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1 Introduction

1.1 Typographic Conventions

The information we have provided in this manual will be easier to understand if you

familiarize yourself with the following conventions:

1. Menu names, commands, and functions generally begin with capital letters and
are bolded. For example, File menu, Open Tag, and Help.

2. Information you are to type in is usually in Courier font.

For example, if the instruction in the material name field says to type in “Steel*, you
would enter only the letters between the quotation marks, not the quotation marks
themselves.

1.2 Customer Service

For customer service on Flowel 4° and other Emerson products, please contact
us at:

Emerson Process Management

Hydrocarbon and Energy Industry Center
7175 - 12th Street SE

Calgary, Alberta

Canada

T2H 2S6

e-mail: flowelsoftware@emersonprocess.com
T +1(403) 258-6234

F +1(403) 258-6201

Website: http://www.flowel.com/

When you call in for support, please be ready to provide the customer service
representative with the name of the application and version you are calling about, as
well as your customer service number. Your customer service number is located
on the inside of the Flowel binder’s front cover. Other useful information to have
handy includes the error message that appears, the type of computer you are using,
the type of operating system, the hard disk drive space available, and the names of
any other programs you may have running.
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1.3 Version 4 Features

Flowel 4 is built on a new modern platform that is compatible with current versions of
Microsoft Windows.

131 Network Installation
Flowel's new network installation provides several benefits to the purchaser.

First, the number of copies can be tailored to the number of simultaneous users. If a
company or office has 10 Flowel users, but only three are using the program at any
one time, then only three licenses are needed. The network version will keep track of
the number of users and allow only the licensed maximum. If someone else needs to
use the program, he/she will obtain a list of the logged-in users and then request that
one of the users log out.

Second, the network version will provide a centralized database. This means that all
members of a project team will be able to access all of the jobs and tags. Flowel 4
will allow administrators to use a variety of security settings depending on each
user’s job, tag, and/or group requirement.

Refer to Section 1.8 Network Server Installation for network installation instructions.

1.3.2 Standards and Calculations

New standards and calculations implemented include:
* 1SO 5167 (2003) (orifice meters, nozzles, and venturi tubes)
+ ASME MFC 14M (2003) (small bore precision orifice meters)
* AGA 10 (natural gas thermodynamic properties)
» expanded fluid database
» orifice plate thickness (AGA-3 2000)
* permanent pressure loss can be specified when sizing a restriction orifice
» support for all major flow calculation standards including:
- AGA 3 (1985 and1992)
- 1SO 5167 (1981, 1991, and 2003)
- ISO TR 15377
- BS 1042
- ASME MFC 3M, 7M, 14M
» flow rate uncertainty calculations as per ISO 5168
» basic fluid property options
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1.3.3 Convenience Features

Flowel 4 convenience features include:
» easy migration of data in Flowel 3.0g to Flowel 4

» portable document format (PDF) of specification sheets for easy viewing,
emailing and archiving; this provides several additional printing options, such
as printing on A4 paper

» creation and archiving of specification sheets for pressure, differential
pressure, and temperature elements is available

* enhanced job and tag management

» standard Microsoft Windows interface

* improved compatibility with new operating systems

» graphical user interface (GUI), which simplifies operation and limits user entry
errors

* help system in PDF format

1.34 Optional Package

The Fluid Property Calculator is an optional package that is available. It includes a
more extensive set of fluids and methods for determining viscosity, isentropic
exponent, vapor pressure, and bubblepoint as well as additional tools for density
calculation. The features of these options are:

» Density Methods — Soave-Redlich-Kwong, Peng-Robinson, Lee-Kessler, and
various NBS methods

» Viscosity Methods — IAPS (1975) Viscosity Egn. (water/steam only) and
Lucas Viscosity Eqn. (gases only)

» Isentropic Exponent Methods — Ideal Gas Heat Capacity Ratio, Real Gas
with Redlich-Kwong Correction, Real Gas with Lee-Kessler Correction, and
AGA 10

* Vapor Pressure Method — Antoine
* Bubblepoint Methods — Soave-Redlich-Kwong and Peng-Robinson

1.4 Design Philosophy

1.4.1 We Listen to Our Customers

All of our products are the result of a collaborative effort between us, the developers,
and you, our customers. We present the following design notes as a statement of our
objectives for Flowel. We welcome your feedback regarding our goals and/or our
success in achieving these goals.
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1.4.2 Include Visual Cues for all Actions

We include visual cues for all actions. For example, in the calculation dialog box, we
could have automatically computed the result, but feedback from our users indicates
that most prefer to actually tell the program to calculate; otherwise, users have to
contend with frequent delays whenever an auto calculation occurs.

1.4.3 Only Show Applicable Options

Flowel can handle thousands of different combinations of devices, fluids, and
methods, but the program makes decisions easier by showing only applicable
choices.

For example:

* Flowel supports over 600 pure fluids, plus any number of user-defined
mixtures. To limit the number of fluids presented to the user, we categorize
fluids by types.

* In the calculation dialog box, you are presented with a list of flow sizing
methods. The content of that list depends upon your previous choices of fluid
state, fluid type, and flow element.

144 Present Mandatory Choices First

In Flowel, each decision affects subsequent options, so Flowel presents choices in
their proper sequence.

For example, instrument engineers do not generally choose the process fluid, so
fluid-related choices are made first; then, the meter run is selected, and finally, the
actual size is chosen.

1.5 Recommended Hardware/Software Requirements

The following configuration is the minimum recommended hardware/software
required for Flowel 4:

e 266 MHz processor

+ 32 MBRAM

» 120 MB free disk space

«  Windows ME, NT, 2000, XP, or XP Pro

+ CD-ROM drive (required only for installation from CD-ROM)
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1.6

Basic Installation Procedure

Flowel 4 uses a standard Windows InstallShield to install the components of the
program. Double-click the Flowel _Setup.exe program to initiate installation. There
are four components to the installed program:

* Flowel calculation modules

+ MySQL database

* GNU - Ghostscript for producing PDF files
» CrypKey copy protection

We recommend that users allow the above programs to install in the default
directory. This will make program re-installations easier, if this becomes necessary.
For a network server installation, additional steps follow the basic installation; see
Section 1.8 Network Server Installation for those.

To install Flowel 4, do the following:
1. Navigate to and double-click the Setup_Flowel4.exe file.

2. The Flowel 4 InstallShield Wizard dialog box will appear, as shown in Figure 1-1
below.

Figure 1-1 Basic Installation

Flowel4 - InstallShield Wizard

Choosze Destination Location

Select folder where setup will install files.

Setup will ingtall Floweld in the following folder.

To inztall ko this folder, click Mest. Toinztall to a different folder, click Browse and select
another folder.

Drestination Falder

C:AProgram Filez\Floweld

< Back ]UEHD |[ Cancel ]

R

&
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3. Click Next. Review the license agreement and click | accept to continue the

installation.

4. Click Next, and continue to follow the InstallShield Wizard instructions to install
Flowel.

5. Use all default values, including destination folder locations, directories, etc.

6. The GNU Ghostscript prompt will appear within this process, as shown in Figure

1-2.
Figure 1-2  GNU Ghostscript

WinZip Self-Extractor - gs 705w32.exe

g Thiz inztalls GNU Ghostzcnpt 7.05.

GMU Ghostzonpt dizplays, printz and converts PoztScript

and PDF files.
Cancel

About

[ e |
He e

7. Click Setup.
8. Use the default values provided, and click Install (as shown in Figure 1-3).

Figure 1-3  Ghostscript Setup

GNLU Ghostscript Setup E'
Thiz inztalls
g GEMU Ghostzcrpt 7.05
= Copyright [C] 1994-2002 artofcode LLC, Eenicia, California, 5.4, Al

rights reserved. See the file COPYIMNG far mare detailz.

Requirez 10 - 20 Mbyptes digk space.

Irztall to directorny v Inztall Fonts

C:hos Browsze...

Add shartcuts bo [ AlUsers

|Ghu:ustscript Browsze...

Cancel Help

9. Wait as Ghostscript performs the setup.

R
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Figure 1-4  Ghostscript Setup Log

GNU Ghostscript setup log

C:hgghasd. 05%libhcaption. p= A
C:hgzhge?. 05MbNebycB00. ppd E:
C:hgghasd. 05 ibhebjc300 ppd

C:hgshgsd . 09ibhcdiB50 upp

C:hgzhge? . 05NbNediEI0.upp

C:hgshasd. 09 ibhediB30ec. upp

C:hozhos?. 0BNibhcid2oode. ps

C:hgshas/. 05libhdecvpt. ps

C:hgehagsd. 05 ibhdni750c.upp

C:hgzhge?. 05NESDn 7S 0m. upp

C:hgghas/. 05%ibhdocie ps

C:hgshasd. 05 libhdvipdf

C:hgzhgse? . 05MbYeps2eps

C:hgshas/. 09%ibheps2eps. bat

Copy to Clipboard

Ensure that the installation completes. The final dialogue box will require the user to
click Finish. Note that this final dialog box may be hidden due to the installation
procedure, and the user may have to minimize other windows to finish the
installation.

1.6.1.1 Site Authorization

Once the program is installed, you will need to obtain a site key. To obtain a site key,
start Flowel. To do so, select Flowel from the Start menu, under Programs, or
double-click the Flowel desktop icon.

The first time you open Flowel, a dialog box will appear with the following options:
Get New Authorization or Transfer Authorization. If this is a new installation, select
Get New Authorization, and the Site Key Request form will appear.

R
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Figure 1-5  Site Key Request Form

(=] Request For Site Key [z|

Site Code: |:DZ?5 9BCE 1205 41CC 53 Copy to Cliphoard |

Site Key: |

Customer Service 2 {inchude the leading "0°):

Company: |
Contact Name: |
Address: |

|

|

Phone: | Type of Installation
Fax: | &+ Stand Alone
" Network

Email; |

0K Print Help Cancel

When the site authorization form appears, print the form and fax it to the
Hydrocarbon and Energy Industry Center at +1(403) 258-6201. When you receive
the site key, enter this into the site key field and click OK. You will then be authorized
to use Flowel 4.

1.6.2 Changing Licensing

To change the licensing of Flowel, (e.g., from basic to a network option), do the
following:

1. Open Flowel.
2. Under the Help menu, click Optional Ordering.

3. As with the basic installation procedure, fill in the Request for Site Key form and
print and fax it to Hydrocarbon and Energy at +1 (403) 258-6201.

4. When you receive the new site key, enter the number into the site key form
(under Help, Optional Ordering) and click OK.

R
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5. Under the Help menu, click Optional Ordering again. Note the box on the right
side of the form, which will identify the Type of Restrictions for the Current
Installation (as shown in Figure 1-6).

Figure 1-6  Type of Restriction for Current Installation

Press ‘Order’ to get an ordering form to purchase the property calculater/additional runs {days)
For detailed information, press the Help button on the bottom of the window

Site Code: [15D1 EG4A ABEC CAF154 Copy to Cliphoard | e e
Tor
Current Installation
Site Key: |

| Unlimited I

Customer Service # {include the leading "0°):

Company: |
Buyer: |
Address: |
|
Phone: : Type of Installation
Fax: | i« Stand Alone
Email: | T Network

oK Order Help | Cancel

1.7 Upgrading from an Earlier Version

Before starting an upgrade, please review the following points.

The upgrade has been designed for a standard installation of Flowel 4. If you require
customized modifications to the Flowel setup, please contact Emerson before
starting your upgrade.
* When upgrading a network copy of Flowel, you will be required to upgrade
the server first and then all of the workstations.
» Stop running all copies of the Flowel program. You will be unable to upgrade
to Flowel 4 if Flowel 3.0g is running.

&
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» Backup/copy your database. The name of the Flowel 3.0g database is
Flowel.db. This file should be in your Flowel folder on the server. Please
contact Emerson if Flowel.db is not in the Flowel folder.

« Back up all old Flowel databases created or named with an extension other
than db.

1.8 Network Server Installation

In order to run Flowel 4 over a network, several additional steps are required. Once
the server computer is selected and the basic installation procedure is complete, the
following steps must be followed.

Note: These installation instructions cover the basic procedure. If you have
difficulties, please call our support line.

To install Flowel 4 over a network, do the following:

1. Select the computer that will be the Flowel host (server).
This computer needs to be on and connected to the network when Flowel will be
used. Client computers must have full read/write/modify privileges to the Flowel
folders; therefore, it is recommended that the person installing Flowel have
administration privileges on the server.

2. Allow full control/change/read/write access to the folder where Flowel.exe is
located (usually under C:/Program Files/Flowel/).

To allow full control, do the following:

(a) Navigate to C:/Program Files/Flowel/.
(b) Right-click on the Flowel4 folder.

(c) Click Properties.
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Figure 1-7 Flowel 4 Folder Properties

Flowel4 Properties

Gerneral | Shanng | Securty | Customize
o Y'ou can share thig folder with other ugers on your
network. To enable sharing for this folder, click Share this
folder.

() Do not share this folder

Comment;

Uzer limit; (&) Maximumn allowed

() Allow this number of wsers;

To zet permizsions for uzers who access this
folder over the network, click Permiszions. LS
To configure zettings far offling access, click
Caching.

[ k. H Cancel ][ Apply ]

(d) Click the Sharing tab, and click Share this folder (as shown in Figure 1-7
above).

(e) Click the Permissions button.

(f) Select the Allow checkbox for Full Control, and click OK.
(g) Click OK to close.
(h

) Similarly, follow the steps above to allow full control to the folder C:/Program
Files/MySQL/data/.

R
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1.9 Client Setup

Once Flowel has been installed, you will now have to configure the client(s). To
configure each client, do the following at each computer:

1. Copy Flowel_Client.msi onto the clients computer.
2. Double-click Flowel_Client.msi.
3. The MyODBC Setup window appears, as shown in Figure 1-8.

Figure 1-8  MyODBC Setup

i MyODBC Setup el

Welcome to the MyODBC
Installation Wizard

[tig strongly recommended that you exit all Windows programs
before running this setup program.

Click Cancel to quit the setup program, then cloze any programs
wou hawve unning,  Click Mest to continue the inzstallation.

WARMIMG: This program iz protected by copunght law and
international treaties.

IInauthorized reproduction or distibution of this program, or any
portion of it, may result in zevere civil and criminal penalties, and
will be progecuted to the maximum extent poszible under law.

E______H_EHU i [ Cancel ]

4. Click Next.

5. Review the license agreement and click | accept the license agreement (shown
in Figure 1-9), and then click Next.

&
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Figure 1-9  Accept License Agreement

i MyODBC Setup

License Agreement i\\z
You muzt agree with the license agreement below to proceed,

MySoL

GNU GENERAL PUBLIC LICENSE

Wersion 2, June 1551

Copyright (C) 1989, 1991 Free Joftware Foundation, Inc.
58 Temple Place - 2uite 330, Boston, ML 02111-1307, T34

Everyone iz permitted to copy and distribute werbatim
copies
of this license document, but changing it iz not allowed.

Thas v cm maa B T

{(#) accept the license agreement

()| do ot acoept the license agreement

MySOL AB

[ Bezet ] [ < Back ][ Mest > ] [ Caricel ]

6. Continue to click Next, following the wizard instructions, until the setup is
complete and MyODBC has been successfully installed (as shown in Figure

1-10).
&
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Figure 1-10 Setup Complete

i MyODBC Setup

MyODBC has been successfully
installed.

Click the Finish button to exit thiz inztallation.

7. Click Finish to close.

The second step in client setup is to connect to the database. To connect the Flowel
database, do the following:

1. Under the Start menu, select Settings, then Control Panel, then
Administrative Tools, and then click Data Sources (ODBC).

2. The ODBC Data Source Administrator dialog box will appear (as shown in Figure

1-11).
&
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Figure 1-11 ODBC Data Source Administrator

4" ODBC Data Source Administrator

Uszer DSM | 5ystem DSH ] File DSH ] Drivers] Tracing] Connection F'u:u:uling] About ]

Uszer Data Sources:

| Driver | Add..
Mizrozoft dB aze Driver [*.dbf]
Excel Filez Microzoft Excel Driver [*.xlz) Bemove
M5 Access Databaze  Microzoft Access Driver [*.mdhb)
Yizio Databaze Samplez  Microsoft Access Driver [*.MDE] Configure. .

An ODBC Uszer data zource stores infarmation about how o connect ko
the indicated data provider. & zer data source is anly vizible bo you,
and can only be uzed on the curent machine.

k. | Cancel | Help

3. Click the User DSN tab, and click Add....
4. The Create New Data Source dialog box will appear (as shown in Figure 1-12).

&
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Figure 1-12 Create New Data Source

Create New Data Source Fs__q

Select a driver for which pou want to 28t up a data sounce.

M arne | WA
Microgoft ODBC for Oracle 2
Mizrozaft Paradox Driver [*.db ] 4
Microgoft Parados-Treiber [*.db | 4
Microzoft Test Driver [*.tat: * cev] 4
kicrozaft Text-Treiber [7 bt * cev) 4
Microsoft Wisual FosPro Driver 1
Microzoft Visual FouPro-Treiber 1
MySOL ODEC 251 Dirver 3
SOL Server 2 -
% >

| Finizh | Cancel

5. Scroll down and select MySQL ODBC 3.51 Driver, and click Finish.
6. The Configuration dialog box will appear, as shown in Figure 1-13.
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Figure 1-13 Configuration

MySOL DDBC 3.51 Driver, - DSN Configuration, Version 3.51.09

Thiz dialog helps pou in configunng the ODBC Data Source Mame, that you can use to
connect ko kMySAL zerver

DSM Infarmatian

Data Source Mame: Iflﬂweluser

D escription: IM_I,ISE!L O0BC 3.51 Driver DSN

MuSOL Connection Parameters p
Host/Server Mamelor IP): |1 BR1351.9 \I\

Databaze Mame: Iflu:uwel M H

[dzer Ir-:u:ut
Paszword I

Part [if not 330E)

|33EIE
|

ok | LCancel | Optiokng >

SOL command on connect

Test Data Source: Help

7. Enter the Data Source Name: Floweluser.

8. Enter the IP address of the host computer. To obtain the computers IP address,
do the following:

(a) Under the Start menu, click Run.
(b) Type “cmd” in the Open field, as shown in Figure 1-14, and click OK.

Figure 1-14 Run Dialog Box

= Type the name of a program, Folder, document, or
E Internet resource, and Windows will open it Far you,

open: crnd| W

[ K, H Cancel ][ Browse, .,

(c) In the DOS window that appears, type in “lIPCONF1G” and press ENTER
(shown in Figure 1-15).

R
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Figure 1-15 IP Address

AWINDOWS\System 3 2\cmd . exe

Microsoft Windows HP [Version 5.1.26801]
(C» Copyright 1285-2881 Microsoft Corp.

IC:~Documentz and Settingz“~RHAMMERLY >IPCOMNFIG

Mindows IP Configuration

Ethernet adapter Local Area Connection:

Connection—specific DHNS Suffix . =

IP Addwes=s. . . . . - . . . . . . = 155.138.1.181
Subnet Mask - 255.25L.2408.08
Default Gateway : 1565.138_MA.1

IC:~Documentz and Settingz“~RHAMMERLY >

(d) The window should provide you with additional information including the IP
address of the computer (as shown above).

(e) Close the window.
9. Enter the Database Name: flowel.
10. Enter the User and Password: root.
11. Click Test Data Source.

12. If the connection is successful, the following message should appear. If the
message does not appear, contact Hydrocarbon and Energy support.

Figure 1-16 Successful Connection Message

My5QL ODBC 3.51 Driver, Version : 03.51.09

y Data Source floweluser' Connected Successfully ko 'mysqld-4.0.21-debug’ 11

13. Click OK.
14. Click OK to close the configuration dialog box.

Once the ODBC setup is complete, you can run Flowel 4 from the client computer.
To do so, open Windows Explorer and navigate over the network to the computer
where Flowel is installed. Within that computer, find the folder where Flowel is
installed (most likely C:/Program Files/Flowel). Right-click Flowel.exe and click
Create Shortcut. Move the shortcut to your desktop and double-click to open.

&
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1.10

1.10.1

User Management Utility

Flowel 4 has built-in security features for controlling data access under a multiple-
user environment. Flowel 4 supports three user levels:

1. Super User — view and modify all jobs
2. Manager — view and modify jobs created by users within the same user group

3. User — view and modify jobs created by himself or herself or jobs assigned to the
user by a manager

A user group refers to one or more users defined in the same group.

Accessing the User Management Utility

The User Management program is used to administer Flowel 4 user levels. To
access the program, under the Start menu, click Programs, click Flowel 4, and then
click the User Management shortcut.

The User Management utility requires a log in user name and password. Enter
“‘“Admin” in the User Name box. The password is available to network administrators
(or the Flowel administrator) by emailing Flowelsoftware@EmersonProcess.com or
calling +1(403) 258-6234.

Figure 1-17 User Management Login

=,

1 User Management Login

User Marme:  |[Admin

Passwaord: o i

Login
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1.10.2 Defining a User Group

To define a new user group, do the following:

1. Under the File menu, click Group Management. The following dialog box will
appear.

Figure 1-18 User Group

r|j User Group g@w

| 1 |Defau|t Lser Group

Add Group Delete Group Save Cancel

2. Click Add Group. A blank row will appear.

3. Type a group name in the new text box. For example, in the following figure the
group name is AAA Project Team.

R
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Figure 1-19 User Group — Group Name

r|j User Group g@w

| 1 |Defau|t Lser Group

| 2 |AAA FProject Team

Add Group Delete Group Save Cancel

4. Click Save to save the new user group.

A user group can only be deleted when there are no users assigned to the group. To
delete an empty user group, select the user group and click Delete Group.

1.10.3 Managing Users

To manage users, do the following:
1. Under the File menu, click User Management.
2. Click Add User to add a blank row.

R

|_——‘f]{'-3' Cy \(_[ %
EMERSON.

21 Process Management
2005-May-02 Rev 0

Emerson Process Management 3007536
Flowel 4 Development and Marketing



User Manual 1 Introduction

Figure 1-20 Operate User — Add New Row

1 Operate User E]@
User Id Loginname Pud First Hame Last Hame User Group User Level
| Joe Smith joe123 Joe [smith |aAA Project Team  ~|user =
| | | = =

Add User | Delete User | Save Cancel |

3. Enter values for the User Id, Loginname, Pwd, First Name, and Last Name.
4. Select a User Group and User Level. Note the following for the above values:
* User ID must be a unique integer.
* Loginname is the user name the user will enter to log in to Flowel 4.

We recommend that the Loginname value be the same as the user’s
network user name. This way, the user will not be prompted to enter a user
name or password when starting Flowel 4.

 PWD is the password the user will enter to log in to Flowel 4.
» The First Name and Last Name values are the user’s first and last name.

» The User Group list contains the groups defined in the user group
management dialog and is used to determine the user's group of
membership.

e User Level determines the data each user can view and modify.

To delete a user, click in any text box in that user’s row and click Delete User.

1.11 Data Migration From Flowel 3.0g

A separate utility program for converting Flowel version 3.0g databases into version
Flowel 4 for Windows is included within this package. With this utility, you will not be
required to re-enter your existing 3.0g data.

To migrate Flowel 3.0g data, do the following:

1. Backup the Flowel 3.0g database by copying the file C:/Flowel/Flowel.db to
another location.

2. Under the Start menu, select Programs, then Flowel 4, and click Data Convert.
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';1 Open A Job

Data is now loaded into Flowel 4.

Note that if there are duplicate job names, the job name will be altered to avoid
duplicates. This is done by adding a “-1” to the name (e.g., US Examples-1). To
avoid this, delete unused job names in Flowel 3.0g before converting. Also note,
that for this reason, it is not useful to run the Data Convert utility repeatedly.

If several databases are to be converted, load one at a time into the Flowel 3.0g
Flowel folder on the computer where Flowel 4 is located. To reduce issues with
duplicate names, the job and tag names should be reviewed and duplicates
eliminated where possible.

To eliminate duplicate job names in Flowel 3.0g, under the File menu, click Open
Job.

Append an identifier (such as the user’s initials) to the Job No: field. In this case,
“PB” (shown in Figure 1-21), and click OK.

Figure 1-21 Job Name Identifier

Click on a Job to Select

Dianiel Carbon Maonoxide

metric Examples

Selected Job Information

Job No: [Metric Examples PB |

Customer: [customer |

Contractor: [Coal Bed Methane |

Description:

Site Name: | |

0K | Help ‘ Cancel

7. Once data is loaded, the jobs can be assigned to specific users. See User

Maintenance.

For versions older than Flowel 3.0g, data will have to be first migrated to 3.0g. If you
are in this situation, please call support at +1 (403) 258-6234.
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1.12 Troubleshooting

This section describes various error messages and how to solve them, for both
Flowel and CrypKey.

1.12.1 Flowel

Flowel will display appropriate error messages when performing calculations. Some
error messages act only as warnings; they allow users to make their own judgments
when executing calculations.

Flowel is designed to complete the particular calculation only after the user clicks
OK. Should you have any questions or concerns about warning messages, please
contact the Hydrocarbon and Energy Industry Center.

1.12.1.1 Error Message One

“Could not back up the database”. Please ensure that the database is closed.”

Figure 1-22 Flowel — Error Message One

Information |

':\1) Could naot back up the databaze. Fleaze ensure that the databaze iz closed.

This message occurs because either Flowel is currently running or there is no copy
of Flowel.db present in the Flowel folder when the user is trying to perform an
upgrade.

To solve this error, do the following:
1. Stop Flowel.

2. Place a copy of Flowel.db into the Flowel folder directory, then modify your
registry and restart the upgrade.

1.12.1.2 Error Message Two

The following error message (or similar type) occurs when the system is unable to
connect to the database.
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Figure 1-23 Flowel — Error Message Two — Unable to Connect to Database

MySQL-0DBC Connection |

Q [MySQLILODEC 3,51 DriverJCan't connect ko My3OL server on localbost’ (10061 )

This message occurs because the administrator installed Flowel on the computer.
They may have logged in as an “Administrator” rather than as a “User,” so when
another user logs in and tries to operate Flowel, this user has no database entry in
the ODBC.ini file.

Note: Before following the steps below to correct this error, ensure you have full
administration permissions, as this process will make entries to the registry.

To correct this database error, do the following:

1. On the Start menu, select Settings, and click Control Panel.

2. Double-click ODBC (or select Administration Tools and click Data Sources).
3. Highlight floweluser in the ODBC Data Source Administrator (see figure below).
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Figure 1-24 ODBC Data Source Administrator Dialog

£10DBC Data Source Administrator

Lser DsM |System DSN | File DS | Drivers | Tracing | Connection Pooling | Akout |

Lser Data Sources:

Mame

| Driver

]

dBASE Files
dBase Files -Ward
Excel Files
floweluser
FoxFro Files - \Word
fr_commondbrms
fr_companydbms
RIS

kI Access Database
quotetoalms

Microsoft dBase Driver [*.dbf)
Microzoft dBase WFP Driver (* dif)
Microsoft Excel Driver (*xls)
bySOL ODBC 351 Driver
Microsoft FoxPro %FF Oriver (*.dbf)
S0L Server

S0L Server

S0L Server

Microsoft Access Driver (*.mdh)
SOL Server

toolkit_production_master S0L Server

=

21 x|

Add..
Bemowve

Canfigure. ..

An ODBC User data source stores information about how to connect to the
indicated data provider. A User data source is only wisible towou, and can
only be used on the current machine.

K. Cancel |

Al

| Help

4. Click Configure. The following dialog box will appear (as shown in Figure 1-25).

Elowel
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Figure 1-25 DSN Configuration

MySOL ODBC 3.51 Driver - DSM Configuration, ¥ersion 3.51.09

Thiz dialog helps vou in configuring the ODBC Data Source Mame, that you can use to
cohnect ko MySAL server

— DSM Infarmatian

Data Source Mame:

D ezcription: IM}ISE!L QDBC 3.51 Driver DSM

— MySGHL Connection Parameters v
Host/Server Mamefor [P]: ||'2"3~5l|h'2'St \.\
Databaze Mame: Iflu:uwel M H

I zer: Ir-:u:ut
Paszword: I““

Pt [if not 2305): |3306

SOL command o connect: I

(] LCancel | Optiong > | Test Diata Source Help

5. In the MySQL dialog box, enter the following information:
Data Source Name: floweluser
Description: MySQL ODBC 3.51 Driver DSN

Host/Server Name(orlP):  localhost, IP address (where database exists), or
computer name

Database Name: flowel

User: root

Password: root

Port: 3306

Option: Click Test Data Source

6. Click Test Data Source. If the connection is successful, the following dialog will
appear (Figure 1-26).
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Figure 1-26 Test Data Source

MySOL ODBC 3.51 Driver, ¥Yersion : 03.51.09 |

@ Data Source floweluser' Connected Successfully ko 'mysgld-4.0.21-debug’ 11

7. Click OK.
8. Click OK.
1.12.1.3 Error Message Three

The following error message (or similar) will occur if all the Flowel licenses are in use
(i.e., if you have one license only one user can use Flowel at any one time). The
problem may also occur if the user did not exit properly the last time Flowel was
open.

Figure 1-27 Flowel — Error Message Three

[#)Active Users |
Licensed user nurnber: 1

Current Active Users Are

Uszar Client Mame  Client IP Address
hurray CALSIM-P4-2 1921681121
jane CAaLSIM-P42G  192.168.1.71

Flease wait till at least one user logout and try again later,

Close Help

To solve this problem, do the following:
1. Click Close and, as the dialog indicates, wait until the user logs out.
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2. Or, delete the file called Flowel._tb in the Flowel folder. However, before deleting
this file, ensure that no users are logged into Flowel. This file is a transaction log;
it records when users are in Flowel. If users do not exit properly, this file
becomes corrupt. The file will be re-created once Flowel is re-opened.

1.12.1.4 Error Message Four

“Job *’ already exists. Job not imported. Job ‘ * already exists. Job not imported.”

Figure 1-28 Flowel — Error Message Four

|

&1 Job ' already exists. Job nat imported
Job ' already exists. Job not imported

This error occurs because the user is attempting to import the tags or fluids with
names that already exist in the database.

To correct this problem, the user should import tags into a job where the tag names
do not already exist. In the case of fluids, the fluid name must be changed to a name
that does not already exist.

1.12.2 CrypKey

Please contact the Hydrocarbon and Energy Industry Center at +1 (403) 258-6234
for any CypKey or Crypserv error messages.

1.12.3 Windows

1.12.3.1 Error Message One — Registry Error

“Register Directory. Unable to open service manager — Likely fixed by logging in as a
local administrator of this machine. Reason: Access is denied.”
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Figure 1-29 Windows — Error Message One

"'::l' Register Directorny: Unable to open zervice manager - Likely fied by logging in as a
local administrator of this machine

Reazon: Access iz denied.

This error occurs because the person who tried to install Flowel did not have the
permission needed to install the drivers.

To correct this problem, do the following:
1. On the Start menu, click Control Panel and select Add/Remove Programs.
2. Remove/un-install Flowel.

3. After Flowel is un-installed, the user may log in as a local administrator and re-
install the program.

1.12.3.2 Error Message Two
“File FLOWEL.EXE not found!”

Figure 1-30 Windows — Error Message Two

Error in initializing CrypKey |

@ File FLOWEL.EXE naot found|

To solve this problem, reinstall Flowel. If the problem persists, contact Hydrocarbon

and Energy.
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1.12.3.3 Error Message Three

“SITE KEY FILE HAS BEEN MOVED.”

Figure 1-31 Windows — Error Message Three

Error in checking authorization |

@ SITE KEY FILE HAS BEEM MOWED

This problem occurs because the flowel.exe file has been moved to a new location
on the computer since its initial authorization or the folder it's stored in has been
renamed (see Copy Protection — CrypKey, Section 1.13).

To solve this problem, move the file back and/or correct the folder name. If the
problem still exists you will need to contact Hydrocarbon and Energy for new
authorization.

1.13 Copy Protection — CrypKey

CrypKey protects Flowel from any unauthorized use. The protection scheme has two
components: a site code and a site key. The site code is specific to your particular
installation. The site key, when applied to your site code, unlocks Flowel so that it
may be used.

Note: To transfer authorization from one computer to another, follow the instructions
provided in Chapter 3, User Reference, under the Transfer Authorization section.

Copy protection comes into effect when Flowel is first activated. To unlock Flowel, do
the following:

1. The first time Flowel is activated after installation, a warning message will
appear, as shown in Figure 1-32.

Figure 1-32 Activation Warning Message

Warning |

@ Program haz never been authaorized at current zite
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2. Click OK.
3. A Request for Authorization dialog box appears. Select Get new authorization
and click OK.

4. A site key request form will appear, as shown in Figure 1-33.

Figure 1-33  Site Key Request Form

E Request For Site Key rz'

Site Code: 1275 9BCE 1205 41CC 53 Copy to Clipboard |

Site Hey: |

Customer Service # {include the leading "0°):

Company: |
Contact Name: |
Address: |
|
|
Phone: | Type of Installation
Fax: | i+ Stand Alone
" Network

Email: |

OK Print Help Cancel

5. Enter your Customer Service Number (#). This number is found on the inside of
the Flowel binder front cover.

6. Complete the required fields and click Print to print the form.

7. Fax the form to Hydrocarbon and Energy at +1 (403) 258-6201.
By sending the site code you will register the software package and receive the
site key to unlock the program.

8. Close the window until you receive your site key from Hydrocarbon and Energy.

9. Once you receive your site key, re-run Flowel and enter the site key

alpha/numeric into the appropriate field.
10. Click OK and Flowel will then be unlocked and available for use.
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1.13.1 Tips and Tricks

Some do’s and don’ts associated with CrypKey are listed below:
» do move the program using the Transfer Authorization function only
» do ensure your computer clock is set properly before installing the program
« do backup the database
» do not move the program or restore the program (flowel.exe)
» do not change the system files
* do not move your clock settings

1.14 Starting Flowel

To start Flowel, do the following:
1. On the Start menu, click Programs, click Flowel 4, and then click Flowel 4.

2. Or, locate the Flowel icon and double-click the icon to start the program. When
the program has completed loading, you will see the main program screen.

1.15 The Flowel Database

1.15.1 MySQL Database

Flowel is actually constructed in two main components: the Flowel GUI, which is the
program as you see it, and the MySQL database, which contains all of the data that
the program uses. The Flowel database is a multi-user database. Multiple
workstations can access the data at a given time, if the correct license has been
purchased.

1.15.2 Backing up the Database

The Flowel database is stored under C:/Program Files/mysql/data/flowel/. This folder
contains all of the job, tag, fluid, and material information and should be backed up
on a regular basis to prevent any loss of data. Data can be restored from backup by
overwriting the current subdirectory (C:/Program Files/mysql/data/flowel/) with the
backup version. This will completely replace the database and any tags modified
since the backup will not be captured. Use the Import and Export functions to move
specific tags from one database to another.

1.15.3 Moving the Database

The Flowel database cannot be moved. Do not move the database.
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2 Tutorial Instructions

2.1 About This Tutorial

This tutorial is designed to serve two purposes:

» to lead new users through the program while explaining the principles behind
the program

» to show users familiar with older tools how to get the job done effectively
using this version of Flowel for Windows

The tutorial is divided into three main components: One Time Through, Customizing
the Program, and Examples and Applications.

Note: If you are new to the Windows environment, we recommend that you take the
tutorial provided by Microsoft before you run Flowel. This tutorial can be run by
selecting the Windows Tutorial option from the Windows Program Manager Help
menu.

2.2 One Time Through

Follow the instructions in this tutorial to learn how to use Flowel 4®. Through this

process you will learn the approach that you should take to using this software in
order to use the functions as they are intended. As a result, you will have a solid

understanding of the most efficient and practical ways to get accurate and usable
results with Flowel.

2.2.1 Starting Flowel

To start Flowel, do the following:

1. Double-click the Shortcut to flowel4.exe on your desktop.
2. If prompted, add your name to the user list and click OK.
3. The main screen appears, as shown in Figure 2-1.
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Figure 2-1  Main Flowel Screen

Bala: 05506
13.9656 mm
25.0000 mm

Thickness: L5309 mm

Orifice Plate-Small Bore Fluid: Amarillo

316 SST Fluid State: Gas
Corner Max Flow: 131.13 kg'hr

Prassure Tap: Upstream Flowing Temp.: 20.00 DEG C
Fipe Size: Flowing Press.: 200.00 kPa
Pipe Schedule: Flowing Density: 0.00 kgidm3
Fipe Material: Carbon Steel Viscosity: 0.01 cP

Base Temp.: 15.00 DEGC Isentropic Exp.: 1.275
Base Pressure: 1.01 o 1.98E+00 (kglhr)fkPa

1 0.966 {oH 0.612

This screen provides a summary of the completed work; there are no editable fields.
It has some standard Windows components including the control menu and the
min/max/restore buttons. The components that are reviewed in this manual are
directly related to the operation of Flowel.

