e Split Ratio. Split Ratio is calculated from the user defined
Pressure Differential Ratio (PDR) by means of a quadratic
expression:

F = o(PDR)* +B(PDR) +v (4.6)

where:

o,B,y = parameter values established from a curve fit to
operating data

e Maximum Flowrate. Maximum flow rate for the system is
related to the pressure differential between the Inlet and
Reject streams:

Opax = npx k(PIN_PREJ)n (4.7)

where:
n, = number of Liners
Py = Inlet pressure
Pre; = Overflow pressure
k, n

constant values established from hydraulic data
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Oil Droplet Migration Probability

The method of Dense Dispersion Hydrocyclones is applied to predict
the volume of oil separated from the Inlet stream. A Migration
Probability for the droplet distribution is derived from statistical
theory and a Reduced Migration Probability.

Migration Probability. For a given Inlet oil droplet
distribution the Migration Probability (MP) of a droplet of
diameter d microns is defined as the chance that it will
be separated in the oil overhead stream. The MP can be
related to the Reduced Migration Probability (RMP) and
the Split Ratio (F) by the following expression:

MP(d) = RMP(d)x (1 —F)+F (4.8)

Reduced Migration Probability. An analytical function may
be fitted to represent the centre of an envelope of
experimental curves for a particular liner. This Reduced
Migration Probability (RMP) can be represented generally
in terms of a normalised droplet diameter A, as:

RMP = 1 —exp(a[A5—b]°) (4.9)

where:

a, b, c = constants determined by experiment

A = Zi'i dimensionless droplet diameter
75

d';s = determined from the Hydrocyclone Number

d = droplet diameter from the Distribution
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Introduction

e Graphical Representation. The Migration Probability for
an Oil Droplet Distribution is represented graphically as:

Figure 4.2

Oil Droplet Migration Probability

EU /
02/

0o

0.0 1.0 20 30 4.0 50 6.0

AT5=did"

Hydrocyclone Separation Efficiency

The Separation Efficiency (¢) of the Hydrocyclone vessel is
calculated from Inlet and Outlet streams oil concentrations:

g = 100(1 -%) (4.10)

i

where:
C; = Inlet stream oil concentrations

C, = Overflow stream oil concentrations
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4.2 Liquid-liquid
Hydrocyclone Property
View

There are two methods to add a Liquid-liquid Hydrocyclone to
your simulation:

You can also access the 1. From the Flowsheet menu, click Add Operation. The
g;gOps view by pressing UnitOps view appears.

2. Click the Upstream Ops radio button.

3. From the list of available unit operations, select Liquid-
liquid Hydrocyclone.

4. Click the Add button.

1. From the Flowsheet menu, select Palette (or press F4).
The Object Palette appears.

2. In the Object Palette, click the Upstream Ops icon to open
the Upstream Object Palette.

Figure 4.3

nnnnnnnn

3. In the Upstream Object Palette, double-click the Liquid-
' Liquid Hydrocyclone icon.

Liquid-Liquid
Hydrocyclone icon
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You can also delete a
Liquid-liquid
Hydrocyclone by clicking
on the Liquid-liquid
Hydrocyclone icon on
the PFD and pressing
DELETE.

You can select a different
fluid package associated
to the Liquid-liquid
Hydrocyclone using the
Fluid Package drop-down
list.

The Liquid-liquid Hydrocyclone property view appears.

Figure 4.4

LHC-101 1=l B3

Design Nams ILH C-10 Drverflow
Connections :I'

Parameters

Liner D etails Inlet
| -

Droplet Distribution
Uzer ariables
Motes

Fluid Package

IBasis-1 hd I Underflaw

De:ignl Perfarmance I Wiorksheet I Dynamics |

Deket= | e e e [ Iorcred

To delete the Liquid-liquid Hydrocyclone operation, click the
Delete button. HYSYS will ask you to confirm the deletion.

To ignore the Liquid-liquid Hydrocyclone during calculations,
select the Ignored checkbox. HYSYS completely disregards the
operation (and cannot calculate the outlet stream) until you
restore it to an active state by clearing the checkbox.

4.2.1 Design Tab

The Design tab consists of the following pages:

e Connections

e Parameters

e Liner Details

e Droplet Distribution
e User Variables

e Notes

Connections Page

The Connections page is used to define all of the connections to
the Liquid-liquid Hydrocyclone. You can specify the inlet stream,
overflow outlet stream, and underflow outlet stream attached to
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the operation. The name of the operation can be changed in the
Name field.

Figure 4.5

LHC-100 [ [O1}

Design HName ILHC-1 [uli} Dverflow
Connections hi_awerflov -

Parameters

Liner Details Inlet ———
Diroplet Distribution Ihc_feed :lv
Uzerarisbles

Motes

Fluid Package

IBasis-‘I - I Underflaw

Ihc_underlluw hd

-
De:ignl Performance I ‘Worksheet I Dynamics |

Dete | [
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Parameters Page

The Parameters page allows you to specify the Liquid-liquid
Hydrocyclone operation parameters.

Figure 4.6

LHC-100 1S=] B3
Design Liner Typ:
Connactions ’] “ortoil G-Liner j
Parameters Operating Parameter.
Liner D etails Mumber of Liners 16
A in. Flowrate [m3h] 2.00
D Dl e Min. Risject Pressure [kPa]|  300.00
UszerYariables PDR 1.70
Motes Split Ratio [%] 0.500
Underflow DP [kPa] 9817
Underflovs Pressure [kPa] 401.8

—
Designl Performance I “wiorksheet I Dynamics |

Delete |

The following table lists and describes the parameters available
in the Parameters page:

Object ‘ Description
Liner Type drop- Allows you to choose between two types of Vessel
down list liner:

e Vortoil G-Liners

e Serck Baker Oil Spin
Hydraulic parameters and physical Dimensions
change between the two types of Liner.

Number of Liners cell | Allows you to specify the number of active vessel
liners.

Min. Flowrate cell Displays the minimum flow rate per liner
depending on the selected Liner type.

. Vorgoil recommends a minimum value of
2m>/hr for the G-Liner.

e Serck Baker recommends a minimum value
of 4m3/hr for the OilSpin Liner.

Min. Reject Pressure Allows you to specify the minimum Oil Overflow
cell (Reject) downstream pressure.

PDR cell Allows you to specify the Pressure Differential
Ratio. The PDR is the ratio of the following stream
pressure drops:

PDR = Inlet Pressure — Overflow Pressure
Inlet Pressure — Underflow Pressure
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Object ‘ Description

Split Ratio cell Allows you to specify the volume percent of the
total inlet stream that passes to the overflow
stream.

Underflow DP cell Allows you to specify the pressure difference
between the inlet stream and the underflow
stream.

Underflow Pressure Displays the pressure of the underflow stream.

cell

Liner Details Page

The Liner Details page allows you to manipulate the selected
Liner type.

Figure 4.7

‘§ LHC-100 1H[=] E3
Design Liner Type
Conmections ortoll 3-Liner

Parameters Dimensions

Liner Details Characteristic: Diameter [m]l_I 5 00e-002

o Inlet Ciameter [m] | 1.75e-002

Diroplet [?ISUIbulIUﬂ s e e | 0.0

User Variables LowerT aper [deq] | 1.5

Motes Overflav Diameter [m] | 5.00e-003

Underflow Diameter [m] | 2.50=-002

Total Length [m] | 2197

—
De:ign| Performance J ‘worksheet J Diynamics J

Delete | | [ lgnored

The following table lists and describes the parameters available
for modification in the Liner Details page:

Object ‘ Description

Liner Type drop- Allows you to choose between two types of Vessel
down list liner:

e Vortoil G-Liners
e Serck Baker Oil Spin

Hydraulic parameters and physical Dimensions
change between the two types of Liner.

Characteristic Allows you to specify the liner characteristic

Diameter cell diameter, which is used to determine the diameter
for the Inlet and Underflow.

Inlet Diameter cell Displays the calculated inlet diameter value.
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Liquid-liquid Hydrocyclone Property View

Object
Upper Taper cell

‘ Description

Displays the upper taper angle.

Lower Taper cell

Displays the lower taper angle.

Overflow Diameter

Allows you to specify the Overflow diameter.

cell
Underflow Diameter Displays the calculated Underflow diameter based
cell on the selected Liner type and the specified

characteristic diameter.

Total Length cell

Displays the Liner overall length of the selected
Liner type’s hydrocyclone geometry.

Droplet Distribution Page

The Droplet Distribution page allows you to manipulate the
Liquid-liquid Hydrocyclone performance, by modifying the
dispersed oil droplet distribution.

Figure 4.8

LHC-100 H[=1
Design -0il Droplet Distributon—————————————————
Conmections Droplet S auter Mean [mm) 0.027
Droplet d50 [mm] 0.039
Parameters Droplet d95 [mm] 0.080
Liner Details Ruosin-R ammler Index 200

Droplet Distribution
Uzerarisbles

Motes

-
De:ignl Performance I ‘Worksheet I Dynamics |

Dete | [ [ I

The size distribution of oil droplets at the Hydrocyclone inlet is
calculated using two parameters of the Rosin Rammler distribution.
The Rosin Rammler distribution calculation is based on a mean
droplet diameter and an exponential term power index.
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For more information,
refer to Section 7.20 -
Notes Manager in the
HYSYS User Guide.

The following table lists and describes the distribution

parameters:

Parameter

Droplet Sauter Mean

‘ Description

This is the droplet diameter whose volume to
surface area ratio is the same as that of the
distribution as a whole and so represents the
surface area mean diameter.

Droplet d50 This is the diameter of droplet at the 50%
undersize point on a cumulative volume
distribution curve.

Droplet d95 This is the diameter of droplet at the 95%

undersize point on a cumulative volume
distribution curve.

Rosin Rammler
Index

This is the power term to which the exponential
part of the Rosin-Rammler Distribution is raised.

Usually the value is between 1 and 2.5.

User Variables Page

The User Variables page allows you to create and implement
variables in the HYSYS simulation case. For more information on
implementing the User Variables, refer to Chapter 5 - User
Variables in the HYSYS Customization Guide.

Notes Page

The Notes page provides a text editor that allows you to record
any comments or information regarding the specific unit
operation, or the simulation case in general.
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4.2.2 Performance Tab

The Performance tab displays the calculated performance
results of the Liquid-liquid Hydrocyclone.

General Page

The General page displays the calculated general Liner
performance results.

Figure 4.9

LHC-100 HE R
Performance Generat

General Inlet Oil Conc. [ppm 1094
. Inlet Oil Cone. [mg/l] 1516
iz hdax. Flowrate [m3/h] 5470
Overflow d75 [microns] 3l
Underflow dP Overflow [kPa] 167
dP Underflow [kPa] 98.2
Tables Fieject Ratio [%] 0.90
Plots Efficiency [%] B7

—_—
Diesign Pelfolmancel ‘Waorksheet | Dynamics |
Deete | I

e Inlet oil concentration in parts per million (ppm) by
volume and mg/I

e Maximum flow rate for the vessel. This value is
calculated from the Liner hydraulic characteristics.

e Droplet diameter separated with 75% efficiency at
operating conditions

o PrFssure drops at Overflow and Underflow relative to the
Inlet

e System Reject Ratio
e System separation efficiency
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Geometric Page

The Geometric page displays the calculated geometric Liner
performance results.

Figure 4.10

Performance Geometric Similarity

Berzel Repnolds Murnber | 27735
Hydiacyclone Number Hy?5) | 237003

Geometric

Overflaw

Underflow

Tables

Plats

e Hydrocyclone Reynolds Number based on the
Characteristic diameter

e Hydrocyclone Number (Hy75)

Overflow Page

The Overflow page displays the calculated Overflow results.

Figure 4.11

Performance Dverflow

General Pressure [kPa] | 333
Flowrate [m3h] | 0.4485

Geometiic 0l Concentration [ppr] | 116291

Overflow

Underflow

Tables

Plats

e Overflow pressure
e Volumetric flowrate
e Oil concentration in ppm
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Liquid-liquid Hydrocyclone Property View

Underflow Page

The Underflow page displays the calculated Underflow results.

Figure 4.12

Performance LUndeflow

EErel Pressure [kPa] [ e
Flowrate [m3/h] | 4339

Geometric 0l Concentration [ppm] | F]

Overflave 0il Concentration [mad] | EE

Underflow

Tables

Plats

Underflow pressure
Volumetric flowrate

Oil concentration in ppm and mg/I

Tables Page

The Tables page displays the tabulated results of the Oil Droplet
Distribution or the Migration Probability. To view either results select
the appropriate radio button.

Figure 4.13

T able Wiew

Performance Drroplet Distribution
General Diameter [microns]]| Vol Undersize [3] | =
. 9.38e-002
Eremmeits 1457 98502 | [
Overflow 1.495 0.104
1.534 0.109
Underflow 1574 0715
Tables 1.615 0121
Plats 1.657 0127
1.700 0134
1.745 0141
1.750 0143
1.837 0156
1.885 0165 | TJ

‘O el L DT TRl
" Migration Probability
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Refer to Section 1.3.1 -
Worksheet Tab in the
HYSYS Operations
Guide for more
information.

Plots Page

The Plots page displays in graph format the results of the Oil
Droplet Distribution or the Migration Probability. To view either plot
select the appropriate radio button.

Figure 4.14

Performance Migration Probability

General

Geometic

Overflow

Prebabilty

Underflow
Tables

Plots wtee

&S

" Dyoplet Distibution & Migration Probability

4.2.3 Worksheet Tab

The Worksheet tab contains a summary of the information
contained in the stream property view for all the streams
attached to the operation.

4,2.4 Dynamics Tab

This unit operation is currently not available for dynamic
simulation.
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4.3 Nomenclature

The following Nomenclature has been adopted for the Liquid-

liquid Hydrocyclone calculations:

Variable ‘ Symbol ‘ Units
Volumetric Flowrate 0 m>/hr
Maximum Volumetric Flowrate Ouiix m3/hr
Inlet Pressure Py Bar
Overflow Pressure Prg; Bar
Underflow Pressure Pour Bar
Continuous Phase Density o kg/m3
¢
Oil Droplet Density o kg/m?3
o
Hydrocyclone Characteristic D m
Diameter
Continuous Phase Viscosity m Pa.s
c
Droplet Diameter d microns
Sauter Mean Droplet Diameter ds , microns
50% Droplet Diameter ds, microns
75% Droplet Diameter ds microns
95% Droplet Diameter dys microns
75% Migration Probability Droplet d’ microns
Diameter &
Dimensionless Droplet Diameter Ass
Pressure Differential AP Bar
Separation Efficiency € %
Inlet Oil Concentration C. ppm Vol.
1
Underflow Oil Concentration C ppm Vol.
o
Split Ratio F
Hydrocyclone Reynolds Number Re,,
Hydrocyclone Number Hy,s
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Variable ‘ Symbol ‘ Units
Number of Liners n

Total Liner Length L m
Upper Taper Angle 0, degrees
Lower Taper Angle 0, degrees
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Introduction

5.1 Introduction

We are pleased to introduce the PIPESIM Single Branch
Extension to HYSYS - the first and only commercial coupling
between petroleum and process simulation. This extension is a
result of a collaborative development between Hyprotech and
Baker Jardine. Together we are working on a vision of “Total
Hydrocarbon Asset Management”. Examining the sensitivity of
production and process systems simultaneously or performing
production system optimization can yield significant production
benefits, sometimes as high as 15% increases in production. We
at Hyprotech and Baker Jardine aim to bring you the commercial
software tools to achieve these gains.

Hyprotech and Baker Jardine have announced an alliance aimed
at producing the first fully integrated, commercial Production
System Model. In this, the first product from our alliance, Baker
Jardine’s industry leading wellbore, tubing, and flowline
simulation software, PIPESIM, has been coupled into
Hyprotech’s HYSYS simulation environment, allowing for the
development of models from well description through the entire
process production facilities sharing common PVT descriptions
from the HYSYS thermodynamics.

Existing PIPESIM production models of wells, flowlines, and
risers can be imported into the HYSYS environment and used
seamlessly as a HYSYS unit operation using the power of the
PIPESIM engine in the background. This first release is limited to
a serial string of devices within the PIPESIM model where there
is no change in composition; all composition changes are
handled within the HYSYS environment. However, one can add
multiple PIPESIM extensions to any HYSYS simulation.
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5.1.1 How This Chapter Is
Organized

This chapter is a comprehensive guide that details all the
procedures you need to work with the PIPESIM Link extension.
To help you learn how to use PIPESIM Link efficiently, this
chapter thoroughly describes the views and capabilities of the
PIPESIM Link as well as outlining the procedural steps needed
for running the extension. The basics of building a simple
PIPESIM Link model is explored in the tutorial (example)
problem. The case is presented as a logical sequence of steps
that outline the basic procedures needed to build a PIPESIM Link
case.

This chapter also outlines the relevant parameters for defining
the entire extension and its environment. Each view is defined
on a page-by-page basis to give you a complete understanding
of the data requirements for the components and the
capabilities of the extension.

The PIPESIM Link chapter does not detail HYSYS procedures and
assumes that you are familiar with the HYSYS environment and
conventions. If you require more information on working with
HYSYS, please refer to the HYSYS User Guide. In this chapter,
you will find all the information you require to set up a case and
work efficiently within the simulation environment. If you
require more information regarding PIPESIM 2000 please refer
to the PIPESIM 2000 reference manuals.
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5.1.2 Disclaimer

PIPESIM Link is the proprietary software developed jointly by
Hyprotech, a subsidiary of Aspen Technology Inc., (hereafter
known as Hyprotech) and Baker Jardine & Associates Limited
(hereafter known as Baker Jardine).

Neither Hyprotech nor Baker Jardine make any representations
or warranties of any kind whatsoever with respect to the
contents hereof and specifically disclaims without limitation any
and all implied warranties of merchantability of fitness for any
particular purpose. Neither Hyprotech nor Baker Jardine will
have any liability for any errors contained herein or for any
losses or damages, whether direct, indirect or consequential,
arising from the use of the software or resulting from the results
obtained through the use of the software or any disks,
documentation or other means of utilisation supplied by
Hyprotech or Baker Jardine.