2.2.2 Using the Toolbar

The Toolbar is one of the most important components of the main Flowel screen. It
can be set so that the function names are on the buttons (in Flowel, on the Windows
menu, click Tool Bars, and select Show Text). This will help you learn the function
of each button.

Each button on the toolbar corresponds to a command. By using the toolbar from left
to right, you follow a logical sequence.
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Table 2-1 Toolbar
Icon Function
= Open Job
Opendob
B New Tag
MewTag
] Open Tag
OpenTag
% Print All
PrintAll
% Print Tag
FrintTag
=) Fluid
Fluid
@' Meter Run
PActer Fun
= Calculate
Calculate
b Graph
Graph
@ Uncertainty
Uncertainty
M Spec Sheets
Epac.
I Exit
Exit
2.2.3 Proceeding to the Next Step

Fj“ el
-

Each of the steps in performing a flow calculation within Flowel are the steps you will
use for each new tag. These steps are necessary and are repeated every time. To
save you some keystrokes, and to make the process consistent, we have included a
way of easily getting to the next step in the procedure.

At the bottom of each of the dialog boxes which are necessary to this process are
one or two buttons. Think of these buttons as a way to travel back and forth along
the toolbar without all of the closing and opening steps.

We use the previous and next buttons to go forward and backward through the
program, following the proper order of use.
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The first dialog box to include a button of this type is the New Tag dialog box. It is
from this point onward that you can be led through the program in the right order. On
some of the dialog boxes, the previous button appears. This will allow you to go
backwards in the order so that you can make changes or corrections. Once those
changes are made, you can use the next button again to proceed forward as before.

2.3 Create a New Job

The first step in using Flowel is to create a new job. How you use the job nhumber
field is up to you but conventionally it refers to your organization’s method of keeping
track of projects. To create a new job, do the following:

1. On the File menu, click New Job. The New Job dialog box appears.

2. Type the name of your job. In this case we will use the Job name Tutorial.
Your company probably has an internal numbering system, and you will likely be
issued a job number. This entry field accepts both numbers and letters. This
dialog box displays any existing jobs so that you can see what has already been
created.

3. Fillin the remaining fields, then click OK.

2.3.1 Setting the Default Values for the Job

To configure the default settings for this job, set your default values as per the
instructions in the following sections.

2311 Default Unit Setting

To set the Default Unit Setting, do the following:
1. On the Options menu, select Default Units.

2. The Default Unit Settings option is used to set the unit type that will be used in
the calculations for each tag. When you make selections here, all new tags that
are created will use these settings.

Note: any tags which already exist will not be affected, but any tags can have their
units changed afterwards.

3. Select a unit type for each of the options.
4. When you have selected all of the options to be used as defaults, click OK.

2312 Atmospheric Pressure

To set the Atmospheric Pressure, do the following:

1. On the Options menu, select Atmospheric Pressure. Use the scroll bar or
enter a value into the altitude field. The pressure for that altitude will be
automatically calculated.

2. Click OK to accept this setting as the default for any tags subsequently created.
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2.3.13 Significant Digits

To set the Significant Digits, do the following:

1. On the Options menu, select Significant Digits.

2. The Significant Digits settings are used in the display of numbers on the
calculation screen and in the specification sheets. The settings here do not affect
the number of digits used in the calculations, only those used for display.

3. Use the horizontal slider bars to adjust the number of digits which are to be
displayed for each of the available options. A sample for each is presented on
the right-hand side of the dialog box.

4. When you are satisfied with the settings, click OK.

2314 Default Base Conditions

To set the Default Base Conditions, do the following:

1. On the Options menu select Default Base Conditions.

2. The program uses some information repeatedly within its calculations. By making
a selection from the default base condition setting screen, new tags created will
use these settings and therefore require less input later on.

3. Select from one of the types available. In this case we will use the Standard - US
selection, which gives us settings of 14.65 psia and 60°F.

4. Click OK to continue.

2.3.1.5 Default Element

To set the Default Element Setting, do the following:

1. From the Options Menu, select Default Element.

2. The program will use the element defined on this screen as the default for all new
tags created. Even though this is the default, and this information appears
automatically on the meter run screen, you may choose a different element on
the meter run screen.

3. Click OK to continue.

2.3.2 Create a New Tag

We are now prepared to begin creating tags.

Tags are names for specific devices. There are standards for using tag names, and
The Instrumentation, Systems, and Automation Society (ISA) has developed a
standard tag naming format (ISA S-20 standard) which uses four fields to pinpoint a
device’s location within a site or system. Flowel extends the ISA tag naming standard
by using five fields.
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The tag name looks like this:

Prefixl Prefix2  Instrument Loop Suffix
8 8 8 8 8

Each of the five components can hold up to eight characters. Here is a brief review of
the tag naming convention:

* Prefixl — an optional general location identifier

* Prefix2 — an optional, more specific location identifier

» Instrument ID — a required field which classifies the function of the device

* Loop number — a required field, usually a grouping of instruments working
together toward a common function

» Suffix — additional optional identifier to distinguish between instances of a
device in a loop

Each tag would correspond, in the case of Flowel, to a metering device. Since a
project may have multiple metering locations, the same relationship holds true for job
numbers and tags within Flowel. Each job can have many tags associated with it:

Job 1 Job 2

Tag 1 Tag2  Tag3 Tagd Tag 1 Tag 2 Tag 3

To create a new tag, on the Flowel toolbar, click New Tag. The Define New Tag
dialog box appears. Click the Define New Tag button to begin data entry on this
window, otherwise you will not be able to edit any fields.
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Figure 2-2  Define New Tag Dialog Box

L*] Define New Tag g|
Joh: Metric Examples |

Tags: 300

Copy Define New Tag Delete

Prefixi Prefin? Instrument Loop Suffix
| H | | |-| |
Service: |
Critical Statement:
Line Mo: |
I
I

Material Reg Mo:
hodel Mo:

Specification Mo
Purchase Ord Mo:

Flowesheet Mo | |

Manutacturer: | |
Yendar: | |

(]34 Help Cancel Next=

There is room for a lot of information about each tag. The minimum entry required is
the instrument ID and loop number of the tag name. We recommend filling in as
much information as you can about a tag, since this information will used in a
number of dialog boxes and printouts. For example, enter an Instrument ID of FE and
a loop number of 1. After the information is entered, click OK to move to the next
topic (or click Next to proceed directly to the next dialog box/step in this process).

2.4 Fluid Settings

To set your fluids, click the Fluid button on the Flowel toolbar. The Fluid Setting
dialog box appears. Use this dialog box to configure each tag’s specific fluid. Flowel
requires this information in order to calculate a result.
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Figure 2-3  Fluid Setting Dialog Box

L] Fluid Setting

Matural Gas - AGA 2 {92) Component List -

Define Mixture

The Fluid Setting dialog box is described in the following sections.

2.4.1 Fluid State
Select the state from the drop-down list provided. Your choices are:
» Gas
» Gas, Critical Flow
* Liquid
» Liquid, Critical Flow
* Wet Gas

These selections affect how the program operates, as each of these states require
different methods and formulas. You must make a fluid state selection. For this
example, select Liquid.
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2.4.2 Selection Lists

Many of the selection lists within Flowel allow for item selection in more than one
fashion. In this example we want to select Liquid as a fluid state. We have two
methods for making the selection:

1. Standard Selection:

(a) The first method is the standard selection method. Click the State drop-down
list box to view the list of states.

(b) Select Liquid.
2. Alternate Method:
(a) Type the first letter of the desired item, in this case the letter L.
(b) If there are more than one item which begins with the letter L, the first will
appear.
(c) Press L again to get to the second one, and so on, until you can select
Liquid.

These methods apply to many areas of the program. In particular, when selecting
pure fluids on the mixture definition function, the letter-selection method allows quick
access to a component which might otherwise take a lot of time to scroll to in a list.

2.4.3 Fluid Type

Because there are over 600 fluids available in Flowel, we provide the Fluid Type
selection to narrow down the list.

1. To select a fluid type, click the Fluid Type drop-down.

* There are two main fluid types: mixtures and pure components. Mixtures
include all of the natural gas selections, plus the General Mixture option. Pure
components are selected using the "All" or "Common Fluids" options.

» If a mixture is selected, it must be defined before it can appear as a "Fluid" in
the final fluid list. This procedure involves selecting the components, then
setting the mole values for each of the components.

» Pure components are provided by the program and do not need any further
definition; they can be used as they are.

2. For this example, select the Common Fluids option.

3. Since we have selected Common Fluids, the list of these fluids is provided for us.
We want to use water for this example, so we can either use the scroll bar to
move to water, or type in the letter w. Since water is the first fluid that starts with
w, it will be highlighted for us.

4. Use your mouse to select Water and/or Steam.

5. When you have completed these steps, click OK to move to the next topic in the
process (or click Next to go directly to the Meter Run dialog box).
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2.5 Meter Run Settings
To set your meter run, click the Meter Run button on the Flowel toolbar. The Meter
Run dialog box appears. The Meter Run function activates a dialog box in which
specific information about the metering equipment and environment is entered.
Figure 2-4  Meter Run Dialog Box
E Meter Run @
Element
Type: [Orifice Plate-Small Bore ~| Material:|316 SST ~]
Thickness: mm
Pressure Taps
Static
[+ Upstream
Differential: [Corner ~| * Downstream
e
Pipe
Numinal:| j| Material:| Carbon Steel ~]
Schedule: | j| Inside Diameter:| 25.0000 ||mm j|
Help | Cancel | =Back | Next= | |
2.5.1 Element Type, Material, Pressure Taps, and Thickness

The first step is to select an element type. If you have set an element type in the
Default Element Type function, this type will be entered into the fields.

Different element types will be available depending on the fluid state selected earlier.
If you want to select a different element type, follow the procedure as outlined below.

1. Click the Type drop-down arrow. You can use the scroll bars to see all of the
options on this list. In this case, select a standard orifice plate (Orifice Plate-
Standard) as the element type for this meter run location.

2. Select a material type for this metering element. Select 316 SS.
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3. Enter the orifice plate thickness, if required (this field will appear if required).
Flowel will calculate and warn the user if the entered valued is less than the
minimum thickness according to AGA-3 (2000).

4. The next group box on the dialog is where pressure taps are defined by type and
location. The list of differentials provided depends upon the element type
selected. Also, the Flowel display activates only the static locations which are
applicable for the differential selected.

5. For this example, select Flange for the differential and leave the static as the
default (upstream).

2.5.2 Pipe

As the final task on this dialog box, you must select a pipe. To select a pipe, do the
following:

1. Select a pipe nominal size. For this example, select 4 in.

2. The program defaults to a pipe schedule of 40 (if there is one for that pipe). We
need to enter a material for the pipe so that the program can compensate for
thermal expansion in the calculations. Select Carbon Steel for the material.

* Flowel's database for pipe will provide the inside diameter of the pipe.
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Figure 2-5

Meter Run Selections

Element

Type: |0riﬁce Plate-Standard

j Material: |31ﬁ SS

j

2.6

Fj“ el
-

Thickness: 1 mim
Pressure Taps
Static
[+ Upstream
Differential: [Flange ~|  Downstream
P
Pipe

Nominal: | 4in Carbon Steel

[7]
7]

Material:

b
~|

Schedule: | 10

Inside Diameter:| 102.2604 ||mm

Help | gancel| =Back | Next= | |

3. When you have completed your selections in the Meter Run dialog box (which
will appear as shown in Figure 2-5 above), click Next. This will activate the
Calculate dialog box.

Calculate

The Calculate dialog box is the area in which the final results are calculated. The
Flowel program can solve for different variables. You select both the variable to solve
for and the method in which that variable is solved. The list of methods available is
dependent on your previous selections for fluid state, flow element type, differential
pressure tap, and static pressure tap selection.

There are five versions of the calculate screen — one for each of the fluid states.

As you select different Solve options in the setup area, you may notice that some of
the other fields change. This screen automatically activates the fields that are
necessary to complete the equation. Only when the last of the required fields has
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valid data entered into it will the program be able to perform a calculation. Until then,
it will warn you that there are fields that are incomplete.

The results of the calculation will be displayed in the colored field box.

Figure 2-6  Flow Calculation Dialog Box

Flow Calculations--Liquid

Setup Flow Rate Unit

. BaseMNormalStandard Volumetric ¢ Actual Volumetric  » Mass

Calculation

Solve For Bore Size | W mm
Exact Flow | Flow Rate: 1.00 kaisec -
Diff. Press.: |10-00 |kPa j
Static Press.: |13?.90 |kpa j
Temperature: 0.00 ’m
Using Qﬁensw P2 kgan E|
IS05167.2003 | _ Viscosty | 0.00 Pa.sec &
Vapor Pressure | P-OU |MPa j

User Factor: [1.000

Fluid ‘ calc. |

Help ‘ Cancel | <Back | Mext= ‘ ‘

In this example, you will set up the program to solve for Exact Bore, using the ASME
MFC-3M method. To set this up, do the following:

1. Select Exact Bore from the Solve For drop-down list and ASME MFC-3M from
the Using drop-down list.
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2. Ensure that all of the units are set for each of the fields. You do not have to use
the default settings (even though you set them earlier). Enter the following
values:

* Flow Rate: 150 kg/day

« Differential Pressure; 100 in-H20@60F
e Static Pressure: 57 psig
 Temperature: 175 DEG F

3. We can calculate the density of the fluid automatically because water is defined
in the Flowel database. The program performs the necessary calculations based
on the data we entered, and brings the results back into the calculate screen, as
shown in Figure 2-7 below.

Figure 2-7 Flow Calculation Example — Solve For Exact Bore

Flow Calculations--Liquid

Setup Flow Rate Unit

" BaseMNormal/Standard Volumetric  © Actual Volumetric  + Mass

Calculation

Base Condition | Flow Condition “
Solve For THore Size | |P2.6784 mm

Exact Bore j Flow Rate: 1150.00 kgiday |
Diff. Press.: 1100.00 in-H20@60F |
Static Press.: |15?.IIIIII |psig j

Temperature: 175.00 DEG F =

Density | 0.21 Ibit3 -l
Using

I .01 P -

ASME MFC-3M - m 3 c E

Vapor Pressure | P-'J'] |in-H2{}@60F j

User Factor: [1.000
Atmospheric Pressure: 2.1315 psi
Fluid ‘ Calc. |
Help ‘ Cancel | <Back | Mext= ‘ ‘

EMERSON.
47 Process Management
Emerson Process Management 3007536 2005-May-02 Rev 0

Flowel 4 Development and Marketing



User Manual 2 Tutorial Instructions

2.6.1 Density Calculator

To calculate density, do the following:
1. On the Flow Calculation dialog box, click Density.

2. Flowel will ask you to select a density solution method. The list which appears
will reflect the possible options available given the current fluid state, fluid type,
and fluid selected.

3. The temperature and pressure of the base and flow conditions will appear as
entered into the calculate screen. These values will be used in the density
calculation.

4. Scroll through the list to view the available methods. In this case, select the
NBS/NRC Steam Eqn. method. You should normally always use this method for
steam or water.

5. Click Calculate to retrieve the density values (see Section 2.6.1.1 below). The
Calculate H,O Flowing Density (NBS) Equation dialog box will appear.

6. Click OK to bring these values back to the Density Calculator dialog box.

7. On the Density Calculator dialog box, click OK to bring these values to the
Calculate dialog box.

2.6.1.1 Water and/or Steam Calculations

The H,O density calculator with the NBS equation operates as follows:
1. To calculate a flowing density, you are presented with three options:
* H,O saturated, use Temperature
 H,O saturated, use Pressure
* H,O not saturated, use Both Temp. and Press.

(a) If H,0 saturated, use Temperature is selected, a saturated density at
flowing temperature in the selected state (gas or liquid) is calculated. This
state is selected in the Fluid Setting dialog box. The flowing pressure is
changed to the pressure corresponding to the saturated temperature.

(b) If H,O saturated, use Pressure is selected, a saturated density at flowing
pressure in the selected state (gas or liquid) is calculated. This state is
selected in the Fluid Settings dialog box. The flowing temperature is changed
to the temperature corresponding to the saturated pressure.

(c) If HO not saturated, use Both Temp. and Press. is selected, a density at
flowing temperature and flowing pressure is calculated. The density
calculated may be either for a gas or a liquid depending on the temperature
and pressure and may not correspond to the state selected in the Fluid
Setting dialog box. Whether the calculated density is gas or liquid is
determined by calculating the vapor pressure at the flowing temperature. If
the flowing pressure is greater than the calculated vapor pressure, a liquid
density is calculated. If the flowing pressure is less than the calculated vapor
pressure, then a gas density is calculated. Neither the flowing temperature or
pressure are changed.
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2. To calculate the base density, always use both the base temperature and base
pressure (no matter what method option is selected for flowing density). The
density calculated may be either for a gas or a liquid depending on the
temperature and pressure and may not correspond to the state selected on the
fluid settings window. Whether the calculated density is gas or liquid is
determined by calculating a vapor pressure at the base temperature. If the base
pressure is greater than the calculated vapor pressure, a liquid density is
calculated. If the base pressure is less than the calculated vapor pressure, a gas
density is calculated. Neither the base temperature or pressure are changed.

2.6.2 Viscosity

Viscosity can be calculated automatically from the data entered in the program. If
you have defined and configured the program as we have so far, click the Viscosity
button to calculate the value. There are two occasions in which the Viscosity button
will not appear: if the fluid properties option has not been purchased or the viscosity
calculation is not available for the current fluid.

2.6.3 Vapor Pressure

The vapor pressure for the defined fluid can be automatically calculated if you have
purchased this option.

To calculate vapor pressure, do the following:
1. On the Flow Calculation dialog box, click Vapor Pressure.
2. You are now prepared to ask Flowel to calculate the result. Click Calc.

3. The result of the calculation is shown in the Beta Ratio field. If you would like to
know the bore size, click the Beta Ratio/Bore Size button to toggle this value.

4. Once you have completed your calculations, you may want to look at a graph or

specification sheet of the function. Click Next to automatically branch to the
Select A Specification Sheet dialog box (shown in Figure 2-8).
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Figure 2-8  Select a Specification Sheet Dialog Box

E] Select A Specification Sheet

fol [T AT

P A T R E T

o | con | tow | [

5. In this case, select Graph, and click Preview to view the graph.

2.7 Graph

A graph is shown of the relationship between flow rate and both differential pressure
and permanent pressure loss, as shown in Figure 2-9.
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Figure 2-9  Graph Dialog Box
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This function assumes a constant upstream pressure. To set the normal flow rate, do

the following:

1. Adjust the percentage value which appears in the field at the bottom of the graph
window. Adjust this value using the spin controls (up and down arrows) until the
value which appears is the value you want.

2. If you do not set the normal flow rate, Flowel will not perform certain calculations
such as the normal flow reading for meter charts.

This option displays the graph of the function in a scaleable window. Click Print to
print the graph.
2.8 Specification Sheets and Reports

The Specification Sheet option allows you to view, edit, and print a specification
sheet for the active tag. Much of the content will come directly from the information
you have entered thus far. This dialog box will let you add the remaining type of

information.
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There are several sheets and reports to choose from, including:

» Calculate Data Sheet — provides a summary of the calculated data according
to the information you have input to the program

* ISA S-20 Data Sheet — similar to the standards specified by ISA

» Flowel Data Sheet — expands on the ISA standard by facilitating the addition
of information which is relevant and important to specifications

» Fluid Report — produces a listing of the fluid composition of the selected fluid,
if it is a mixture

» AGA3 Factor Report — produces a listing of the factors used in an AGA 3
factors method, if the method being used is applicable

» DP Transmitter, DP Transmitter 2, Pressure Transmitter, and Temperature
Transmitter — ISA S-20 specification sheet — allows users to keep all of the
specification sheets for the flow element in one place

To complete a specification sheet or report, do the following:

On the Worksheet menu, click Spec Sheet, and for this example, choose ISA S-
20 Data Sheet.

=

Figure 2-10 ISA S-20 Data Sheet

L=] I1SA-20 Specification Sheet

Print | Save As | oK | Help | Cancel | Preview | Zoom: 100 < | v
18,
Dsta shest for MO [BY | DATE sseem: [0 of
FLOW ELEMENT O [ | SPec+ ey
JOB # ;. Metric Examples
wsomer
[ I T N — -
I | g -
ELEMENT 1. DEWICE : Orifice Plate-Standard
DATA 2. STAND&RD : ASME MFC-3M
3 BORE : 0.7440 mm
4 MATERIAL : 316 85
5 RING MATERIAL . 00 |
B RINGTYPE e
7. MANUFACTURER

2. The program fills in all of the data it can from the information you have entered
into the tag. All of the fields that remain to be filled in can be accessed using the
Tab key.

The first available field for editing or adding data will appear with a box around fit.
A cursor will appear in the field. Once you are satisfied with the information that
appears in this field, press Tab. The cursor will move to the next available field.

4. Continue until all of the information you require has been entered.

w

All of the specification sheets have a zoom control for viewing the form at different
magnifications. This will allow you to preview the entire form clearly even on the most
basic monitor. Slide the zoom scroll bar to the left to reduce the image and to the
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right to enlarge the image. The window itself is a standard window and is scaleable
by dragging on any of its corners.

Each specification sheet can be printed directly from this screen. Click Print to print
the current sheet.

2.9 Printing

There are a number of printing options available for your use, depending on the
output you require, including:

* Print Tag — print the information associated with a specific tag
» Print Spec — print all of the tags with the same specification number
» Print All — print all of the tags associated with a specific job

From the File menu, select the option which corresponds with the output you require.
From each of these printing options, you may select the type of specification that the
program will use, as shown in Figure 2-11.

Figure 2-11  Output Formats

L*]Print Current Tag Specification Sheet

Job: Metric Examples |
Tag: FE-300 |
Select a Specification Sheet

v Calculation Specification Sheet:

[v ISA S20 Specification Sheet
v Flowel Data Sheet

=

-

[ DP Transmitter Specification Sheet
[~ DP Transmitter Specification Sheet2
[~ Pressure Transmitter Specification Sheet

[ Temperature Transmitter Specification Sheet

Primter SetlUp | | OK Help | gancel|

5. Select the check boxes next to the specification sheets you require and click OK.
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2.9.1 Printer Setup
Each of the printing options allows you to activate the Window printer setup function
by clicking on the Printer SetUp button. This permits you to make last minute
changes to the setup, check that the printer settings are correct, or select another
printer from those available.

2.9.2 Print Preview

The print dialog box also allows you to use the Print Preview function by clicking the
Preview button. This function makes it possible to look at a representation of the
printout before you send it to a printer. On the preview window, you will see a
scaleable version of the form to be printed. If the preview is satisfactory, click OK.
Printing will commence, followed by a confirmation message.
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2.10 Customizing the Program

The program is usable immediately following installation, but there are some tasks
you may want to do before you start working with the program. First, you will want to
set the default units as we have done in the One Time Through example in Section
2.2. Doing this at the beginning means that every time you create a new job or tag, it
will use your default units and will not require modification. Also, the program is
shipped with an extensive database of fluids, pipe, and flow element materials. While
this database is adequate for most users, your may require additional information.

Flowel is designed to help create and store fluids and materials. Use the definition
dialog boxes to make these modifications.

2.10.1 Pipe Maintenance

To activate the pipe maintenance function, on the User Data menu, click Pipe
Maintenance. The Pipe Maintenance dialog box appears, as shown in Figure 2-12.

Figure 2-12 Pipe Maintenance Dialog Box

E Pipe Maintenance

Pipe Hominal Name Add

4in j

Fipe Schedule Name Pipe Diameter Unit -~
55 4.334 in st
108 4.26 in
40 4026 in
g0 3.826 in
120 3624 in
160 3.438 in
o

OK Help Cancel

]'\ W :...{ %
EMERSON.

55 Process Management
Emerson Process Management 3007536 2005-May-02 Rev 0
Flowel 4 Development and Marketing




User Manual 2 Tutorial Instructions

Add or change pipe specifications to suit your applications. Most standard pipe sizes
and materials are already included in Flowel, so before adding a new pipe size be
sure to check that it does not already exist.

2.10.2 Material Maintenance

To activate the material maintenance function, on the User Data menu, click
Material Maintenance. The Material Maintenance dialog box appears, as shown in
Figure 2-13.

Figure 2-13 Material Maintenance Dialog Box

E Material Maintenance rg|
Material Type: |Steel ﬂ
Material Mame Expan. Coeff. Unit Coeff. Yield Stress Linit Modulus of Elasticity Lnit
________ Add
3 5T 0.0000 mmdmimn ) 30000 lbin2 25000000 Q
F16L Z5T 0.0000173 mmsmim 2 30000 b2 25000000 i
Hastelloy C-276 0.000012 mmdmin ) S0000 liin2
bonel 400 0.00001 4 mmsmim 2 45000 Ibin2 26000000 Jikz]
Carbon Steel 0.000012  mmdmm C) 35000 lsin2 28000000 psi
301 5% 0.0000175 mmdmim ) 30000 liin2
304 25 0.0000171 mmsmim 2 30000 b2 28000000 psi
31055 0.0000162 mimnim C) 40000 Ibin2
W
0K Help Cancel [ lgnore null modulus of elasticity for all materials

Add or change material specifications to suit your applications. A comprehensive list
of materials is already included with Flowel, but you may add your own custom
materials if you know the specifications.

2.10.3 Fluid Maintenance

To activate the fluid maintenance function, do the following:

1. On the User Data menu, click Fluid Maintenance. The Fluid Maintenance dialog
box appears, as shown in Figure 2-14.
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Figure 2-14 Fluid Maintenance Dialog Box

E‘] Fluid Maintenance

Fluid Type: |General Mixture j

Fluid: |50% Glycol j

Copy Delete

Component Mame Farmula hole Percent %
ethylene glycol C2HEO2 22 48000000
Wigter andfior Steam H2C 7 .52000000

Tatal: 10000000

] Print | Help Cancel

2. Add fluids that have the same composition as existing fluids, but have different
mole fractions, or copy an existing fluid and adjust the mole fractions to suit the

new mixture.
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2.11 Examples and Applications

The following examples describe real-world applications of Flowel. The examples
look at sample calculations and how they are implemented in Flowel.

Note: These examples are included with Flowel and have been installed with the
program.

2.11.1 Example One

There is an existing single-loop controller on a steam line for which the flow rate will
be increased. This example will illustrate how you can use Flowel to determine the
new size required for the orifice plate.

Figure 2-15 Example One

| FIC
200 )
I
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200 200
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The tag number is FE-200. The information known about the system includes:
* 6" schedule 40 line composed of carbon steel
e upstream static pressure is 155 psig
» flowing temperature is 375°F
* normal flow rate will be about 8,500 Ibs/hr
» existing meter uses radius differential pressure taps
* existing static pressure tap is upstream

To complete this example, do the following:
1. On the Flowel toolbar, click Open Job or on the File menu, click Open Job.

2. The Define a New Job dialog box will appear. From the Existing Jobs, select US
Examples, and click OK.

3. Now we must retrieve the tag information. To do this, from the File menu, select
Open Tag.

4. The Open a Tag dialog box appears. Select the FE-200 tag, and click Next.

5. The Fluid Setting dialog box appears. This dialog is used to select the fluid state

and type, and to define the fluid. For this example, select water in a gas state, as
shown in Figure 2-16.
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Figure 2-16 Example One — Fluid Setting

L*] Fluid Setting

Commaon Fluids -

Define Mixture
Water and/or Steam -

6. Click Next.

7. The Meter Run dialog box appears. For this example, select a standard orifice
plate made of 316 stainless steel, as shown in Figure 2-17.
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Figure 2-17 Example One — Meter Run

Element

Type: |0riﬁce Plate-Standard

j Material: |31ﬁ SS

Thickness:;

Pressure Taps

T m

j

Static

[+ Upstream

Differential: |leius

i

Pipe

Nominal: | Gin

[7]

Schedule: | 10

7]

~

" Downstream

Material: [Carbon Steel

i

Inside Diameter: | 6.0650

[7]

||in

Help | gancel| =Back | Next= | |

8. Note that there are fields for defining the pressure taps and the pipe used in this
meter run. These fields have been filled out as per the information given at the

start of this example.

9. When all of the information is entered, click Next. The Flow Calculation dialog

box appears.
10.

11.

Use the beta ratio button to toggle between displaying the beta ratio and the bore
size for the calculated result.

For an orifice plate with radius taps, the options for methods available are 1ISO

5167 (1980), ISO 5167 (1991) and ASME MFC-3M. In North America, select
ASME; in Europe, select ISO 5167.

12.

If the normal flow rate is 8500 Ib/hr, it is good practice to size the plate for a

maximum flow that is 1.3 to 1.4 times larger. Lets use 11500 Ib/hr. For differential
pressure, start with a convenient value like 50 in-H20. Use the appropriate
calculator to calculate density, viscosity, and isentropic exponent.

13.

Fj“ el
-

Fill in the appropriate values as shown in Figure 2-18.
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Figure 2-18 Example One — Flow Calculation

Flow Calculations--Gas

Setup Flow Rate Unit

. BaseMNormal'Standard Volumetric ¢ Actual Volumetric  » Mass

Calculation
T
e BetaRatio |
Exact Bore j Elow Rate: 11500.00 Ibhr |
DIff. Press.: 50.00 in-H20@60F |
Static Press.: 1155.00 psig -

Temperature: 175.00 ’m
Density 0.21 b3 |
Using ; o1
ASME MFC-3M B M o P =

Isen. Exp.(Cp/Cv) | 1.274

User Factor: [1.000
Atmospheric Pressure: [2.1315 psi

Fluid ‘

Help ‘ Cancel | <Back | Next= ‘ ‘

Note: Refer to Section 2.6.1 for details on density calculations and water and/or
steam calculations.

14. If you want the beta ratio to be higher, try a differential value of 100 in-H20. Click
Calc. to recalculate the equation. The beta ratio changes.

15. Next, you may want to use an orifice plate from your existing inventory. Stock
plates come in 1/8 inch sizes. Solve for Rounded Bore by picking the Rounded
Bore option from the Solve For selections. Set the “round” setting to down and
the “to nearest” to 0.125 in. Click Calc.

16. Click Beta Ratio to toggle the display from beta ratio to bore size. The value that
appears is shown with its units (shown in Figure 2-19).
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Figure 2-19 Example One — Calculated Bore Size

Flow Calculations--Gas

Setup Flow Rate Unit

" BaseMNormal/Standard Volumetric  © Actual Volumetric  + Mass

Calculation

SealE R W‘ in
Rounded Bore j Flow Rate: 111500.00 b |
Diff. Press.: 50.00 n-H20@60F v/
Round Static Press.: |155.00 ||1$ig j
™ Up =+ Down
to nearest Temperature: IW ’m
125 1 Density | 0.21 Ibit3 -
e Viscosity 0.01 P B
|ASME MFC-3M j
Isen. Exp.Cp/Cv) | 1.274
User Factor:[1.000
Atmospheric Pressure: |2.1315 psi
Fluid ‘ calc. |
Help ‘ Cancel | <Back | Next= ‘ ‘

17. Now that a bore size has been successfully calculated, click Next.

18. The Select a Specification Sheet dialog will appear. Select the specification sheet
you would like to preview and click Preview (or click Finish to exit).

19. In the specification sheet preview, click OK to close the window. Now that you
are done entering data, the program displays a summary screen which shows
the results of your work (shown in Figure 2-20).
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Figure 2-20 Example One — Summary Screen

{*] Flowel - --FE-200- [Tag) US Examples (Job)
Fil= ‘Worksheet Options User Data  ‘Windows Help

B O = 2 & &F =

Opendob  MewTag  OpenTag  Printdll  PrintTag Fluid  Meter Pun  Caloukite

Beta = d/D : 0.6183
3.7500 in
PipeID:  6.0650 in

Thickness:

Flow Element: Orifice Plate-Standard Fluid: Water and/or Steam
316 SS Fluid State: Gas
Radius Max Flow: 10713.16 Ib/hr
Upstream Flowing Temp.: 375.00 DEGF
6in Flowing Press.: 155.00 psig
40 Flowing Density: 0.21 Ib/ft3
Carbon Steel Viscosity: 0.02 cP
59.00 DEGF Isentropic Exp.: 1.274
Base Pressure: 14.67 c 1.21E+02 (Ib/hr)/(in-H2O@60F.psi)*0.5
1: 0.996 C: 0.607

Go to next window [Graph)

20. Print out a datasheet for this newly calculated tag. On the Flowel toolbar, select
Spec. Sheet and click the Calculation Data Sheet from the specification sheets
available.

21. The Calculation Data Sheet window appears. This window displays a preview of
the sheet as it will be printed, but this screen also allows you to enter additional
information which could not be found in the data entered in so far. These fields
appear on the screen as highlights. You can scroll around this screen, as well as
zoom in and out.

22. When you have completed this form, click Print to print the form.

2.11.2 Example Two

This situation involves an existing sales gas meter. You must validate the results of
the meter at a certain flow rate. The flow rate will be calculated using AGA 3 (92).
Gas density will be calculated using AGA 8 (92). Determine the volumetric flow rate
at standard conditions and associated uncertainty.
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Figure 2-21 Example Two

} LU } Pl } FI
300 ) 300 / oo /|
TT PT FT

300 300 300

s

SALES GAS

FE
300

The tag number in this example is FE-300. The information known about the system
includes:

» pipe is 8", schedule 40

» composition is known from lab tests done with a gas chromatograph
e upstream pressure is 5,850 kPa

o flowing temperature is 45 C

* bore size is 105 mm

To complete this example, do the following:

1. Open the Job labeled Metric Examples and open tag FE-300, using techniques
previously shown.

2. Onthe Worksheet menu, click Fluid (or click Fluid on the Flowel toolbar).

3. This gas has already been defined for you. Ensure the state is Gas, and select
Fluid type Natural Gas AGA 8 (92) Component List, as shown in Figure 2-22.

Note: Flowel supports more than 600 pure fluids, plus user-defined mixtures.
The Fluid type selection is used to narrow down the number of fluids that appear
in the Fluid list box.
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Figure 2-22 Example Two — Fluid Setting

L] Fluid Setting

State: |Gas j
Fluid Type: [Matural Gas - AGA 8 {92) Component List j
Define Mixture |
Fluid: |Sales Gas j
Edit Mixture ‘
Help | Cancel | | Next= | |

4. Select Sales Gas from the Fluid drop-down list.

5. Click Edit Mixture to review the gas composition. Gas composition is derived
from lab results of gas chromatography performed on a Sales Gas sample. The
gas composition with corresponding mole percentage values for each component
is shown on the mixture editing dialog. The mole percentage values can be
edited at this point. Click OK.

6. Click Next to continue.

7. In the Meter Run dialog, enter the required information for this example, as
shown in Figure 2-23.
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Figure 2-23 Example Two — Meter Run

E] Meter Run

Orifice Plate-Standard -

@ ilunz

202.7174

ton | g | oo | o || o

8. Click Next to continue. The Flow Calculation dialog box appears.

9. Select and insert the values as shown in Figure 2-24 (these values were
provided at the beginning of this example).
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Figure 2-24 Example Two — Flow Calculation

Flow Calculations--Gas

Setup Flow Rate Unit

+ BaseMNormal/Standard Volumetric © Actual Volumetric ¢ Mass

Calculation

Base Condition || Flow Condition “
Soblve For ﬁ.ﬁﬁﬂﬁ

Exact Flow - Flow Rate: |[163.34 Sm3hr v

Diff. Press.: |25-00 |kPa j
Static Press.: 5350.00 |kpa j
Base Press.: |[101.32 kPa =

Temperature: |(15.00 H5.00 DEG C =
Density |l3-23 |45-92 |ku."m3 j
Using

i 01 Pa. -
AGA 3-1990 j Viscosity P |m a.sec J
Isen. Exp.{Cp/Cv) | IW
User Factor: (1.000
Fluid ‘ calc. |
Help ‘ Cancel | <Back | Next=> ‘ ‘
10. This flow calculation uses flow units of standard cubic meters per hour (Sm3/hr).

11.

12.

13.

Notice that the Flow Rate box appears in the base condition column. This
indicates that the displayed flow will be at base conditions, not flowing conditions.

Any time you select a normal (e.g., Nm3/hr) or standard (e.g., Sm3/hr) volumetric
flow unit, Flowel moves the flow rate edit box to the base condition column. Also,
edit boxes will appear for the base temperature and pressure.

If you select a mass (e.g., kg/m3) or volumetric (e.g., m3/hr) flow unit, the
program moves the flow rate edit box to the flowing condition column. The edit
boxes for base temperature and pressure disappear.