Hyprotech and Baker Jardine reserve the right to revise this
publication at any time to make changes in the content hereof
without notification to any person of any such revision or
changes.
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5.2 PIPESIM Link
Extension

The PIPESIM Link Extension is a unit operation for using the
PIPESIM software package used to simulate pipeline systems
within the HYSYS framework. The PIPESIM Link functions in the
same manner as any HYSYS unit operation or application in
terms of its layout and data entry methods. The view consists of
three worksheet tabs. At the bottom of each worksheet is a
status bar which guides data entry and indicates required
information, as well as indicating the status of the PIPESIM
simulation once the calculation has been initialized.

PIPESIM has a comprehensive suite of methods and correlations
for modeling single and multi-phase flow in production
equipment and is capable of accurately simulating a wide range
of conditions and situations. You have the option of using the
default correlations for the PIPESIM calculations, or specifying
your own set from the list of available methods for each
parameter. Any change to the PIPESIM models must be done
from within the PIPESIM environment.

PIPESIM is fully compatible with all of the gas, liquid, and gas/
liquid fluid packages in HYSYS. You can combine PIPESIM and
HYSYS objects in any configuration during the construction of a
HYSYS flowsheet. PIPESIM objects can be inserted at any point
in the flowsheet where single or multi-phase pipe flow effects
must be accounted for in the process simulation.
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5.2.1 PIPESIM Link Features

The PIPESIM Link extension is functionally equivalent to a
HYSYS flowsheet operation. It is installed in a flowsheet and
connected to material streams. Unlike a standard pipe segment,
an energy stream is not supported. All PIPESIM Link Extension
properties are accessed and changed through a set of property
views that are simple and convenient to use. The starting point
for the definition of a PIPESIM Link Operation, is the PIPESIM
Link property view.

The PIPESIM Link property view is where the inlet and outlet
material streams are specified. The Inlet Object and Outlet
Object fields are read only. These fields are blank when the
extension is first installed. Once the PIPESIM Link model has
been selected, via the Model page, the names of the boundary
objects within the PIPESIM Link model will be displayed

Solution is possible with connection of either a single or both
ends of the unit operation. The following specifications are
supported in addition to the inlet temperature that must always
be specified if a connection.

e Inlet Connection: Inlet flow or inlet pressure

e Outlet Connection: Outlet flow or outlet pressure
(Outlet flow specification is only supported for models in
which as Adder/Multiplier operation is not used)

e Both Ends: Inlet flow and inlet pressure
e Inlet flow and outlet pressure
e Inlet pressure and outlet pressure

The HYSYS specifications will always override any specifications
made within the PIPESIM model.

The following restrictions may surprise experienced HYSYS
users:
e An outlet flow specification is not the same as an inlet
flow specification since the PIPESIM Link model may

manipulate the flow such that the inlet does not equal
the outlet flow.

e Negative flowrate cases are not supported for modeling
reverse flow.
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For further details on

creating a HYSYS case,

refer to the Basis

Environment chapter in
the HYSYS User Guide.

5.2.2 Adding the PIPESIM Link

To add a PIPESIM Link Extension to a HYSYS case:

1. Create a HYSYS case suitable for the addition of the PIPESIM
Link Extension. As a minimum, you must create a case with
a fluid package and two material streams.

2. From the Flowsheet menu, select Add Operation. The
UnitOps view appears.

3. From the Categories group, select the Extensions radio
button.

4. From the Available Unit Operations group, select
PIPESIM Enhanced Link.

Figure 5.1

2 UnitDps - Case {Main)

" Heat Transfer Equipment
" Fotating Equipment
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" Shoit Cut Colurnns
" SubFlowsheets
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+ Extensionzs

™ User Ops

™ Electrolyte Equipment
™ Refinery Opz
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SULSIM Estension

Categories Ayailable Unit O perations
:PIPESIM Enhanced Link
@ U FIPESYS Extension Cancel
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5. Click the Add button. The PIPESIM Link property view

appears.
Figure 5.2
% pSLINK-101 Pai=l B
Design Hame
Connections IPSUNK"I o1
Model
o iy Olutlet
v s

—)]

Inlet Object Outlet Object

=
Designl Performance IW’lesheel |
Gz S Co:c |

6. On the Connections page of the Design tab, select the
material streams from the Inlet and Outlet drop-down lists.
If you have not yet installed these streams in the case, type
the material stream names in the Inlet and Outlet fields.

7. To define the stream conditions, click on the Worksheet tab
and then the Conditions page.

Following these steps allows you to complete the installation of a
PIPESIM Link Extension. Once the calculations are complete the
Object Status bar will be green and state OK.
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This setting is
recommended if you have
a slow computer and data
processing is slowing
down the entry process or
if you want to delay the
calculations until you
have entered all of your
data.

5.2.3 PIPESIM Link User
Interface

The PIPESIM Link user interface is completely integrated into
the HYSYS environment and conforms to all HYSYS usage
conventions for operations and data entry. If you are an
experienced user of HYSYS, you will already be familiar with all
of the features of the PIPESIM Link user interface. If you are a
new user, you should begin by studying the HYSYS User
Guide, since you will need to learn more about HYSYS before
you can use the PIPESIM Link Extension.

Like all HYSYS property views, the PIPESIM Link property view
allows you access to all of the information associated with a
particular item. The view has a number of tabs and on each tab
are pages of related parameters.

5.2.4 PIPESIM Link Property
View

The PIPESIM Link property view allows you to enter the data
that defines the basic characteristics of a PIPESIM Link
operation.

The the Ignore checkbox at the bottom of the property view can
be checked if you want to disable the concurrent calculation of
intermediate results during data entry. HYSYS completely
disregards the operation until you restore it to an active state by
deactivating the checkbox.

The PIPESIM Link property view is the starting point for the
definition of any PIPESIM Link operation. The PIPESIM Link
property view consists of the following tabs:

e Design

e Performance

e Worksheet
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Design Tab

The Design tab is used to define the connections between the

HYSYS simulation case and the PIPESIM Link operation, to
import and export PIPESIM cases, and to view the basis for

tabular physical properties.

Connections Page

The Connections page allows you to select the input and output
material streams using the drop-down list or by typing the new

material streams in the Inlet and Outlet fields. You can also
enter a name for the operation in the Name field.

Figure 5.3
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Model Page

The Model page allows you to import, export, and edit a
PIPESIM model.

Figure 5.4

* pSLINK-100 [_ (O[]

Design Original PIPESIM Model
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Model
T

Impart | Ezpart |
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The text editor
allows you to
~— | | record any
comments or
information
regarding the
PIPESIM link or

= oeion [ 7o o your simulation
emgnl Erformance I oiksheet I case |n general-

e

The Original PIPESIM Model field is read only and echoes the
original path and file name of the model that is imported via the
Import button.

The Original PIPESIM Model field is for documentation
purposes only since the model is embedded within the
HYSYS model rather than referenced at the location in this
field. It may be empty if the model has been created from
within the link, rather than by importing an existing PIPESIM
model.

The Import button allows you to import an existing PIPESIM
model. Clicking the Import button opens the standard Window
file picker view that allows model selection. Only single branch
models identified by the *.bps extension can be selected.

The Edit Model button loads and runs the PIPESIM2000 GUI with
the current model. If a model has not been imported then the
PIPESIM2000 GUI contains an empty model. When the GUI is
loaded, a work file name appears in the caption bar. The model
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can be freely edited, but in order for changes to be reflected in
the HYSYS flowsheet, it must be saved under the same file
name.

Figure 5.5

#= PIPESIM 2000 - P=000000_bps
File Ect Setup Prefeiences View Tools Dperstions Dlessgn  Heports Ewxpest.. Window - Help
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The PIPESIM2000 GUI appears modally, so HYSYS does not
continue its calculation until the GUI is closed. The PIPESIM
model is saved with the HYSYS case and not recorded stand
alone.

The Export button allows you to make a copy of the PIPESIM
model reflecting any changes made since importing it. Clicking
the Export button opens the standard Windows file picker view
that allows selection of the file name. Only single branch models
identified by the *.bps extension can be selected. Notice that
only the configuration of the pipes and nodes will be changed.
The source composition data is not changed to reflect the
current composition of the feed stream in the HYSYS flowsheet.
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The PIPESIM model may not contain any unit operations that
change the compositions of the fluid because the PVT table
corresponds to a single composition. Thus the following
restrictions apply:

e Vapour/Liquid separators are not supported.
e Well completions cannot use gas lift.

If any of these constraints are violated the status bar gives an
appropriate indication and the link will not attempt to solve.

PVT Page

The PIPESIM model solves using tabular physical properties
generated by the chosen HYSYS property package. The PVT
table defines the extents and granularity of the table. The table
is regenerated using the current feed composition each time the
link resolves. A maximum of 20 pressure and 20 temperature
points can be specified.

= poLINK-100 H[=1E3

Design Pressure Temperature |4 Set Tao Defaul |
. [kPa [C] |
Connections I al CTl = —I Sort
Model 1720 3444 Ept |
VT 300.0 778
448.0 (0.0000
EB3.0 1558
1000 32.22
1373 48.83
2000 E5.56
03 g2.22
4314 1000
£8335 1156
1.000e+004 1322
1.379e+004 1483
2.000e+004 1656
5.103e+004 Tezz 1=
I aximurn 20 points

—
Design | Performance W’orksheetl

T (o
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If you want to set the values of the pressure and temperature
points to correspond to the internal PIPESIM default values, click
the Set to Default button. The pressure and temperature default
values are::

Pressure (psia)

14.50 24.95 43.51 64.98 99.93 145.0 200.0 290.1 450.1 625.7
1000 1450 2000 2901 4500 6527 10000 1450 20000 29010

Temperature (OF)

-60 -30 0 32 60 90 120 150 180 212
240 270 300 330 360 390 420 450 480 510

Calculations do not start unless the data is in ascending order. If
the data is not sorted in ascending order, you can sort the data
by clicking on the Sort button.