The reason for this dynamic behavior is actually quite straight forward. Internally,
Flowel performs all flow calculations using mass flow rate. If you want to enter a
volumetric flow rate, Flowel needs to know the density: mass flow rate =
volumetric flow rate x density. The following table illustrates the conversion
process.
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Table 2-2 Conversion Process
Flow Rate Unit Required Inputs
volumetric flow rate such as m3/hr « flow rate at flowing conditions
< density at flowing conditions
mass flow rate such as kg/m3 « flow rate at flowing conditions

« density at flowing conditions (required for calculation of
fluid velocity, but not for volume to mass conversion)

volumetric flow rate at a standard or « flow rate at base conditions
normal conditions such as Sm3/hr or  density at flowing conditions
Nm3/hr « density at base conditions

¢ pressure at base conditions
« temperature at base conditions

14. Click Density to activate the density calculator. Use the AGA 8 (1992), Detailed
method. For natural gas, this is the most accurate method available and should
be your first choice.

15. Close the Density Calculator dialog box and then, click OK to close the Flow
Calculation dialog box.

16. On the Flowel toolbar, click Uncertainty. The Uncertainty dialog appears, as
shown in Figure 2-25.

Figure 2-25 Example Two — Uncertainty

L*] Unce rtainty @

Standard: AGA 3-1990 |

Delta Pressure: o

Delta Density: |0.0000 o
Delta Discharge C:|0.4381 o
Delta Gas Expansion Coeff.; 0.0141

%8
Delta Bore Size; [0-0500 %
%8

Delta Pipe Diameter: 0.3000

Calculate | Standard C and Y |

Flow Rate Incertainty

48593.7117 sm3tr 4+ |o4s%

Calculated According to 1S0 5168

OK Help Cancel
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17. The uncertainty calculation uses a method described in the 1SO 5168 standard.
The uncertainties associated with the discharge coefficient and the gas
expansion coefficient depend on the flow calculation standard method. In this
case, the standard is AGA 3-1990. Flowel calculates these uncertainties for you.

18. The uncertainty in pressure depends on the accuracy of the pressure sensing
instrument. In this case, we have used a quarter percent as a typical value for a
modern temperature transmitter. Most instrument manufacturers provide
methods to determine instrument uncertainty.

19. The uncertainty for the bore size and pipe diameter will be filled in by Flowel. It
will use the minimum uncertainty values specified in the flow calculation
standard. In this case, AGA 3-1990 states that bore size must be within 0.05% of
the desired value. Similarly, the pipe diameter must be known within 0.5 %. The
best way to confirm these values is to actually measure the plate and pipe.

20. The uncertainty associated with density is a complicated issue, and a complete
discussion is outside the scope of this manual. However, one approach would be
to use AGA 8 to calculate density using various compositions. Vary the
compositions to reflect the uncertainty of the chromatograph and the variations in
compositions. The range of densities thus calculated, assuming AGA 8 is
perfectly accurate, represents the density uncertainty.
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The User Reference section of this manual describes all menus and functions found
within Flowel 4®. This section is organized alphabetically. Please use the table of
contents to find a topic, or the index to get to an exact page number for the subject
matter.

3.1 About Menu Item

To activate the About menu item, type Alt-H-A, or on the Help menu, click About.

This dialog box contains the program name and version, copyright notice, and logo.
For customer support information consult the index, or use the online help system.

(%) About Flowel 3

Welcome to Flowel 4.0*
© Copyright, 1985-2005

G

FLOWEL is a registered trade mark of Emerson Process Management .

3.2 AGA 3 Factors Report

To access the AGA 3 Factors Report, type Alt-S-S-A, or under the Worksheet menu,
select Spec Sheet, and click AGA 3 Factor Report.

Description

The AGA-3 Factors Report is a datasheet containing information related to the AGA-
3 calculation—factors approach—for a tag, including a listing of factors. The factors are
not used to calculate flow, and are provided only for reference. Be careful when
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using factors to calculate the flow rate. The pressure used in the flowing equations
must be the absolute static pressure P;. Q, = C /Pxhw

Notes:

1. When this option is selected, the factors report will print only if the method used
for the selected tag is AGA 3 and the fluid state is gas. If a multiple-tag printing
function is selected, only those tags using AGA 3 will have a factors report
printed for them.

2. The heating value will be available for natural gas with the AGA 8 method only.
Some of the fields may be blank if not enough information is available. The
recommended use of this report is for natural gas with a defined fluid
composition.

3. Job and tag related fields can be edited through the Calculate Data, ISA-S20,
and Emerson data sheets.

Please see Appendix A for the definitions of the factors. These definitions are
extended over the original AGA definitions. Flowel supports all unit types for these
factors.

Related topics include:

* Print All
* Print Spec
* Print Tag
3.3 Atmospheric Pressure

To change the default pressure function, type Alt-O-A, or under the Options menu,
click Atmospheric Pressure.

Description

Use the Atmospheric Pressure function to set the altitude/atmospheric pressure for
this tag. The atmospheric pressure will only be used when a gauge pressure unit is
selected, or when changing from a gauge to absolute pressure and vice versa. The
atmospheric pressure will be added to the gauge pressure to produce an absolute
pressure used in the flow calculations.

The atmospheric pressure is NOT the same as the base pressure.
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3.4

Figure 3-1  Atmospheric Pressure Dialog Box

=] Setting Atmospheric Pressure

ﬂﬁl]l]l] m
Altitude: ||:| |m j
Atmospheric
1.0000 atm -
Pressure: J
Sea Level
ﬂ-ZI]I]I] m oK Help Cancel

First, select the units for altitude and atmospheric pressure if they are not correct.
Next, you have two ways of setting the pressure: click and drag the scroll bar up or
down until the correct values appear in the fields, or enter either altitude or
atmospheric pressure directly into the appropriate field.

Once the gauge pressure has been set, click OK. This value is saved and will be
used as the new default gauge pressure for the next new tag.

Note: Atmospheric pressure can also be changed for an individual tag on the
Calculate dialog box.

Calculate

To activate the calculate function, type Alt-S-C, or under the Worksheet menu, click
Calculate.

Description

This command activates the calculation window. This is a dynamic window in which
the fields displayed depend on the variable to be "solved for", fluid state, and flow
rate units.
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Figure 3-2 Flow Calculation Dialog Box

Flow Calculations--Liquid

Setup Flow Rate Unit

" BaseMNormal/Standard Volumetric  © Actual Volumetric  + Mass

Calculation

Solve For Bore Size | 6o.6784 mm
Exact Flow - Flow Rate: 1.00 kgisec |
Diff. Press.: |10-00 |kPa j
Static Press.: |13?.90 |kpa j
Temperature; 0.00 ’m
L Density |3-32 |ku."m3 j
IS05167.2005 | Viscosity jo-00 Pa.sec -
Vapor Pressure | 0.00 WPa |

User Factor: [1.000

Fluid ‘ calc. |

Help ‘ Cancel | <Back | Next= ‘ ‘

At the top of the window is the Flow Rate Unit selection. Available flow rate units are
categorized into three groups:

 Base/Normal/Standard Volumetric are units of volumetric flow at a base,
normal, or standard condition. This condition is defined under the Options
menu, and Default Base Condition. These base conditions can also be
changed for each tag.

e Actual Volumetric are units of volumetric flow at flowing conditions.
* Mass are mass flow units.

If the category of units is changed on the calculate screen, it is necessary to populate
the flow rate units before the numeric value is entered.
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3.4.1

34.1.1

3.4.1.2

3.4.1.3

The flow rate, differential pressure, static pressure, temperature, and density fields
under the base condition column will appear and disappear depending on the flow
rate unit selections. These fields will show up for any normal or standard flow rate.
Information must be entered into each of the displayed fields in order to perform a
calculation. If a value is out of range for that field, the program will display a warning
message and force you to enter valid data.

If you select a mass (e.g., kg/m3) or volumetric (e.g., m3/hr) flow unit, the program
moves the flow rate edit box to the flowing condition column. The edit boxes for base
temperature and pressure disappear.

Internally, Flowel performs all flow calculations using mass flow rate. If you want to
enter a volumetric flow rate, Flowel needs to know the density: mass flow rate =
volumetric flow rate x density. The following table illustrates the conversion process.

Table 3-1 Flow Calculation
Flow Rate Unit Required Inputs
volumetric flow rate such as m3/hr « flow rate at flowing conditions
 density at flowing conditions
mass flow rate such as kg/sec « flow rate at flowing conditions
« density at flowing conditions
(required for calculation of flowing velocity, but not
for volume to mass conversion)
volumetric flow rate at standard or normal « flow rate at base conditions
conditions such as Sm3/hr or Nm3/hr « density at flowing conditions
 density at base conditions
Solve For

Flowel is capable of solving different types of flow-related calculation problems. The
Solve For selection list lets you choose the variable to be solved for. These are as
listed below.

Exact Bore Size

Calculates an exact bore diameter given the maximum flow rate and maximum
differential pressure.

Exact Differential Pressure

Calculates the exact differential pressure given the maximum flow rate and element
bore.

Exact Flow Rate

Calculates the exact flow rate given the element bore and differential pressure.
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3.4.1.4 Rounded Bore Size

Performs an exact bore calculation. However, before displaying the results, it
determines the next nearest bore size (round up/down 1/8 in. by default, you may
use a different value) and recalculates the maximum flow rate based upon the new

bore size.

3.4.2 Using

Use the Using option to select the calculation methodology. This list will change
depending on the fluid state and meter run settings. Some of the solve methods

available are:
e SO 5167-1980
 1SO5167-1991
* 1S0O 5167-2003
¢« ASME MFC-3M
¢« ASME MFC-7M-1987
« ASME MFC-14M-2003
 AGA 3-1985
 AGA 3-1990
* General
e BS 1042

3.4.3 Options

A description of the available calculation options are listed in Table 3-2 below.

Table 3-2 Options

on, the following function
will operate for a smaller
set of fluids:

Name Availability Description
Density If you have not purchased Press the Density button to calculate the density of
Calculator the Fluid Properties add- the selected fluid based upon the static

temperature and pressure entered into this
calculation screen. There are a number of methods
provided in the program.

Viscosity If you have not purchased
the Fluid Properties add-
on, the following function

will not be available to you.

This button is enabled only for gas with a defined
composition, and liquid water or steam.

Press the Viscosity button to calculate the
viscosity of pure gases or gas mixtures based upon
the static pressure and temperature provided on
the calculation screen.
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on, the following function

will not be available to you.

Name Availability Description
Isentropic If you have not purchased This button is enabled only for gas with a defined
Exponent the Fluid Properties add- composition.

Press Isentropic Exponent to select the Isentropic
Exponent method to use. There are three
calculation methods available:
 Ideal Gas Heat Capacity Ratio
* Real Gas with Redlich-Kwong Equation of
State Correction
* Real Gas with Lee-Kesler Equation of State
Correction
* AGAI0 (natural gas only)

Vapor Pressure/
Bubblepoint

If you have not purchased
the Fluid Properties add-
on, the following function

will not be available to you.

The Vapor Pressure / Bubblepoint button activates
a function which calculates the vapor pressure of
liquid at a static temperature. This function applies
only to pure liquids or liquid mixtures.

This calculation is not used in the calculation of
flow rate, however, you can use the result to
determine the difference between the bubble point
of the liquid and your operating pressure. This
value is required when performing liquid critical flow
calculations.

Fluid

The Fluid button allows you to view the defined
fluid. You can also change the composition of the
defined fluid. It does not activate the full fluid
definition function. To make changes other than
adjustments to the composition, you will have to
return and use the fluid setting screen.

Calculate

The Calc. button is used to perform the final
calculation once all of the required fields have been
filled in. The program will indicate if there are any
fields which do not include data.

Previous and Next Buttons

The Previous button opens up the Meter run dialog
box. You can change the meter run information
without having to start the tag definition from the
beginning.

The Next button activates the Graph window. It
displays a graph of differential pressure and
permanent pressure loss versus flow rate. You can
set the Normal Flow Rate on the graph screen. The
next button is disabled for critical flow.
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Name Availability Description

Wet Gas Calculation

When using wet gas, you need to remember that is
essentially a gas calculation with a correction factor
for a small amount of liquid. No standards
organization (such as AGA or ISO) provides
methods for dealing with wet gas. Flowel modifies
the 1ISO 5167 method by applying a correction
factor developed by Murdoch. See Appendix C for
more details.

Internally, Flowel performs all calculations using
mass flow. If you select flowing volumetric units
(e.g., CFH), then Flowel calculates:

Qn=0Q,-p
where

PIpliq
Yo

~ plig-x+ pg-(1-x)
If you select Normal or Standard volumetric units
(e.g. SCFH) then Flowel calculates mass flow =

base volumetric flow x base density, where the
base density is entered by you.

Flowel uses a single, user-entered value for the
base density because it is highly likely that a wet
gas will be totally liquid at base conditions.

If your calculated volumetric flow seem very high,
please remember that a given mass of gas will
occupy much more volume than the same mass of
liquid.

3.5 Calculation Data Sheet

To activate the calculation data sheet function, type Alt-S-S-C, or under the
Worksheet menu, select Spec Sheet, and click Calculation Data Sheet.

This command produces a report showing the calculated data specification sheet.
This form appears on the screen, with some of the fields already filled in by the
program. You fill in the remaining fields.

&
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3.5.1

3.5.2

Figure 3-3  Calculation Data Sheet

{+] Calculation Sheet El

Primt | Save As ‘ 0K ‘ Help | Cancel | Preview | Zoom: 100 ﬂ J j
Calculstion L)
Data sheet for o | o DATE | sheeT: [ oF [
FLOW ELEMENT I spece: [ rev: [
o,
[ | o o ||t . e e
[ | e e W
Tag Mo, FE-200 Eainero. [
Service : [Sinple Loon Controller; Steam I Flowsheet |
manat, [ Mol o 00000
ELEMENT DATA Element Type © Orifice Plate-Standard
Press. Tap Loc. f Type : Upstream I Radius
Element Materisl OMESS
Beta Ratio(d/D) o 0.6183
Element Bore © o 3.7500 in
Thicknezs : in
SIZING CRITERIA, Sizing Mode : Rounded Bore
Reference © ASME MFC-3M
PING DATA Flange I
Fipe Size & SCH 6in 40
Pipe 1D 6.0650 in
Flange Material
Pipe Material Carbon Steel
COEFFICIENTS Discharge Coeff.(C) 0.607 User Factor (Fuser) o 1.000
as Expan. Coeff[¥1) 0.996 Murdock Wet Gas Factor (Fx)
Reynalds Mo (Pipe) T18207.46 “elocity of Approach Factor (Ev) @ 1.082
Reynolds NoBore) 116158087 Reynolds Mo (Pipe - Mormal) © B03950
PROCESS DATA, Base Maximurm Flow Marmal Flaw Property Method
Flowy Rate : 1071316 Ibhr E
Ditf. Pressure B 50.00 in-H20d601
Pressure Loss : 2938 in-H20:0601
Static Pressure : 155.00 psig
Baze Pressure :
Temperature B 375.00 DEGF
Density : (%3] I3 User Input
Spec. Gravity :
I-Compressibilty Factor
Wiscosity : 0.02 cP I&PS (1975) Viscosity Egqn
k-Factor (CpiCv) : 1.2738
Fluid Mame / Fluid State © Water andior Steam ! Gas
Virnicd Manzity . -

Entering Data

Data may be entered into this specification sheet. Use the Tab key to move between
fields which allow user input. As you finish entering data into a field, press Tab to
move to the next field.

All of the colored fields indicate that they are editable. Some of these fields are drop
down selection list boxes which will activate as you click on them.

Zoom

The zoom control will allow the spec. sheet page to be zoomed from 60 to 200% in
size. To change the zoom in 1% increments, click on the arrows which appear on the
horizontal scroll bar to the right of the zoom display. To change the zoom in 5%
increments, click on the scroll bar, on either side of the scroll button in the direction
you wish to zoom. Use the button on the scroll bar to click and drag the zoom factor.

The scale you set for the specification sheet is saved for re-use, until you set it again.
This allows scaling (normally 95%) for proper printing for European paper sizes.

&
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353 Print

Print this sheet by clicking the Print button. A prompt will indicate printing status. You
can change the printed sheet size by changing the zoom factor. The paper size is
either A4 or letter, as selected under the Options menu and Print Paper Format.

354 Save

The data sheet can be saved to a PDF file. The paper size is either A4 or letter, as
selected under the Options menu and Print Paper Format.

3.55 Adding Your Logo to the Datasheet

You may add your logo to the datasheets through a simple process. Do the following:

1. Create a bitmap (.BMP) file containing your logo. This file should be a maximum
of 1.5 inches wide and 1 inch tall.

2. Name the file LOGO.BMP.

3. Copy the file into the directory which contains the Flowel program.

The logo will automatically be added to each of the datasheets. To remove the logo,
either rename the logo filename, or move it from the Flowel directory.

3.6 Color

To activate the color function, type Alt-W-C, or under the Windows menu, click
Color.

The results field in the calculation window displays the final calculated value. This
field is important since the result it produces is the reason for using the program. On
some computers, notably LCD and other "gray" screens, this result may be difficult to
read using the default colors. Use this function to select a color which allows the
result to be clearly viewed.

Note: All other colors in the program use the Windows colors. Use the Colors
function in the Windows Control Panel to make changes.
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Figure 3-4

Color Selection Dialog Box

L] Changing Colors For Calculated Field

Set Color for Calculated Field:

Background

Text

3

Dol

Green ﬂ
Blue _ 1

et (I 1|
Green Elll_|
Buc [N «| |

L

Help

Cancel

Using the scroll bars for each of the color components (red, green, and blue), adjust
each component color until you can clearly distinguish the text from the background.
The text line, "Set Color for Calculated Field:" is an example of the current color

selection.

3.6.1

Setting RGB Colors

Setting colors using a red, green, and blue (RGB) color model can be difficult if not
understood. Each of the colors components is defined by a number from 0 to 255.
Zero means that none of that color component is included in the overall color; 255 is
the maximum a color component can be assigned.

Some values used in making standard colors are listed in Table 3-3.

Table 3-3 Setting RGB Colors
Color R G B
Black 0 0 0
White 255 255 255
Red 255 0 0
Green 0 255 0
Blue 0 0 255
Yellow 255 255 0
Magenta 255 0 255
Cyan 0 255 255
Elexrvel &
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3.7 Default Base Conditions

To activate the default base condition function, type Alt-O-B, or under the Options
menu, click Default Base Conditions.

The Base Condition function allows you to set the base conditions which will apply to
the system being designed.

Figure 3-5 Default Base Condition Setting Dialog Box

E Default Base Condition Setting

Type of Base Condition: [N -

Pressure: | | J

Temperature: | | J

Note: Default conditions are only applied to new tags

OK Help Cancel |

The default base condition options are listed in Table 3-4.

Table 3-4 Default Base Condition Options

Name Description
Standard — US This option sets the base conditions for the program to 14.65 psia at 60°F.
Standard — Metric This option sets the base conditions for the program to 101.325 kPa at 15°C.
Normal — US This option sets the base conditions for the program to 14.73 psia at 32°F.
Normal — Metric This option sets the base conditions for the program to 101.325 kPa at 0°C.
Other This option allows you to define values and units to be used throughout the
program.
&
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3.8 Default Element

To activate the Default Element function, type Alt-O-F, or under the Options menu,
click Default Element.

The Default Element function is used to set the default flow element for new tags.

Figure 3-6 Default Flow Element Setting Dialog Box

E‘] Setting Default Flowel Element

Flowi Element

Twpe: |Driﬁce Plate-Standard

Material:

-
Carbon Steel j
-

DP Tap: [Flange

Static Pressure Tap: |U|1streﬂm j

Pipe Material: |304 ss5 j

0K Help Cancel

The options available are the same as the settings on the Meter Run screen. All new
tags created will use this default setting, but this setting can be altered at any point.

3.9 Default Units

To activate the Default Units function, type Alt-O-U, or under the Options menu,
click Default Units.

Use the Default Units option to set the program defaults for your preferred units. This
function sets defaults for the whole program. You may change the units associated
with a tag, and have those new units saved with the tag.

Any new tags created will use the defaults, but each tag may be altered at any point.
This setting will not alter the units you set for the existing tag. Your preferred default
units will be saved for future use.

]'\ W :...{ %
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Figure 3-7  Default Units Dialog Box

L=] Default Unit Setting

Temperature:; |DEG C

Flow Rate: |kg.-'sec

-~
Base Pressure: |par j OK
Static Pressure: |gar j
Help
Differential Pressure: |kPa j
Sl |m j Cancel
Viscosity: | cP j —
-~
-

Composition: |Mole Fraction

Note: Default units are only applied to new tags

The following table shows the options available under each category.

&
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Table 3-5 Category Options
Density Temperature Base Pressure Viscosity Flow Rate
g/cm?® Deg C Atm cP CFD NCFD
kg/dm? Deg F Bar gm/cm-sec CFH NCFH
kg/m?® Deg K in- H,0 gmf-sec/cm? CFS NCFM
Ib/t® Deg R kg/cm? kg/m-hr E3M3/day NCFS
kPa Ib/ft-hr E3M3/hr Nm®/day
mm- H,0 Ib/ft-sec E6M3/day Nm*/hr
MPa Ib/in-sec E6M3/hr Nm?min
psia Ibf-sec/m? hL/day Nm%sec
mPa.S hL/hr SCFD
N-sec/m’ IMPBPD SCFH
P IMPBPH SCFM
Static Differential Length Composition :mggﬁa gﬁgﬁay
Pressure Pressure IMPGPM smé/hr
Atm Atm Cm Mole Fraction IMPGPS Sm?m'n
atm-g Bar ft Mole Percentage | kg/day Sm’/sec
Bar in- H,O in kg/hr ton/day
Bar-g kg/cm? m kg/min ton/hr
in-H.0 kPa micron kg/sec ton/min
in-H,0-g mm- H,O mm L/day ton/sec
kglcm? MPa yd L/hr tonne/day
kglem?-g psia L/min tonne/hr
kPa L/sec tonne/min
kPa-g lb/day tonne/sec
mm_Hzo Ib/hr USBPD
mm—HZO—g Ib/min USBPH
MPa Ib/sec USGPD
MPa-g m%/day USGPH
psia m%hr USGPM
psig mi/min USGPS
m°/sec

3.10

3.10.1

Once the default settings have been selected, click OK to save the settings and
return to the main program.

The default unit determines the type of unit (base/normal/standard volumetric, actual
volumetric, or mass).

Density Calculator

The Density Calculator will calculate the density of a fluid based upon the

temperature and pressure entered in the flow calculation screen, and in the case of
base conditions, those that can be entered in the density calculator.

Method

The method used to calculate density must be selected from the list provided in the
dialog box. The methods available depend on fluid state, composition, and whether

you have the optional fluid property calculator package with your program.

85
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Some of these methods will require additional information. A prompt will
automatically appear when you click on the Calculate button. Enter the required
values, then click OK to return to the Density Calculator dialog box.

Once a method has been selected, click on the Calculate button to obtain the result.
Once the OK button has been clicked, the program will return to the flow calculation
screen, with the calculated density value placed into the density field.

The following sections list the calculation methods available within Flowel.

3.10.2 Soave-Redlich-Kwong

The Soave-Redlich-Kwong equation of state can be used for all pure component or
fluid mixtures defined using the component lists. The fluid may be gas or liquid. If the
fluid is in two phases, only the density for the specified fluid state will be displayed.

The flowing temperature and pressure for this window are taken from the flow
calculation screen, and are not editable fields. However, the base condition
temperature and pressure, whether entered in the flow calculation screen or not, are
editable.

3.10.3 Peng-Robinson

The Peng-Robinson equation of state can be used for all pure components or fluid
mixtures defined using the component lists. The fluid may be gas or liquid. If the fluid
is in two phases, only the density for the specified fluid state will be displayed.

The flowing temperature and pressure for this window are taken from the flow
calculation screen, and are not editable fields. However, the base condition
temperature and pressure, whether entered in the flow calculation screen or not, are
editable.

3.10.4 Lee-Kesler BWR

The Lee-Kesler BWR calculation method can be used for all pure components or
fluid mixtures defined using the component lists. The fluid may be gas or liquid. If the
fluid is in two phases, only the density for the specified fluid state will be displayed.

The flowing temperature and pressure for this window are taken from the flow
calculation screen, and are not editable fields. However, the base condition
temperature and pressure, whether entered in the flow calculation screen or not, are

editable.
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3.10.5 Thompson-Brobst-Hankinson

This method is also known as the COSTALD method. It was initially developed to
correlate the density of liquid hydrocarbons. It can be used for all pure components
or supported fluid mixtures for gas or liquid. It is not accurate for high asymmetric
fluids at high pressure.

The flowing temperature and pressure for this window are taken from the flow
calculation screen, and are not editable fields. However, the base condition
temperature and pressure, whether entered in the flow calculation screen or not, are
editable.

3.10.6 Modified Rackett

The Modified Rackett equation should only be used for saturated liquids.

The flowing temperature and pressure for this window are taken from the flow
calculation screen, and are not editable fields. However, the base condition
temperature and pressure, whether entered in the flow calculation screen or not, are
editable.

3.10.7 AGA 8 (1985), Detailed

The AGA 8 (1985), detailed method can be used to calculate natural gas density by
entering a detailed analysis of the composition. This method is not recommended for
sour natural gas (see the next section).

Whenever possible, the AGA 8 (92) detailed method should be applied, since this
method includes the most recent compressibility factor data, and an improved
correlation methodology (AGA Report 8, p.1, 1992).

The flowing temperature and pressure for this window are taken from the flow
calculation screen, and are not editable fields. However, the base condition
temperature and pressure, whether entered in the flow calculation screen or not, are
editable.

3.10.8 AGA 8 (1992), Detailed

The AGA 8 (1992), detailed method can be used to calculate natural gas density by
entering a detailed analysis of the composition. It can be used for sweet as well as
sour natural gas.

Whenever possible, the AGA 8 (92) detailed method should be applied, since this
method includes the most recent compressibility factor data, and an improved
correlation methodology (AGA Report 8, p.1, 1992).
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The flowing temperature and pressure for this window are taken from the flow
calculation screen, and are not editable fields. However, the base condition
temperature and pressure, whether entered in the flow calculation screen or not, are
editable.

3.10.9 Redlich-Kwong (Wichert-Aziz)

This method was developed for sour natural gas. It uses the Redlich-Kwong equation
of state, with a corrected critical temperatures and pressures. If no H,S or CO. is
present, this method becomes the same as the Redlich-Kwong equation of state.

The flowing temperature and pressure for this window are taken from the flow
calculation screen, and are not editable fields. However, the base condition
temperature and pressure, whether entered in the flow calculation screen or not, are
editable.

3.10.10 NX-19, Detailed

NX-19 detailed method can be used to calculate natural gas density by entering a
detailed analysis of the composition. When possible, the AGA 8 (1992) detailed
method should be used, since this method provides more accurate computation of
compressibility factor over a larger range of temperature, pressure and compositions
(AGA Report 8, p.1, 1992).

The flowing temperature and pressure for this window are taken from the flow
calculation screen, and are not editable fields. However, the base condition
temperature and pressure, whether entered in the flow calculation screen or not, are
editable.

3.10.11 NBS/NRC Steam Equation

This method was developed by the US National Bureau of Standards and the
national Research Council of Canada. NBS/NRC Steam equation of state is
available in Flowel for calculating steam and water density. It can be used for both
superheated steam and compressed water.

Flowel will automatically detect the phase condition according to the temperature and
pressure regardless of the specified fluid state.

The flowing temperature and pressure for this window are taken from the flow
calculation screen, and are not editable fields. However, the base condition
temperature and pressure, whether entered in the flow calculation screen or not, are
editable.

The H20 density calculator with NBS equation operates as follows.

&
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3.10.11.1 Flowing Density

To calculate a flowing density you are presented with three options:
1. H20 saturated, use Temperature

2. H20 saturated, use Pressure

3. H20 not saturated, use Both Temp. and Press

If “H20 saturated, use Temperature” is selected, a saturated density at flowing
temperature in the selected state (gas or liquid) is calculated. This state is selected in
the Fluid Setting dialog box. The flowing pressure is changed to the pressure
corresponding to the saturated temperature.

If “H20 saturated, use Pressure” is selected, a saturated density at flowing pressure
in the selected state (gas or liquid) is calculated. This state is selected in the Fluid
Setting dialog box. The flowing temperature is changed to the temperature
corresponding to the saturated pressure.

If “H20 not saturated, use Both Temp. and Press.” is selected, a density at flowing
temperature and flowing pressure is calculated. The density calculated may be either
for a gas or a liquid depending on the temperature and pressure and may not
correspond to the state selected in the Fluid Setting dialog box. Whether the
calculated density is gas or liquid is determined by calculating the vapor pressure at
the flowing temperature. If the flowing pressure is greater than the calculated vapor
pressure, a liquid density is calculated. If the flowing pressure is less than the
calculated vapor pressure then a gas density is calculated. Neither the flowing
temperature or pressure are changed.

3.10.11.2 Base Density

The base density is always calculated using both the base temperature and base
pressure (no matter what method option is selected for flowing density). The density
calculated may be either for a gas or a liquid depending on the temperature and
pressure and may not correspond to the state selected on the fluid setting window.
Whether the calculated density is gas or liquid is determined by calculating a vapour
pressure at the base temperature. If the base pressure is greater than the calculated
vapour pressure, a liquid density is calculated. If the base pressure is less than the
calculated vapour pressure, a gas density is calculated. Neither the base
temperature or pressure are changed.

3.10.12 NBS Ammonia, NBS Nitrogen, NBS Argon, NBS Oxygen,
IUPAC Carbon Dioxide, NBS Hydrogen, NBS Methane, NBS
Ethane, NBS Ethylene, NBS Propane, NBS i-Butane, NBS n-
Butane

Methods are available for each of these pure fluids. They are appropriate to both gas
and liquid phases. Flowel will automatically detect the phase condition according to
the temperature and pressure regardless of the specified fluid state.
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The flowing temperature and pressure for this window are taken from the flow
calculation screen, and are not editable fields. However, the base condition
temperature and pressure, whether entered in the flow calculation screen or not, are
editable.

3.10.13  AGA 8 (1985), SG, CO,, N,

This is an alternative gross characterization method for a fluid state of gas, and
“Natural gas - AGA 8 (85) component list” or “None of the above” fluid types. This
method requires specific gravity plus the mole fraction of CO, and N, for a natural
gas.

Enter the values for the components on the left-hand-side of the window. Set the
temperature and pressure as necessary.

Note: The entered specific gravity will be reset to null after any changes to the
density occur. It will maintain the entered Specific Gravity until the density is
changed, either by direct editing or re-calculation.

3.10.14  AGA 8 (1985), SG, HV, CO,

This is a gross characterization method for a fluid state of gas, and “Natural gas -
AGA 8 (85) component list” or “None of the above” fluid types. This method requires
the heating value, specific gravity, and mole fraction of CO, for a natural gas.

Enter the values for the components on the left-hand-side of the window. Set the
temperature and pressure as required.

You can set different base temperature and pressure values and units for the heating
value and specific gravity.

Note: The entered specific gravity will be reset to null after any changes to the
density occur. It will maintain the entered Specific Gravity until the density is
changed, either by direct editing or re-calculation.

3.10.15 AGA 8(1985), HV, CO,, N;

This is a gross characterization method for a fluid state of gas, and “Natural gas -
AGA 8 (85) component list” or “None of the above” fluid types. This method requires
the heating value and mole fractions of CO, and N, for a natural gas.

Enter the values for the components on the left-hand-side of the window. Set the
temperature and pressure as required.

3.10.16  AGA 8(1985), SG, CH,4, CO,, N,

This is a gross characterization method for a fluid state of gas, and “Natural gas -
AGA 8 (85) component list” or “None of the above” fluid types. This method requires
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the specific gravity and mole fractions of Methane, CO, and N, are known for a
natural gas.

Enter the values for the components on the left-hand-side of the window. Set the
temperature and pressure as required.

Note: The entered specific gravity will be reset to null after any changes to the
density occur. It will maintain the entered Specific Gravity until the density is
changed, either by direct editing or re-calculation.

3.10.17  AGA 8(1992), SG, HV, CO,

This is a gross characterization method for a fluid state of gas, and “Natural gas -
AGA 8 (85) component list”, “Natural gas - AGA 8 (92) component list”, or “None of
the above” fluid types. This method requires the heating value and mole fractions of
CO, for a natural gas. Enter the values for the components on the left-hand-side of
the window. Set the temperature and pressure as required.

You can set different base temperature and pressure values and units for the heating
value and specific gravity.

Note: The entered specific gravity will be reset to null after any changes to the
density occur. It will maintain the entered Specific Gravity until the density is
changed, either by direct editing or re-calculation.

3.10.18 AGA 8(1992), SG, COg,, N,

This is a gross characterization method for a fluid state of gas, and “Natural gas -
AGA 8 (85) component list”, “Natural gas - AGA 8 (92) component list”, or “None of
the above” fluid types. This method requires the specific and mole fractions of CO,
and N, for a natural gas.

Enter the values for the components on the left-hand-side of the window. Set the
temperature and pressure as required.

Note: The entered specific gravity will be reset to null after any changes to the
density occur. It will maintain the entered Specific Gravity until the density is
changed, either by direct editing or re-calculation.

3.10.19 Ideal Gas Method, SGi, Zf

The Ideal Gas method is to be used to calculate density when the ideal specific
gravity and compressibility factors (flowing and base) for a gas are known.

Molecular weight of fluid
28.96247

Ideal Specific Gravity =

Enter the ideal specific gravity and compressibility into the popup dialog box.
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3.10.20 Real Gas Method, SGr, Zair

The Real Specific Gravity method can be used to calculate density when the real
specific gravity and the compressibility factor (flowing and base) of air are known.

Molecular weight of fluid  air compressibility factor at flowing conditions
X
28.96247 fluid compressibility factor at flowing conditions

Real specific gravity =

Enter the real specific gravity and compressibility into the popup dialog box. Flowel
will fill in values for the compressibility of air.

3.10.21 Molecular Weight Method, MW, Zf

The Molecular Weight method can be used to calculate density when the molecular
weight and compressibility (flowing and base) of a fluid are known.

Enter the molecular weight and compressibility into the popup dialog box.

3.10.22 Liquid Method, SG, Density H,O

For liquids, the density can be calculated when the specific gravity is known. Enter
the specific gravity and density of water at standard conditions into the popup dialog
box.

The reference condition used for measuring specific gravity varies. A list of the most
commonly used reference conditions is provided for convenience. You may select
“Other”, and enter other values for the density of water.

3.11 Exact Bore Size

This function calculates an exact bore diameter based on maximum flow, maximum
differential pressure, and other user-entered information.
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Figure 3-8 Flow Calculation Window Solving for Exact Bore Size

Flow Calculations--Liquid

Setup Flow Rate Unit

" BaseMNormal/Standard Volumetric  © Actual Volumetric  + Mass

Calculation

Base Condition || Flow Condition “
Sohle For BOT&SIZ& 9.6784 mm

Exact Bore j Flow Rate: 1150.00 kgiday |
Diff. Press.: 1100.00 n-H20@60F v/
Static Press.: |15?.IIIIII |psig j

Temperature: 175.00 DEG F =

Density | 0.21 Ibit3 -
Using

I .01 cP -
ASME MFC-3M - M o | =
Vapor Pressure | P-O'] |in-H20(c:r;60F j

User Factor: [1.000

Atmospheric Pressure: 2.1315 psi
Fluid ‘ calc. |
Help ‘ Cancel | <Back | Next= ‘ ‘

The methods available for use to solve for exact bore size are:
 AGA 3-1985
 AGA 3-1990
« ASME MFC-3M
¢ ASME MFC-7M 1987
« ASME MFC-14M-2003 (for small bore orifice only)
e SO 5167-1980
e SO 5167-1991
e |ISO 5167-2003

The methods that are available for selection depend on fluid state, fluid type, element
type and differential pressure tap location.
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For this screen, the minimum data required to calculate the exact bore are:

» flow rate — flowing conditions, or base conditions if a standard or normal
volumetric flow rate unit was selected

» differential pressure

» static pressure — flowing conditions

» temperature — flowing conditions

» density — flowing conditions

e viscosity

» isentropic exponent (this field will not appear if the fluid is in liquid state)

3.12 Exact Differential Pressure

This function calculates the exact differential pressure based on the flow rate,
element bore, and other user-entered information.

The methods available for use to solve for exact differential pressure are:
+ AGA3-1985
* AGA 3-1990
« ASME MFC-3M
* 1S0O 5167-1980
* 1SO 5167-1991
* 1SO 5167-2003

The methods that are available for selection depend on fluid state, fluid type, element
type, and differential pressure tap location. For this screen, the minimum data
required to calculate the exact differential pressure are:

* betaratio

» flow rate — flow conditions

e static pressure — flow conditions

» temperature — flow conditions

* density — flow conditions

* viscosity

» isentropic exponent (this field will not appear if the fluid is in liquid state)

Upon entry of the values for these fields, press the Calc. button to perform the
calculation.

3.13 Exact Flow Rate

Exact Flow Rate causes the program to solve for the flow rate based on the element
bore, differential pressure, and other user-entered information.
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The methods available for use to solve for exact flow rate are:

e AGA3-1985

e AGA3-1990

« ASME MFC-3M

¢« ASME MFC-7M 1987

e SO 5167-1980

e SO 5167-1991

e SO 5167-2003

The methods that are available for selection depend on fluid state, fluid type, element
type and differential pressure tap location. For this screen, the minimum data fields
required for calculation are:

* betaratio

» differential pressure

e static pressure — flow condition

» temperature — flow condition

* density — flow condition

e viscosity

» isentropic exponent (this field will not appear if the fluid is in liquid state)

Upon entry of the values for these fields, click the Calc. button to perform the
calculation.

3.14 Exit

To activate the Exit function, type Alt-F-X, or under the File menu, click Exit.

Use the Exit command to exit the FLOWEL 4.0 program. You will be prompted to
confirm this choice. Press the Enter key or click OK to confirm.

Note: The program will not prompt you to save any changes because any changes
are saved as each command or function is activated.

3.15 Export Fluid

To activate the Export Fluid function, type Alt-U-E, or from the User Data menu, click
Export Fluid.

Description

This command allows Flowel to export existing fluids mixtures to .CSV (comma
separated value) file format for use outside the Flowel program.
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A mixture name can include any characters except commas. Each nhame can be up
to 49 characters long. Valid fluid type names:

« Al

* Common Fluids

* General Mixture

* Natural Gas, AGA 8 (85) Component List
* Natural Gas, AGA 8 (92) Component List
* Natural Gas, NX-19 Component List

* None of the Above (user-defined)

Unit must be either ‘Mole Fraction’ or ‘Mole Percent’.

The component name will be a valid fluid name from the list. Select a Fluid Type. A
list of available fluids will appear. Select the fluid you wish to export, then click OK.
The standard Windows file selection dialog will appear. Enter the new fluid name,
then click OK. The program will perform the export.

3.16 Export Job

To activate the Export Job function, type Alt-F-J, or under the File menu, click
Export Job.

Description

& This command allows exporting of job information only (no tag information is
included when exporting Jobs).

There are two cases when this function is important. First, there may be situations in
the future when the Flowel database will be altered. Rather than force each user to
re-enter each of the jobs created, this function will allow the data to be exported into
a form that can be read by a future version.

Second, this function allows job information to be stored into another form for backup
purposes. Using all of the export functions (Job, Tags, and Fluids) you can archive
this information.

On the File Menu, select Export Job. You will be prompted to select or enter a
filename for the export file. The program will automatically add the filename

extension. Click OK to complete the process. The dialog box will disappear from the
screen as the export process begins.

3.17 Export Tag

To activate the Export Tag function, type Alt-F-E, or under the File menu, click

Export Tag.
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3.18

Description

This command allows for the exporting of tags for use elsewhere. This function
exports tags associated with the currently open job to a comma separated value
(*.CSV) file format. This format is commonly used by both spreadsheet and database
programs.

First, select the tags that are to be exported. Your options include selecting all tags,
one tag or some tags.

To select all of the tags, click on the Select All option in the Export Tag dialog box. If
you click on this option again, you will deselect all of the selected tags.

To select a single tag, scroll the list until it is visible, then click on the tag name to
highlight it. Once highlighted, a tag is selected.

To select tags that do not appear contiguously in the list, click on the first tag, then
use the mouse to click on the next tag to be selected. If tags you want are down the
list beyond view, click on the scroll buttons on the list to bring the tags you want into
view.

When you have made all of your selections, click OK. Once you have selected the
tags that are to be exported, you must select a filename and location for that file. A
standard Windows file selection dialog box will appear.

Enter an appropriate name in the File Name field, using the standard DOS eight-
character naming convention. It is not necessary to add the three-character filename
suffix, the program will add it for you.

Select the drive and directory onto which the file is to be saved.

When these steps are complete, click OK. Flowel will display a confirmation
message indicating that the export is being performed. If an existing filename has
been selected, a warning message will ask you to confirm an overwrite of the
existing file.

File Menu
To activate the file menu, type Alt-F.
Description

This menu contains the commands needed to open and create new jobs and tags,
import and export, and print.

All of the menu items in Flowel are listed by name (alphabetically) in the reference
section. Please look to the specific function name for information on that function.
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3.19 Flowel Data Sheet

Description

This function aids in the production of a Flowel Data Sheet report. The Flowel form
appears on screen, with as much information as possible filled in automatically by
the program using already-entered data. You can fill in the remaining fields.

Figure 3-9  Flowel Data Sheet Window

=] Flowel Specification Sheet E|

| savens | oK ] Help 1Qancelj Pre!iewiZuum:WD | |

JOB #: US Examples
PO,
DATE : CHK:

Spec ~

Diata shest for
FLOW ELEMENT

Tag. Mo, FE-204 Ecy.Line Mo,

Service M Flowysheet T
v [ voseivo.
SIFING CRITERIA Type Orifice Plate-Standard
Press Tap Loc Upstream
Sizing Maode Rounded Bore
Reference ASME MFC-3M
ELEMENT DATA, Device Orifice Plate-Standard
Standard ASME MFC-3M
Beta Ratio (/D) 05977
Thickness in
Element Material 316 SS
Hole Type ! Size § Location ! i
Ring Type  Material I N
Bore 3.6250 in
ELEMENT FLANGES Rating / Facing
and Flanges Included M
Flange Type
PIPING DATA Flange Material
Tap Type Radius
Tap Size
Fipe Size & Schedule &in
Fipe Material Carbon Steel
Pipe 1D 6.0650 in |
PROCESS DATA Baze Maxdimum Flow Hormal Flow Method
Flavwy Rate : 9896.22 Ibhr
Diff. Pressure : 50.00 in-H20@60F
Stetic Pressure : 155.00 psig
Permanert Pressure Loss .13 in-H20@60F
Base Pressure :
Tempersture : 375.00 DEGF

Density H o b3 User Input
Spec. Gravity

I-Compressibility Factor

Viscosty : 002 <P Lucas Viscosity Egn.
k-Factar (CriCu : 1.274 -

3.19.1 Entering Data

Data may be entered into this specification sheet. Use the Tab key to move between
fields which allow user input. As you finish entering data into a field, press Tab to
move to the next field.

All of the colored fields indicate that they are editable. Some of these fields are drop
down selection list boxes which will activate as you click on them.
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3.19.2 Zoom

The zoom control will allow the spec. sheet page to be zoomed from 60 to 200% in
size. To change the zoom in 1% increments, click on the arrows which appear on the
horizontal scroll bar to the right of the zoom display. To change the zoom in 5%
increments, click on the scroll bar, on either side of the scroll button in the direction
you wish to zoom. Use the button on the scroll bar to click and drag the zoom factor.

The scale you set for the specification sheet is saved for re-use, until you set it again.
This allows scaling (normally 95%) for proper printing for European paper sizes.

3.19.3 Print

Print this sheet by clicking the Print button. A prompt will indicate printing status. You
can change the printed sheet size by changing the zoom factor. The paper size is
either A4 or letter, as selected under the Options menu and Print Paper Format.

3.194 Save

The data sheet can be saved to a portable document format (PDF) file. The paper
size is either A4 or letter, as selected under the Options menu and Print Paper
Format. PDF files can be printed on all Adobe Reader supported paper sizes.

3.19.5 Adding Your Logo to the Datasheet

You may add your logo to the datasheets through a simple process.

1. Create a bitmap (.BMP) file containing your logo. This file should be a maximum
of 1.5 inches wide and 1 inch tall.

2. Name the file LOGO.BMP.
3. Copy the file into the directory which contains the Flowel program.

The logo will automatically be added to each of the datasheets. To remove the logo,
either rename the logo to another filename, or move it from the Flowel directory.

3.20 Fluid

To activate the fluid function, type Alt-S-F, or under the Worksheet menu, click
Fluid.

Description

The Fluid Setting dialog is the first window to use after the creation of a tag name.
This function allows you to define the fluid state and fluid type associated with this

tag.
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3.20.1 Fluid State

Select the state from the dropdown list provided. Your choices are:

« Gas

e Gas, Critical Flow

* Liquid

* Liquid, Critical Flow
* Wet Gas

These selections affect how the program solves for each of the variables, as each of
these states are solved for using different methods and formulas. You must make a
fluid state selection. Critical Flow is the maximum.

3.21 Fluid Type

Next, select the fluid type from the provided list. The following options are available:
« Al
+ Common Fluids
* General Mixture
* Natural Gas, AGA 8 (85) Component List
* Natural Gas, AGA 8 (92) Component List
* Natural Gas, NX-19 Component List
* None of the above (you may type in a fluid name)

3.21.1.1 All

The All option allows you to select from all of the fluids available including Flowel's
built-in database of pure components and any defined mixtures. Once you have
selected All, you can select from the dropdown list. If you know the component's
name, you can type in the first character into the name field. As you type, the
program automatically searches for a match. For a pure component selection, you do
not have to define the fluid further.

3.21.1.2 Common Fluids

The Common Fluids option allows you to select a pure component from Flowel's
built-in database. Once you have selected Common Fluids, you can select a pure
component from the dropdown list. If you know the component's proper name, you
can type in the first character into the name field. As you type, the program
automatically searches for a match. For a pure component selection, you do not
have to define the fluid further.
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3.21.1.3 General Mixture

The General Mixture option provides the means to defining your own custom fluid
mixture. To use this option, select General Mixture from the fluid types, then click the
Define Mixture button. The Mixture Definition dialog box will appear.

Flowel is not necessarily able to determine if the phase is correct, or if there is any
chemical reaction from mixing these fluids. It is up to the user to ensure that the
fluids can be mixed, and to know the phase of the resulting fluid.

Figure 3-10 General Mixture Definition Dialog Box

General Mixture Definition--General Mixture @

I Mixture Name:|

1,1,1,2, 2-pentafluoropropane  CIHIFS A & Mole Fraction Component Hame Composition
1,1, 1-trichloroethane C2H3CI3  Mole Percent

1,1, 1-trifluaroethane C2HAF3

1,1,2, 2-tetrachlorodifluaroethar C2CI4F 2
11,2, 2-tetrachloroethane C2H2C4
1,1, 2-trichloroethane C2H3CI3
1,1, 2-trimethyleyclopentane . CBHI1A
1,1, 3-trimethyleyclopentane . CBHI1A

1,1-dichloroethane CZH4CI2
1,1-dichlorotetrafluoroethane  C2CI2F4
1,1-difluoroethane CZH4F2
1,1-difluoroethene CZH2F2
1,1-dimethyleyclohexane CEH1A
1,1-dimethylcyclopentane CTH14 Help

1,2, 2-trichlorotrifluoroethane C2CI3F3
1,23, 4-tetrafluorobenzene CEHZ2F4
1,2,3, 4-tetrahydranaphthalene C10H12 Cancel
1,2,3,5-tetrafluorobenzene CEHZ2F4
1,2,3,5-tetramethylbenzene C10H14
1,2, 3-trichloropropane CIHACTIZ

dul i

Enter a new mixture name. Select either Mole Fraction or Mole Percent, depending
on your preference. Then use the buttons to add components to your mixture. As
each component is added, enter either the mole value or fraction for that component.
When you have completed adding components, click OK. For more information on
defining mixtures, see Mixture Definition, Section 3.35.

3.21.1.4 Natural Gas

For any of the Natural Gas fluid types, you must define the mixture. The program
automatically provides a short list of components for the Natural Gas fluid type
selected. You select the desired components from this list and enter the mole values

accordingly.
EMERSON.
101 Process Management
Emerson Process Management 3007536 2005-May-02 Rev 0

Flowel 4 Development and Marketing



User Manual 3 User Reference

3.21.1.5 None of the Above
This option allows a fluid name to be entered into the Fluid field, but no mixture
definition is possible. Unlike the other options whereby defining the fluid sets up the
program to automatically draw information about a fluid from the built-in database,
this option requires that you enter this information on the Calculate screen.

3.21.2 Define Mixture
The Define Mixture function is used in conjunction with the fluid types other than All
(pure substances) or Unknown Fluid. See the reference topic Mixture Definition for a
more detailed explanation on mixtures.
Once you have completed defining the fluid for this tag, click OK.

3.22 Fluid Maintenance
To activate the Fluid Maintenance function, type Alt-U-F, or under the User Data
menu, click Fluid Maintenance.
Description
The Fluid Maintenance function permits some "housekeeping” to be done on the
fluids defined in Flowel. Using this function you can copy a fluid to another name,
delete an unused fluid, edit the mole values for the components of a fluid, and print
the fluid composition.
The copy function is particularly useful when you already have a fluid defined which
is close to your desired fluid. It allows you to copy the existing fluid and make
changes to the mole values in the copy.

3.22.1 Copying a Fluid
On the Fluid Maintenance dialog box select the original fluid from the list. Click the
Copy button. The copy window will appear.
The name of the original fluid will appear in the Copy From box. Type in the name of
the new fluid in the To field. When the name is complete, click OK.

3.22.2 Deleting a Fluid

On the Fluid Maintenance dialog box, select the fluid to be deleted from the list. Click
the Delete button.

The program will ask you for confirmation. Click Yes to complete the deletion.
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3.22.3 Printing a Fluid

Click the Print button to print out a listing of the composition for the selected fluid.

3.23 Fluid Report

To activate the Fluid Report function, type Alt-S-S-F, or under the Worksheet menu,
select Spec Sheet, and click Fluid Report. You can also select the function from
printing dialog boxes.

Description

The Fluid Report is a datasheet detailing the fluid mixture which is attached to a tag.
All of the components are listed with their formulas, and the mole percentage or mole
fraction within the fluid.

Notes:

1. When this option is selected, the fluid report will print only if a fluid mixture is
attached to the tag. If multiple tag printing has been selected, only those tags
with a fluid mixture attached will have a fluid report printed for them.

2. Job and tag related information can be edited on the Calculate Data, ISA S-2, or
Emerson datasheets.

3.24 Graph

To activate the Graph function, type Alt-S-G, or under the Worksheet menu, click
Graph.

Description

This displays a graph of the relationship between flow rate and both differential
pressure and permanent pressure loss. To use this function, a flow calculation must
have been performed for the tag.
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Figure 3-11 Graph Window
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This option displays a graph of the function in a scaleable window. The graph can be
printed using the Print button.

You must set the scale on one of the specification sheets. The scale you set for the
graph is saved for re-use, until you set it again. This allows scaling (normally 95%)
for proper printing for European paper sizes.

You may adjust the percentage of normal flow by either entering a value in the entry
field or by clicking on the up and down arrows. If you enter the Flow Rate you must
click the mouse on Normal Flow to get the calculated percentage.

Flow rate, differential pressure, permanent pressure loss, and Reynolds number
values are displayed. The flow rate value may be edited. The Reynolds number is
automatically checked against the upper and lower limits. A message box will pop up
if it is out of range.

When you have finished viewing or printing the currently displayed graph, press OK
to return to the program.

Note: The graph is not available for critical flow.

&
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3.25 Help Menu

To activate the Help Menu function, type Alt-H.
Description

Use this menu to find help about the operation of the software, and the use of the
help system itself. The About option provides information about the program.

All of the menu items in Flowel are listed by name (alphabetically) in the reference
section. Please look to the specific function name for information on that function.

3.25.1 Help Content

To activate the Help Content, type Shift+C or under the Help menu, click Help
Content.

Description

Flowel help is a comprehensive on-line help system based on the reference section
of the printed user manual.

Any underlined topic names are called “jumps”. They link the underlined words to
information. To get help on a particular topic, click on the topic's “jump”. The help
program will automatically bring up the help pages associated with that topic name.

3.25.2 Help Index
To activate the Help Index, type Shift+l, or under the Help menu, click Help Index.
Description

This option provides a general index into the help topics available in Flowel. Once
Help Index has been selected, the Help Index window will appear.

3.25.3 How to Use Help

To activate the How to Use Help function, type Alt-H-U, under the Help, click How to
Use Help.

Description

This is an explanation of Windows™ style of help systems. This help information is
the same as that provided with Windows. For complete instruction on the use of help
within Windows, and the use of Windows itself, use the help tutorial provided with
your Windows software package.
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3.26 Import Fluid

To activate the Import Fluid function, type Alt-O-I, or under the User Data menu,
click Import Fluid.

Description

This command allows Flowel to import fluid compositions from a file created outside
of the Flowel program.

A mixture name can include any characters except commas. Each name can be up
to 49 characters long. Valid fluid type names: "Natural Gas - AGA 8 (85) Component
List"; "Natural Gas Liquid".

Unit must be either ‘Mole Fraction’ or ‘Mole Percent'.

The component name must be a valid fluid name from the fluid component list. To
check a component, use Flowel's fluid definition function, select All from the fluid
type, and scroll through the list to confirm the exact spelling for the composition.

3.27 Import Job

To activate the Import Job function, type Alt-F-M, or under the File menu, click
Import Job.

Description

This command allows Flowel to import jobs which were archived using the Export job
function. The program prompts with a standard Windows file open dialog. Select the
file which was created using the Export Job function.

3.28 Import Tag

To activate the Import Tag function, type Alt-F-1, or under the File menu, click Import
Tag.

Description

This command allows Flowel to import tags from files of your own creation. Flowel
can import files stored in a .CSV (comma separated value) file format. Most
database and spreadsheet programs, as well as many other software applications,
can save information in this format.

The program imports the tag information into the currently open job.

Once the proper job is open, select the Import option. You will be prompted to select
the desired file. Flowel uses the standard Windows file selection dialog box.
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3.29

3.20.1

Elowel

After locating the drive/directory containing your file, select the file and click OK. The
program will begin to import the file.

ISA S-20 Data Sheet

To activate the ISA S-20 Data Sheet, type Alt-S-S-I, or under the Worksheet menu,
select Spec Sheet, and click ISA S-20 Data Sheet.

Description

This function produces an ISA S-20 Data Sheet report. The ISA S-20 form appears
on screen, with as much information as possible filled in automatically by the
program using already-entered data. You can fill in the remaining fields.

Figure 3-12 ISA S-20 Data Sheet Window

{=] I5A-20 Specification Sheet

Print } Save As 1 OK 1 Help i Cancel i Preview 1 Zoom:100 4| | |
154,
Data sheet for MO | BY | DATE sreem [ of [
FLOW ELEMENT | | o+ e
‘ . “ JOB #: US Examples
I e.o. : N
I ([N p— e
T el Wt
ELEMENT 1. CEWICE Orifice Plate-Standard
DATA 2. STANDARD ASME MFC-3M
3. BORE 3.6250 in
4. MATERIAL 316 55
5 RING MATERISL ]
B.  RING TYPE ]
7. MANUFACTURER
&  MODEL NUMBER
ELEREMNT 9. TAPS Upstream
1. TAPTYPE Radius
12 MaTERIAL ]
13, FLANGES INCLUDED N
14, FLANGE RATING
15, FLANGE TYPE
FLUID DATA, 16, TAG NUMBER FE-200
17. SERWICE Single Loop Controller; Steam

Entering Data

Data may be entered into this specification sheet. Use the Tab key to move between
fields which allow user input. As you finish entering data into a field, press Tab to
move to the next field.

In multi-line fields, such as the note field, use the Control-Enter keystroke
combination to begin a new line. The program does not automatically wrap the text
onto the next line, and pressing Enter does not go to the next line.
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Some of the user-definable fields are actually selection lists, rather than entry fields.
Click on the field. If a listbox appears, make your selection from the list. To set the
Normal Flowrate use the Flow Curve graph.

The Meter section of the sheet includes a field for the chart/scale value, and an
associated selection list for Roots or Linear. Once these values are entered, the
Chart Mult. field is calculated automatically.

Figure 3-13 Chart/Scale Value

METER 34. TvPE OF METER :
35.  DIFF RANGE : 0.0000
3B, CHART/SCALE : |10.UEIEID | | |i
7. CHART MULT. : 120413.09116 Roots

Linear

3.29.2 Zoom

The zoom control will allow the spec. sheet page to be zoomed from 60 to 200% in
size. To change the zoom in 1% increments, click on the arrows which appear on the
horizontal scroll bar to the right of the zoom display. To change the zoom in 5%
increments, click on the scroll bar, on either side of the scroll button in the direction
you wish to zoom. You may use the button on the scroll bar to click and drag the
zoom factor.

The scale you set for the specification sheet is saved for re-use, until you set it again.
This allows scaling (normally 95%) for proper printing for European paper sizes.

3.29.3 Print

Print this sheet by clicking the Print button. A prompt will indicate printing status. You
can change the printed sheet size by changing the zoom factor. The paper size is
either A4 or letter, as selected under the Options menu and Print Paper Format.

3.29.4 Save

The data sheet can be saved to a PDF file. The paper size is either A4 or letter, as
selected under the Options menu and Print Paper Format.

3.29.5 Adding Your Logo to the Datasheet

You may add your logo to the datasheets through a simple process. Do the following:

1. Create a bitmap (.BMP) file containing your logo. This file should be a maximum
of 1.5 inches wide and 1 inch tall.

2. Name the file LOGO.BMP.
3. Copy the file into the directory which contains the Flowel program.
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The logo will automatically be added to each of the datasheets. To remove the logo,
either rename the logo filename, or move it from the Flowel directory.

3.30 Isentropic Exponent

To activate the Isentropic Exponent function, click the Isentropic Exponent button
on the Calculate dialog box.

Description

The isentropic exponent for a fluid can be calculated automatically in Flowel's flow
calculation area, based upon the fluid defined. An exception to this is when
"Unknown Fluid" is selected as a fluid. In this case, you must calculate and enter the
isentropic exponent manually.

Note: Flowel provides three methods for calculating Isentropic Exponent. For help on
these options, see the online help topic “Selecting an Isentropic Exponent Method.”

Figure 3-14 Isentropic Exponent Calculation Method Selection

L*]Select an Isentropic Exponent Method

Methods

i+ |deal Gas Heat Capacity Ratio
" Real Gas With Redlich-Kwong Equation OF State Correction

" Real Gas With Lee-Kesler Equation Of State Correction

oK Help Cancel

Three methods of calculation are possible using the isentropic exponent function:
* |deal Gas Heat Capacity Ratio
* Real Gas with Redlich-Kwong Equation of State Correction
* Real Gas with Lee-Kesler Equation of State Correction
* AGA-10 isentropic exponent calculation

Click on one of these methods, then click OK to complete the calculation. The
program will automatically place the results of this calculation in the Isentropic
Exponent entry field on the Calculate dialog box.

The AGA-10 isentropic exponent calculation is only available on natural gas with a
full gas composition (AGA-8 1985 or AGA-8 1992).

EMERSON.

109 Process Management
Emerson Process Management 3007536 2005-May-02 Rev 0
Flowel 4 Development and Marketing




User Manual 3 User Reference

3.31 Jobs Summary

To activate the Jobs Summary function, type Alt-U-J, under the User Data menu,
click Jobs Summary.

Figure 3-15 Job Summary Report
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Job Summary Report

Jaob Mo:
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Site Mame: 1002
Mo. of Runs: 0
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| »
Print Help Cancel

Description

This function produces a report listing all of the jobs in the Flowel database, the
associated job information, the number of tags, and the total number of times any of
the tags with that job number have had calculations performed on them (number of
Runs). Use the arrows on the page to scroll up and down or from right to left to view
the information in the report. To print the report click on the Print button. This is
particularly important for users who have purchased Flowel on a run-calculated
basis, and users who wish to charge the use of Flowel to their end customers.

For users who have limited run versions of the program, and wish to reorder or

extend their Flowel license, please see the reference topic “Options Ordering” for
more information.

R
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Related topics include:
*  Option Ordering

3.32 Main Menu

The main menu is Flowel's main program menu. Use this menu, in combination with
the toolbar, to make the most efficient use of the program and its functions.

Figure 3-16 Main Menu

File ‘Worksheet Options User Data  Windows Help

The main menu options include:
» File — the main create, open, import/export and print menu
» Worksheet — where the calculations are performed
* Options — allows user to set up the site-specific information
» User Data — allows users to set up the user-specific information.
* Windows — allows users set some of the Windows options
» Help — allows users access to all levels of on-line help information

The following menu diagram shows the main menu options and the commands
which are available under each option. Please consult each.

Figure 3-17 Menu Diagram
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Open Job + Meter Run Atmospheric Pressure [Material Maintenance Tool Bars Help Index Shift+F1
Import Job | Calculate Significant Digits Fluid Maintenance Search Help For...
- | X v 1 Waork Sheet
Expart Job Defaul Base Condition | Expork Fluid Haow to Use Help
Assign Job Drefaul El £ Impart Fluid
Spec Shest  # Calculate Data Sheet PPT":L; en;en ‘ Emgors . Used Resources
Mew Tag [5A 5-20 Data Shest rint Papér Forma =0Ds ummary st
Search Tag Cale, Wizard Flowel Data Shest aeod
Open Tag Eluid Report, Optional Ordering
Import Tag AGAT Factor Report
Expart Tag DP TRANSMITTER
DR TRAMSMITTERZ
. PRESSURE TRANSMITTER
Print Spec
. TEMPERATURE TRAMSMITTER
Print All
Exit Al
Change Password
Transfer Autharization
3.33 Material Maintenance

To activate the Material Maintenance function, type Alt-U-M, or under the User Data
menu, click Material Maintenance.
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Description

The Material Maintenance option is the function used to add, delete, and maintain
Flowel's list of materials used in defining pipe and flow elements.

To display the list of materials available, click the material dropdown list.

Figure 3-18 Material Maintenance Dialog Box

E Material Maintenance E|
Material Type: |COI}|}er ﬂ
Material Mame Expan. Coeff. Unit Coeff. Yield Stress Linit Modulus of Elasticity LInit
Add
Copper 00000167 mmdmm C) 10000 lhin2 =
Berylium Copper 25 0.0000167 mmsmim 2 45000 b2
Cupraonickel 30% 00000134 mmd(mm C) 22000 lhin2
0K Help ‘ Cancel [ lgnore null modulus of elasticity for all materials

3.33.1 Add Materials

On the Material Maintenance dialog box, click the Add button. The Add/Edit Material
dialog box will appear. Type in the material name (up to 27 characters long). Select
the units for the expansion coefficient, then enter the value for this material.

Next, select the units for the yield stress, then enter the value for the yield. Click OK
to complete the addition of a material.

Note: The new material name must be unique.

3.33.2 Edit Materials

Flowel permits editing of user-defined materials only. Flowel keeps the pre-defined
materials safe from any changes.

To edit a material, select the material from the Material Maintenance dialog box, then
click the Edit button. Make the necessary changes and click OK to save the

changes.
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3.33.3

3.34

Delete Materials

Flowel permits the deletion of user-defined materials. Pre-defined materials included
with Flowel cannot be deleted.

To delete a material, select the material from the Material Maintenance dialog box,
then click the Delete button. A warning message appears.

Figure 3-19 Delete Material Warning Message

Warning r$_<|

L] E Are you sure you wank to delete material "Test"?
L

Click Yes to confirm and complete the deletion.

Meter Run

To activate the Meter Run function, type Alt-S-M, or under the Worksheet menu,
click Meter Run.

Description

This option allows you to set up the meter information.

R
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Figure 3-20 Meter Run Dialog Box

Element
TWE=|'Driﬁu:e Plate-Standard j Material:|31ﬁ SS j
Thickness: |1 mm
Pressure Taps
Static
+ Upstream
Differential; [Flange ~|  Dewnstream
i
Pipe
Nominak: 4 in -~ Material:[Carbon Steel ~]
Schedule: | 40 | Inside Diameter:[102.2604 mm |
Help | Cancel | =Back | Hext= | |

The Meter Run dialog box is divided into three sections: Element, Pressure Taps,
and Pipe. In each of these sections, the options pertaining to this specific tag must
be set.

If you make a change to the Meter Run of an existing tag, when you click Next the
program automatically moves you to the calculation screen.

3.34.1 Element

Flowel supports many different pressure element types. Select the element type from
the dropdown selection list. Included are many types of orifice plates, venturi &
nozzles. For venturi, you will have to enter an exit angle. For elements with a
drain/vent, you will have to set a hole size and shape. All elements require that you
select a material.
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3.34.2

3.34.3

Pressure Taps

The options available change automatically with the selection of an element type. All
options associated with an element are shown in the dropdown selection list. As a
Differential option is selected, the selections available under Static will change. Most
of the time the Upstream and Downstream static pressure taps will be available. The
Upstream tap option will be the default in most instances.

Pipe
The Pipe section is where the nominal pipe size, schedule, and material are set.

First, select a pipe nominal.

Next, based upon the nominal selected, there will be a number of schedules
available for selection. Choose a schedule from the dropdown list. The inside
diameter will be automatically set based upon the chosen nominal and schedule.
You can also directly type in an inside pipe diameter. The inside pipe diameter units
may be changed using the dropdown list box to the right of the diameter value.

Select a pipe material from the dropdown selection list. You may also type in the
inside diameter directly. In this case, the fields for Nominal and Schedule will be set
to a null (blank) once you click Next.

Note: If the desired pipe nominal/schedule/material for this tag does not exist in the
pre-configured Flowel lists, see Pipe Maintenance, Section 3.42 for the proper way to
add information.

Once all of the meter run information has been entered, click Next to save the
information and move on to the next window.
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Figure 3-21 Flowel Main Screen with Flow Element Displayed

{*] Flowel - FE-1 (Tag) Tutorial (Job)
File worksheet Cptions User Data  Miindows  Help

= 0 a & & g &

Opendob  MewTag  OpenTag  FrintAll  PrintTag Fluid  Meter Run  Calculate

Beta = d/D
Beta: 0.0000

Bore: 0.0000 cm
PipelD:  10.2260 cm
Thickness: 0.3180 cm

Orifice Plate-Standard Fluid: Water and/or Steam

Element Matl.: 316 SS Fluid State: Liquid

Tap: Flange Max Flow: 150.0000 kg/day

Pressure Tap: Upstream Flowing Temp.: 175.00 DEG F

Pipe Size: 4in Flowing Press.: 57.00 psig

Pipe Schedule: 40 Flowing Density: 63.11 Ib/ft3

Pipe Material: Carbon Steel Viscosity: 0.36 Ib/ft-hr

Base Temp.. 60.00 DEGF Isentropic Exp.:

Base Pressure: 14.65 in-H20 C: 1.50E+01 (kg/day)i(in-H2O.psig)"0.5
1: 1.0000 C: 0.5990

You will notice that the main Flowel window has changed. Near the top of the
window is an illustration of the flow element you selected. Also on the screen are the
parameters you defined regarding element, pipe, fluid, etc.

Related reference topics include:
* Material Maintenance
* Pipe Maintenance

3.35 Mixture Definition

To activate the mixture definition, click on the Define Mixture button on the Fluid
Setting dialog box.
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Figure 3-22 Fluid Setting Dialog Box

L] Fluid Setting

State: |Gas j
Fluid Type: [Matural Gas - AGA 8 {92) Component List j
Define Mixture |
Fluid: |Amarillo j
Edit Mixture ‘
Help | Cancel | | Next= | |

Description

A mixture is any fluid other than a pure substance or an "unknown fluid". For pre-
defined fluids such as natural gas, the list of pure components that can be included
in the mixture is restricted to only those that are applicable.

For a general mixture fluid type, however, you may select components from the
complete Flowel pure component listing.

3.35.1 To Define a Mixture

On the mixture definition dialog box, type in the mixture name. Select your
preference of mole fraction or mole percentage.

&

EMERSON.
> 117 Process Management
Emerson Process Management 3007536 2005-May-02 Rev 0

Flowel 4 Development and Marketing



User Manual

3 User Reference

3.36

Select the components to be included in this mixture, one by one, selecting from the
component list using the Add button or by double-clicking on the selection to insert it
into the list.

For each component, enter the mole value. For percentage, each value must be in
the range of 0 to 100. For fraction, this value must be between 0 and 1.

If the total mole fraction does not add up to 1 or the total percentage does not add up
to 100, and OK is clicked, Flowel will display the following message.

Figure 3-23 Total Composition Error Dialog Box

L] Total Composition Error [s__<|

The Total Composition Is Not Equal To: 1000000

Do you want program to renormalize it?
o

Click OK again to renormalize these values. The program will adjust each value
proportionally to its weight, until the sum of the components equals 1 in the case of
fraction and 100 in the case of percentage.

Note: On Flowel's selection lists; many of the selection lists within Flowel allow for
item selection in more than one fashion. In this example we want to select Gas as a
fluid state. We have two methods of making the selection.

The first method is the standard selection method. Press on the arrow button on the
top-right hand of the State field. A dropdown list will appear. Select from the selection
list by clicking on the desired item.

The alternate method is to type the first letter of the desired item, in this case the
letter G. If there are more than one item which begins with the letter G, the first will be
brought up. Press G again to get to the second one, and so on.

These methods apply to many areas of the program. In particular, when selecting
pure fluids on the mixture definition function, the letter-selection method allows quick
access to a component which might otherwise take a lot of time to scroll to in a list.

New Job

To activate the New Job function, type Alt-F-N, or under the File menu, click New
Job.
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Description
Use this function to start a new job.

Job No., Customer, Contractor, and Site Name fields can hold up to a 40 character
description each. The Description field can hold up to 254 characters.

The job number is the most important information needed here. At a minimum you
must enter a job number to continue. Your organization may have standards for job
naming and tracking.

3.36.1 Define New Job

You must click the Define New Job button before entering a job number and
information. If the Delete Job button is used, you must click the Define New Job
button before creating a new job.

3.36.2 Delete Job

Use this function to delete an existing job and all of the associated tags. A warning
prompt will ask for confirmation before this action is completed.

Note: You cannot delete a job if it is the currently open job. You must open a
different job to be able to delete the desired job from the database.

3.36.3 New Tag Button

Use this button to go directly to the New Tag screen.

3.37 New Tag

To activate the New Tag function, type Alt-F-T, or under the File menu, click New
Tag.

Description

This command creates a new tag within the currently open job. Each tag is
associated with a real world device in the field.
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Figure 3-24 New Tag Dialog Box

L*] Define New Tag g|
Joh: Metric Examples |

Tags:| 300

Copy Define New Tag Delete

Prefixi Prefin? Instrument Loop Suffix
| H | | |-| |
Service: |
Critical Statement:
Line Mo: |
I
I

Material Reg Mo:
hodel Mo:

Specification Mo
Purchase Ord Mo:

Flowesheet Mo | |

Manutacturer: | |
Yendar: | |

(]34 Help Cancel Next=

The New Tag dialog box displays the current job (to which this new tag will be
saved), and any existing tags under this job.

3.37.1 Define New Tag

Click the Define New Tag button to accept information on a new tag. Begin by
entering the full tag name. Flowel is designed to use a five-part tag thereby
conforming to the ISA-standard tag naming convention.

Here is a brief review of the ISA tag naming convention:
* Prefixl — an optional general location identifier
» Prefix2 — an optional, more specific location identifier
* Instrument ID — a required field which classifies the function of the device
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* Loop number — a required field, usually a grouping of instruments working
together toward a common function

» Suffix — additional optional identifier to distinguish between instances of a
device in a loop

The minimum information required fields to complete when creating a new tag are
the Instrument ID and Loop fields. However, we do not recommend creating tags
with only this minimum information. Be thorough here and you will likely save
considerable time and effort later.

The following fields are available for use:

Field Characters
Critical Statement 25
Line No. 20
Service 40
Model No. 40
Specification No. 8
Material Req. No. 40
Purchase Order No. 40
Part ID No. 40
Manufacturer 32
Vendor 32

When you have completed filling in the information on this dialog box, click OK to
save the tag information, or if you are following Flowel's recommended program flow
(see Flowel's Method, Section 3.37.4), click the Next button to get to the next
function.

3.37.2 Copy

Select an existing tag from the list available, then click the Copy button. The
information from the original tag will be copied into the fields of the new tag. You may
then edit the information which appears in this dialog box to complete the creation of
this new tag.

3.37.3 Delete

A delete command is available here for your convenience. This is the only way to
remove tags from a job.

Select the tag to be deleted, then click the Delete button.

Note: The currently open tag may not be deleted. Open another tag before deleting
a tag from the database.
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3.37.4

3.38

Flowel's Method

Flowel 4.0 was designed with a certain method or approach in mind. As a result, we
have built into the program a way of following this method easily and quickly.

A Next button appears at the bottom of the New Tag dialog box. Each subsequent
dialog box in the recommended program flow provides a Next button, and most
provide a Back button (to go back and change or fix something). When the process
is completed you will have followed all of the steps necessary to add and configure a
new tag. Any of the parameters that you set in this process can be modified after-
the-fact by recalling the particular function using the menus.

If you are creating a new tag, the Next button calls up the next screen in the
recommended program flow.