The Export button allows you to export the PVT table file for
standalone use with PIPESIM.

Performance Tab

The Performance tab contains two pages that allow you to view
a table of the profile data and to view the traditional PIPESIM
output.



PIPESIM Link

Profiles Page

The Profiles page displays a tabular view of the profile data for
the following key variables vs. axial distance along the pipe:

e Mass Flow

e Pressure

e Temperature

e Holdup (actual volumetric)

e Velocity
Figure 5.7
Performance Total Distance tazs Flaw Pressure Temperature
—— [it] [bhr] [psia] [F]
romes 0.0000 | 16476.2985 2320.6032 30200
FIPESIM 0.0000 16476.2986 2320.6032 302.00
500.0000 16476.2936 2304.5214 232,44
1000.0000 16476.2936 2288.2874 283.23
1500.0000 16476.2936 2271.9111 274.31
2000.0000 16476.2986 2255.4073 265.66
2500.0000 16476.2936 2238.7468 2587.30
3000.0000 16476.2936 2221.9428 24913
3500.0000 16476.2986 2205.0038 24116
4000.0000 16476.2986 21879256 2334
4500.0000 16476.2936 2170.6951 225.85
5000.0000 16476.2936 2153.3182 218.41
5500.0000 16476.2936 2135.8078 211.10
6000.0000 16476.2986 2116.1407 204.04
E500.0000 16476.2936 2100.3098 187.08
—_—
Design  Performance I ‘whorkzheet




5-16 PIPESIM Link Extension

PIPESIM Page

The PIPESIM page displays the traditional PIPESIM output. The
type of view shown depends on the radio button you have
selected in the View group:

e None. Select the None radio button, if the link is within a

recycle and/or adjust loop to minimise the overhead of
importing the results files into the display widget.

e Output File. Displays all results and an echo of the
PIPESIM model data.

e Summary File. Displays a summary of the calculated
pressure/temperature/flow profile.

Figure 5.8

Performance =
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* Summary Filz BSPLOT
F—
Design Performance | “worksheet

Pipe profiles can also be viewed by clicking the PSPLOT button
on the PIPESIM page. The PSPLOT button loads and runs the
PIPESIM plotting utility.
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The PIPESIM plotting utility can be used to display any of the
profile results that have been calculated by PIPESIM.

Figure 5.9
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The PSPLOT appears modally, so HYSYS does not continue its
calculations until the PSPLOT is closed.

Worksheet Tab

Refer to the Section The Worksheet tab allows you to directly edit the material

1.3.1 - Worksheet Tab . . .

in the HYSYS streams that are attached to the PIPESIM Link operation without
Operations Guide for having to open the material streams property views.

more information on the

Worksheet tab.



5.3 PIPESIM Link Tutorial

The purpose of the tutorial is to insert a PIPESIM pipeline into
HYSYS that has a series of connecting components. In this
example, you will go through the steps of importing a PIPESIM
model into HYSYS. All units of measurement in this example are
SI, but you can change these to whatever unit system you are
accustomed to using.

For this case, a simple PIPESIM pipeline consisting of a fluid
source, a tubing, a choke, a flowline, an operator, a second
flowline, and a riser will be imported into HYSYS. The figure
below shows the PIPESIM piping schematic of the system.

Figure 5.10
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5.3.1 Flowsheet SetUp

Before working with the PIPESIM Link Extension, you must first
create a HYSYS case.

1. In the Simulation Basis Manager, create a fluid package
using the Peng Robinson equation of state (EOS). Add the
components methane, ethane, propane, i-butane, n-butane,
i-pentane, n-pentane, n-hexane, nitrogen, carbon dioxide,
and hydrogen sulphide.

Property Package Components
Peng Robinson C1, C2, C3, i-C4, n-C4, i-C5, n-C5, C6, Nitrogen,
C02, H2S

2. Create a stream named Inlet in the main Simulation
Environment and define it as follows:

Temperature [°C] 150

Pressure [kPa] 16000
Molar Flow [kgmole/h] 360

Comp Mole Frac [methane] 0.7540
Comp Mole Frac [ethane] 0.1696
Comp Mole Frac [propane] 0.0410
Comp Mole Frac [i-Butane] 0.0068

Comp Mole Frac [n-Butane] 0.0100
Comp Mole Frac [i-Pentane] 0.0028
Comp Mole Frac [n-Pentane] 0.0026
Comp Mole Frac [n-Hexane] 0.0060
Comp Mole Frac [Nitrogen] 0.0066
Comp Mole Frac [CO2] 0.0003
Comp Mole Frac [H2S] 0.0003
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5.3.2 Adding the PIPESIM Link
Extension

Once the case is created, the PIPESIM Link Extension can be
added.

1. From the Flowsheet menu, select Add Operation. The
UnitOps view appears.

2. From the Categories group, select the Extensions radio
button.

3. From the Available Unit Operations group, select
PIPESIM Enhanced Link.

Figure 5.11
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4. On the Connections page of the Design tab complete the
page as shown in the figure below.

Figure 5.12

= pipe 1 1=
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PIPESIM Link Tutorial

5.3.3 Importing the PIPESIM
Case

1. Click on the Model page on the Design tab of the PIPESIM
Link property view.

2. Click the Import button, and select the location of the
PIPESIM model wellmodel.bps.

3. To activate and/or to make changes to the PIPESIM model,
click the Edit Model button.

Figure 5.13

“£ pPSLIMK-100 M= E
Design Original PIPESIM Model
Connections IC:\SM_work\HYSYS\P\F’ES\M_Iink\Samples\wellmode\.bps
Model Import | Export |
PYT

| Save and ewit from the PIPESIM erwironment to update

s ][0 -] @| B|s|u| Al

-
Design | Performance Wnrksheet|
Ciooe N Co-

For the pipe to solve the PVT physical properties must be
specified. A maximum of 20 temperature and 20 pressure
points can be specified or defaults pressure and temperature
points that correspond to the internal PIPESIM can be
selected by clicking the Set to Default button.
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4. Click the Set To Default button on the PVT page of the
Design Tab.

Figure 5.14
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5. The HYSYS case will run and the stream results will appear
as shown in the figure below.

Figure 5.15

Worksheet Name 0as reservoir Tiger
Conditi "\ apour 1.0000 1.0000
ondilions Temperature [C] 150.0000 15.4505
Froperties Prezsure [kPa] 1.600e+004 1.145e+004
Camaslian tolar Flow [kamole/h] 360.0000 1439.7954
Mass Flow [ka/h] 7474.6415 23834.4000

Lighol Flow [m3/h] 22.0778 58.2930

talar Enthalpy [kJ/kgmale] -7.512e+004 -8.309e+004

Malar Entropy [k Agmaole-C] 1602 1397

Heat Flow [kJ/h] -2.70425e+07 | 1.19634=+08

KT o]

" Deson | Pafomence  Worksheet

6. Save your completed case as PIPESIM1.hsc.
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To add a table to a PFD,
right-click on the PFD
and select Add
Workbook Table
command from the
Object Inspect menu.

PIPESIM Link Tutorial

The PFD generated for the completed case, plus a material
stream table is shown below:

Figure 5.16

Pipe 1
Inlet Outlet
Material Streams
Inlet Qutlet
Vapour Fraction 1.0000 1.0000
Temperature C 150.0 15.45
Pressure kPa 1.600e+004 1.145e+004
Molar Flow kgmole/h 360.0 1440
Mass Flow kg/h T475 2.989e+004
Liquid VYolume Flow | m3/h 22.08 88.30
Heat Flow kJ/h -2.704e+007 | -1.196e+008

5.3.4 Plotting PIPESIM Data

1. On the Performance tab, select the PIPESIM page.
Click the PSPLOT button to view a plot of your PIPESIM

data. When your plot opens you will see a plot of pressure

vs. time.

3. From the Edit menu, select Plot Setup to add temperature

to your plot.

Figure 5.17

Editing
Chart I Series 1

| | | Series Title

=

Sefies ]General] Binliz ] Titles ] Legend] Panel I F'agmg] whalls 1 an

iz V- Seriesd

>
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Add..
Delete
Title...
Clone

Change...

l

Help.

el

Close
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4. Click the Add button to add a new series to your plot. Select
the Line plot type and click the OK button.

Click Close to exit the Plot Setup view.
Click the Series menu to assign data to your new series.

Figure 5.18

[ Series Selection

Ul

Select = Axiz Uitz

Stock-tank Liguid at MA ok

Select Left Y Axis
iF‘rassure at N, point L‘ ipsia _V_i Cancel

Add to Left v Axis

Completion Wel_2 Flowing pressue PWF
Completion ‘well_2 Static pressure PS5

Select Right ' duwis
iTempelature at kA, point _v_i iF Li

Add to Right v Axiz
Completion Wel_2 Flowing Temperature

Select Custom v Axiz

iNone _'_' ! .'_i

Add to Custom 7 Axiz 1= Eustom Yertical bxis Seb up
|

i i Fosition on the Horizontal &<is [1op %
! Start Position 0 %
i End Position ] %

7. From the Select Right Y Axis drop-down list, select
Temperature (C) and then click the OK button.
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When you are finished making these changes your plot will

look like the figure below.