Open Job

To activate the Open Job function, type Alt-F-O, or under the File menu, click Open
Job.

Description

The Open Job command is used to recall or resume work on a job that has already
been created.
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Figure 3-25 Open Job Dialog Box

E Open A Job

X

Click on a Job to Select

LS

A5A3 imponed

Critical

Liguid

Metric Examples

il L
Selected Job Information

Job No: [GA3 |

Customer: |[3as |

Contractor: [FE |

Description:

Site Name: [101

0K Help Cancel

As you move between selections, the information associated with each job is
displayed. This makes it easier to identify the job.

Select the job's name from the window, then click OK.

3.39 Open Tag

To activate the Open Tag function, type Alt-F-G, or under the File menu, click Open
Tag.

Description

This command opens an existing tag. Select the tag from the list by double clicking
on it, or use the cursor keys to select the tag then press Enter or click OK.
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Figure 3-26 Open Tag Dialog Box
E Open a Tag [‘S__<|
Selected Tag Information
Prefix 1 Prefix2  Instrument Loop Suffix
- - FE = 2200 =
Service: Single Loop Controller; Steam
Critical Statement:
Line Mumber
Material Reg. Mo,
hoddel Ma.
Specification Mo.
Flovwsheet Mo.
Purchaze Order Mo,
Manufacturer
Wendar
OK Help Cancel Next>
Information specific to each tag will appear as you select between tags, making it
easier to identify each tag exactly.
3.40 Optional Ordering

Ff]':@' WE E

To activate the Optional Ordering function, type Alt-H-O, or under the Help menu,
click Optional Ordering.

Description

If your version of Flowel was purchased without the optional Fluid Property package,
or you have a limited run version of the program and you want to order more
days/runs, you can use this option to place your order.

If you have a run-limited version of the program, the dialog box which appears
indicates how many days or runs are remaining on the current installation.
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These are the steps you need to perform:
1. Obtain a purchase order and/or authorization to purchase the upgrade.

2. Activate this option (under the Help menu, click Optional Ordering), enter your
company information, then make the selection regarding the type of installation.
Your choices are: stand alone and network.

» Stand Alone: A stand alone installation means that you will be running Flowel
on one PC only (not from a server or over a network). Most installations will
be of this type.

* Network: If you will be running Flowel from a network server, or if you are
installing Flowel on one computer but occasionally running it from another
networked computer, you should select the network option.

3. Click the Order button.

4. A form will be printed on your printer. Fax this form to Hydrocarbon and Energy,
at the number which appears on the form.

5. Hydrocarbon and Energy will fax back a site key. This key is used to enable the
Fluid Properties package, or add additional runs/days.

6. Re-run this Optional Ordering function. On the screen where you entered the
ordering information, enter the Site Key, then click OK.

7. Exit the program. When you restart Flowel, the Fluid Properties package, or the
new number of days/runs will be enabled. In the case of the fluid properties
option, all of the options will now be available to you.

3.41 Options Menu

To activate the Options menu, type Alt-O.
Description

The Options Menu contains functions to set the default units for the program, and for
setting atmospheric pressure for each tag site.

All of the menu items in Flowel are listed by name (alphabetically) in the reference
section. Please look to the specific function name for information on that function.

3.42 Pipe Maintenance

To activate the Pipe Maintenance function, type Alt-U-P, or under the User Data
menu, click Pipe Maintenance.
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Description

The Pipe Maintenance function allows new pipe information to be added to the pipe
database included with Flowel.

For each nominal pipe size, there may be many pipe schedules defined. You may
add to both the nominals as well as schedules for each nominal.

Figure 3-27 Pipe Maintenance Dialog Box

E Pipe Maintenance

Pipe Nominal Name Adld

1in j

Fipe Schedule Name Pipe Diameter Unit -~
55 1.185 in st
108 1.057 in
40 1.049 in
g0 0.957 in
160 0815 in
P 0.5599 in
o

OK Help Cancel

3.42.1 Add a Nominal Diameter

Click the Add button which appears to the right of the pipe nominal field.
The Pipe Nominal Name dialog box appears. Enter a name for this new pipe. The
name may be up to 15 characters long. Click OK to continue.

3.42.2 Add a Pipe Schedule

After entering a pipe name, click the Add button which appears to the right of the
schedule information field.
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Figure 3-28 Pipe Schedule Dialog Box

] Pipe Schedule E|

Pipe Schedule Name: |

Pipe Diameter: | in j

OK Help Cancel

The Pipe Schedule dialog box appears. Enter the schedule name. You may use up
to 24 characters for the name. Next, set the units for the measurement and then
enter a pipe diameter (ID).

When all of this information has been entered, click OK.

Note: You may add schedules to the nominals supplied by Flowel. These new
schedules may be edited and deleted since they are user-defined. Any changes
made here will not affect the Flowel-supplied nominals/schedules.

3.42.3 Edit a Pipe Schedule

Select the schedule to be changed from the Pipe Maintenance dialog box. Click the
Edit button. The Pipe Schedule dialog box appears with the schedule name,
diameter and units displayed in the fields. Make changes to any of these fields as
necessary. Click OK when your changes are complete.

Note: You cannot edit the schedules provided by Flowel. Only the user-defined
nominals and schedules may be edited or deleted.

3.42.4 Delete a Nominal Diameter

Only nominal diameter that you have added may be deleted. Flowel does not allow
the nominal diameters and pipe schedules with which it was supplied to be altered or
deleted.

To delete a user-defined nominal diameter, select the nominal from the Pipe
Maintenance dialog box, then click the Delete button. A warning prompt will appear
requesting confirmation of this action. Click Yes to complete the operation.

Note: All pipe schedules defined under this nominal diameter must be deleted before
the nominal can be deleted.
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3.42.5 Delete a Pipe Schedule

Only pipe schedules that you have added may be deleted. Flowel does not allow the
nominal diameters or pipe schedules with which it was supplied to be altered or
deleted.

To delete a user-defined pipe schedule, select the schedule from the Pipe
Maintenance dialog box, then click the Delete button.

A warning prompt will appear requesting confirmation of this action. Click Yes to
complete.

3.43 Print All
To activate the Print All function, type Alt-F-A, or under the File menu, click Print All.

Description

This command prints all tags which are associated with the current job.
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Figure 3-29 Print All Dialog Box

E Print All Tags Under Current Job

Joh: Metric Examples |

Tags

400

Select A Specification Sheet
[v Calculation Specification Sheet

[+ ISA S20 Specification Sheet

I+ Flowel Data Sheet

[+ Fluid Report

[v AGA 3 Factors Report

[ DP Transmitter Specification Sheet

[ DP Transmitter Specification Sheet2

[ Pressure Transmitter Specification Sheet

[ Temperature Transmitter Specification Sheet

Printer SetUp 0K Help Cancel

The Print All dialog box appears, displaying the current job name. Underneath the
name is a list of tags which will be printed.

Select a specification sheet format from those available. Click on the checkboxes for
the options you want.

Note: Only those reports which are appropriate for each tag will be printed. For
example, a tag which does not use the AGA 3 method will not have an AGA 3 factors
report printed for it.
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3.43.1 Print Paper Format
The Print Paper Format option allows the user to select Letter or A4 paper size. This
will affect the print and save functions of the specification sheets.
To activate click the Options menu and select Print Paper Format.
3.43.2 Printer Setup
The program uses the standard Windows printer setup dialog. You will be familiar
with this dialog box if you have operated other Windows applications.
Figure 3-30 Printer Setup Dialog Box
Printer Setup E|
Erinter: 0. |
ActiveTouch Document Loader on LPT1 A
WCACGYKC-FPPRNOTYIF_2100M_PR.J Cancel |
WWCACGYKC-FPPRMOTYIF_S000MFF or
WWCACGYKC-FPPRNO1Y2F 551 on Meld
WWCACGYKC-FPPRNOTAZE S000MFP or
WEATRYET-FPPRRMOTAAF AnnnbiFR Ay bt
& % Setup... |
The printers which have been set up on your computer will appear in this list. Select
the desired printer for your print job. Use the Setup option from this dialog box to
make last-minute changes to your selected printer's configuration.
Once all of the selections have been made, click OK to start the printing process. A
message on the screen will indicate the progress of the printing function.
3.44 Print Preview

Ff]':@' WE E

To activate the Print Preview function, click the Print Preview button.
Description

The Preview function provides you with a method of proofing the look of your
document before it is printed.

On the Print Preview dialog box, select the zoom factor for previewing, then click OK.
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3.45 Print Spec.

To activate the Print Spec. function, type Alt-F-S, or under the File menu, click Print
Spec.

Description

Use the Print Spec. function to print all of the specification sheets which have the
same specification number defined as part of a tag's information. This number is
defined on a tag by tag basis.

The Print Spec. dialog box displays the current job name. Select a specification
number from the dropdown list provided. Once this has been done, the program will
create a list of tags which will be printed. This list is displayed for you.

Select a specification sheet format from those available. Click on the checkboxes for
the options you want.

Note: Only those reports which are appropriate for each tag will be printed. For
example, a tag which does not use the AGA 3 method will not have an AGA 3 factors
report printed for it.

For print paper format options, refer to Print Paper Format, Section 3.43.1. For
printer setup and preview options refer to Printer Setup, Section 3.43.2 and Print
Preview, Section 3.44.

3.46 Print Tag

To activate the Print Tag function, type Alt-F-P, or under the File menu, click Print
Tag.

Description

The Print Tag option prints the specification sheets for the current tag using the
format selected on this print dialog box.
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Figure 3-31 Print Tag Dialog Box

L*]Print Current Tag Specification Sheet

Joh: Metric Examples |
Tag: -FE-300- |
Select a Specification Sheet

v LCalculation Specification Sheet:

[v ISA S20 Specification Sheet
[v Flowel Data Sheet
[v Fluid Report

[
[ DP Transmitter Specification Sheet

[ DP Transmitter Specification Sheet2

[~ Pressure Transmitter Specification Sheet

[ Temperature Transmitter Specification Sheet

Printer getU|}| | Help | gancel|

The Print Tag dialog box displays the current job and tag name.

Select a specification sheet format from those available. Click on the checkboxes for
the options you want. The preview button will be enabled if only one type of
specification sheet is selected.

Note: Only those reports which are appropriate for each tag will be printed. For
example, a tag which does not use the AGA 3 method will not have an AGA 3 factors
report printed for it.

For print paper format options, refer to Print Paper Format, Section 3.43.1. For
printer setup and preview options refer to Printer Setup, Section 3.43.2 and Print
Preview, Section 3.44.
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3.47 Rounded Bore Size

The Rounded Bore Size option applies to concentric orifice plates. When this option
is selected, you can specify whether you want to round up or down to the specified
increment.

Figure 3-32 Flow Calculation Dialog Box — Solving for Rounded Bore

Flow Calculations--Gas

Setup Flow Rate Unit

" BaseMNormal/Standard Volumetric  © Actual Volumetric  + Mass

Calculation

Solve For TBoresize | P73 | b
Rounded Bore j Flow Rate: 111500.00 b |
Diff. Press.: 50.00 nH20@60F  +|
Round Static Press.: |155.00 ||1$ig j
™ Up =+ Down
to nearest Temperature: IW ’m
125 in Density | 0.21 b3 |

Using m P.01 |cP j
|ASME MFC-3M j
Isen. Exp.(Cp/Cv) | W

User Factor: [1.000

Atmospheric Pressure: 2.1315 psi

Fluid ‘ calc. |

Help ‘ Cancel | <Back | Next= ‘ ‘

The minimum information fields that are required to calculate the rounded bore are:

Flow Rate flowing conditions, or base condition if a normal or
standard volumetric flow rate is selected

Differential Pressure

Static Pressure flowing conditions, or base condition if a normal or
standard volumetric flow rate is selected
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Temperature flowing conditions, or base condition if a normal or
standard volumetric flow rate is selected

Density flowing conditions, or base condition if a normal or
standard volumetric flow rate is selected

Viscosity

Isentropic Exponent (this field will not appear if the fluid is in liquid state)

Round Direction Round to the nearest value and unit. The unit will be set

to the pipe diameter unit automatically.

The program will calculate the beta ratio first, then adjust bore diameter according to
the round setting. The program then uses the adjusted bore diameter to recalculate
the flow rate.

3.48 Significant Digits

To activate the Significant Digits function, type Alt-O-D, or under the Options menu,
click Significant Digits.

Figure 3-33  Significant Digits Setting Dialog Box

L*J Number of Significant Digits Setting

Decimal Number Sample
Temperature (| | ] M 0.1z |
Pressure 4] | b M 0.12 |
bl Wl 4 | T
. oo s
Coefficients ] N u 0173 |
Density N ) u 012 |
Viscosity 4] | b M 0.12 |
Beta TETEET 4 | 01234 |
OK ﬂ Cancel
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Use this option to set the number of decimal places for the following variables:
e temperature

* pressure
* diameter

+ flow rate

e compressibility
» density

e viscosity

* Dbeta

Each of these fields can be set to display from 1 to 10 digits after the decimal (the
exception is a range of 0 to 10 for flow rate). Either use the horizontal scroll bar to
change the value, or enter the number of digits directly into the corresponding field.
This will affect the number of decimal places displayed on a spec. sheet printout and
the calculation screen. It does not affect the number of decimal places used in the
calculations.

3.49 Spec. Sheet

To activate the Spec. Sheet function, type Alt-S-S, or under the Worksheet menu,
click Spec. Sheet.

Description

The Spec Sheet option is used to create specification sheets for a tag. By selecting
one of the three formats, you activate an entry screen which will include data filled in
by the program for you. The remaining fields may be filled in as required. Each of the
spec sheet types will have data fields unique to that type.

The scale you set for the specification sheet is saved for re-use, until you set it again.
This allows scaling (normally 95%) for proper printing for European paper sizes. You
may print each of the specification sheets from this display, including:

» Calculate Data Sheet

* ISA S-20 Data Sheet

* Flowel Data Sheet

*  Fluid Report

* AGA 3 Factor Report

e DP Transmitter

e DP Transmitter 2

* Pressure Transmitter

* Temperature Transmitter

Create specification sheets of the selected type for viewing or printing of the current

tag.
EMERSON.
135 Process Management
Emerson Process Management 3007536 2005-May-02 Rev 0

Flowel 4 Development and Marketing



User Manual 3 User Reference

3.50 Toolbars

To activate the Toolbars function, type Alt-W-B, or under the Windows menu, click
Tool Bars.

Description
The Toolbars prompt allows for the convenient positioning of tools within the window

area. Options include standard toolbars, a floating toolbar, toolbars with text titles,
and the ability to hide toolbars completely.

3.50.1 Use
The Toolbar provides a recommended method of program flow when each of the

options are activated in order from left to right. This is the same process described in
the New Tag topic but instead of using the Next button, the toolbar items are used.

Figure 3-34 Toolbars Dialog Box

L] Customize Toolbars E|

[ Left [v Show Text

............ Hitde

" Floating OK

An alternate method of activating the toolbar commands is to click anywhere on the
toolbar using the right mouse button. This activates the following menu, shown in
Figure 3-35.
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Figure 3-35 Toolbar Menu

v Flowel ToolBar

Left

v Top
Right
Bokkarm
Floating

v Show Text

v Show PowerTips

Checkmarks indicate the currently active options. You can select any option here as
you would from the Toolbars popup dialog box. The Left, Right, Top and Bottom
options move the toolbar to the outer edge of the screen in the position selected.

Figure 3-36 Floating Toolbar

Flowel ToolBar

= O ] = h =

Opendob MewTag Opzn Tag FrintAll FrintTag Fluid
& = O Ty
Meter Bun Caloulate Spec. Exit

The Floating option (Figure 3-36 above) allows the toolbar to be dragged anywhere
in the window.

Figure 3-37 Toolbar with Show Text Selected

B O ] = S =] 5l B 0 iy

Opendab MewTag OpenTag Printall PrintTag Fluid Meter Bun Caloulate Epec. Exit

The "Show Text" option may be toggled on or off by clicking on the checkbox next to
the option. This will display a text title underneath each toolbar option making it
easier to remember each button's function, as shown in Figure 3-37.

To remove the toolbar from the window completely, press the Hide button. The
toolbar will not appear at any time unless the toolbar function is reactivated and the
Show button selected.

Once all of the options have been set, click OK.

]'\ W :...{ %
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3.51

Transfer Authorization

To activate the Transfer Authorization function, type Alt-F-Z, or under the File menu,
click Transfer Authorization.

Description

This option is used to transfer the CrypKey copy protection when moving the
program from one computer to another. You will not be able to transfer the site key
from a 16 bit operating system to a 32 bhit.

The transfer of your site key from one PC to another is a four step process. This
process is required if you are moving Flowel from one computer to another. A new
site key will not be generated for the new computer.

1. Install Flowel on the destination computer.
Note: You must install. It is not sufficient to copy.

2. Prepare a blank floppy disk for the transfer by the destination computer.

3. Insert the floppy into the computer on which Flowel currently resides, and the
transfer is initiated.

4. Place the completed floppy into the destination computer and the site key is
transferred onto it.

The details for the site key transfer are as follows:
1. Prepare by having a blank, formatted floppy disk ready.

2. After Flowel has been installed on the destination computer, run the program
(double-click on the Flowel icon from the Windows Program Manager.)

3. An Authorization Warning Message will appear. Click OK.

4. A Request for Authorization dialog will appear. Since this is not a new
installation, select Transfer from floppy.

5. Click OK. The program will now prompt you to insert the floppy in to your floppy
disk drive and select the drive letter from the selection box. Once the floppy is
inserted in the drive, and the correct drive letter has been selected, click the
Register Transfer button.

6. The program will prepare the floppy and an information message will appear.
Click OK.

7. Now, bring the prepared floppy disk to the computer onto which Flowel is
currently installed. Run Flowel.

8. On the File menu, select Transfer Authorization.

9. The program will prompt you to place the prepared floppy disk into this computer
and select the floppy drive letter. Do so and click OK.

10. Move the floppy to the destination computer. Start Flowel.
11. A warning message may appeatr, if so, click OK.

12. The Request for Authorization screen appears. Select Transfer from floppy,
and click OK.

§
EMERSON.

138 Process Management

Emerson Process Management 3007536 2005-May-02 Rev 0
Flowel 4 Development and Marketing



3 User Reference User Manual

13. The Transfer In Authorization screen appears. Select the drive.
14. Click Transfer In.

15. Once the transfer of the site key is complete, the prompt will disappear. Remove
the floppy disk from this computer.

16. Once the site key has been successfully transferred from the floppy disk, Flowel
will start.

3.52 Uncertainty

To activate the Uncertainty function, type Alt-S-U, or under the Worksheet menu,
click Uncertainty.

Description

Use this option to enter the uncertainty values for some of the variables used in ISO
5168 flow rate uncertainty calculations.

Figure 3-38 Uncertainty Dialog Box

X

E Lncertainty

Standard: AGA 3-1990 |

Delta Pressure: |I].25I]I] |%

Delta Density: |I].I]I]I]I] |%

Defta Discharge C:|0.4381 |2

Delta Gas Expansion Coeff.: ||]-|]1 71 |%
Delta Bore Size: {0-0500 1%

Dehla Pipe Diameter: |I]'3I'_"'_"'_I |%
Calculate | Standard C and Y |

Flow Rate Uncertainty

485937117 smiti & [n4g%

Calculated According to 1S5S0 5168

0K Help Cancel

]'\ W :...{ %
EMERSON.

139 Process Management
Emerson Process Management 3007536 2005-May-02 Rev 0
Flowel 4 Development and Marketing




User Manual

3 User Reference

3.53

Fj“ el
-

Uncertainties in discharge coefficient and gas expansion coefficient as provided by
the displayed standard (e.g. AGA 3-1985). These values are calculated based upon
standards and flow conditions. These two values cannot be changed. Uncertainties
in bore size and pipe inside diameter are also provided by Flowel according to the
standard specified, however, you may overwrite these values.

It is recommended that you provide uncertainties in pressure and density. The
program will use 0 (zero) for these values if they are not provided.

Once each of the values has been entered, click on the Calculate button and Flowel
will calculate the flow rate uncertainty. Click OK to return to the main screen.

Used Resources

To activate the Used Resources function, type Alt-H-R, or under the Help menu,
click Used Resources.

Description

This function displays a graph of the percentage of free resources available while
you are running Flowel. This can be a useful indicator if you find your system is
running slow or incorrectly. Check to see that there are adequate resources
available. If not, try running fewer applications at one time.

Figure 3-39 Free Resources Dialog Box

E Free Resources E]

100+
01—
801" —
01—
B0 —
201 —
404" +—
301 —
209 +—
109" 4—

Percentage

User GOl

Memory Available: 91 527 520
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3.54 User Data Menu

To activate the User Data menu, type Alt-U.
Description

Use this menu to set the user-specific parameters for the program.

3.54.1 Pipe Maintenance

Allows new pipe nominal diameters and schedules to be added and maintained.

3.54.2 Material Maintenance

Allows new pipe and flow element materials to be added and maintained.

3.54.3 Fluid Maintenance

Allows fluids to be copied, user-defined fluids to be deleted, and mole fractions to be
adjusted.

3.55 User Factor

The User Factor is an independent factor for the user to modify the flow equation. In
most situations the User Factor will be 1.0.

3.56 Vapor Pressure/Bubblepoint

To activate the Vapor Pressure function, click the Vapor Pressure button on the
Flow Calculation window (the Bubblepoint button if the current fluid is a mixture).

Description
This function calculates the vapor pressure or bubblepoint of fluids.

This calculation is not used in the calculation of flow rate, however, you can use the
result to check for possible cavitation or flashing. If the bubblepoint is close to the
downstream pressure, you can expect vaporization to occur.

3.56.1 Bubblepoint

The Bubblepoint button, when clicked, produces a dialog box that prompts the user
to select a calculation method. The following methods are available: Soave-Redlich-
Kwong and Peng-Robinson.
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These methods provide comparable bubblepoint calculations. The results should be
very close for most hydrocarbon systems. Please be aware that neither method will
provide reliable results for polar systems.

3.57 Viscosity

To activate the Viscosity function, click the Viscosity button on the Flow Calculation
dialog box.

Description
Use this function to calculate the viscosity of a gas (pure or defined mixture) and

water or steam. Static pressure and temperature must be entered on the flow
calculation screen for this operation to be successful.

3.58 Windows Menu

To activate the Windows menu, type Alt-W.
Description
This is a Windows housekeeping menu which allows you to make changes to the

specific configuration of the program. The options available under this menu include
Color and Tool Bars.

3.59 Worksheet Menu

To activate the Worksheet menu, type Alt-S.
Description

It is under this menu that the important calculations within Flowel are made, including
Fluid, Meter Run, Calculate, Graph, Specification Sheets, and Uncertainty

calculations.
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Variable names and meanings for the purposes in the Flowel program are shown
below.

B AGA 3 simplification term

C Flow element discharge coefficient

C Meter coefficient

d Flow element actual or effective diameter (m) at flowing conditions
dineas Flow element actual or effective diameter (m) at 20°C

D Pipe inside diameter (m) at flowing conditions
Dmeas  Pipe inside diameter (m) at 20°C
Dan Drain or vent hole diameter (m)
AP Differential pressure = P1-P2 (kPa)
E Velocity of approach factor & AGA 3 simplification term
Fa Material temperature correction factor
Fae Pipe temperature correction factor used in ISO
Fap Element temperature correction factor used in ISO
Fo Basic orifice factor (AGA 3)
Fan Drain hole correction factor
Fgr Specific gravity correction factor
Foo Base pressure correction factor
Fov Super compressibility factor
F, AGA 3 Reynolds number factor
Fi Base temperature correction factor
Fi Flowing temperature correction factor
Fro Static total pressure correction factor
F, Two-phase flow correction factor
Fusr User factor
hy Differential pressure
K AGA 3 flow coefficient
Ke AGA 3 flow coefficient when Rd=d(106)/15
Ko AGA 3 flow coefficient when Rd is infinite
L, ISO relative pressure tap spacing upstream
l4 Pressure tap spacing upstream
L, Relative pressure tap spacing downstream
I, Pressure tap spacing downstream
&
EMERSON.
143 Process Management
Emerson Process Management 3007536 2005-May-02 Rev 0

Flowel 4 Development and Marketing



User Manual

A Nomenclature — Glossary of Terms

My, Molecular weight of flowing fluid (kg/kmol)
P Static
P4 Upstream flowing pressure (kPa-a)
P, Downstream flowing pressure (kPa-a)
Pp Pressure of base reference flowing conditions (kPa-a)
Ps Flowing pressure - same as P1 (kPa-a)
Qn Mass flow rate (kg/s)
Q, Volumetric flow rate
R Universal Gas Constant
R4 Reynolds number at the bore diameter
Rp Reynolds number upstream in the pipe
Se Ideal specific gravity of flowing fluid
Sar Real specific gravity of flowing fluid
T Flowing temperature (Kelvin)
Ty Temperature at base conditions (Kelvin)
T SameasT
w Speed of sound
X Vapor quality
X Mass of gas/total mass of mixture
Y Expansion coefficient — this is the ¢ term in the 1ISO 5167 standard
documentation. Y is used here for the sake of similarity with AGA 3 and
Flowel version 1.3
Y Expansion coefficient referenced to upstream tap
Y, Expansion coefficient referenced to downstream tap
Yer Expansion coefficient at critical flow conditions
Z Compressibility at flowing conditions
Zar Compressibility of air at flowing conditions
Zy Compressibility of flowing fluid at base conditions
o1 Thermal expansion coefficient of pipe material
o Thermal expansion coefficient of element material
B Bore to diameter ratio = d/D
) Divergent angle of venturi
K Operating isentropic expansion coefficient (Cp/Cv)
K Ideal isentropic expansion coefficient
u Viscosity of flowing fluid at flowing conditions
T Pl with a value = 3.1415927654
Density of flowing fluid
Df Density of liquid component in wet vapor
Pg Density of gas component in wet vapor
T Pressure ratio of P1/P2
&
EMERSON.
144 Process Management
Emerson Process Management 3007536 2005-May-02 Rev 0

Flowel 4 Development and Marketing



A Nomenclature — Glossary of Terms User Manual

© Permanent pressure loss
X1 AP/P1
Xo AP/P2

§
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B.1.1.1

Fluid Property Calculation Methods

Introduction

The purpose of this chapter is to describe the equations used by Flowel to calculate
density, viscosity, vapor pressure, and isentropic exponent.

PVT Properties

The pressure-volume-temperature (PVT) relationship is one of the most important
properties for fluid flow measurement. Density and specific gravity are calculated
from PVT data.

For example, density 1P
’ PV T zRT

For most applications, temperature and pressure are known conditions. However,
most equations of state use temperature and volume as independent variables.
Therefore, an iteration is required for complicated equations of state, which is simple
for those equations of state that are cubic in volume. An analytical solution can be
obtained for those so-called cubic equations of state.

The PVT property methods are divided into two parts. The first is the generalized
methods. These methods are expected to be useful for most systems and T, P, and
composition conditions. The second is the more specialized methods. These
methods are more accurate within the systems and conditions specified. However,
these methods should not be used beyond the specified systems and conditions.

Generalized Methods

The generalized method can be used to calculate the properties of most substances
over a wide range of conditions.

The generalized equations of state include:
* Redlich-Kwong equation
» Soave-Redlich-Kwong (SRK) equation with volume translation
* Peng-Robinson (PR) equation with volume translation
* Lee-Kesler BWR equation
* Thomson-Brobst-Hankinson and Modified Rackett equations

§
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B.11.1.1 Redlich-Kwong and Soave-Redlich-Kwong

The Redlich-Kwong (RK) equation of state was proposed to give a better description
of PVT over the van der Waals equation. The corresponding state principle was
applied to obtain Redlich-Kwong equation parameters. Therefore, the two
parameters of the RK equation can be calculated from the critical temperature and
pressure. Redlich-Kwong equation of state is only applicable to the gas phase, with
limited accuracy.

The Soave-Redlich-Kwong (SRK) equation was proposed by Soave in 1972. It is the
first cubic equation of state with the capability of describing both liquid and vapor
phases. With Peneloux's volume translation technique, the SRK equation will give
more accurate liquid volumes. Besides the critical properties for SRK equation
parameters, an acentric factor is needed. For Peneloux's volume translation form, an
additional parameter, Rackett volume constant Zgr,, is needed. The details of the
SRK equation are provided later in the appendix.

The correlation of binary interaction parameter for the SRK equation is used here,
although the binary parameter is not important for volumetric calculations.

B.1.1.1.2 Peng-Robinson

The Peng-Robinson (PR) equation was proposed in 1976. It gives a better
description of liquid density over the original SRK equation. With Peneloux's volume
translation technique, the PR equation is essentially equivalent to the SRK equation.
However, the PR equation is widely used in North America, while the SRK equation
is preferred by European engineers.

Yu's volume translated PR equation is used here. Only critical temperature,
pressure, and acentric factor are needed to obtain the parameters of volume
translated PR equation.

B.1.1.1.3 Lee-Kesler BWR

As recommended by Reid et al., the Lee-Kesler BWR equation should be used for an
expanded range of temperature and pressure, although the simple SRK and PR
equations give a reasonable description of liquid density for non-polar molecules
near saturated conditions. The Lee-Kesler BWR equation will also be used to provide
an isentropic exponent (together with ideal gas heat capacity).

The Lee-Kesler BWR equation is highly nonlinear in volume. An Newton-Raphson
iteration method is needed to solve volume for given temperatures and pressures.
Although Lee-Kesler BWR may give several volume roots for given temperatures
and pressures, only three of them will be within a physically meaningful range.
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B.1.1.1.4 Thomson-Brobst-Hankinson and Modified Rackett

The correlation's for liquid density are:
» Thomson-Brobst-Hankinson equation
* Modified Rackett equation

The Thomson-Brobst-Hankinson equation is also known as the COSTALD
(COrresponding STAtes Liquid Density) equation. The COSTALD equation extended
the Tait equation to a generalized form with corresponding states formulation for the
parameters. It is applicable to saturated liquid density and compressed liquid density,
to pure fluid and fluid mixtures, and to non-polar and polar substances. This equation
was developed from 6,338 density points for pure, non-polar liquids, 1,352 points for
polar and quantum liquids, and 6,926 mixture density points including 319 points for
LNG/LPG mixtures. Average absolute errors in densities calculated using this
equation were 0.446% and 2.57% for pure non-polar and polar liquids respectively. It
gave 0.3669% and 1.6% average absolute error for LNG/LPG mixtures and for all
mixtures.

This equation needs critical pressure, critical temperature, and two additional
characteristic parameters as inputs. These two characteristic parameters are
available for about 400 substances.

The Spencer and Danner modified Rackett equation will be used here. The Rackett
equation can only be used to calculate the saturated liquid volume (density). It is very
simple and only needs critical temperature, critical pressure, and Zgra as input. When
Zgra is not available, it can be estimated from the acentric factor.

In addition to the equation specific parameters, the above generalized equations
need substances dependent on critical properties and acentric factors. Flowel
provides these parameters for more than 600 substances. Two additional
parameters are required for the Thomson-Brobst-Hankinson and the Modified
Rackett equations, respectively. These two parameters are listed in the Table 3-10 of
the book "The Properties of Gases and Liquids™ for more than 300 substances.
There are also rules to estimate these two parameters when they are not available in
the table.

Proper mixing rules are applied to extend the above equations to gas or liquid
mixtures.

B.1.1.2 Specialized Method

The generalized methods are well known and have been extensively tested by many
researchers. These methods usually provide reasonable accuracy, in most cases.
However, more accurate methods are also necessary when you are more concerned
with accuracy.

! Walas, “Phase Equilibrium in Chemical Engineering”. Butterworth Publisher, Boston, 1985.
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The specialized methods include:

 AGA 8 (versions 1985 and 1992).

* Redlich-Kwong equation with Wichert-Aziz correction for sour natural gases

* NX-19

*  NBS/NRC Steam equation

 Ammonia equation

e Carbon Dioxide equation

* Nitrogen equation

* Oxygen equation

» Hydrogen equation

» Argon equation

* Methane equation

* Ethane equation

» Ethlyene equation

* Propane equation

e i-Butane and n-Butane equation

o Air
There are two versions of the AGA 8 equation. One was proposed in 1985 and the
other in 1992. The new data available between 1985-1990 was included to obtain
the new version of the AGA equation. The new version of the AGA 8 equation can
replace the old version AGA 8 equation. However, in consideration for those users of

the previous versions of Flowel, both versions of the AGA 8 equations are included in
this property library.

AGA 8 equations can be used over a wide range of temperature and pressure for
natural gas systems. However, the AGA 8 compressibility equation is only applicable
for the gas phase.

Wichert-Aziz proposed an empirically modified Redlich-Kwong equation for sour
natural gases. They proposed a set of pseudo-critical temperatures and pressures
for the Redlich-Kwong equation. Therefore, the original Redlich-Kwong equation
program can be directly used here with the special pseudo-critical pressure and
pseudo-critical temperature.

NX-19 is the first effort to represent natural gas data in an equation of state form. It is
old but still popular in the natural gas industry. Therefore, this equation is included as
an additional option for users.

The U.S. National Bureau of Standards under the auspices of the Office of Standard
Reference Data, and in collaboration with the National Research Council of Canada,
undertook the task of correlating the large body of thermodynamic measurements for
water and steam. The result of that program is a new formulation that is more
accurate and has a much wider range of validity than previously existing
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formulations. The International Association for the Properties of Steam (IAPS)
granted this formulation provisional acceptance in September 1982.

In this formulation, all of the thermodynamic properties are derived from the analytic
Helmholtz function: A= A(p, T)

An analytical equation of state derived from the Helmholtz function is used for our
PVT calculation. The vapor pressure equation of steam provided in the NBS/NRC
steam table is used for steam phase status checking purposes.

ASME/ANSI MFC-7M-1987 recommended equations of state for the thermodynamic
properties of Nitrogen, Oxygen, and Ammonia are used. The NBS monograph on
thermophysical properties of Ethane and Propane, and the recently published results
on Methane, i-Butane, and n-Butane are used as well. The IUPAC international
thermodynamic tables of fluids for Carbon Dioxide and Argon are used.

B.1.2 Bubblepoint

Bubblepoint is necessary to check the phase status of a fluid at certain conditions.
The two phase regions are avoided in normal metering operations. It is important to
predict the cavitation conditions for liquid flow metering.

B.1.2.1 Pure Substances

For pure substances, it is easy to check the phase status by comparing system
pressure (operation pressure) with vapor pressure. The modified Antoine equation is
used for this purpose. The coefficients for modified Antoine equations for more than
500 substances are available in the book "The Properties of Gases and Liquids."

B.1.2.2 Mixtures

Equations of state are used to check the phase status of fluid mixtures. As Peng-
Robinson and Soave-Redlich-Kwong equations of state are cubic in volume, they are
relatively easy to use. These two equations of state are among the most extensively
tested simple equations for phase behavior calculation. It also should be noted that
these two simple equations perform equally or better than complicated Lee-Kesler
BWR and BWRS equations for phase behavior purposes.

The binary interaction parameter is very important for phase behavior calculation.
There are also extensive compilations of binary interaction parameters for both
Peng-Robinson and Soave-Redlich-Kwong equations. The correlated form of binary
interaction parameters is used in the program.

The phase equilibrium calculation methods include a constant temperature and
pressure flash calculation, dew-point calculation, and bubble-point calculation.

The phase status checking is done automatically or as an option the user can select.
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B.1.3

B.1.4

B.2

B.2.1

B.2.1.1

Viscosity

Viscosity is also an important property for Flowel calculations. The low pressure gas
viscosity can be estimated within about 1% error for most substances. There are
several correlation's available for calculating the temperature and pressure
dependence of viscosity. Among them, the Lucas method can be used to calculate
the viscosity of non-polar and polar substances over a wide range of temperatures
and pressures. The Lucas method is also tested for gas mixtures, and the Lucas
method only needs critical properties as input for substance dependent parameters.

IAPS approved (1975) viscosity equations for steam will be adopted here for pure
water viscosity calculations.

The Isentropic Exponent

The isentropic exponent of a substance is defined as:
K = oP _ C,(oP V

2InV Jg C,\oV ) P
The ratio of specific heat capacity at temperature (T) and pressure (P) can be used
as an approximation. For perfect gases, the specific heat capacities are constant;
therefore, the isentropic exponent is constant. For ideal gases, heat capacity can be
correlated as a simple function of temperature. The coefficients of such correlations
are given in the book "The Properties of Gases and Liquids". For real gases, an
equation of state can be used to derive the isentropic exponent. The Redlich-Kwong

equation can be used for general purposes. The Lee-Kesler BWR equation is
expected to give better results for an isentropic exponent.

The isentropic exponent is also related to the speed of sound and can be calculated
using equations in AGA-10-2003 (Speed of Sound in Natural Gas and Other Related
Hydrocarbon Gases).