Figure 5.19
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6 PIPESIM NET
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Introduction

6.1 Introduction

PIPESIM NET is a data model and solver used for the solution of
network models. HYSYS links to compositional PIPESIM NET
models.

HYSYS also links to the black oil PIPESIM NET models, which
allow modeling of Gas Lift systems and faster execution speed
for the PIPESIM NET models.

For information on the PIPESIM 2000 Open Link, refer to the
Baker Jardine PIPESIM Reference manual.

The PIPESIM 2000 GUI is used for editing and calculating
PIPESIM NET models.

Open Link is an ActiveX component that allows programmatic
access to data within and execution control of the PIPESIM NET
models.

6.2 PIPESIM NET

PIPESIM NET is a unit operation for using the PIPESIM software
package used to simulate pipeline systems within the HYSYS
framework.

HYSYS and PIPESIM 2000 must be installed prior to adding
the PIPESIM NET unit operation.
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6.2.1 PIPESIM NET Property
View

You can also add the There are two ways that you can add a PIPESIM NET to your

PIPESIM NET by clicking simulation:
the F12 hot key. . )
1. From the Flowsheet menu, click Add Operation. The

UnitOps view appears.
2. Click the Upstream Ops radio button.
3. From the list of available unit operations, select PIPESIM.
4. Click the Add button.

You can also open the 1. From the Flowsheet menu, click Palette. The Object
Object Palette by clicking Palette appears.

the F4 hot key.
2. Click on the Upstream Ops icon. The Upstream Palette

ﬂ appears.

Upstream Ops icon Figure 6.1

nnnnnn

3. Double-click the PIPESIM NET icon.

PIPESIM NET icon
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The PIPESIM property view appears.

2 PSM-100 M= E
Lesion Mame  [PSH-100
L) ~PIPESIM Model
im‘k'm Originsl File |0 \PipeSim_Test\TOPT_delaled bpn Elose |
g3
Yariables On Computer IATEANYDU &I
User Variables Impoarted On IThu Jun 03 17:30:29 2004 Expart |
Hotes #ML Location I Clear |
‘wiork Directory[C\DOCUME™1\atehLOCALS 13T emphPS000002

—PIPESIM Engine————— Propeny Model————
¥ Bun Minimised + Compositional
[~ Pestart " Black il

¥ Delete COMPMAN Files

—
Designl Froperty Model I Peirformance I ‘workshest |

N | Lonor

You can also delete the e To delete the PIPESIM operation, click the Delete
E;PEPSILPQSIOIyl\qqllckIng CER button. HYSYS will ask you to confirm the deletion.
PFD and pressing the * To ignore the PIPESIM during calculations, activate the
DELETE key. Ignored checkbox. HYSYS completely disregards the

operation (and cannot calculate the outlet stream) until
you restore it to an active state by deactivating the
checkbox.

6.2.2 Design Tab

The Design tab consists of the following pages:

e Model
e Sources
e Sinks

e Variables
e User Variables
o Notes
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Model Page

The Model page allows you to link to the PIPESIM NET model.
The name of the operation can be changed in the Name field.

Figure 6.3

Design Name  [PSM-100
Rodel PIPESIM Modet
Serees Original Eile | D-\PipeSim_Test\TOPT_detaled bpn Browse
\Su":r:bles On Computer ‘ATCANYDU $
Userariables Imparted On ‘Thu Jun 0317:30:29 2004 Expart
Nates #ML Location ‘ Clear
whork Directony ‘C. SDOCUME~15atehtLOCALS ~15T empsP5 0000074
FPIPESIM Engine Property Modet
v Run Minimized {¥ Compositional
[~ Restart " Black Oil

[v Delete COMPMAN Files

] Design| Property Model J Perfarmance J Wwiorksheet |

The Model page consists of three groups:

e PIPESIM Model
e PIPESIM Engine
e Property Model

PIPESIM Model Group

The PIPESIM Model group contains options than enables you to
configure the location of files used by PIPESIM Net.

e The Original File, On Computer, and Imported On
fields are read only fields that display the imported
PIPESIM NET model information.

e The XML Location field displays the location for the
PIPESIM NET model files, if the HYSYS case is managed
as an XML file. If the field is empty then the model files
are in the same directory as the HYSYS case. The models
files are the *.bpn, *.out, *.sum, and *.pns files for the
model plus the *.plc and *.plt files for any PIPESIM NET
objects that contain profile information.
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e The Work Directory field is a read only field that is
displayed solely to assist in the diagnosis of computer
system related problems such as low free disk space.

e The Browse button allows you to select an existing
PIPESIM NET model (.bpn file).

Figure 6.4

Select PIPESIM Network Model H

Look jr: | =3 PSO00000 =] « =5 E9~

HPSNetS Prioduction Gathering Metwork

File hame: F'Eir'lEtEI Production G athering Netwark j Open I
My Metwork P... S
Files of type: IPIPESIM Metwaork Files [* bon] j Cancel |

Z

You can select an existing PIPESIM NET model (.bpn file)
from the case studies that are available when you have
installed PIPESIM. These case studies are located on
C:\\Program Files\Schlumberger\PIPESIM\Case Studies.

The selected model is embedded within the HYSYS case,
which provides complete portability of the model within a
single HYSYS file (.hsc). During a HYSYS session,
temporary copies of the files that comprise the model are
automatically managed in the Work Directory.
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e The Edit button allows you to edit the PIPESIM NET
model once it has been embedded within the HYSYS
case. It modally launches the PIPESIM 2000 GUI and
automatically loads the PIPESIM NET model.

= PIPESIM - [PSNet3 Production Gathering Network]

ﬁ File Edit Setup Yew Tools Operations Reports Expert Window Help =&l

Do) sl s (=@ v D= e 82

W Srod j =
T 2 JE:
[

I 4

il

ﬂ Sl Jatl Linet J(c;ts Sre2

Y 8 P bl i 8 P

A

Kl

1
— Link2 Lirg4

& r}
Delivery Lires 4 Line3 Jgt3 Sro3
1 !
G £ & 8 R
PO

B I KT _>l_I |
CHDOCUMER~1englLOCALS~ 1 TempiPS000000, ,_ MM v

Once you have finished editing the PIPESIM NET model,
you can save it from within the PIPESIM GUI then exit
the PIPESIM GUI. The PIPESIM NET model file
modification date/time is checked against the pre-edit
value to determine if any changes have been made. The
model name must not be changed by Save...As when
saving the model within PIPESIM 2000.

e The Export button allows you to export the embedded
PIPESIM NET model file.

e The Clear button clears the contents of the embedded
model. This works by embedding the empty template
model file newmodel.bpn located in the HYSYS \support
subdirectory. This is the state of the link when the
instance is first created.
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The PIPESIM Engine is
controlled by the Run

Minimised and Restart
checkboxes.

PIPESIM NET

PIPESIM Engine Group

In the PIPESIM Engine group there are three checkboxes:

Checkbox Description

Run Run Minimised causes the PIPESIM NET engine process to

Minimised open minimised on the task bar rather than full screen.

Restart Restart causes the PIPESIM NET engine to initialise the new
solution from the last solution, useful for case studies,
optimisation and recycle calculations.

Delete Deletes the compositional work files created by PIPESIM

COMPMAN NET in the Windows Temporary directory, each time the link

Files is executed.

Property Model Group

From the Property Model group, contains two radio buttons that
enables you to toggle between the following property model:

e Compositional
e Black Oil

When creating a new/empty *.bpn model, the default
property model is Compositional.
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Sources Page

The Sources page allows you to specify the feed stream and
PIPESIM object.

Figure 6.6

Design Narme IPSM-1 o
bodel
Sources I
Sinks 2

Wariables

Streams PIPESIM Object PIPESIM Object Type Transfer Composition|

W1 Metwork Production el ~
w2 Metwork Production WwWell
w3 Metwork Production wWell

<<l

3
<4 Stream >

UzerYariables

Motes

n— N
De:lgnl Property Model I Peifarmance I Worksheet |

When you have selected a feed stream from the Streams
column drop-down list, you can also select the PIPESIM object
from the PIPESIM Object column drop-down list. The
PIPESIM Object Type column shows the type of object based
on the PIPESIM object you selected in the PIPESIM Object
column.

If the Transfer Composition checkbox is selected as shown in
the figure above, then the composition of the feed
(compositional or black oil model) is transferred between HYSYS
and PIPESIM each time the PIPESIM engine is executed.

The transfer is forward only (HYSYS to PIPESIM), and the
transfer is in addition to any specifications on pressure,
temperature, and mass flow. Negative flow rates are not
supported.

The PIPESIM model must contain at least one sink pressure
specification made either within the PIPESIM model or from
HYSYS.
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PIPESIM NET

Sinks Page

The Sinks page allows you to specify the product stream, and
PIPESIM object.

Figure 6.7

Design Hame |PSM-1 0
Model - - =
Stream PIPESIM Object PIPESIM Object Type Transfer Composition|
Sources || 4 Deliverl Metwork Sink [
Sinks << Stream »»

ariables

User Yariables

Naotes

=
Design | Property Model I Performance IW’lesheel ]

When you have selected a product stream from the Streams
column drop-down list, you can also select the PIPESIM object
from the PIPESIM Object column drop-down list. The
PIPESIM Object Type column shows the type of object based
on the PIPESIM object you selected in the PIPESIM Object
column.

If the Transfer Composition checkbox is selected, then the
composition of the product (compositional or black oil model) is
transferred between HYSYS and PIPESIM each time the PIPESIM
engine is executed.
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Variables Page

The Variables page allows you to interact with any PIPESIM NET
data variable that is available via the Open Link. The variables
have either read or write access with the exception of the depth
of sub-equipment within the PIPESIM NET tubing model.

Design —Selected Yariable:
Madel PIPESIM Object Wariable Description ‘alug [ Add
W _1:WERTICAL COMPLETION 1 BACKPRESSURE M 20.00
Sources =0

Sinks
Variabl

Uzer Yariables

Delete |

Motes

—
Designl Froperty Model I Peiformance I wworksheet |

Open Link is an ActiveX component that allows programmatic
access to data within and execution control of the PIPESIM NET
models.
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For more information on
implementing the User
Variables, refer to
Chapter 5 - User
Variables in the HYSYS
Customization Guide.

PIPESIM NET

PIPESIM Variable Navigator View

When you click the Add or Edit button in the Variables page of
the PIPESIM Net property view, the PIPESIM Variable Navigator
appears.

Figure 6.9

i« PIPESIM Variable Navigator =] B

PIPESIM Object

Wariable Mame

Flowlin1 : FLOWLIME 101 HEIGHT UNDULATIONS
w1 :VERTICAL COMPLETION 1 HORZOMTAL LENGTH
w1 TUBING 1 PIPE AMB TEMPERATURE
W_1:CHOKE 1 PIPE ID
w_2:VERTICAL COMPLETION 1 PIPE OD

i 2: TUBING 1 PIPE ROUGHMESS
Wwi_2: CHOKE 1 PIPE W T
w_3:VERTICAL COMPLETION 1 WVERTICAL LENGTH
Wwi_3: TUBING 1

w_3:CHOKE 1

W_3: TUBING 1 : Injectar [10ft)

Wariable Description

This view contains a list of available PIPESIM objects and the
associated variable names. The Variable Name list contains a
list of all the supported properties for the selected PIPESIM
Object.

The PIPESIM objects colon “:” indicates a new level within
the PIPESIM model. W_1: VERTICAL COMPLETION 1
indicates a single branch unit operation "VERTICAL
COMPLETION 1” in network unit operation “W_1".

An additional level can apply for sub-equipment within a
tubing unit operation.

In the Variable Description field, you can enter the name for
each variable to be added to the list of Selected Variables on the
Variables page of the PIPESIM Net property view.

User Variables Page

The User Variables page allows you to create and implement
variables in the HYSYS simulation case.
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Notes Page

For more information, The Notes page provides a text editor that allows you to record
ﬁg‘:;;"hf::;'g":r?r;ztge' any comments or information regarding the specific unit
HYSYS User Guide. operation, or the simulation case in general.

6.2.3 Property Model Tab

The Property Model tab consists of the following pages:

e Compositional
e Black Oil

Compositional Page

You can map boundary compositions on the Compositional page.

Figure 6.10

Property Model | Boundary Class——
{* Sources
= Sinks
Black il PIPESIM Components

Methane Ethane Propane Surm
HYSYS Companent: | Methane 1.0000 00000 00000 1.0000
Ethane 0.0000 1.0000 0.0000 1.0000
Propane 0.0000 0.0000 1.0000 1.0000

Compositional

~Triansfer Basis——
" Molar
" Mass
" Lig. Vol

Llear |
Clear All |
Hamalize |
Mormalize All |

Impart Hypatheticals |

=
Design Property Modell Performance I ‘worksheet

In the Boundary Class group, you can click on the Sources or
Sinks radio button to define the component map. Component
maps are defined for transfer of the composition between
HYSYS and PIPESIM NET which defines the Sources component
map, and between PIPESIM NET and HYSYS which defines the
Sinks component map.



PIPESIM NET

For the Sources boundary class, the first column of the
component mapping table (in the figure above) shows a list of
components in the HYSYS flowsheet that contains the PIPESIM
NET link unit operation.

For the Sinks boundary class, the first column of the component
mapping table shows the list of components in the PIPESIM NET
model.

Figure 6.11

Property Model

~Boundary Class——

Compozitional
Black Oil

HY'5'S Components

Methane Ethane Propane Sum
FIPESIM Components | Methane 1.0000 0.0000 0.0000 1.0000
Ethane 0.0000 1.0000 0.0000 1.0000
Piopane 0.0000 0.0000 1.0000 1.0000

Transfer Basis——
= Molar
" Mass
= Lig. %ol

Llear |
Clear All |
Hammalise |
Mormalise Al |

Impart Hypatheticals I

—_—
Design Property Modell Performance I ‘worksheet

The transfer of the composition is based on the selected basis
type in the Transfer Basis group. There are three types of basis
available: Molar, Mass, or Liq. Vol., each basis is associated to a
radio button.

The Compositional page has the following buttons:

Button ‘ Description

Clear Resets all mapping factors to zero for the selected row.

Clear All Resets all mapping factors to zero for all rows.

Normalise Normalises the mapping factors to 1 for the selected
row.

Normalise All Normalises the mapping factors to 1 for all rows.

Import Imports the definitions of any hypothetical (petroleum

Hypotheticals fraction) components into the list of HYSYS
components.
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When a PIPESIM NET model is first imported into the link, the
component maps are automatically initialized where possible.
The file pscomps.sdb in the HYSYS\Support subdirectory
contains the mapping between HYSYS and PIPESIM 2000
component names.

Black Oil Page

The options in this page is not yet available for the current unit
operation.

6.2.4 Performance Tab

The Performance tab consists of the following pages:

e Profiles
o Text

Profiles page

You can view the PIPESIM NET results on the profiles page.

Profile List

Profile Mame

Performance

Profiles

Text
Gas Lift Inzert
Profile: Ends Edt
Delete

Wiew T able

FEBELE

“iew Graph

I¥ Display Profies

] Design | Propety Model  Performance | ‘Workshest




PIPESIM NET

If you want to display profile data, select the Display Profiles
checkbox. The extraction of profile data from the PIPESIM
NET output files is a slow operation. Disabling the display of
profile data during recycle, optimization or case study
calculations can significantly increase the speed of
execution. The profiles can be displayed after the
calculations are complete.

Adding and Editing Profiles

1. In the Profiles page, click the Add button to add a profile or
click the Edit button to edit a profile.

The Profile Editor appears.

Figure 6.13
= Profile Editor [ ]
— Profile — Selection
PIPESIM Object Reverze | Flowlind Add
w2 r
W 3 r w:g Inzert |
Delete
ak |
LCancel |

Profile Mame I

The Add button adds to the Profile List after the currently
selected profile, whereas the Insert button adds to the
Profile List before the currently selected profile.

2. From the Selection group, select the PIPESIM NET unit

operation you want to add to the profile.

3. Click the Add or Insert button.

The Add button adds to the PIPESIM Object list after the
currently selected PIPESIM Object, whereas the Insert
button adds to the PIPESIM Object list before the currently
selected PIPESIM Object.
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4. The selected PIPESIM NET unit operation appears in the
PIPESIM Object list of the Profile group.

If you want to remove the PIPESIM Object from the profile,
select the PIPESIM Object you want to remove and click the
Delete button.
You can select the Reverse checkbox if you want to reverse
the profile information for the PIPESIM Object. This is
required to correctly display the profile when you have
reverse flow through the PIPESIM Object.

5. In the Profile Name field, type the name for the profile and
press ENTER.
The profile name appears in the Profile List of the Profiles
page.

6. Click the OK button to return to the Profiles page.

Figure 6.14

Profile List
Profile Mame

Profil
roifies Flow Line
Teut

Performance

Gas Lift Insert
Piofile Ends Edit
Delete
Wiew T able
Wiew Graph
PSPLOT

[ Display Profiles

Design | Property Model  Performance | Woarkshest

If you want to remove the profile name from the Profile List,
select the profile name and click the Delete button.
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PIPESIM NET

Viewing Profiles

You can define composite profiles that contain multiple network
unit operations, which allows you to view the profile between
the source and the sink.

When you click the View Table button of the Profiles page, a
tabular view of the calculated data for the selected profile
appears. The figure below shows an example of a tabular view.

Figure 6.15

Azial Distance Hor. Distance Pressure Ter;l
[m] [m] [kPa] ]

0.0000 0.0000 2.483e+004

0.0000 0.0000 2.483e+004

0.0000 0.0000 2.483+004

304.8 0.0000 2 5586e+004

E09.6 0.0000 2 630e+004

g14.4 0.0000 2. 704e+004

1067 0.0000 2. 741e+004

1067 0.0000 2741 e+004

1087 0.0000 2.758e+004

1067 -8.873e-283 2.530e+004

1067 -8.873e-283 2.530e+004

1067 -8.873e-283 2.530e+004

1372 -8.873e-283 2 B05e+004
1676 -8.873e-283 2 Ba0e+004 4|

] 0

When you click the View Graph button of the Profiles page, a
graphical view of the calculated data for a specific variable for
the selected profile appears. The figure below shows an example
of a graphical view.