PVT Property-Generalized Methods

Redlich-Kwong Equation of State
Symbol Table

The symbol table for the Redlich-Kwong equation of state is shown in Table B-1.

Table B-1 Redlich-Kwong Symbol Table
Symbol 1/0 Units Lower Lower Upper Upper
Domain Limit Limit Domain
y I - o<y o<y y<1l y<1
P | kPa 0<P
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Symbol 1/0 Units Lower Lower Upper Upper
Domain Limit Limit Domain
P. | kPa
T | K o<T
T. | K
a -
b -
A -
B -
R kJ 8.31441
kmol - K
Zz (0] - 0<Zz Z<5

Subscript “i” denotes a component property.
B.2.1.2 Calculations

The following information was taken from the book "Phase Equilibria in Chemical
Engineering", by Walas, page 44.

The compressibility factor, Z, is found by solving the following equation:

Zs—ZZ+(A—B—BZ)Z—AB=O (Table 1.9, eq. 7)
n_on n_n (Table 1.9, eq. 15)
vy [P 22 vy aa; P
aP  |= = L=
RZT 25 RZT 25 - RZT 25
QaRZTc.Z'S (Table 1.9, eq. 2)

q =
P

Combining equation 2 and equation 15 yields:

i1 j1
P =
i F)Ci
T =1
i TCi
.43, eq.1.111
Q, = =0.42748 (P 43, €9 1111
9(2%% —1)
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(Table 1.9, eq. 5)

bP _[gyibip

RT RT
b Q.RT, (Table 1.9, eq. 3)
i~ Pci
n Pr-
B= Qb l:z Yi T_l
i=1 4
2% _1 (p. 43, eq. 1.112)
Q = =0.08664
B.2.1.3 Restriction and Uncertainty

The Redlich-Kwong equation is hot recommended for liquid phase (normally error
will be more than 10%) or high pressure. As depicted in Figure 3-6 in the book “The
Properties of Gases and Liquids” (R.C. Reid. J.M. Pranstitz, and B.Z. Poling, Fouth
Edition, McGraw-Hill, 1987), for P,<1, the percentage error in molar volume is less
than 2%, for 1<P,<10, the percentage error in molar volume is from 2% to 5%.

B.2.2 Modified Soave Equation of State
B.2.2.1 Symbol Table

The symbol table for the Modified Soave equation of state is shown in Table B-2.

Table B-2 Modified Soave Symbol Table

Symbol 110 Units Lower Lower Upper Upper
Domain Limit Limit Domain
ki [ - 0 1
R - J/mol K 8.314
P | Pa
Pc | Pa
T | K 40 1,000
Te | K 40 1,000
v o} cm®/mol
y | - 0.0 1.0
® | - 0.0 3
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B.2.2.2 Equations

The volume translated Soave equation of state proposed by Peneloux and Rauzy is:

p= RT a (Ded.(5)
V-b (V+c)V +b+20)

Where:

2T 2
A 0.4274;8R T, [1+ f(a))(l—\/f)]z

c

(PGL, Table 3-5, page 43)

0.08664RT, (PGL, Table 3-5,page 43,
b= P —C under eq. (6))
®eq.(8
¢ =0.40768 RPT° (0.29441-Z,,) (Gea.(8)
f (w) = 0.48508 +1.55171w — 0.156130" (3,eq.(6-54), page 307)

For mixtures:

a, =2 > iy /aa k) (PGL, eq.(4-5.1))
i
b, =y (PGL, eq. (4-5.2))
C, = z Y€, (® under equation (6))

For Nitrogen systems:
kij =0.107089 + 2.9776ki}° (@eq.(6-57))

For CO, systems:
kij =0.08058 — O.77215k§° —1.8407(k§“\)2 (@eq.(6-58))

For H,S systems:
k; =0.07654+0.017921k;” (@eq.(6-59))

For Methane systems:

k; =0.17985+ 2.6958k;” +10.853(k;")* (@eq.(6-60))
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Where:

ki = [—(gi —5j)2]/(2€i€j (@eq.(6-61))

And:

& =[a In2]° /b (@eq.(6-62))

® Peneloux, A. and Rauzy, E., "A Consistent Correction for Redlich-Kwong-Soave
Volumes", Fluid Phase Equilibria, 8,7-23,(1982).

@ Ahmed, T. "Hydrocarbon Phase Behavior", Gulf Publishing Company, Houston,
1989.

B.2.3 Modified Peng-Robinson Equation of State
B.2.3.1 Modified Peng-Robinson Symbol Table
The symbol table for the Modified Peng-Robinson equation of state is shown in Table
B-3.
Table B-3 Modified Peng-Robinson Symbol Table
Symbol 1/0 Units Lower Lower Upper Upper
Domain Limit Limit Domain
ki [ - 0 1
R - J/imol K 8.314
P [ Pa
Pc | Pa
T [ K 40 1,000
Te [ K 40 1,000
v o) cm®mol
y | - 0.0 1.0
® [ - 0.0 3
B.2.3.2 Equations
The volume translated Peng-Robinson equation is:
p_ RT _ a (eq.(1))
V-b V?+(2b—4c)V +(2¢° -b?)
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Where:
, 272 2 (PGL,Table3-5)

a=aa, :%[Pr f(w)(l_\/f)]

_ 0.3112RT, (@ in the paragraph under

T (2+u)P, eq.(2),)

_2-u b (@ in the paragraph under
E ed.(2),)
f(w) = 0.37464 +1.54226 w — 0.26992 »* for 0<w<0.2
f(w)=0.37964 +1.485030 — 0.16442 »* +0.01667»° for 0.2< < 2.0
uU=15251+11146 0 +1.15380° (@ eq.B3)
For mixture:
a, = Zz Yi¥i\/aq; - kij)

i

bm = Z yibi
Cn = Z YiGi

Generalized form of binary interaction parameter:
Ky =6, + 0T, +6,T; (®p.313,€0.6-76)

For Nitrogen-Hydrocarbons:
8, =0.1751787-0.7043log ; — 0.862066(log o, )?  (®p.313,eq.6-76)

5, = —0.584474-1.328log w, +2.035767(log»,)*  (®p.313,eq.6-77)
0, =2.257079+7.869765log o; + 1350466(log o, )? (®p.313,eq.6-78)
+8.3864(log w,)°

For Methane-Hydrocarbons:
8 =—0.01664—0.37283log w; +1.31757(log w;)*  (®p.313,eq.6-80)

S, =0.48147+3.35342log »; —1.0783(log @, )’ (®p.313,eq.6-81)
8, =—0.4114-3.5072 log w; —0.78798(log w;)* (®p.313,eq.6-82)

For CO,-Hydrocarbons:

8, =0.4025636 +0.1748927 log o, (®p.313,eq.6-83)
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B.2.4

B.24.1

6, =-0.94812 - 0.6009864 log v,
0, =0.741843368+0.441775l0g w;

(®p.313,eq.6-84)
(®p.313,eq.6-85)

® Sheng, W. and Lu, B. C.-Y. "A Modified Volume Translated Peng-Robinson
Equation with Temperature Dependent Parameters”, Fluid Phase Equilibria, 56, 71-
80,(1990).

@ Yu,J.M. and Lu, B. C.-Y., "A Three-parameter Cubic Equation of State for
Asymmetric Mixture Density Calculations”, Fluid Phase Equilibria, 31, 1-19, (1987).

® Ahmed, T. "Hydrocarbon Phase Behavior", Gulf Publishing Company, Houston,
1989.

Lee-Kesler BWR Equation
Lee-Kesler BWR Symbol Table

The symbol table for the Lee-Kesler BWR equation is shown in Table B-4.

Table B-4 Lee-Kesler BWR Symbol Table
Symbol 1/0 Units Lower Lower Upper Upper
Domain Limit Limit Domain
R J/mol K 8.314
P | Pa 0 0
Pc | Pa
T | K 40 1,000
Te | K 40 1,000
v o) cm®mol
y I - 0.0 1.0
z o] - 0.0
® | - 0.0
o - - 0.3978
The meaning of the symbols above are shown in Table B-5.
Table B-5 Meaning of Symbols
Symbol Description
R Gas constant
P Pressure
Pc Critical pressure
T Temperature
Te Critical temperature
\% Molar volume
y Mole fraction
&
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B.2.4.2

Symbol Description

Compressibility factor
Acentric factor

o Acentric factor of reference fluid

0) Superscript represents simple fluid property

n Superscript represents reference fluid property

m Subscript represents mixture property

i Component index

Equations

Lee and Kesler developed a modified BWR equation within the context of Pitzer's
three-parameter correlation. The compressibility factor equation is simply as follows:

7=794+ 9 (z0_70) (* eq.(2))
@

Where superscript (0) and (r) represent a simple fluid and a complex reference fluid
respectively. The compressibility factors of both the simple and reference fluids have
been represented by the following reduced form of a modified BWR equation of
state:

5 ¢ o 5] (Deq.(3))
Z=1+—+—+— +—
(VARRVASRAVA T3\/ (ﬂ j
Where:
B=b -b,/T. —b,/T?~b, /T’ (Deq.(4))
C=¢,-C /T +¢c,/T® (®eq.(5))
D=d, +d,/T, (®eq.(6))
T T (® paragraph 1 left up
re T, corner page 513)
VR, (@ paragraph 1 left up
" RT corner page 513)

The equation details are shown below.

Table B-6 Equation Details
Constant Simple Reference Constant Simple Reference
Fluids Fluids Fluids Fluids
b1 0.1181193 0.2026579 Cs 0.0 0.016901
b, 0.265728 0.331511 Ca 0.042724 0.041577
bs 0.154790 0.027655 d;x10* 0.155488 0.48736
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B.2.4.3

B.2.4.4

B.2.4.5

B.2.5

B.25.1

Constant Simple Reference Constant Simple Reference
b4 0.030323 0.203488 d, x10* 0.623689 0.0740336
C1 0.0236744 0.0313385 B 0.65392 1.226
C2 0.0186984 0.0503618 Y 0.060167 0.03754

Mixing Rules

Plocker, et al., suggested the following mixing rules for the Lee-Kesler BWR
equation:

T :#Z;y‘yj%‘%‘j (@eq.(9))
(with *=1/4, PGL Table 4-3, page 84 )

Vo = 222 ViV Ve (@eq.(10))

i

o, = Z Y, o, (@eq.(11))
Ty = (';'Cich )2k (@eq.(12))
V, = % (V3 4 V23 (@eq.(13))
P, =(0.2905-0.085w, )RT, /V,. (@eq.(14))

It is a reasonable assumption to let the binary interaction parameter kij = 1.0 for a
PVT calculation.

Restrictions and Uncertainties

The Lee-Kesler BWR equation has been tested over a wide range in temperature
and pressure. It can be used for polar and non-polar compounds. The general
expectation of errors are around 1%.

References

The references used for the above equations are:

® Lee, B.l. and Kesler, M.G. "A Generalized Thermodynamic Correlation Based on
Three-Parameter Corresponding State", AIChE J. 21, 510-527. (1975).

@ Plocker, U, Knapp, H and Prausnitz, J.M. "Calculation of High-pressure Vapor-
Liquid Equilibria from a Corresponding-State Correlation with Emphasis on
Asymmetric Mixtures"”, Ind.Eng. Chem. Process Des. Dev., 17,324-332,(1978).

Thomson-Brobst-Hankinson Equations

Thomson-Brobst-Hankinson Symbol Table

The Thomson-Brobst-Hankinson symbol table is shown in Table B-7.
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B.2.5.2

Table B-7 Thomson-Brobst-Hankinson Symbol Table
Symbol 110 Units Lower Lower Upper Upper
Domain Limit Limit Domain
R J/mol K 8.314
P | Pa 0 0
Pc | Pa
T | K 40 1,000
Te | K 40 1,000
v o) cm®mol
Vs o) cm®mol
y | - 0.0 1.0
Z o] - 0.0 5
V& | L/mol 0.01 2.0
WSRK | - 0.0 3
Equations

Hankinson and Thomson present the following correlation for saturated densities of

liquids:
V, *eq.(16
F:VFS))[]'_COSRKVFED] (*eq.(16))
VO =1+a(1-T)"® +b1-T)**+c(1-T)+d(@-T)**  (*eq.(17))
Ve =[e+ fT, +gT +hT. ]/ (T, —1.00001) (*eq.(18))
a -1.52816 b 1.43907
c -0.81446 d 0.190454
c -0.81446 d 0.190454
e -0.296123 f 0.386914
g -0.0427258 h -0.0480645
For compressed liquids:
(@eq.(5))
v =VS(1—cIn p+P ]
p+PR,
BIP =-1+a(l-T) " +b(1-T.)"* +d(1-T)+e(l-T.)"* (@eq.(6))
e=exp(f+ gOgr + ha)éRK) (@eq.(7))
C= ]+ Kargy (@eq.(8))
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a -9.070217 b 62.45326
d -135.1102 f 4.79594
g 0.250047 h 1.14188
i 0.0861488 k 0.0344483
The mixing rules used for mixtures are:
Zzylyj ij cij (®eq(19))
Tcm
Vm
/
Vi Ty = (W TaV 1) ™ (Deq.(20))
. (®eq.(21))
[Z YV, +3[Z yV, 2”)(2 yV, “ﬂ
And:
Dspym = z Y Ogrii (Deq.(24))
P, =(Z,RT,)/V, (@eq.(17))
Z.., =0.291-0.080 wggy, (@eq.(18))
log Py, = P{Y + &g P& (@eq.(19))
P{® =58031817log T, +0.07608141x (@eq.(20))
(1) = 486601 (@eq.(21))
a=35.0-36.0/T,, —96.736log T, +Te. (@eq.(22)
p=1ogT,, +0.03721754 ¢ (@eq.(23))
Where:
Tan=T/T,,

® Hankinson, R.W. and Thomson, G.H. "A New Correlation for Saturated

Densities of Liquids and Their Mixtures", AIChE J.,25,653-663,(1979).

@ Thomson, G.H., Brosbst, K.R. and Hankinson, R.W., "An Improved Correlation
for Densities of Compressed Liquids and Liquid Mixtures", AIChE J., 28,671-

676,(1982).

The substances dependent constant o, and V* are given in Table 3-10, page 57-66
of "The Properties of Gases and Liquids" for about 400 substances.

&
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B.2.5.3

B.2.6

B.2.6.1

B.2.6.2

Restrictions and Uncertainties

The Thomson-Brobst-Hankinson equation is only applicable to the liquid phase. It
can be used for saturated liquids as well as compressed liquids. It also can be used
for liquid mixtures. The expectation of error is normally less than 1%.

It is not recommended for high asymmetric mixtures at high pressure.

Modified Rackett Equation
Modified Rackett Symbol Table

The Modified Rackett equation symbol table is shown in Table B-8.

Table B-8 Modified Rackett Symbol Table
Symbol 110 Units Lower Lower Upper Upper
Domain Limit Limit Domain
R J/mol K 8.314
Pc I Pa
T I K 40 1,000
Te I K 40 1,000
Vs o) cm®/mol
y | - 0.0 1.0
Ve [ cm®mol 0.01 2.0
Zra | - 0.15 3
© I - 0.0 3
Equations
The Spencer and Danner modified Rackett equation is:
V. = RT, 7 L+0-T)*] (®eq.(9))
S Pc RA
Where Zga is a substance dependent constant and can
be estimated by:
Zon =0.29056 - 0.08775w (@eq.(1))
The modified Rackett equation for mixtures at their
bubble points is:
T (®eq.(10))
vy =R 3 e
i ci
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B.2.6.3

B.2.7

B.2.7.1

ZRAm = Z inRAi

Where T, :% and mixing rules for critical properties:

Tcm = Z z ¢i ¢chij

— ychi
# ZYchi

Tcij = (1_ kij )(Tcich )1/2
8(Vcivcj )1/2

1-k =09l
1) 1/3 1/3\3
(Ve +Vy5™)

(Deq.(11))

(®eq.(14))

(®eq.(13))

(Deq.(15))
(Deq.(16))

® Spencer, C.F. and Danner, R. "Prediction of Bubble-point Density of Mixtures",
J. Chem. Eng. Data, 18, 230-234, (1973).

@ Yamada, T. and Gunn, R., "Saturated Liquid Molar Volumes. The Rackett

Equation", J. Chem. Eng. Data, 18, 234-236,(1973).

Restrictions and Uncertainties

The modified (and the original) Rackett equation is only applicable to saturated liquid
density. The expectation of error is normally less than 0.5% for pure fluids and

around 2% for mixtures.

Density Calculations

Density Calculations Symbol Table

The density calculations symbol table is shown in Table B-9.

Table B-9 Density Calculations Symbol Table
Symbol 1/0 Units Lower Lower Upper Upper
Domain Limit Limit Domain
MW | kg 0 <MW 500
kmole
SG | - 0<SG
Z | - 0<Zz
T | K 0<T
P | kPa O<P
Ser | - 0 < Ser
Zair | - 0<Za
SGlig [ - 0 < SGlig
&
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B.2.7.2

B.2.7.2.1
B.2.7.21.1

B.2.7.2.1.2

B.2.7.2.1.3

B.2.7.2.2

B.2.7.3

Symbol 1/0 Units Lower Lower Upper Upper

Domain Limit Limit Domain

pH20 [ kg/m?® 0 < pH,0 Default base density 999.01211 kg/m?
0 0 kg/m? 0<p | |

Calculations

Standard conditions are 15.6 °C and 101.325 kPa-abs (60 °F and 14.696 psia).
Gas/Vapor Density

Ideal Specific Gravity Method

_ 3.483407 SG P
P = zZT

Molecular Weight Method

MW P

P = 83144127
Real Specific Gravity Method

3.483407 SGr P
Zair T

p =
Liquid Density
p =SGligx pH20
References

"Flow Measurement Engineering Handbook", Second Edition, R.W. Miller, McGraw-
Hill, 1989.

Perry's Chemical Engineering Handbook, Sixth Edition, page 3-75.

§
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B.2.8

B.2.8.1

B.2.8.2
B.2.8.2.1
B.2.8.21.1

B.2.8.2.1.2

B.2.8.3

B.2.8.3.1

Specific Gravity Calculations

Specific Gravity Calculations Symbol Table

The specific gravity calculations symbol table is shown in Table B-10.

Table B-10  Specific Gravity Calculations Symbol Table
Symbol 1/0 Units Lower Lower Upper Limit Upper
Domain Limit Domain
MW | kg 0 <MW
kmole
MW, | kg 0 < MWy Default molecular weight is 28.96247
kg/kmol
kmole
Zgas [ - 0 < Zgas
Za\r | - 0 < Zair
pliq [ kg/m?® 0 < plig
pbase I kg/m3 O < pbase
pH0 | kg/m3 0 < pH,O Default base density 999.01211 kg/m3
SGgaSi (@] - SGgasi
SGgasr O - SGgasr
SGlig o - SGligp
SGiliqg o - 0 < SGiliq
Calculations
Gases/Vapors
Ideal Specific Gravity
MW
SGy, = MW
air
Real Specific Gravity
Z
— gas
SGgasr - [ 7 SGgas.
air
Liquids
Base Specific Gravity
(5 )
SGqub — L base J
Pn,0
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B.2.8.3.2

B.2.8.4

B.3

B.3.1

B.3.1.1

B.3.1.2

Liquid Specific Gravity at Flowing Conditions

()
o = (o

Pu,0
References

AGA Report No.3 Orifice Metering of natural gas and other hydrocarbon fluids Part 3.
Natural Gas Applications. Third Edition, August 1992.

CRC Handbook of Chemistry and Physics, 64th Edition. CRC Press, 1982-84. Page
F104.

PVT Property-Specialized Methods

Redlich-Kwong Equation with Wichert-Aziz Correction for
Sour Natural Gases

Redlich-Kwong Equation with Wichert-Aziz Correction Symbol Table

The Redlich-Kwong equation, with Wichert-Aziz Correction, symbol table is shown in
Table B-11.

Table B-11  Redlich-Kwong Equation with Wichert-Aziz Correction Symbol
Table
Symbol 1/0 Units Lower Lower Upper Limit Upper
Domain Limit Domain
A | - 0<A A<l
B | - 0<B B<1
€ K O<eg
Tei | K 0< Ty
Ta © K 0<Tq To <To
P | bar 0 <Py
P O bar 0<Py Pa < P
P | bar O<P
T | K 0<T
T o) K 0<T'

Calculations

The critical temperature and critical pressure for each component are adjusted in the
following manner.

§
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B.3.1.3

B.3.1.4

B.3.2

B.3.2.1

¢ = 15(A - A?) + 4.1666667 (B - B (p. 51, eq. 74)
To = Ta - ¢ (p. 51, eq. 75)
P Fals (p. 51, eq. 76)
ci -I-Ci

Where:

* Ais the mole fraction of carbon dioxide and hydrogen sulfide
B is the mole fraction of hydrogen sulfide

ForO < P < 173bar = T =T + 1.94444444( - 0.0002103 sz

27.579
(p. 51, eq. 77)

These values of T);, P;, and T’ are used in the Redlich-Kwong equation of state to

calculate the compressibility of a natural gas mixture.

Note: The coefficients of the above equations have been converted to the Sl unit
system.

Restriction and Uncertainty

As reported in Wichert's thesis, the expected percent error of this method is around
1% or less. It is only applicable for a sour natural gas system.

References
The acid gas corrections are taken from "Compressibility Factor of Sour Natural

Gases", Edward Wichert, Thesis Submitted to the Faculty of Graduate Studies,
Department of Chemical Engineering, University of Calgary, 1970.

AGA 8 — 1985 Compressibility
AGA 8 — 1985 Compressibility Symbol Table

The AGA 8 — 1985 compressibility symbol table is shown in Table B-12.

Table B-12 AGA 8 — 1985 Compressibility Symbol Table
Symbol 1/0 Units Lower Lower Upper Upper
Domain Limit Limit Domain
P [ Pa 0<P P < 138x10°
R [ kJ 8.31448
kmol - K
T | K 0<T 145 478
d kmol/m® 0<d
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Symbol 1/0 Units Lower Lower Upper Upper
Domain Limit Limit Domain
z (0] -
M, | kg/kmol 0<M,
N o] kg/m®
Z o} - 0<2Z
Po | Pa 0<P,
Ty | K 0<T,
Ta [ OR 0<Ty
Fov o] - 0<F,
B - -
C - -
D - -
E - -
Al - -
A2 - -
yi | - 0<yi yi<l
ak | -
n I - 1<n
Wij | -
€i | °R O<cei
yi | - 0 <yi
Gi | £t 0 <oci
3 Ibmol
Vij | - 0 < vijj
uij | - 0 < uijj
Gr | - 0<Gr
HV | Btu/ft® 0<HV
yCO, | - 0 <yCO, yCo, <1
yN, I/0 - 0 <yN, yN, <1
YCH,4 110 - 0 <yCH, yCH, <1
YC;He O - 0 <yC,He yCHs <1
yCsHs o] - 0 < yCsHg YyCsHs< 1
yn-C4Hio (0] - 0 < yn-C4Hyo yn-CsHio <1
Yi-C4Hio O - 0 <Yi-C4Hyo Vi-CiHpo < 1
ySCs (@] - 0 <ySCs ySCs<1
ySCeP o] - 0 <ySC¢P YySCeP < 1
ySDIL O - 0 <ysDIL ySDIL <1

&

&
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The allowable composition range is shown below.

Table B-13  Allowable Composition Range

Component Mole Percent
Allowed

Methane 50 - 100%
Nitrogen 0 - 50%
Carbon Dioxide 0-50%
Ethane 0-20%
Propane 0-5%
Butanes 0-3%
Pentanes 0-2%
Hexanes and heavier 0-1%

H,O + H,S + H, + O, + He + Ar 0-1%

B.3.2.2 AGA 8 Equation of State Parameters

The AGA 8 generalized equation of state parameters are shown in Table B-14.

Table B-14  Generalized Equation of State Parameters

k ag k ak

1 0.25837 15 21.35631
2 7.04794 16 14.15528
3 -19.53600 17 2.03047
4 14.43903 18 9.96509
5 -7.36355 19 4.55053
6 -0.18877 20 6.51706
7 0.03392 21 -12.33577
8 -0.28112 22 -4.82222
9 2.62998 23 12.22885
10 1.88315 24 -16.83781
11 -7.15823 25 0.55906
12 0.05833 26 18.25211
13 18.02809 27 11.79425
14 -40.20412

The characterization parameters for use in correlation are shown in Table B-15.

&
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Table B-15 Characterization Parameters for Use in Correlation

Compound Molar Mass Mr Energy Size Parameter Orientation
(Ib/Ib-mole) Parameter s (f¥/lbmole) Parameter
e (°R) y

Nitrogen 28.0134 180.386 0.772480 0.0404
Carbon Dioxide 44.0100 434.820 0.784121 0.1923
Hydrogen Sulfide 34.0800 533.439 0.795372 0.1000
Water 18.0153 925.228 0.658903 0.3440
Helium 4.0026 7.418 0.663962 0.0000
Methane 16.0430 272.373 0.798064 0.0115
Ethane 30.0700 436.514 0.910959 0.0915
Propane 44.0970 528.651 1.010207 0.1520
n-Butane 58.1230 607.766 1.092139 0.1957
i-Butane 58.1230 583.324 1.103425 0.1760
n-Pentane 72.1500 671.381 1.170828 0.2637
i-Pentane 72.1500 658.080 1.160552 0.2270
n-Hexane 86.1770 725.117 1.229673 0.2988
n-Heptane 100.2040 769.570 1.292305 0.3577
n-Octane 114.2310 811.165 1.352288 0.4026
n-Nonane 128.2580 849.815 1.404927 0.4342
n-Decane 142.2850 879.774 1.444874 0.4980
Oxygen 31.9988 220.980 0.721091 0.0210
Carbon Monoxide 28.0100 189.963 0.780565 0.0402
Hydrogen 2.0159 47.455 0.692463 0.0000

The binary interaction parameter values for use in correlation are shown in Table
B-16.

Table B-16  Binary Interaction Parameter Values for Use in Correlation*

Component Pair uij Vij wij
Methane-Ethane 1.0414 0.9982 1.0015
Methane-Propane 1.0014 1.0041 0.9904
Methane-i-Butane 1.0000 1.0000 0.9779
Methane-n-Butane 1.0000 1.0000 0.9795
Methane-i-Pentane 1.0000 1.0000 0.9691
Methane-n-Pentane 1.0116 0.9738 0.9695
Methane-n-Hexane 1.1028 0.9681 0.9561
Methane-n-Heptane 0.9913 0.9793 0.9432
Methane-n-Octane 0.9673 0.9790 0.9321
Methane-n-Nonane 0.9433 0.9790 0.9205
&
EMERSON.
170 Process Management
Emerson Process Management 3007536 2005-May-02 Rev 0

Flowel 4 Development and Marketing



B Fluid Property Calculation Methods

User Manual

Component Pair uij Vij wij
Methane-n-Decane 0.9193 0.9789 0.9084
Carbon dioxide-Methane 0.9642 1.0253 0.9559
Carbon dioxide-Ethane 0.8614 1.0159 0.9159
Carbon dioxide-Propane 0.7957 1.0126 0.8935
Carbon dioxide-i-Butane 1.0000 1.0000 0.8454
Carbon dioxide-n-Butane 1.0000 1.0000 0.8517
Carbon dioxide-i-Pentane 1.0000 1.0000 0.8115
Carbon dioxide-n-Pentane 1.0000 1.0000 0.8131
Carbon dioxide-n-Hexane 1.0000 1.0000 0.7620
Carbon dioxide-n-Heptane 1.0000 1.0000 0.7124
Carbon dioxide-n-Octane 1.0000 1.0000 0.6698
Carbon dioxide-n-Nonane 1.0000 1.0000 0.6252
Carbon dioxide-n-Decane 1.0000 1.0000 0.5786
Nitrogen-Methane 0.9555 1.0166 0.9757
Nitrogen-Ethane 1.0751 1.0118 0.9707
Nitrogen-Propane 1.0000 1.0000 0.9416
Nitrogen-i-Butane 1.0000 1.0000 0.9274
Nitrogen-n-Butane 1.0000 1.0000 0.9297
Nitrogen-i-Pentane 1.0000 1.0000 0.9155
Nitrogen-n-Pentane 1.0000 1.0000 0.9161
Nitrogen-n-Hexane 1.0000 1.0000 0.8981
Nitrogen-n-Heptane 1.0000 1.0000 0.8806
Nitrogen-n-Octane 1.0000 1.0000 0.8656
Nitrogen-n-Nonane 1.0000 1.0000 0.8499
Nitrogen-n-Decane 1.0000 1.0000 0.8335
Nitrogen-Carbon dioxide 1.0102 1.0494 1.0096

* For component pairs not shown in this table, use 1.0 for each binary interaction parameter value.

B.3.2.3 AGA 8 Equation of State Calculations
B.3.2.3.1 Supercompressibility Factor (85.1)
The supercompressibility factor, Fp,, is computed by:
- (%)0.5
B.3.2.3.2 Compressibility Factor, Z (85.1)

The compressibility is determined from:
PV P MP

2= RT dRT HRT

171

(p. 6, €eq.1)

(p- 7, €q. 2, eq.5, eq. 6)

&
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B.3.2.3.3 Equation of State for Pressure (85.3)

When the system pressure, temperature, and composition are known, the molar
density of the gas is determined from the equation:

P=RTd+BRTd2+CRTd’+DRTd*+ERTd®+ A RTd’ (1+A2d2)e[-Azd2]
(p. 9, eq. 8)
B.3.2.3.4 The Coefficient B — The Second Virial Coefficient (85.4)
B= anzn:yiijij (p. 9, eq.9)

i=1 j=1

; P A A - ] %
B, = [ai + aztij% +agt; + aAtUA +agt:’ + aetijA + a7tij4 +agt’ + 74 (azotij% +a,t; ﬂ [aiO'j } 2
(p. 9, eq. 10)
The constant coefficients, ay, are given in Table B-14.

The size parameters, o, for twenty compounds are given in Table B-15. For other
compounds the size parameter can be estimated using the following equation:

5° 2 03189 (p. 9, eq. 11)

I dci
ot (p. 10, eq. 12)
& =Wij[8i8j]% (p. 10, eq. 13)

The binary temperature interaction parameters, w;, for 36 binaries are given in Table
B-16. For component pairs not shown in the table, use 1.0 for the binary interaction
parameter.

The characteristic energy parameters, g, for twenty components are given in Table

B-15. For other compounds, the characteristic energy parameter is estimated using

the following relation:
T

—_ ci

12593

(p. 11, eq. 14)

The binary orientation parameter, y,, is calculated using the following equation:
Vi = 0.5(;/i +;/j) (p. 11, eg. 15)

The component orientation parameters, vy, for twenty components are given in Table
B-15. For other compounds, the component orientation parameter is estimated as
equal to the acentric factor.
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B.3.2.35

B.3.2.3.6

B.3.2.3.7

B.3.2.3.8

B.3.2.3.9

B.3.2.3.10

B.3.2.3.11

B.3.2.3.12

For equations 9 through 15, the following applies to all doubly subscripted variables:

Bij = Bji

Mixture Size Parameter, o
hon %%
O-:|:Zz yiyjas:|
i=1 j=1
o =V (o-io-j)

ij

Mixture Dimensionless Temperature, T,

LT
&
n n
e=0" ZZ yingija:i
i1 j1

& =U; (gigj)
Mixture Orientation Parameter, y

y=¢" [ZZ yingi?yijj|

i=1 j=1
Coefficient C

C = |:a9Tr_% + alOTr_z + allTr_% + a]_gTr_S + 7(a22 + a23TI'_2):|O-6

Coefficient D

D- [alsTr% va, T raT 2 e, T astr%ﬂag
Coefficient E

E = |:a16-|-r_1 + a17Tr_3 + 7/(3‘26-|-r_1 ):| Gls

Coefficient A,
A= |:a18Tr_3 + 7/(6‘27-|-r_3 )] o°

Coefficient A,

Azz[aig]o-s
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(p-

(p.

(p.

(p.

(p.

(p.

12, eq.

12, eq.

12, eq.

.12, eq.

.12, eq.

.12, eq.

.12, eq.

.12, eq.

12, eq.

12, eq.

12, eq.

21)

22)

23)

24)

25)

26)

16)

17)

18)

19)

20)
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B.3.3 AGA 8 Gas Mixture Characterization

For computation purposes, when determining the equation coefficients, the following
properties may be assumed:

Table B-17  Properties

Pseudo-Component Composition (mole %)

ySDIL 100% helium

ySC5 50% normal pentane, 50% isopentane

ySC6P 85% normal hexane, 12% normal heptane, 3% normal octane

B.3.3.1.1 The Gravity, Carbon Dioxide, Nitrogen Method (85.6.2)

yCH4 = 1.63289 - 1.1458 Gr + 0.13596 yCO2 - 0.59633 yN2 (p. 14, eq. 27)
yC2H6 = -0.31521 + 0.5816 Gr - 0.60593 yCO2 - 0.24416 yN2 (p. 14, eq. 28)
yC3H8 = -0.18262 + 0.3236 Gr - 0.30510 yCO2 - 0.09545 yN2 (p. 14, eq. 29)

ynC4H10 = -0.05417 + 0.0954 Gr - 0.0892 yCO2 - 0.02983yN2  (p. 14, eq. 30)
yiC4H10 = -0.03223 + 0.0579 Gr - 0.05581 yCO2 - 0.02846 yN2  (p. 14, eq. 31)

ySC5 = -0.02925 + 0.0520 Gr - 0.04805 yCO2 - 0.02169 yN2 (p. 14, eq. 32)
ySC6P = -0.01503 + 0.0284 Gr - 0.02561 yCO2 - 0.02192 yN2 (p. 14, eq. 33)
ySDIL = -0.00291 + 0.0044 Gr - 0.00408 yCO2 + 0.04479 yN2 (p. 14, eq. 34)

B.3.3.1.2 The Gravity, Heating Value, Carbon Dioxide, Nitrogen Method (85.6.2)

yCH4 = 1.64569 - 1.0159 Gr - 0.00008368 HV - 0.07449 yCO2 - (p. 14 eq. 35)

0.73631 yN2

yC2H6 = -0.32750 + 0.4569 Gr + 0.0000803 HV - 0.40397 yCO2 -  (p. 14 eq. 36)
0.10982 yN2

yC3H8 = -0.18843 + 0.2648 Gr + 0.00003790 HV - 0.20981 yCO2 (p. 14 eq. 37)
-0.03213 yN2

ynC4H10 =-0.05619 + 0.075 Gr + 0.00001313 HV - 0.05618 yCO2 (p. 14 eq. 38)
- 0.00789 yN2

yiC4H10 = -0.03245 + 0.0557 Gr + 0.00000142 HV - 0.05224 (p. 14 eq. 39)

yCO?2 - 0.02609 yN2
ysC5 = -0.02958 + 0.0486 Gr + 0.0000022 HV - 0.04252 yCO2 - (p. 14 eq. 40)

0.01802 yN2

ySC6P = -0.0169 + 0.0094 Gr + 0.00001220 HV + 0.00506 yCO2  (p. 14 eq. 41)
-0.00152 yN2

ySDIL = 0.0122 + 0.1602 Gr - 0.00010008 HV - 0.25612 yCO2 - (p. 14 eq. 42)
0.12296 yN2

B.3.3.1.3 The Gravity, Heating Value, Carbon Dioxide Method (85.6.2)

yN2 = 0.08728 + 0.9272 Gr - 0.00059325 HV - 1.4984 yCO2 (p. 14, eq. 43)
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yCH4 = 1.57921 - 1.7003 Gr + 0.000356 HV + 1.0272 yCO2 (p. 14, eq. 44)
yC2H6 = -0.3272 + 0.3526 Gr + 0.00013769 HV - 0.2379yCO2  (p. 14, eq. 45)
yC3H8 = -0.19828 + 0.2379 Gr + 0.0000621 HV - 0.1579 yCO2  (p. 14, eq. 46)
ynC4H10 = -0.06061 + 0.0692 Gr + 0.00002052 HV - 0.043 yCO2  (p. 14, eq. 47)
yiC4H10 = -0.03237 + 0.0309 Gr + 0.00001499 HV - 0.0146 yCO2 (p. 14, eq. 48)

ysC5 = -0.03174 + 0.0322 Gr + 0.00001324 Hv - 0.0158 yCO2 (p. 14, eq. 49)
ySC6P = -0.01579 + 0.0073 Gr + 0.0000123 HV + 0.0058 yCO2  (p. 15, eq. 50)
ySDIL = 0.00235 + 0.0468 Gr - 0.0000283 HV - 0.0735 yCO2 (p. 15, eq. 50)

B.3.3.14 The Heating Value, Carbon Dioxide, Nitrogen Method (85.6.2)

yCH4 = 1.73734 - 0.00073023 HV - 1.7181 yCO2 - 1.8295 yN2 (p. 15, eq. 52)
yC2H6 = -0.35947 + 0.00036249 HV + 0.3307 yCO2 + 0.3782 (p. 15, eq. 53)
yN2

yC3H8 =-0.2203 + 0.00021399 HV + 0.226 yCO2 + 0.2552 yN2 (p. 15, eq. 54)
ynC4H10 = -0.06702 + 0.00006469 HV + 0.0686 yCO2 + 0.0742 (p. 15, eq. 55)

yN2
yiC4H10 = -0.03521 + 0.00003471 HV + 0.0353 yCO2 + 0.0331 (p- 15, eq. 56)
yN2
ysC5 =-0.0347 + 0.00003377 HV + 0.0361 yCO2 + 0.0345 yN2 (p- 15, eq. 57)
ySC6P =-0.01644 + 0.00001694 HV + 0.0175 yCO2 + 0.0078 (p- 15, eq. 58)
yN2

ySDIL =-0.00175 + 0.00000135 HV + 0.0017 yCO2 + 0.0498 yN2  (p. 15, eq. 59)

B.3.3.1.5 The Gravity, Methane, Carbon Dioxide, Nitrogen Method (85.6.2)

yC2H6 = 1.73468 - 0.85995 Gr - 1.2539 yCH4 - 0.42978 yCO2 - (p. 15, eq. 60)

0.9886 yN2
yC3H8 = 0.11444 + 0.12969 Gr - 0.1907 yCH4 - 0.3027 yCO2 - (p. 15, eq. 61)
0.2283 yN2
ynC4H10 = -0.21867 + 0.21578 Gr + 0.0977 yCH4 - 0.10984 (p. 15, eq. 62)

yCO2 + 0.02132 yN2

yiC4H10 = -0.13919 + 0.12532 Gr + 0.0703 yCH4 - 0.05272 yCO2 (p. 15, eq. 63)
+0.02361 yN2

ysC5 = -0.22604 + 0.18802 Gr + 0.1219 yCH4 - 0.06107 yCO2 +  (p. 15, eq. 64)
0.05276 yN2

ySC6P = -0.11848 + 0.09655 Gr + 0.0658 yCH4 - 0.02962 yCO2  (p. 15, eq. 65)
+0.02376 yN2

ySDIL = 0.06180 - 0.04167 Gr - 0.0394 yCH4 + 0.00265 yCO2 +  (p. 15, eq. 66)

0.02480 yN2
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B.3.3.2 Restriction and Uncertainty

This method is only applicable to the gas phase of natural gas systems. For the
applicable composition range please refer to the table following the symbol table.
The applicable pressure and temperature ranges are given in the symbol table.