Figure 6.16
22 PSM-100 - Profile 1 1=l B3
Plot

Termperature vs Axial Distance

st

Temperatre

st

e e I I E I
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Launching PSPLOT

PSPLOT allows you to view the calculated profiles for the unit
operation within the PIPESIM NET models. To launch PSPLOT,
click the PSPLOT button of the Profiles page.

You can view the profiles as a graph or table by clicking on the
Graph or Data tab of the PSPLOT program.

Figure 6.17

File Edit Units Seties... Help

PIPESIM 2000 Project:
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Text Page

On the Text page you can view the PIPESIM NET output files
content.

Figure 6.18

Performance Output File Contents

Profiles ONETWORK Page 1 il
Page 1
Text #xxrrrrrrrs DIDESTM-Nat **ttstssrss
Gas Lift Date - 03706704
* (Release 3.70 22704704} *
Profile Ends Time : 17:31:09
* MOLTIPHASE NETWORE SIMULATOR  * NETWORK INPUT DATA ECHO
@ @ NETWORK INPUT DATA ECHO
PC/DIGITAL
* Schlumbarger * NETWORK INPUT DATA ECHO
@ London @
Site : Licensed
Code : BJA
Input Data File : o:ltuphPE00001E3TOPLl_detailed. tnt ﬂ
Wiew Cutput File
" Mone " Summary [.sum]

" RBesultz [.png]

= Design | Property Model  Performance | Worksheet

In the View Output File group, the radio buttons allow you to
display the contents of the results files. The are four radio
buttons: None, Output (.out), Summary (.sum) or
Results(.pns). The figure above shows the output file contents
when the Output radio button is selected.
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The figure below shows the Summary and Results output file
contents.

Figure 6.19

ONETWORE Page 3 -
Page 3

trdrrrrrrts DIPESTM-Nab **t++ssssss

Date : 20/03/02

* (Belease 370 EEF0Z/03) *
Time : 16:45:57

* MULTIPHASE NETWORE SIMULATOR * Network Output at Time 0.0000
MONTHE

= = Metwork Output at Time 00000
MONTHS PC/DIGITAL

* Schlunberger * Network Output at Time 0.0000
MONTHE

= London =

fite : No Hame

Code : BJA

Project j
Summary Output File Contents

§ -
# This is a Pipesim-Net Solution [ PNS) file. j
#

# NB. It must always be possible to add an entry to the end of a line

# without breaking an earlier wersion of the reader of this file.

# That is, the reader must only look for the entries it regquires,

# and not complain if there are more on that line.

#

#

£ MI line contains: Model name conw_error mathal err status

# model hame is the root filename of the _NET file

# COnV_error i= the average node pressure error

# matbal error is the average node flowrate error

§ status iz T for conwerged O, F for not converged

# For a PIPESIM run the MI is repeated for ewvery case.

# ...this file was written by PIPESIN-Net engine at 30708703 on le:46:20

#

! =l

Results Output File Contents

If processor/calculation speed is of importance, you can select
the None radio button because the Output File contents are
updated after every calculation.

You can print the contents of the displayed output file by right-
clicking on the output file contents. The object inspect menu
appears.

Figure 6.20

D Print Setup. ..
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Gas Lift Page

The Gas Lift page enables you to configure the Detailed or
Simple Gas Lift model.

Figure 6.21

Performance
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Profiles
Text

Gas Lift
Frafile Ends

Eranch Mamne

Meazured Depth Gas Liftt Rate

Inj Gas Specific Gravity

w3 [TUBING 1-#1_TUBING 1]

3.048m | 1.310e+0055T0_m3‘h

<EMmply:

I

Spec Skeam
<Emply:

Si

mple Gas Lift Model D ata

Eranch MName

Gaz Lift Rate

Inj Gas Specific Gravity

Spec Stream

N Diesign I Property Model  Performance | Worksheet |

For more information on the variable values displayed in the Gas
Lift page, refer to the Baker Jardine PIPESIM Reference
manual.
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PIPESIM NET

Profile Ends Page

The Profile Ends page displays the profile end properties of the
PIPESIM Net operation.

Figure 6.22

Performance Branch Mame
Erofiles Tatal Distance [m] 0.0000 3.030e+004 0.0000
Huorizantal Distance [m] 0.0000 3.000e+004 0.0000
Teut Pressure [kPa] 2.501e+004 2 5hEe+004 2.758e+004
Gas Lift Temperature [C] E1.44 2385 E5.55
Profile Ends Maszs Flowrate [ka/h] 5.351e+004 5.381e+004 1.722e+004
Liquid Holdup [%] <Lemply <emply <emply
Fluid Mean Velocity [m/s] LEmplys <emplys <emplys
Gas Velocity [m/z] {Emplys < Emplys CEmplys
Liguid “/elocity [m/s] {EMmply CEmplys CEmply>
Fressure Gradient [kPa/m] <emply> -2.166 <emply>
Fric. Press. Gradient [kPa/m] <emplys 0127 <emply>
Elev. Press. Gradient [kPa/m] {emplys -2.293 <emply
Accel. Press. Gradient [kPa/m] <emplys 0.0000 <emply>
Flowing G as Flowrate [STD_m3/h] 7.057=+004 0.0000 2.258e+004
Stock-tank Gas Vol Flowrate [STD_m3/h] 7.057e+004 7.057e+004 2 258e+004
Flowing Dil Vol Flovrate [m3/h] 0.0000 2301 0.0000
Stock-tank il Yol. Flowrate [m3/h] 0.0000 0.0000 0.0000
Flowing Lig. “¥ol. Flowrate [m3/h] 0.0000 23041 0.0000
Stock-tank Lig. Wol. Flawrate [m3/h] 0.0000 0.0000 0.0000

K

3

N Diesign I Property Model  Performance | Worksheet |

6.2.5 Worksheet Tab

The Worksheet tab contains a summary of the information
contained in the stream property view for all the streams

attached to the unit operation. The Conditions and Composition

pages contain selected information from the corresponding
pages of the Worksheet tab for the stream property view.

The Properties page displays the property correlations of the
inlet and outlet streams of the unit operations. The following is a
list of the property correlations:

« Vapour / Phase Fraction
* Temperature

* Pressure

« Actual Vol. Flow

* Mass Enthalpy

* Mass Entropy

« Molecular Weight

« Vap. Frac. (molar basis)

« Vap. Frac. (mass basis)

« Vap. Frac. (volume basis)

« Molar Volume

* Act. Gas Flow

 Act. Lig. Flow
« Std. Lig. Flow
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The Heat of Vapourisation
for a stream in HYSYS is
defined as the heat
required to go from
saturated liquid to
saturated vapour.

PIPESIM NET

« Molar Density

* Mass Density

« Std. Ideal Liquid Mass Density
« Liquid Mass Density
* Molar Heat Capacity
* Mass Heat Capacity
« Thermal Conductivity
« Viscosity

« Surface Tension

« Specific Heat

 Z Factor

 Std. Gas Flow

* Watson K

« Kinematic Viscosity

* Cp/Cv

« Lower Heating Value

* Mass Lower Heating Value
« Liquid Fraction

« Partial Pressure of CO2
« Avg. Lig. Density

« Heat of Vap.

« Mass Heat of Vap.
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You can also access the
UnitOps view by pressing
F12.

Introduction

/.1 Introduction

The GAP unit operation provides a link between HYSYS and
Petroleum Experts.

With this operation, you can import a GAP simulation model,
export streams from a HYSYS simulation case into the GAP
model, perform calculations and use the capabilities of the GAP
model to generate product streams, and import the product
streams back into the HYSYS simulation case for further analysis
or processing.

In essence, the GAP unit operation acts as a black box using
streams and fluids to characterize the input and output
boundaries of the GAP model from Petroleum Experts software.

The GAP unit operation is for advance users of Petroleum
Experts software. Refer to the Reference manuals provided
by the Petroleum Experts for detailed information on using
GAP models.

/.2 GAP Property View

There are two methods to add a Petroleum Experts GAP to your
simulation:

1. From the Flowsheet menu, click Add Operation. The
UnitOps view appears.

2. Click the Upstream Ops radio button.

3. From the list of available unit operations, select Petroleum
Experts GAP.

4. Click the Add button.

OR
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1. From the Flowsheet menu, select Palette (or press F4).
The Object Palette appears.

2. In the Object Palette, click the Upstream Ops icon to open
the Upstream Object Palette.

| B
e

R w

OLGALINK

¢
%X

3. In the Upstream Object Palette, double-click the Petroleum
éb Experts GAP icon.
Petroleum Experts GAP The GAP property view appears.
icon
Figure 7.2
GAP-100 =] E3
Design Hame IGAP"lUU
Model ~GAP Modet
Configurations Original File | Gelect...
b Specs wrking Fil | Select
Canstraints d St
User Variables Clear &l
Motes Source Stream GAP Object Name Caloulate
Sink Stream Gap Object Name
=Design Performance | ‘WiorkSheet
5 A SN | (5o

You can also delete a To delete the GAP operation, click the Delete button. HYSYS will

GAP operation b . .
Clicking on the G‘AP icon ask you to confirm the deletion.

on the PFD and pressing
DELETE.
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GAP Property View

To ignore the GAP during calculations, select the Ignored
checkbox. HYSYS completely disregards the operation (and
cannot calculate the outlet stream) until you restore it to an
active state by clearing the checkbox.