The uncertainties in the computed compressibility factor for most natural gases at
typical pipeline conditions are expected to be less than 0.1% on the average,
provided the composition of the natural gas is known accurately. Uncertainty in the
computed compressibility factor is expected to exceed 0.1% at a pressure higher
than 500 psia (35 bar) or the natural gas composition is not accurately known. The
uncertainty in the computed supercompressibility factor is about 0.7%, on average.

B.3.3.3 Reference

AGA Transmission Measurement Committee Report No.8, Compressibility and
Supercompressibility for Natural Gas and other Hydrocarbon Gases., December
1985.

B.3.4 AGA 8-1992 Compressibility

B.34.1.1 AGA 8-1992 Compressibility Symbol Table
The AGA 8-1992 compressibility symbol table is shown in Table B-18.
Table B-18 AGA 8 — 1992 Compressibility Symbol Table

Symbol 110 Units Lower Lower Upper Upper
Domain Limit Limit Domain

B

Bmi><

Bij

Cik

Cmix

Fpv (0] - 0< Fpy

- 0< G,

HCH MJ/mol

O|0|—

HNP° MJ/mol

HV | Btu/ft® 0<HV

K - -
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Symbol 1/0 Units Lower Lower Upper Upper
Domain Limit Limit Domain
M, | kg/kmol o<Mr
M (air) | kg/kmol 0<Mr
N | - 1 18
P ! Pa 0<P P<280x106
Q - -
R 8.3145 kJ/kmol K
U - -
Vo - -
Xi | - O<xi xi<1
z o -
Zair - - 0 5
Zy - -
p o] kg/m® 0
Dair (0] kg/m3 0
The symbols used above are described in Table B-19.
Table B-19 Symbol Descriptions
Symbol Meaning
B second virial coefficient
Brmix second virial coefficient for the mixture
Bjj the individual component interaction second
virial coefficient
Cijk the individual component interaction third virial
coefficient
Crnix third virial coefficient for the mixture
Cc*n coefficients which are functions of composition
d molar density of gas
D reduced density of gas
F mixture high temperature parameter
Fov supercompressibility factor
G mixture orientation parameter
G, relative density of gas mixture
HCH molar gross heating value of the equivalent
hydrocarbon
HN° molar ideal gross heating value
HV volumetric gross heating value
K mixture size parameter
M, molar mass for the gas mixture
&
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Symbol Meaning

Mir(air) molar mass of air
N number of components in gas mixture
P absolute pressure
Q mixture quadruple parameter
R gas constant
T absolute temperature
U mixture energy parameter
A the ideal gas specific volume
Xi mole fraction of gas component i
Z compressibility factor of gas mixture
Zair compressibility factor of air
Zn Compressibility factor at 60 °F, 14.73 psia
p mass density of gas mixture
Pair mass density of air
Pyr reference pressure for relative density
Tgr reference temperature for relative density
Td, Pd, Th, Pn reference conditions

B.3.4.2 AGA 8 Equation of State Calculations

B.3.4.2.1 The Supercompressibility Factor, Fp,y,

Z, o5 (p-11,eq.8)

Fo. = ( 7 )

B.3.4.2.2 Relative Density Reference Condition

The gas relative density (specific gravity) at the reference condition Ty, Py is defined
by the relation:

T ,P .12,eq.9
Gr (Tgr’ Pgr) = p( = gr) (p q )
pair, T, P,)

Using the mass density of both the gas mixture and air, the following relation exists:
M, Z(air,T,,P,) (p-12,eq.10)
Mr (air)Z(Tgr ! Pgr)

Gr (Tgr’ Pgr) =

B.3.4.2.3 Heating Value Reference Condition

The volumetric gross heating value is the product of the molar ideal gross heating
value and the molar density of the gas mixture:

HV(T,,PR,.T,,P;) =HN"(T,,R,)d(T,,P,) (p-13,eq.11)
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B.3.4.2.4 Detail Characterization Method

The equation of state:

DB N~ Ul N~ UL K.y b- K.
Z=1+F—D;Cﬂ- +ZBCHT (b,-c.k.D*" D™ exp(-c,D*)
(p.17,eq.12)
Where:
D=K?3d (p.18,eq.13)
And:
N S NN 5 (p-18,eq.14)
K?® :[z xiKiz} +2D° ) %%, (K —1)(KK;)?
i=1 i=l j=i+l
Second virial coefficient B:
18 N N E .18,eq.15
B=>a, 7> > xxE"(KK;)?B (P-18,66.19)
n=1 i=1 j=1
11
* n n f, S, W,
B = (G +1-g,)° (QQ, +1-q,)° (R2FZ +1-1)"(SS; +1-5,)" (WW; +1-W,)
(p.18,eq.16)
With:
1
. = (p-19,eq.17)
Eij = Eij(EiEj)2
And:
G; (G +G;) (p.19,eq.18)
ij == 4
2

The coefficients C*, (n=13 to 58) are given by the equation:
C,=a,(G+1-9,)"(Q* +1-q,)* (F+1-f)"U"  (p.20,€q.19)
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The mixture parameters U, G, Q, and F are calculated using the following equations,
where in the double sums, i ranges from 1 to N-1 and, for each value of i, j ranges
from i+1 to N:

5 (p-20,eq.20)

U s{gxiE;} +2NZ_1 Z xX,U;-)E,E)’

i=l j=i+l

N N-1 N . (p.20,eq.21)
G= ZXiGi+Z Z X X;(G-DG+G)

i=1 i=1 j=i+1

N (p.20,eq.22)
Q= Z Xi Qi

N (p.20,eq.23)
F= Zl Xi Fi

B.3.4.2.4.1 Detail Characterization Method Equation of State Parameters

The following table shows the detail characterization method equation of state
parameters.

Table B-20 (AGA 8, 1992, p.22-23, Table 4)

n an bn Cn kn Un On On fn Sn Wn
1 0.153832600 1 0 0 0.0 0 0 0 0 0
2 1.341953000 1 0 0 0.5 0 0 0 0 0
3 -2.998583000 1 0 0 1.0 0 0 0 0 0
4 -0.048312280 1 0 0 35 0 0 0 0 0
5 0.375796500 1 0 0 -0.5 1 0 0 0 0
6 -1.589575000 1 0 0 4.5 1 0 0 0 0
7 -0.053588470 1 0 0 0.5 0 1 0 0 0
8 0.886594300 1 0 0 7.5 0 0 0 1 0
9 -0.710237000 1 0 0 9.5 0 0 0 1 0
10 -1.471722000 1 0 0 6.0 0 0 0 0 1
11 1.321850000 1 0 0 12.0 0 0 0 0 1
12 -0.786659300 1 0 0 12,5 0 0 0 0 1
13 2.291290E-09 1 1 3 -6.0 0 0 1 0 0
14 0.157672400 1 1 2 2.0 0 0 0 0 0
15 -0.436386400 1 1 2 3.0 0 0 0 0 0
16 -0.044081590 1 1 2 2.0 0 1 0 0 0
17 -0.003433888 1 1 4 2.0 0 0 0 0 0
18 0.032059050 1 1 4 11.0 0 0 0 0 0
19 0.024873550 2 0 0 -0.5 0 0 0 0 0
20 0.073322790 2 0 0 0.5 0 0 0 0 0
21 -0.001600573 2 1 2 0.0 0 0 0 0 0
&
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n an bn Cn Kn Un On On fn Sn Whn
22 0.642470600 2 1 2 4.0 0 0 0 0 0
23 -0.416260100 2 1 2 6.0 0 0 0 0 0
24 -0.066899570 2 1 4 21.0 0 0 0 0 0
25 0.279179500 2 1 4 23.0 1 0 0 0 0
26 -0.696605100 2 1 4 22.0 0 1 0 0 0
27 -0.002860589 2 1 4 -1.0 0 0 1 0 0
28 -0.008098836 3 0 0 -0.5 0 1 0 0 0
29 3.150547000 3 1 1 7.0 1 0 0 0 0
30 0.007224479 3 1 1 -1.0 0 0 1 0 0
31 -0.705752900 3 1 2 6.0 0 0 0 0 0
32 0.534979200 3 1 2 4.0 1 0 0 0 0
33 -0.079314910 3 1 3 1.0 1 0 0 0 0
34 -1.418465000 3 1 3 9.0 1 0 0 0 0
35 -5.99905E-17 3 1 4 -13.0 0 0 1 0 0
36 0.105840200 3 1 4 21.0 0 0 0 0 0
37 0.034317290 3 1 4 8.0 0 1 0 0 0
38 -0.007022847 4 0 0 -0.5 0 0 0 0 0
39 0.024955870 4 0 0 0.0 0 0 0 0 0
40 0.042968180 4 1 2 2.0 0 0 0 0 0
41 0.746545300 4 1 2 7.0 0 0 0 0 0
42 -0.291961300 4 1 2 9.0 0 1 0 0 0
43 7.294616000 4 1 4 22.0 0 0 0 0 0
44 -9.936757000 4 1 4 23.0 0 0 0 0 0
45 -0.005399808 5 0 0 1.0 0 0 0 0 0
46 -0.243256700 5 1 2 9.0 0 0 0 0 0
47 0.049870160 5 1 2 3.0 0 1 0 0 0
48 0.003733797 5 1 4 8.0 0 0 0 0 0
49 1.874951000 5 1 4 23.0 0 1 0 0 0
50 0.002168144 6 0 0 1.5 0 0 0 0 0
51 -0.658716400 6 1 2 5.0 1 0 0 0 0
52 0.000205518 7 0 0 -0.5 0 1 0 0 0
53 0.009776195 7 1 2 4.0 0 0 0 0 0
54 -0.020487080 8 1 1 7.0 1 0 0 0 0
55 0.015573220 8 1 2 3.0 0 0 0 0 0
56 0.006862415 8 1 2 0.0 1 0 0 0 0
57 -0.001226752 9 1 2 1.0 0 0 0 0 0
58 0.002850908 9 1 2 0.0 0 1 0 0 0

Fj“ el
-
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B.3.4.2.4.2 Characterization Parameters for Use in the Detail Characterization Method
The following table shows the characterization parameters for use in the detail
characterization method.
Table B-21  (AGAS, 1992, p.24,Table 5)
CID | Compound Molar Energy Size Orientation | Quadrupole High Dipole Ass.
Mass Mr | Parameter | Parameter | poom G Param. Q Temp. | Param.S | Param.
E (K) K(m3/k1 ' Param. F W
mole)
Methane 16.0430 | 151.318300 | 0.4619255 | 0.0 0.0 0.0 0.0 0.0
Nitrogen 28.0135 | 99.737780 | 0.4479153 | 0.027815 0.0 0.0 0.0 0.0
Carbon 44.0100 | 241.960600 | 0.4557489 | 0.189065 0.690000 0.0 0.0 0.0
Dioxide
4 Ethane 30.0700 | 244.166700 | 0.5279209 | 0.079300 0.0 0.0 0.0 0.0
5 Propane 44.0970 | 298.118300 | 0.5837490 | 0.141239 0.0 0.0 0.0 0.0
6 Water 18.0153 | 514.015600 | 0.3825868 | 0.332500 1.067750 0.0 1.582200 | 1.0
7 Hydrogen 34.0820 | 296.355000 | 0.4618263 | 0.088500 0.633276 0.0 0.390000 | 0.0
Sulfide
Hydrogen 2.0159 26.957940 | 0.3514916 | 0.034369 0.0 1.0 0.0 0.0
9 Carbon 28.0100 | 105.534800 | 0.4533894 | 0.038953 0.0 0.0 0.0 0.0
Monoxide
10 | Oxygen 31.9988 | 122.766700 | 0.4186954 | 0.021000 0.0 0.0 0.0 0.0
11 | i-Butane 58.1230 | 324.068900 | 0.6406937 | 0.256692 0.0 0.0 0.0 0.0
12 | n-Butane 58.1230 | 337.638900 | 0.6341423 | 0.281835 0.0 0.0 0.0 0.0
13 | i-Pentane 72.1500 | 365.599900 | 0.6738577 | 0.332267 0.0 0.0 0.0 0.0
14 | n-Pentane | 72.1500 | 370.682300 | 0.6798307 | 0.366911 0.0 0.0 0.0 0.0
15 | n-Hexane 86.1770 | 402.636293 | 0.7175118 | 0.289731 0.0 0.0 0.0 0.0
16 | n-Heptane | 100.2040 | 427.722630 | 0.7525189 | 0.337542 0.0 0.0 0.0 0.0
17 | n-Octane 114.2310 | 450.325022 | 0.7849550 | 0.383381 0.0 0.0 0.0 0.0
18 | n-Nonane 128.2580 | 470.840891 | 0.8152731 | 0.427354 0.0 0.0 0.0 0.0
19 | n-Decane 142.2850 | 489.558373 | 0.8437826 | 0.469659 0.0 0.0 0.0 0.0
20 | Helium 4.0026 2.610111 0.3589888 | 0.0 0.0 0.0 0.0 0.0
21 | Argon 39.9480 | 119.629900 | 0.4216551 | 0.0 0.0 0.0 0.0 0.0
B.3.4.2.4.3 Binary Interaction Parameter Values for Use in the Detail Characterization

Method

The following table shows the binary interaction parameter values for use in the
detail characterization method.
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Table B-22  (AGAS8 -1992, p25-26, Table 6)

CID CID Component Pair Ej Uij Kij GTj
) @)
1 2 Methane Nitrogen 0.971640 | 0.886106 | 1.003630
3 Carbon 0.960644 | 0.963827 | 0.995933 | 0.807653
Dioxide
4 Ethane
5 Propane 0.994635 | 0.990877 | 1.007619
6 Water 0.708218
7 Hydrogen | 0.931484 | 0.736833 | 1.000080
Sulfide
8 Hydrogen | 1.170520 | 1.156390 | 1.023260 | 1.957310
Carbon 0.990126
Monoxide
10 Oxygen
11 i-Butane 1.019530
12 n-Butane | 0.989844 ([ 0.992291 | 0.997596
13 i-Pentane | 1.002350
14 n-Pentane | 0.999268 ([ 1.003670 | 1.002529
15 n-Hexane | 1.107274 | 1.302576 | 0.982962
16 n- 0.880880 | 1.191904 | 0.983565
Heptane
17 n-Octane | 0.880973 | 1.205769 | 0.982707
18 n-Nonane | 0.881067 | 1.219634 | 0.981849
19 n-Decane | 0.881161 | 1.233498 | 0.980991
2 3 Nitrogen Carbon 1.022740 | 0.835058 | 0.982361 | 0.982746
Dioxide
4 Ethane 0.970120 | 0.816431 | 1.007960
5 Propane 0.945939 | 0.915502
6 Water 0.746954
7 Hydrogen | 0.902271 [ 0.993476 | 0.942596
Sulfide
8 Hydrogen | 1.086320 | 0.408838 | 1.032270
Carbon 1.005710
Monoxide
10 Oxygen 1.021000
11 i-Butane 0.946914
12 n-Butane | 0.973384 | 0.993556
13 i-Pentane | 0.959340
14 n-Pentane | 0.945520
3 4 Carbon Ethane 0.925053 | 0.969870 | 1.008510 | 0.370296
Dioxide
&
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CID CID Component Pair Ej Uij Kij GTij
) ()
5 Propane 0.960237
Water 0.849408 1.673090
Hydrogen | 0.955052 | 1.045290 | 1.007790
Sulfide
Hydrogen | 1.281790
Carbon 1.500000 | 0.900000
Monoxide
10 Oxygen
11 i-Butane 0.906849
12 n-Butane 0.897362
13 i-Pentane | 0.726255
14 n-Pentane | 0.859764
15 n-Hexane | 0.855134 | 1.066638 | 0.910183
16 n- 0.831229 | 1.077634 | 0.895362
Heptane
17 n-Octane | 0.808310 | 1.088178 | 0.881152
18 n-Nonane | 0.786323 | 1.098291 | 0.867520
19 n-Decane [ 0.765171 | 1.108021 | 0.854406
4 5 Ethane Propane 1.022560 | 1.065173 | 0.986893
Water 0.693168
Hydrogen | 0.946871 [ 0.971926 | 0.999969
Sulfide
Hydrogen | 1.164460 | 1.616660 | 1.020340
Carbon
Monoxide
10 Oxygen
11 i-Butane 1.250000
12 n-Butane | 1.013060 | 1.250000
13 i-Pentane 1.250000
14 n-Pentane | 1.005320 | 1.250000
5 8 Propane Hydrogen | 1.034787
12 n-Butane 1.004900
7 15 Hydrogen n-Hexane [ 1.008692 | 1.028973 | 0.968130
Sulfide
16 n- 1.010126 | 1.033754 | 0.962870
Heptane
17 n-Octane | 1.011501 | 1.038338 | 0.957828
18 n-Nonane | 1.012821 | 1.042735 | 0.952441
19 n-Decane | 1.014089 | 1.046966 | 0.948338
8 9 Hydrogen Carbon 1.100000
Monoxide
&
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CID CID Component Pair Ej Uij Kij GTij
) ()
10 Oxygen
11 i-Butane 1.300000
12 n-Butane 1.300000
B.3.4.25 Gross Characterization Method
The SGERG model expresses the compressibility factor in terms of the molar density
(d), the mixture's second virial coefficient (Bmix), and the mixture's third virial
coefficient (Cmiy):
z=1+B,,d+C,.d’ (p.29,eq.25)
N N (p.29,eq.26)
Bmix = Z;;Z; Bij Xi Xj
i=1 j=
And:
N NN (p.29,eq.27)
Cmix = ZZCijk Xi X Xk
i=1 j=1 k=1
_ 2 2 2 .30,eq.28
Bmix - B(:orco2 Xco2 + BszN2 XN2 + BCH—CH Xen (P 9-28)
+2 Beo,-, Xeo, Xn, T2 Beo,-cn Xco, Xen +2 By,-cn X,
3 3 3
Cmix = C(:oz—coz—(:o2 Xco, T CNZ—NZ—NZ Xn, t CCH—CH—CH Xen (p-30.€9.29)
2 2
+3CCOZ—C02—N2 Xcoz XN2 + SCCOZ—COZ—CH Xco2 Xen
2 2
+3CCOZ—N2—N2 XN2 Xco2 + 3Ccozchch Xcn Xco2
2 2
+3CN2—N2—CH XN2 Xen ™ SCNZ—CH—CH Xcn XN2
+6Co,-n,-cn Xco, Xn, Xeu
B.3.4.25.1 Interaction Virial Coefficient Terms for Nitrogen and Carbon Dioxide

The Bi-gvalues for the terms involving only nitrogen and carbon dioxide are expressed
in (dm®/mol) and are given by:

(p-30,eq.30)

Bij :bo+b1T+b2T2

Similarly, Cji values for the terms involving only nitrogen and carbon dioxide are
expressed in (dm®mol®) and are given by:

Cijk =CotC, T+ C2T2 (p.30,eq.31)
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B.3.4.252

B.3.4.253

B.3.4.254

Interaction Virial Coefficient Terms for Nitrogen and Carbon Dioxide

The following table shows the interaction virial coefficient terms for nitrogen and

carbon dioxide.

Table B-23  (AGA 8-1992, p.31,Table 7)

Fluid for Bj bo(dm*mol) b1(dm*mol K) b2(dm*mol K?)
N2-Na -0.144600 0.740910%10°° -0.911950%10°®
C0,-CO; -0.868340 0.403760%10° -0.516570%10°
N2-CO; -0.339693 0.161176*10 -0.204429*10°

Fluid for Cix co(dm®mol?) c1(dm®mol? K) c2(dm®mol® K?)
N2-N2-N2 0.784980*10° -0.398950*10™ 0.611870*10°"
C0,-C0»-CO; 0.205130*10° 0.348880*10™ -0.837030%10”"
N2-N2-CO» 0.552066*10 -0.168609*10™ 0.157169*10"
N,-CO,-CO, 0.358783*10 0.806674*10 -0.325798*10”'

Interaction Virial Coefficient Terms for the Equivalent Hydrocarbon, CH

The equation for the second and third interaction virial coefficients for the equivalent

hydrocarbon are:

Beioci = Bo+t BiHei + B Hf:H

Cocnon=Co+CiHa+C.H ZH

(p.31,eq.32)

(p.31,eq.33)

Bo, B1, By, Co, C; and C,, are temperature dependent functions defined as:
Bj :bi0+bi1T+bi2T2

And:

Cj =Ci0+Ci1T+Ci2T2

1=0,1,2

1=0,1,2

Virial Coefficient Terms for the Equivalent Hydrocarbon

(p-31,eq.34)

(p-32,eq.35)

The following table shows the virial coefficient terms for the equivalent hydrocarbon.

Table B-24  (p.32,Table 8)
i bio biy biz
Bo (dm®mol) 0 -0.425468 0.286500%10° -0.462073*10°
B, (dm®/kJ) 0.877118*10° -0.556281*10 0.881510%10®
Bz (dm®mol/kd®) | 2 -0.824747%10° 0.431436*10°® -0.608319*10™*
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Cio Ci1 Ci2
Co (dm®mol?) -0.302488 0.195861*10 -0.316302*10°
C1 (dm®mol-kJ) 0.646422*10° -0.422876*10° 0.688157*10®
C2 (dm®/kJ?) -0.332805*10°° 0.223160%10°® -0.367713*10™*
( o+ ) (p-32,eq.36)
By, i = (0.72+1875x10°(320-T)?) B, > Bon-c.
1 (p.32,eq.37)
BCOZ—CH = —0.865( Bcofco2 BCH—CH) ?
1 .32,e0.38
Cocnon = (0,824 000LHT ~270))(Cly ey e Cr )’ o)
1 .33,e0.39
CNZ—NZ—CH = (0'92+0'0013(T_270))(CT\12—N2—N2 CCH—CH—CH)S (P %:39)
1 (p.33,eq.40)
2 ’
CCOZ—CH—CH =0. 92(CCH—CH—CH (:cozfcorcoz)3
1 (p.33,eq.41)
2 b
Ccorcozch =0. 92(C:corcorcoz CCH—CH—CH)B
% (p.33,e9.42)
CCH—NZ—COZ =110(Ceh_ch-cn CszNer Ccozfcozfcoz)
Pressure can be obtained through P = ZRTd as:
P = dRT(1+ Bpixd +Cpmixd?) (P.33,EQ.43)

There are two methods used to calculate the Molar Gross Heating Value of the
Equivalent Hydrocarbon (Hch).

B.3.4.2.6 Method 1. Input Parameters: Volumetric Gross Heating Value, Relative Density,
Mole Fraction CO2

Figure B.2-1 (p.85) outlines the procedures for calculating the molar gross heating
value of the equivalent hydrocarbon, Hcy, and the nitrogen mole fraction, xy,, based
on the inputs of volumetric gross heating value, relative density, and mole fraction of
carbon dioxide.

The compressibility Z° is initially set to 1. The mole ideal gross heating value is:

HN® = HVZ°RT? / P° (p.84,B.2-1)
The molar mass (molecular weight), M, of the mixture is:
M, =G, (273.15K,0.101325MP,)Z*V °d_, (p-86,B.2-2)
&
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The mole fraction of the equivalent hydrocarbon is:
_ Mr - GzHNO - Mr(Nz) + Xco2 Mr(Nz) - Xcoz Mr(coz) (p.86,B.2-3)
XCH - G M
17 T(Ny)

The mole fraction of nitrogen is:
Xno =1—Xey — Xcoo (p.86,B.2-4)

The molar gross heating value of the equivalent
hydrocarbon is:

HN°
HCH =
Xy (p.86,B.2-5)

And the molar mass (molecular weight) of the equivalent hydrocarbon is:
M ey = G, + G, Heyy (p.86,B.2-6)

Bch.ch is calculated by:

BCH—CH = Bo + Bl H T Bz HiH (p-31,6.32)
And B is calculated by:

Bmix = Bcoz—co2 )((2302 + BNZ—NZ XT\IZ + BCH—CH Xi:H

2 Beo, v, Xco, X, T2 Beo, o1 Xoo, Xen +2 B, cn X, )

(p-30,eq.28)

The compressibility factor is then updated:

B P° (p.86,B.2-7)
o = 14—

RT
The calculation procedure is iterative.

B.3.4.2.7 Method 2. Input Parameters: Relative Density, Mole Fractions of N» and CO»

Figure B.2-2 outlines the procedure for calculating the heating value of the equivalent
hydrocarbon, Hcy, based on inputs of relative density at 0°C and 0.101325 MPa and
the mole fractions of N, and CO,. In this method the mole fraction of the equivalent
hydrocarbon is determined by:

Xen = 1= Xy, = Xcos (p.87,B.2-8)
The value of Bcu.cy at 0°C and 0.101325 MPa is determined as follows:

Using an initial estimate of -0.065 dm?®/mol for Beh.ch, Bmix at 0°C and 0.101325 MPa
is calculated using following equations:

2 2 2
Bmix = Bcozfco2 Xco, T BszN2 Xy, T BCH—CH Xen (p-30.eq.28)
+2 BcofN2 Xeo, Xn, +2 Bcoch Xeo, Xen 2 BszcH X, XeH
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B.3.4.2.8

(p-30,eq.30)

(BNZ—NZ + BCH—CH) (p-32,€0.36)
2

Bij :bo+b1T+b2T2

By, = (0.72+1875x107°(320~T)*)

(p.32,eq.37)

N | =

BCOZ—CH = —0.865( Bcozfco2 Beicn)

Next, the reference volume at 0°C and 0.101325 MPa is estimated as:
V*® =22.414097+B,,, (p.87,B.2-9)

The molar mass (molecular weight) of the equivalent hydrocarbon is:
V°d;, G, — Xy, M, (v2) = Xco2 Mi(coz) (p.87,eq.B.2-10)

air~r

M. ey =
(CH)
Xcn

From M), a new estimation of Bey.c is obtained by:

Ben oy =0.0838137 —-0.00851644 M {(CH) (p.87,B.2-11)
Once M,ch) is known, the molar ideal gross heating value of the equivalent
hydrocarbon is determined by:

Hcy =134.2153+1067.943d,, (p.87,B.2-12)
Where:
dey = Mr(CH) /(22.710811+ B, o) (p.89,B.2-13)

Molar Heating Value From Composition

The molar ideal gross heating value of the “ith” component at the reference condition
Th Pn is given by the following relation:

HNi0 (TR = _z SCi,k HFkO (Tv, B) (p-136,C.4-5)
k

Stoichiometric coefficients for complete oxidation and molar ideal gross heating
value at 25°C, 0.101325MPa.

Table B-25 (AGA8-1992, p.137, Table C.4-1)
Compound Specific Stoichiometric Coefficient, SCik Ideal Molar
Gross
Heating
Value
Compound Oxygen Water Carbon Sulfur kJ/mol*
Dioxide Dioxide
Methane -1 -2 2 1 0 890.63
Ethane -1 -3.5 3 2 0 1,560.69
Propane -1 -5 4 3 0 2,219.17
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Compound Specific Stoichiometric Coefficient, SCik Ideal Molar

Gross

Heating

Value

Compound Oxygen Water Carbon Sulfur kJ/mol*

Dioxide Dioxide

Isobutane -1 -6.5 5 4 0 2,868.20
n-Butane -1 -6.5 5 4 0 2,877.40
Isopentane -1 6 5 0 3,528.83
n-Pentane -1 6 5 0 3,535.77
n-Hexane -1 -95 7 6 0 4,194.95
n-Heptane -1 -11 8 7 0 4,853.43
n-Octane -1 -12.5 9 8 0 5,511.80
n-Nonane -1 -14 10 9 0 6,171.15
n-Decane -1 -15.5 11 10 0 6,829.77
H,S -1 -1.5 1 0 1 562.01
Hydrogen -1 -0.5 0 0 285.83
CO -1 -0.5 0 0 282.98

Note: The unit given in AGA 8-1992 Table C.4-1 is not correct.

The molar ideal gross heating value of a dry gas mixture is:

HN? (T, R,) ==Y SC,, HR (T, R,) (p.136,C.4-5)
k
- 137,C.4-6
HNO(Th’Ph):ZXiHNiO(Th’Ph) P )
i=1
At temperature T,
(p.137,C.4-6)

NC
HNO(Th, Ph) = ZXiHNiO(Th! Ph)

i=1

NC
HNO(TM’ th): HNO(Thl’Phl)_ZXiZSCi,k[ HNkO(ThZ’PhZ)_ HNI?(Thl'Phl) ]

i1 K
NC
_z XiSCi,HZO[HHZO(Liq"ThZ’ R2)— HHZO(Liq'1Thl’ Phl)]
=]
(p.138,C.4-7)

HI?(ThZ’ P2)— HE(Tm’ Py)=aR(T, —Ty)+

op p(The— 273.15)° — (T, —273.15)° o rThe - 273.15)° — (T, —273.15)°
k 2 Kk 3
EMERSON.
190 Process Management
Emerson Process Management 3007536 2005-May-02 Rev 0

Flowel 4 Development and Marketing



B Fluid Property Calculation Methods User Manual

(p.140,C.4-9&C.4-10)

Ideal gas molar heat capacity coefficients (units, T, K; by K¢, K?) range from
273.15°K < T < 298.15°K.

Table B-26  (AGA 8-1992, p.139,Table C.4-2)

Compound ax 100by ckx10°
Methane 4.1947 0.3639 1.49
Ethane 5.9569 1.377 1.69
Propane 8.2671 2.286 1.90
Isobutane 10.824 3.153 0.82
n-Butane 11.109 2.875 1.82
Isopentane 13.412 3.540 1.40
n-Pentane 13.587 3.288 2.98
n-Hexane 16.134 3.986 3.60
n-Heptane 18.642 4.786 3.84
n-Octane 21.192 5.480 4.30
n-Nonane 23.730 6.172 4.76
n-Decane 26.280 6.869 5.25
H2S 4.070 0.118 0.28
Hydrogen 3.433 0.155 -0.74
CO 3.503 0.009 0.09
Helium 2.500 0.000 0.000
Argon 2.500 0 0
Oxygen 3.520 0.044 0.28
Nitrogen 3.502 0.006 0
SO, 4.707 0.439 0.09
CO; 4.324 0.580 -0.65

HHZO(Liq"ThZ’ th) - HHZO(Liq"Thl’ Phl) = Cp(HZO’ LiQ-)(Thz _Thl)
=75.29(T,, - T,,)

NC
HN®(T,,. R,) = HN°(T,,, Phl)_ZXiSCi,HZO[HHZO(Liq'!ThZ' R2)—Hyo(Lig., Ty, Phl)]
i1

B.3.4.2.8.1 Volumetric Heating Value

HV(T,,P,,T,,P,) = HN°(T,,R,)d(T,,P,) (p.142,C.5-1)
or
HV(T,,P,T,,P) = HMO(Th, R)A(T,,Py) (p-142,C.5-1)
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B.3.4.3 Restrictions and Uncertainties

This set of equations is only applicable to the gas phase. The temperature range is
—130°C < T < 400°C at pressure to 280 MPa.

Uncertainties for the detail characterization and gross characterization methods are
almost the same.

For pressure between:
e 70to 140 MPa, uncertainty <1.0%
e 171070 MPa, uncertainty <0.5%

Temp. -200 to -80° F and 250 to 400°F with pressure up to 17 MPa  uncertainty <0.5%
Temp. -80 to 17° F and 143 to 250°F with pressure up to 12 MPa uncertainty <0.3%

Temp. -80 to 250°F pressure 12 to 17 MPa uncertainty <0.3%
Temp. 17 to 143 °F pressure up to 12 MPa uncertainty <0.1%
B.3.4.4 Reference

AGA Transmission Measurement Committee Report No.8, Compressibility of Natural
Gas and Other Related Hydrocarbon Gases, Second Edition, November 1992.

B.3.5 NX-19
B.3.5.1 NX-19 Symbol Table
The NX-19 symbol table is shown in Table B-27.

Table B-27 NX-19 Symbol Table

Symbol 1/0 Units Lower Lower Upper Upper

Domain Limit Limit Domain

P | psig O<P P <5000

t | °E -40<t t< 240

s O - O<n

T o - O0<rt

P aj - psig 0 < Py

tag - °E -459.67 <ty

D -

E | -

Fp | - 0<F,

F | - 0<F

G | - 0<G Varies with method used.

H [ BTU/f O<H

Fov 0] - 0<Fy

EMERSON.

192 Process Management

Emerson Process Management 3007536 2005-May-02 Rev 0
Flowel 4 Development and Marketing




B Fluid Property Calculation Methods

User Manual

Symbol 1/0 Units Lower Lower Upper Upper
Domain Limit Limit Domain

z @) - 0<z z<1
Z, O - 0<Zz, Z,<1
n | - 1<n
Te | R 0<Ty

G | psia 0< Py
YN, | - 0<YyN, 0<yN; YN, <0.15 YN, < 1.0
yCO, I - 0<yCcO, 0<yco, |yco0,<0.15 |yco,<1.0
F ] - 0<F
Fo @] - 0<F,

The component physical properties are shown in the following table.