7.2.1 Design Tab

The Design tab consists of the following pages:
e Model
e Configurations
e Equip Specs
e User Variables
e Notes

Model Page

The Model page is used to select the GAP model and define all of

the stream connections to the objects in the selected GAP
model.

Design Mame  |E4P-100
Model ~GAP Modet
Configurations Original Fils ID:\F‘etExperls\comp\CDMP-THACK-DEMD.GAP Select. . |
Equip Specs X :
X Wwarking File ID:\F‘etExperls\comp\DUT-Comp-Track-Demo.gap Select. . |
Constraints
User Vaniables Clear Al I
Naotes Source Stream GAP Object Mame _ Caloulate |
1 Devenick-L1
2 Rhum-L2
Sink Stream Gap Object Name
IE] Sepl

1
Designl Performance IW’olkSheet |
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The following table lists and describes each option in the Model

page:

Object
Name field

‘ Description

Enables you to modify the name of the GAP
operation.

Original File field

Displays the location and name of the original GAP
model attached to the operation.

The imported GAP file cannot be modified.

Select button

Enables you to find and select the original GAP
model file.

Working File field

Displays the location and name of the working
GAP model attached to the operation.

When you make modifications to the GAP model
attached to HYSYS, a working GAP model
(containing the changes) is created. The purpose
of this feature is to enable you to make
modifications to the copy of the imported GAP file.

Select button

Enables you to save the working GAP model file.

Clear All button

Enables you to clear all data model and stream
attachments to the GAP operation.

Calculate button

Enables you to propagate the calculated results
from the GAP model back into the HYSYS
simulation case.

Source Stream
column

Enables you to select and connect source/inlet
streams from HYSYS simulation case to objects in
the selected GAP model.

GAP Object Name
column

Displays the available inlet streams from the
objects in the selected GAP model.

Sink Stream column

Enables you to select and connect sink/outlet
streams from HYSYS simulation case to objects in
the selected GAP model.

GAP Object Name
column

Displays the available outlet streams from the
objects in the selected GAP model
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GAP Property View

Configurations Page

The Configurations page allows you to configure the Petroleum
Experts GAP operation. There are two configuration options for
the GAP operation: System Settings or Property Model.

The Property Model configuration is only applicable to a GAP
model that is Compositional (in other words, not BlackOils).

Depending on which configuration option you selected, the
following variables are available for you to configure the GAP
operation:

e If you select System Settings radio button.

Figure 7.4

Design & System Settingd
Madel " Property Model
Configurations —Spatem Dptionz and Setting
B System Type Production 'I 0il Viscosity Correlation I Beggs et al vi
Constraints
User Variables Optimization Method | Production vl Gas / Liquid pipe GOR, Cutaff IZ'I 26 5TD_m3/m3
Motes e —
Prediction Status None - 01, Bo Canection [0
Frediction Method Pressure And Temperature h
I ‘_i Gaz. Bg Correction 11'000
Solving Method I Mo Optimization _:!

-_ .
Deslgnl Performance IWnrkSheEt |
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The selected optimization
method is not applicable
if the selection for the
Solving Method drop-
down list is No
Optimization.

The following variables are available:

Object

System Type drop-
down list

‘ Description

Enables you to select the type of system for the
GAP operation. You have the following selection:
e Production
e Water Injection
e Gas Injection

Optimization Method
drop-down list

Enables you to select the optimization method for
the GAP operation. You have the following
selection:

e Production

e Revenue

¢ Oil Rate Only

e Gas Rate Only

e Water Rate Only

Prediction Status
drop-down list

Enables you to toggle between activating (select
On) or ignoring (select None) the selected
prediction method.

Prediction Method
drop-down list

Enables you to select the prediction method for
the GAP operation. You have the following
selection:

e Pressure Only

e Pressure And Temperature

Solving Method drop-
down list

Enables you to select the solving method for the
GAP operation. You have the following selection:
e No Optimization
e Optimization With Constraints
e Optimization WithOut Constraints

Oil Viscosity
Correlation drop-
down list

Enables you to select the correlation for the oil
viscosity in the GAP operation. You have the
following selection:

e Beal et al

e Beggs et al

o Petrosky et al

Gas / Liquid pipe
GOR Cutoff field

Enables you to specify the gas liquid ratio value of
the pipe gas oil ratio cutoff.

Oil, Bo Correction
field

Enables you to specify the Bo correction value for
the oil calculation.

Gas, Bg Correction
field

Enables you to specify the Bg correction value for
the gas calculation.
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GAP Property View

e If you select Property Model radio button.

Figure 7.5

Configurations

i H ~Boundary Cl
Design o :Syslem Settings | —;ur;i:-:'cejs B T
Model + Property Madet o
= Sinks
GAP

Associated Model  |Mo Associated Modsl

Equip Specs

N2 coz2 5] B2 B3 |

Constraints HYSYS  [Mitragen

-

Co2

User Yariables Methane

et Ethane

Fropane

iButane

n-Butane

n-Pentane

n-Hexane

BP51*

EPS5Z"

EPS3

BPS4

EPS55*

DPS1=

DpPsz

olo|lo|o|a|olo|a|o|alo|o|o|a|o|—
ololo|o|ololo|a|o|aolo|o|a|=|o
o|o|o|o|a|alo|a|o|alo|o|o|=|o|o
ololo|o|ololo|o|o|ao|o|—| oo

4]

= —
Designl Performance IW’leSheet I

The following variables are available:

Object ‘ Description

Property Model field

Displays the property package of the selected GAP
model.

Associated Model
field

Displays the name of any models associated to the
selected GAP model.

Sources radio button

Enables you to access the HYSYS vs. GAP
component table for source/inlet streams.

Sinks radio button

Enables you to access the HYSYS vs. GAP
component table for sink/outlet streams.

HYSYS vs. GAP table

Enables you to specify the ratio value of
components flowing between the HYSYS and GAP
model.
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Equip Specs Page

The Equip Specs page allows you to specify GAP object variable
values. Depending on the selected GAP model, not all GAP
objects will be available for configuration.

Figure 7.6

Design * Wells " Separators

hodel

GL1

GL2

Prezsure [kPa]

5B867

1.732e+004

Configurati
QUISHIONS Temperature [C]

E0.00

54,44

Equip Specs il Grawvity [ka/m3] 874.4 874.4
(e el Gas Gravity [kg/m3] 0.7823 0.7823

GOR [STD_m3/m3] 868,50 88,80
Motes “afater Cut [%] 50.00 || 50.00

_— N
Deslgnl Performance I WiorkSheet |

The radio buttons at the top of the Equip Specs page enables
you to select which possible group of GAP objects you can see
and modify.

The GAP objects are split into the following groups:

e Wells
e Separators

User Variables Page

The User Variables page allows you to create and implement
variables in the HYSYS simulation case. For more information on
implementing the User Variables, refer to Chapter 5 - User
Variables in the HYSYS Customization Guide.

7-9




7-10

For more information,

refer to Section 7.20 -
Notes Manager in the

HYSYS User Guide.

GAP Property View

Notes Page

The Notes page provides a text editor that allows you to record

any comments or information regarding the specific unit
operation, or the simulation case in general.

7.2.2 Performance Tab

The Performance tab displays the calculated performance results
of the Petroleum Experts GAP operation.

Results Page

The Results page displays the calculated results of the objects in
the GAP model.

Figure 7.7

Performance = wiells & Separators ” Pipes " Chokes  { Tanks
Results Sepl
e Total Gas Available [STD_m3sh] 0.0000

0il Produced [m3/h] 0.0000
Gas Produced [STD_m3/h] 0.0000
‘water Produced [m3/h] 0.0000
Liquid Produced [m3/h] 0.0000
Injected Gaslift [STD_m34h] 0.0000
Temperature [C] 10.00
Prezzure [kPa] 1.031e+004
GOR [STD_m3/m3] {Emplys
“wiater Cut [2] {EMmplL
CGR [STD_m3/m3] <emply>
‘WGH [STD_m3/m3] <emplys
Qil Gravity [kg/m3] <Lemplys
Gas Gravity [ka/m3] <emplys
H25 [%] <Lemply
COZ [%] Lemplys
M2 [%] {Emplys
“wiater 5 alinity [%] {EMmplL
Oil Removed [m37/h] 0.0000
Gas Remaoved [STD_m3/h] 0.0000
‘Water Removed [m3/h] 0.0000

—_—
Design Pel[nlmancel ‘warkSheet |

Use the radio buttons at the top of the Results page to access

the calculated results of the following objects:

Wells
Separators
Pipes



e Chokes
e Tanks

Report Log Page

The Report Log page displays the calculation logs.

Performance J

Results

Report Log

=
= Design Performance | ‘WorkSheet
7.2.3 Worksheet Tab

Referl'(t%Sectiog 1'351 - The Worksheet tab contains a summary of the information
Worksheet Tab in the . : .
HYSYS Operations contained in the stream property view for all the streams
Guide for more attached to the operation.
information.
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