Table B-28  Table 5, Component Physical Properties
Gas Critical Critical Ideal Specific Ideal Gas Total
Pressure (psia) Tem;()oegielture Gravity Heatin(% Value

Methane 673 344 0.554 994

Ethane 712 550 1.038 1,742

Propane 617 666 1.523 2,479
Iso-Butane 529 734 2.006 3,203

n-Butane 551 766 2.006 3,213
Iso-Pentane 483 830 2.490 3,939
n-Pentane 485 846 2.490 3,948
n-Hexane 440 911 2.973 4,684
n-Heptane 400 972 3.460 5,420

n-Octane 361 1025 3.943 6,153

Carbon Dioxide 1072 510" 1.519 -

Nitrogen 492 216W 0.967 -

Air 547 239 1.000 -

Oxygen 731 278 1.105 -

Helium 33 10 0.138 -

Hydrogen 188 60 0.070 319

Hydrogen Sulfide 1306 678 1.176 630

(1) Adjusted critical temperatures

(2) For combustion to gaseous SO,

(3) Approximate BTU/SCF - 60°F., 30" Hg., sat.
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B.3.5.2 NX-19 Calculations
B.3.5.2.1 Supercompressibility Calculation, Fp,

The supercompressibility calculation is:

\/ (p. 397, eq. 5)
- D + —
\/_ - o 00132
325

[ 000132 TZ (Miller, p. 2-30, eq. 2.58)
Zb :|_1+7

Z, 1 (Miller, p. 2-30, eq. 2.57)
Z=-"-=

FZz B/D-D+n/(37)
g - 3-mn (p. 397, eq. 6)

9mr’

m = 0.0330378 £ 2 - 0.0221323 r* + 0.0161353 r° (p- 397, €eq.7)
0.265827 72 + 0.0457697 ™ - 0.1331857%  (p. 397, eq. 8)

m
T = Py + 147 (p. 397, €q. 9)
1000
ty + 460 (p. 397, eq. 10)
T = P
500
Pg = P xF (p. 397, eq. 11)
ty :[(t+460) Ft] - 460 (p. 397, eq. 12)
1/3
D =|:b + bZ + 83] (p 397, eq 13)
_9n-2mn*  E
54 m r° 2 mn’

B.3.5.2.2 The “E” Coefficient

The E coefficient calculation is:
A(z-2) +A (7-2" + A, (7-2) + A, (z-2)" (p.403, eq.31)
403, eq. 32)

<
1l

A = 171720- 233123 1- 1.56796 <* = 3.47644 © - 128603 -+ (P
0.016299 - 0.028094 T + 0.48782 T°- 0.728221 T° + 0.27835 v+ (P. 403, eq. 33)
Al = 035978 - 051419 T = 0.16453 T°- 0.32216 T —0.1968 7+ (P. 403, eq. 34)
Az = 0.075255 - 0.10573 T - 0.058398 1° = 0.14416 ©° - 0.054533 *  (p. 403, eq. 35)
u =(r-1.32)2(7r-2)[3-1.483(7[-2)-0.10(71—2)2 +0.0833 (;;-2)3] (p. 403, eq. 36)
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The “E” coefficient ranges are shown in the following table.

Table B-29 The “E” Coefficient

Region Pressure Range of & Temperature Range of 1 Equation For
Range (psia) Range (°F) E
1 0 to 2,000 0.0t0 2.0 85 - 240 1.09-1.40 E;
2 0 to 1,300 0.0to 1.3 -40 - 85 0.84 - 1.09 E,
3 1,300 to 2,000 1.3t02.0 -20 -85 0.88 - 1.09 Es
4 1,300 to 2,000 1.3t02.0 -40 - -20 0.84 -0.88 E4
5 2,000 to 5,000 20t05.0 -40 - -20 0.84 -0.88 Esa
6 2,000 to 5,000 20t05.0 -20 - 85 0.88 - 1.09 Esp
7 2,000 to 5,000 20t05.0 85 - 200 1.09-1.32 Esc
8 2,000 to 5,000 20t05.0 200 - 400 1.32-1.40 Ee

For ranges 5 through 8, if the value of n is greater than 2.0, use n = 2.0 in the
calculation of the E parameter. However, the actual value of « is used in the
calculation of the values of Y, A, A1, A,, Az, and U.

E,=1-0.000757*%¢ ") -0,0011(-1.09)"* 7°| 2.17+14(r-1.09)"° - nT
(p. 403, eq. 23)
E,=1-0.000757%° [2-e['2° e ’)q -1.3177[1.09-7]'[1.69-7°]
(p. 403, eq. 24)
E,=1.0-0.000757% [2-e['2°<1-°9'f” } +0.455[200(1.09-7)° —0.03249(1.09-7) +
2.0167(1.09-7)° —18.028(1.09-7)’ +42.844(1.09-7)']
[7-1.3] 1.69[2] - ° |
(p- 403, eq. 25)
E,=1.0-0.000757%* | 21 %] | 10.455[200(1.09-7)" - 0.03249(1.09-7) +
2.0167(1.09-7)° ~18.028(1.09-7)’ +42.844(1.09-7)']
[7[ _1.3] [1.69 [2][1.25+80[0.88_T]2J ~ 7[2}

(p. 403, eq. 26)

E, = E, -Y (p. 403, eq. 27)

E, = E;-Y (p. 403, eq. 28)
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B.3.5.3

B.3.5.3.1

B.3.5.3.2

E., = E -Y (p- 403, eq. 29)

E, = E,-U (p. 403, eq. 30)

NX-19 Pressure Adjustment Factor, Fp, and Temperature Adjustment Factor, F1
The Standard Method

This method applies when the following conditions are satisfied:
1. The natural gas specific gravity does not exceed 0.750.

2. The carbon dioxide content of the natural gas does not exceed 15.0 mole
percent.

3. The nitrogen content of the natural gas does not exceed 15.0 mole percent.

= 156.47 (p. 2,eq.1)
P 160.8-7.22G +K,

Ko = Mo, —0.392M, (p. 2, €q. 2)

K =[Yco, ~0.392y,, | x100%

E = 226.29 (p. 2, eq. 3)
T 99.15+211.9G - K,

K; =M, +1681M,, (p. 2, eq. 4)

K =[Yco, +1681y,, |x100%

Analysis Method

This analysis method is most applicable when the natural gas has a specific gravity
greater than 0.75. It is the recommended method when the natural gas contains
appreciable amounts of components like hydrogen sulfide, oxygen, and helium.

C . 401, eq. 15
Pc = Zyipc‘i (p q )
i=1
E = 6714 (p. 401, eq. 16)
P PC
C . 401, eq. 17
Tc = ZyiTc,i (p q )
i=1
E = 359.46 (p. 401, eq. 18)
T Tc
EMERSON.
196 Process Management
Emerson Process Management 3007536 2005-May-02 Rev 0

Flowel 4 Development and Marketing



B Fluid Property Calculation Methods User Manual

B.3.54

B.3.55

B.3.6

B.3.6.1

Restrictions and Uncertainties

The range and applicability are:
* pressure, psia — 14.696 to 5000
* temperature, F — -40 to 240
» specific gravity — 0.554 to 1.00
» carbon dioxide mol % — 0to 15
e nitrogen mol % — 0to 15

Reference

AGA Manual for the Determination of Supercompressibility Factors for Natural Gas,
Par Research Project NX-19, Extension Range of Supercompressibility Tables,
December 1962.

Steam Properties
Steam Properties Symbol Table
The steam properties symbol table is shown in Table B-30.

Table B-30 Steam Properties Symbol Table

Symbol 110 Units Lower Lower Upper Upper
Domain Limit Limit Domain
A o) Jig
Abase @) Jig
Alideal gas @) Jig
Avresidual @) J/g
b - -
B - -
P | MPa 0 1,500
T | K 273.15 1,273.15
Cv (@) J/mol
Cp 0] J/mol
pi [ glem® 0
i - -
Ti - -

The symbols used above are described in the following table.
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Table B-31 Steam Properties Symbols
Symbol Description

A Helmohotz function

Abase base function

Aideal gas ideal gas function

Avresidual residual function

b molecular parameter

B molecular parameter

P pressure

T temperature

Cv heat capacity at constant volume

Co heat capacity at constant pressure

pi density

i reduced density

Ti reduced temperature

B.3.6.2 Notes
NBS/NRC Steam Tables are adopted here. These tables have been reviewed and
approved by the Office of Standard Reference Data of the National Bureau of
Standards and incorporated into the National Standard Reference Data System. The
National Research Council of Canada contributed through the work of Dr. G.S. Kell.
The International Association for the Properties of Steam (IAPS), through its Working
Group | on Equilibrium Properties, contributed by testing and validating the
formulation and providing on-going critical reviews of the work. The formulation has
been accepted as the Provisional IAPS Formulation 1982 for the Thermodynamic
Properties of Ordinary Water Substance for Scientific and General Use.
B.3.6.3 Equations

All of the properties can be derived from the following Helmhotz function:

A(p,T) = Abase (p’T) + Aresidual (p’T) + Aideal—gas (T)

(p.271,A.1)

It consists of three parts: the contribution of base, residual, and ideal gas.

The following molecular data were used:
* Molar mass M=18.0152 g/mol; Universal gas constant Rc=8.31441 J/(mol-K)
« Specific gas constant R=Rc/M=0.46152 J/(g-K), or 4.6152 bar-cm®/(g-K)
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The base function is:

p-1 a+p+1 B (p.272,A.2)
Au(pT) = RT[-IN(=Y) ~ =45 225+ 4Y( =)

_a=f+3 | RT
2 P

Where y=bp/4 is a dimensionless density; a=11; p=133/3; y=7/2 are geometric
constants.

Po=1. 01325 bar=1 atm

(p.272,A.3)
b= bIn 4 b( 0y
ZB( Toy) (p.272,A.4)
j=012,4

Where To=647.073K

The residual function consists of 40 terms.

A0 T) = >0 (g0 1 _evy0 4 32 50 exp(— 610 g 2)

o k@) T =
(p.272,A.5)
The quantities §; and t; are reduced densities and temperatures, respectively, given
by:
s =L~
Pi
T-T
="
T

The ideal gas function is simple:

C & . (p.273,A.6)
Aset-gss(T) = =RTIL+ 2+ C)InTo + 2_CT ]

R

Because A(p,T) is everywhere a single-valued analytical function, it is straightforward
to evaluate appropriate derivatives and to obtain, in accord with the first and second
laws of thermodynamics, closed-form relations for all thermodynamic properties.
However, only pressure-specific heat capacities are interested here.

Pressure:
A 273
P=p = (p.273)
ap
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b -1 a+p+1
1- +
-y Ty Ty
36 T _ 40 g, . _
+ 2P0 () Ve (L-e ) O 1 D o Pexp(ans Y - BB
i=1 i=37 i
+ak(i)s KOHO-DY

P=RTp[

1
+B-by +—
) Y p]

Saturated vapor pressure equation is simply as (up to within a degree of the critical
temperature):

P, =0.1exp(6.3573118 -8858.843/T +607.56335/T °°)

The coefficients for the base function are shown in the following table.

Table B-32 Coefficients for Base Function

bj (cm* g™ j Bj (cm® g™
0.7478629 0 1.1278334
-0.3540782 1 -0.5944001
0 2 -5.010996
0.007159876 3 0
0 4 0.63684256
-0.003528426 5 0

The coefficients for the residual function are shown in the following table.

Table B-33  Coefficients for Residual Function

i k(i) (P g() @ g
1 1 1 -530.62968529023
2 1 2 2,274.4901424408
3 1 4 787.79333020687
4 1 6 -69.830527374994
5 2 1 17,863.832875422
6 2 2 -39,514.731563338
7 2 4 33,803.884280753
8 2 6 -13,855.050202703
9 3 1 -256,374.36613260
10 3 2 482,125.75981415
11 3 4 -341,830.16969660
12 3 6 122,231.56417448
13 4 1 1,179,743.3655832
14 4 2 -2,173,481.0110373
&
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k(i) I(i) g() (g™
15 4 4 1,082,995.2168620
16 4 6 -254,419.98064049
17 5 1 -3,137,777.4947767
18 5 2 5,291,191.0757704
19 5 4 -1,380,257.7177877
20 5 6 -251,099.14369001
21 6 1 4,656,182.6115608
22 6 2 -7,275,277.3275387
23 6 4 417,742.46148294
24 6 6 1,401,635.8244614
25 7 1 -3,155,523.1392127
26 7 2 4,792,966.6384584
27 7 4 409,126.64781209
28 7 6 -1,362,636.9388386
29 9 1 696,252.20862664
30 9 2 -1,083,490.0096447
31 9 4 -227,228.27401688
32 9 6 383,654.86000660
33 3 0 6,883.3257944332
34 3 3 21,757.245522644
35 1 3 -2,662.7944829770
36 5 3 -70,730.418082074
Table B-34  Coefficients for Residual Function, Continued
k (i) (i) pi (g cm™) Ti (K) ai Bi gi (39"
37 2 0 0.319 640. 34 20,000 -0.225
38 2 2 0.319 640. 40 20,000 -1.68
39 2 0 0.319 641.6 30 40,000 0.055
40 4 0 1.55 270. 1,050 25 -93.0

The coefficients for the ideal gas function are shown in the following table.

Table B-35 Coefficients for Ideal Gas Function
Ci i Ci
1 1.97302710180x10" 10 4.1238460633x107
2 2.09662681977x10" 11 -2.7929052852x10™
3 -0.483429455355 12 1.4481695261x10°
4 6.05743189245 13 -5.6473658748x10"
5 2.256023885x10" 14 1.620044600x10®
201
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B.3.6.4

B.3.6.5

B.3.7

i Ci i Ci
6 -9.875324420 15 -3.3038227960x10™°
7 -4.3135538513 16 4.51916067368x10™"
8 4.581557810x10™ 17 -3.70734122708x10™
9 -4.7754901883x107 18 1.37546068238x10™°

Restrictions and Uncertainties
273.15< T <1273.15K
Where for T>423.15K the maximum pressure is:

P..x =1500MPa
And for 273.15< T < 423.15K the maximum pressure is:

(T —273.15)K

P =100/5+
15K

}MPa

The applicable range of viscosity equation is:

0<T<1073K, 0<P<100MPa

The expectation of uncertainties are less than 0.1% except the critical region.
References

Lester Haar, John S. Gallagher and George S. Kell "NBS/NRC Steam Tables-
Thermodynamic and transport properties and computer programs for vapor and
liquid states of water in Sl units”. 1984, Hemisphere, Washington.

Methane, Ethane, Ethylene, Propane, i-Butane, n-Butane,
Hydrogen, Argon, Nitrogen, and Oxygen

The Methane, Ethane, Ethylene, Propane, i-Butane, n-Butane, Hydrogen, Argon,
Nitrogen and Oxygen symbol table is shown in Table B-36.

Table B-36  Methane, Ethane, Ethylene, Propane, i-Butane, n-Butane,
Hydrogen, Argon, Nitrogen and Oxygen Symbol Table
Symbol 1/0 Units Lower Lower Upper Upper
Domain Limit Limit Domain
P | bar 0 1,000
T | K 35 100
o) glcm?® 0
&
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B.3.7.1

Equations

The modified BWR equation was used to accurately represent PVT properties of
Methane, i-Butane, and n-Butane:

P=pRT+ p’[GT+G, T +G,+G, /T+G,/T?]

+P°[GT+G, +G, I T+Gy I T*1+ p*[G,T+G, +G,, / T]
+p°[GL I T+G I T?1+ p'Gy I T+ p°[G, I T+Gy I T?]
+p°G I TP+ p°[G,, I T? +G,, I T*1exp(3p?)
+°[Gyy I T2+ Gy I T*1exp(p®) + p'[Gyy I T2 +Gog I T¥]exp(70?)
+p°[Gye I T+ Gy, I T*1exp(yp°) + pM[Gue I T? + G, I T3 1exp(30%)
+p Gy I T+ Gy, I T3+ Gy, I T ]exp(p?)

The empirical coefficients of the MBWR equation were obtained by least-square fit
the all the available experimental data.

Table B-37 Methane, i-Butane, and n-Butane

Methane i-Butane n-Butane
[ Gi
1 0.9898937956e-5 0.1307325972e-2 0.153740104603e-2
2 0.2199608275e-1 0.3927802742e-1 -0.160980034611e-1
3 -0.5322788000 -0.3185427394e1l -0.979782459010
4 0.2021657962¢e2 0.7608825192e3 0.499660674504e2
5 -0.2234398926e4 -0.1753919859¢e6 -0.102115607687e6
6 0.1067940280e-4 -0.2090019755e-3 0.236032147756e-3
7 0.1457922469e-3 0.8959557971 -0.137475757093
8 -0.9265816666 -0.6816710130e3 -0.907038733865e2
9 0.2915364732e3 -0.1111271045e6 0.385421748213e5
10 0.2313546209e-6 0.3248737572e-4 -0.349453710700e-5
11 0.1387214274e-3 -0.1046526456 0.157361122714e-1
12 0.4780467451e-2 0.6536598969e2 0.102301474068e2
13 0.1176103833e-4 0.3726503734e-2 0.182335737331e-2
14 -0.1982096730e-3 0.8553649395 -0.404114307787
15 -0.2512887756e-1 0.2109987236e3 0.187979855783
16 0.9748899826e-5 -0.1401267363 0.362088795040e-1
17 -0.1202192137e-6 0.5213089327e-2 -0.738762248266e-3
18 0.4128353939¢-4 -.1925026382e1 -0.218618590563
19 -0.7215842918e-6 0.7640067895¢e-1 0.118802729027e-1
20 0.5081738255e3 0.3425854273e6 0.706854198713e5
21 -0.9198903192e5 -0.3373475924e8 -0.219469885796e8
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Methane i-Butane n-Butane
22 -0.2732264677el 0.1180683444e5 -0.182454361268e4
23 0.7499024351e5 0.1529683738€9 0.206790377277€9
24 0.1114060908e-2 0.3323837416e3 0.111757550145e2
25 0.1083955159¢1 0.6423169487e4 0.558779925986e4
26 -0.4490960312e-4 0.3891706042el -0.159579054026e1
27 -0.1380337847el -0.1494755736e6 -0.148034214622e6
28 -0.2371902232e-7 -0.1720240173e-2 -0.245206328201e-1
29 0.3761652197e-4 0.2894195375e2 0.218305259309e2
30 -0.2375166954e-9 0.2002086329e-3 -0.923990627338e-5
31 -0.1237640790e-7 -0.4448393005e-1 -0.205267776639
32 0.6766926453e-6 0.8028488415e1l 0.387639044820el
Y -1pg

The following table shows values for ethane and propane.

Table B-38 Ethane and Propane

Ethane | Propane
[ Gi
1 -0.3204748852¢e-3 -0.2804337729¢e-3
2 0.6529792241e-1 0.1180666107
3 -0.1669704591el -0.3756325860e1
4 0.1147983381e3 0.5624374521e3
5 -0.1854721998e5 -0.9354759605e5
6 0.4994149431e-4 -0.4557405505e-4
7 -0.4858871291e-1 0.1530044332
8 0.1225345776€2 -0.1078107476€3
9 0.8622615988e4 0.2218072099e5
10 -0.1081290283e-5 0.6629473971e-5
11 0.6279096996e-2 -0.6199354447e-2
12 -0.1716912675el 0.6754207966€e1
13 -0.1640779401e-4 0.6472837570e-3
14 -0.4356516111e-2 -0.6804325262¢e-1
15 -0.1966649699¢1 -0.9726162355e1
16 0.4026724698e-3 0.5097956459¢-2
17 -0.6498241861e-5 -0.1004655900e-3
18 0.5111594139e-2 0.4363693352e-1
19 -0.1113010349¢-3 -0.1249351947e-2
20 -0.7157747547e3 0.2644755879e5
21 -0.1848571024e7 -0.7944237270e7
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Ethane Propane
22 -0.2137365569e3 -0.7299920845e3
23 0.6275079986e7 0.5381095003e8
24 -0.9974911056 0.3450217377el
25 0.1129115014e3 0.9936666689e3
26 -0.1026469558e-1 -0.2166699036
27 -0.5660525915e3 -0.1612103424e5
28 -0.4209846430e-4 -0.3633126990e-3
29 0.2374523553e-1 0.1108612343el
30 -0.1289637823e-6 -0.1330932838e-4
31 -0.5423801068e-4 -0.3157701101e-2
32 0.223971723e-2 0.1423083811
Y -1pg

The following table shows values for ethylene and hydrogen.

Table B-39  Ethylene and Hydrogen
Ethylene | Hydrogen

[ Gi
1 -0.2146684366683e-2 0.4675528393416e-4
2 0.1791433722534 0.4289274251454e-2
3 -0.3675315603930e1 -0.5164085596504e-1
4 0.3707178934669¢e3 0.2961790279801
5 -0.3198282566709e5 -0.3027194968412el
6 0.5809379774732e-4 0.1908100320379¢e-5
7 -0.7895570824899e-1 -0.1339776859288e-3
8 0.1148620375835e2 0.3056473115421e-1
9 0.2713774629193e5 0.5161197159532el
10 -0.8647124319107e-5 0.1999981550224e-7
11 0.1617727266385e-1 0.2896367059356e-4
12 -0.2731527496271el -0.2257803939041e-2
13 -0.2672283641459€-3 -0.2287392761826e-6
14 -0.4752381331990e-2 0.2446261478645e-5
15 -0.6255637346217el -0.1718181601119e-3
16 0.4576234964434e-3 -0.5465142603459¢-7
17 -0.7534839269320e-5 0.4051941401315e-9
18 0.1638171982209e-1 0.1157595123961e-6
19 -0.3563090740740e-3 -0.1269162728389¢-8
20 -0.1833000783170e5 -0.4983023605519¢1
21 -0.1805074209985e7 -0.1606676092098e2
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Ethylene Hydrogen
22 -0.4794587918874e3 -0.1926799185310e-1
23 0.3531948274957e7 0.9319894638928
24 -0.2562571039155¢e1 -0.3222596554434e-4
25 0.1044308253292e3 0.1206839307669e-3
26 -0.1695303363659e-1 -0.3841588197470e-7
27 -0.1710334224958e3 -0.4036157453608e-5
28 -0.2054114462372e-4 -0.1250868123513e-10
29 0.6727558766661e-2 0.1976107321888e-9
30 -0.1557168403328e-6 -0.2411883474011e-13
31 -0.1229814736077e-4 -0.4127551498251e-13
32 0.4234325938573e-4 0.8917972883610e-12
Y -0.0172 -0.0041

The maximum RMS deviation in density is 0.552% for Nitrogen and 0.302% for
Oxygen.

Table B-40 Argon

Argon
1 -0.65697312940e-4
2 0.18229578010e-1
3 -0.3649470140
4 0.12320121070e2
5 -0.86135782740e3
6 0.79785796910e-5
7 -0.29114891100e-2
8 0.75818217580
9 0.87804881690e3
10 0.14231459890e-7
11 0.16741461310e-3
12 -0.32004479090e-1
13 0.25617663720e-5
14 -0.54759349410e-4
15 -0.45050320580e-1
16 0.20132546530e-5
17 -0.16789412730e-7
18 0.42073292710e-4
19 -0.54442129960e-6
20 -0.80048550110e3
21 -0.13193042010e5
&
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Argon
22 -0.49549239300e1
23 0.80921321770e4
24 -0.98701040610e-2
25 0.20204415620
26 -0.16374172050e-4
27 -0.70389441360e-1
28 -0.11543245390e-7
29 0.15559901170e-5
30 -0.14921785360e-10
31 -0.10013560710e-8
32 0.29339632160e-7

The following table shows values for Oxygen and Nitrogen.

Table B-41  Oxygen and Nitrogen

Oxygen | Nitrogen
i Gi
1 -0.4365859650e-4 0.138029747465691e-3
2 0.2005820677e-1 0.108450650134880e-1
3 -0.4197909916 -0.247132406436209
4 0.1878215317e2 0.345525798080709¢e1
5 -0.1287473398e4 -0.427970769066595e3
6 0.1556745888e-5 0.106491156699760e-4
7 0.1343639359¢-3 -0.114086707973499e-2
8 -0.2228415518 0.144490249728747e-4
9 0.4767792275e3 0.187145756755327e4
10 0.4790846641e-7 0.821887688683079¢e-8
11 0.2462611107e-3 0.236099049334759e-3
12 -0.1921891680e-1 -0.514480308120135e-1
13 -0.6978320847e-6 0.491454501366803e-5
14 -0.6214145909e-4 -0.115162716239893e-3
15 -0.1860852567e-1 -0.716803724664983e-1
16 0.2609791417e-5 0.761666761949981e-5
17 -0.2447611408e-7 -0.113093006621295e-6
18 0.1457743352¢e-4 0.373683116683089%e-4
19 -0.1726492873e-6 -0.203985150758086e-6
20 -0.2384892520e3 -0.171966200898966e4
21 -0.2301807796e5 -0.121305519974777e5
22 -0.2790303526e1 -0.988139914142789%¢1
&
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Oxygen Nitrogen
23 0.9400577575e4 0.561988689351085e4
24 -0.4169449637e-2 -0.182304396411845e-1
25 0.2008497853 -0.259982649847705
26 -0.1256076520e-4 -0.419189342315742e-4
27 -0.6406362964e-1 -0.259640667053023e-1
28 -0.2475580168e-8 -0.125868320192119e-7
29 0.1346309703e-5 0.104928659940046e-5
30 -0.1161502470e-10 -0.545836930515201e-10
31 -0.1034699798e-8 -0.767451167059717e-9
32 0.2365936964e-7 0.593123287099439¢-8
y -0.0056
B.3.7.2 Uncertainties
The expectations of uncertainties in the computed densities are listed in Table B-42.
Table B-42  Uncertainties
Liquid below Tc Gas below Tc Fluid above Tc Critical region
Methane 0.2 0.3 0.1 5.0
i-Butane 0.007 0.007 0.1
n-Butane 0.05 0.4 0.06
B.3.7.3 Reference
Jacobsen, R.T., Stewart, R.B. and Myers, A.F., "An Equation of Sate for Oxygen and
Nitrogen", Advances in Cryogenic Engineering, 18(1978):248.
Younglove, B.A. and Ely, J.F., "Thermophysical Properties of Fluids. Il. Methane,
Ethane, Propane, i-Butane, n-Butane”, Journal of Physical and Chemical Reference
Data, Vol 16, No.4, 1987.
B.3.8 Ammonia

The ammonia symbol table is shown in Table B-43.

Table B-43 Ammonia Symbol Table
Symbol 1/0 Units Lower Lower Upper Upper
Domain Limit Limit Domain
P | bar 0 5,000
T | K 196 750
o) glcm?® 0
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B.3.8.1 Ammonia Equations

P = pRT[1+pQ + 0° ?]
7%

Where:

Q= Zzaijpi_l(f_ Tc)j_l

9
i=1 j=1

With t=500/T, T is the value of temperature in Kelvin's, 1.=1.2333498, p is the
density in g/lcm?®

Table B-44 Ammonia Equation Values

ajj
-6.453022304053
-13.719926770503
-8.100620315713
-4.880096421085
-12.028775626818
6.806345929616
8.080094367688
14.356920005615
-45.052976699428
-166.188998570498
37.908950229818
-40.7302083372
1.032994880724
55.843955809332
492.016650817652
1737.835999472605
-30.874915263766
71.483530416272
-8.948264632008
-169.777744139056
-1,236.532371671939
-7,812.161168316763
1.779548269140
-38.974610958503
-66.922858820152
-1.753943775320

w
NlfFRr|O|lO|M|WIN|P[OJO|(M]W|IN|[FRP|IO|ORAR]|WOWIN|IP[OJO|R]|IW|IN|[F|—

&
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i i aj
3 208.553371335492
4 21,348.946614397509
6 1 247.341745995422
2 299.983915547501
3 4,509.080578789798
4 -37,980.849881791548
7 1 -306.557885430971
2 24.116551098552
3 -9,323.356799989199
4 42,724.098530588371
8 1 161.791003337459
2 -507.478070464266
3 8,139.470397409345
4 -27,458.710626558130
9 1 -27.821688793683
2 298.812917313344
3 -2,772.597352058112
4 7,668.928677924520
B.3.8.2 Reference
Haar, L. and Gallagher, J.S., "Thermodynamic Properties of Ammonia", Journal of
Physical and Chemical Reference Data, 7(30 )1978:635.
B.3.9 Carbon Dioxide
The carbon dioxide symbol table is shown in Table B-45.
Table B-45 Carbon Dioxide Symbol Table
Symbol 110 Units Lower Lower Upper Upper
Domain Limit Limit Domain
P [ bar 0 1,000
T | K 220 700
o) glcm?® 0
B.3.9.1 Equation of State

Z=1+ a)ijzibij(z'—l)j(a)—l)i

i=0 j=0

Where: o=p/p| and 1=T| /Tand p|=0.01063 mol/cm® and T| =304.2K

&
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Table B-46  Carbon Dioxide Equation Values

[ j Bij

0 -0.725854437x10°
0.447869183x10°
-0.172011999x10°
0.446304911x107
0.255491571x10°
0.594667298x10™
-0.147960010x10°
0.136710441x10™
0.392284575x10™
-0.119872097x10"
1 -0.168332974x10"
0.126050691x10"
-0.183458178x10*
-0.176300541x10*
0.257414246x10"
0.116974683x10"
-0.169233071x10"
-0.100492330x10°
0.441503812x10°
-0.846051949x10™"
2 0.259587221x10°
0.596957049x10"
-0.461487677x10"
-0.111436705x10°
0.750925141x10"
0.743706410x10"
-0.468219937x10"
-0.163653806x10"
0.886741970x10°
0.464564370x10™
3 0.376945574x10°
0.154645885x10°
-0.38121926x10"
-0.278215446x10°
0.661133318x10"
0.150646731x10°
-0.313517448x10*

oO|la|lhh|WIN|(RP|[OJlO|O|IN|O|O|M|[W[IN|P|OJlO|O|N|[O|O|AM|W|IN|P|OJ]O|O(N[O|O|A]|W|IN]|FL|O

&
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B.3.9.2

B.3.10

Bij

-0.187082988x10"

-0.670755370x10°

0.194449475x10?

0.360171349x10"

-0.271685720x10>

-0.242663210x10*

0.957496845x10"

-0.871456126x10°

0.864880497x10"

0.492265552x10"

-0.642177872x10"

-0.257944032x10"

oO|ld|W|IN|P|O|O|A[W|IN|FP,|O|N

-0.149156928x10°

Reference

Angus, S., Armstrong, B. and de Reuck, K.M., IUPAC international thermodynamic

tables of the fluid state-Carbon Dioxide. London, Butterworths,1977

Density of Air

Air is a special and important fluid. The new AGA 8 can be used for extended
composition of nitrogen up to 100% and oxygen up to 21%. Therefore, AGA 8 -1992
detailed method is used to calculate the density of air. Jones listed the compaosition

of air as follows.

Table B-47  Density of Air

Constituent Abundance (mole fraction)
Nitrogen(Nz) 0.78102
Oxygen(Oy) 0.20946
Carbon Dioxide(CO,) 0.00033
Argon(Ar) 0.00916
Neon(Ne) 0.00001818
Helium(He) 0.00000524
Krypton(Kr) 0.00000114
Xenon(Xe) 0.000000087
Hydrogen(Hy) 0.0000005
Methane(CHa) 0.0000015
Nitrous Oxide(N20) 0.0000003

212
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B.3.10.1

B.4

Since the AGA 8 equation does not support Neon, Krypton, Xenon, and Nitrous
Oxide, the mole fraction of these components are treated to equivalent Argon.

The calculated density of air using the above method is compared with tabulated
data given in the Chemical Engineers’ Handbook. The agreement is normally within
0.1%.

Reference

Frank E. Jones, “The Air Density Equation and Transfer of Mass Unit”, Journal
Research of the National Bureau of Standards. Vol. 83, No.5, pp419-428,1978.

Robert H. Perry and Cecil H. Chilton, Chemical Engineers’ Handbook. Fifth Edition,
page 3-105, McGraw-Hill Book Company, New York,1973.

Viscosity

The viscosity symbol table is shown in Table B-48.

Table B-48  Viscosity Symbol Table
Symbol 1/0 Units Lower Lower Upper Upper
Domain Limit Limit Domain
D -
E -
F -
Fe - -
Fem - -
Fp -
Fe - -
Faom - -
FOQ -
Mi | g/mol
Mm | g/mol
My | g/mol
ML | g/mol
P | bar
P, @] -
APr bar
Pem | bar
Pvp | bar
T | K 200 150
T, 0] - 4 4
&
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B.4.1

Symbol 1/0 Units Lower Lower Upper Upper
Domain Limit Limit Domain
Tcm | K 80 1500 1500
Vi |
Vi | - 0.0 0.0 1 1
Zg | - .5 5
v O -
n o) ucp 0. 0.0 1000 1000
nL @] ucp 0.0 0.0 1500 1500
g o -

Note: There are many viscosity correlation's available in the literature. As compiled
and evaluated by R.C. Reid, J.M. Prausnitz and Poling, Lucas method may be used
with the expectation of errors of 0.5 to 1.5% percent for low-pressure viscosity of
non-polar substances and only requires T, P, and M for non-polar compounds. The
accuracy of the Lucas method for high-pressure gas mixtures is about 8 to 9 percent.
Lucas also proposed methods to calculate liquid viscosity. For consistency and
simplicity, only the Lucas method will be included in this section.

Gas Viscosity

Lucas proposed the following correlation based on critical properties:
n&=[0.807T°%® —0.357exp(-0.449T. ) (PGL,p.400,eq.9-4.15)
+0.340exp(—4.058T,) +0.018]F, F)

Where:

T 1/6 (PGL,p.397,eq.9-4.14)

c

FF? and FQ0 are two corrections for polar and quantum gas respectively:

Fo=1 0<u, <0.022 (PGL,p.400,eq.9-4.17)
F? =1+30.55(0.292 - Z,)"" 0.022<p, <0.075 (PGL,p.400,eq.9-4.17)
Fy =1+30.55(0.292 - Z,)*"?|0.96 + 0.1(T, — 0.7)| 0.075< i,

The reduced dipole momentum is calculated as:

p PGL,p.400,eq.9-4.16
p, =52.464 ¢ (PGLP-400,648-4.10)
TC
The quantum correction term:
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Where Q=1.38(He), Q=0.76(H.) and Q=0.52(D»).

If T, < 1.0 and P, < (Py/Po):
w=0.600+0.760P“ +(6.990 Prﬁ -0.6)(1-T,) PGL,p422,eq.9-6.5)

With:

a=3.262+14.98P>*
f=1.390+5.746P,

If (1<T, <40.0 ) and (0<P, < 100):

apP® (PGL,p422,eq.9-6.6)
= 1+ :
v=ns bP" +(@+cP?)™
With:
a=2exp(a,T’) (PGL,mid. of p.422)

b=a(bT, ~b,)

c=Sexp(c,T?)
d :

d = Z-exp(d,T,)

r

e=1.3088
f
f :#exp( f,T)

r

Table B-49 (PGL, above eq.9-6.7 on p.422)

ai 0.001245 a 5.1726 Y -0.3286
b1 1.6553 b, 1.2723 ) -37.7332
C1 0.4489 () 3.0578 € -7.6351
di 1.7368 dz 2.2310 d 0.4489
f1 0.9425 fa -0.1853
V4 (PGL,p.422,eq.9-6.7)
ns
- 1+(F2 -1)Y~® (PGL,p.422,eq9.9-6.8)
P F F?
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1+ (Fy —=1[Y ™ -0.007(InY)*] (PGL,p.422,eq.9-6.9)
FQ = FO
Q
Viscosity n at pressure P and temperature T is calculated as follows:
yEF, (PGL,p.422,eq.9-6.10)
n=—-—
4
Where:
T, (PGL,p.397,eq.9-4.14)
£=0.176( YIS Ve

c

For mixture, the following mixing rule should be used:

Tow = O VT, (PGL,p.411,eq.9-5.18)
| Z V.2, (PGL,p.411,eq.9-5.19)

Pon = RTop Z W

M, = yviM, (PGL,p.411,eq.9-5.20)

F = leyi = (PGL,p.411,q.9-5.21)

F = (I >y, F2)A (PGL,p.411,eq.9-5.22)

1o ol1( M., jw fﬁ/lr (PGL,p.411,eq.9-5.23)

M, M—H>9and0.05<yH<O.7

L
Otherwise, A=1.
B.4.1.1 Reference

R. C. Reid, J.M. Prausnitz and B. E. Poling, "The Properties of Gases and Liquids",
Fourth Edition, 1987, McGraw-Hill Book Company, New York.

This was also checked with the following original papers:
» K. Lucas, Chem. Ing. Tech., 46:157(1974).
» K. Lucas, Chem. Ing. Tech. 53:959(1981).
* K. Lucas, Int.J. Heat Mass Trans., 16:371(1973).
* K. Lucas, AIChEJ. , 32:139(1986).
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B.4.2

B.4.3

Viscosity of Water and/or Steam

In a 1975 release, IAPS announced approval for the following equation for the
dynamic viscosity of water and steam:

£ 30y (D ()]

5
P =0 j=0

n(p,T) = ny(T)expl

Where: 17,(T) =(

T w2~ T ket -6
T*) [zak(?) I %x107kg / (sm)
k=0

p"=317.763 kg/m3:  T'=647.27K.

Coefficients ai for the above equation are as shown in the following table.

Table B-50 Coefficients ay
Coefficient Value
ao 0.0181583
a 0.0177624
ay 0.0105287
as -0.0036744

Coefficients b for the above equation are as shown in the following table.

Table B-51  Coefficients b;
i 0 1 2 3 4 5
0 0.501938 0.162888 -0.130356 0.907919 -0.551119 0.146543
1 0.235622 0.789393 0.673665 1.207552 0.0670665 | -0.0843370
2 -0.274637 -0.743539 -0.959456 -0.687343 -0.497089 0.195286
3 0.145831 0.263129 0.347247 0.213486 0.100754 -0.032932
4 -0.0270448 -0.0253093 -0.0267758 | -0.0822904 | 0.0602253 | -0.0202595

Restrictions and Uncertainties

Lucas equations can be used over a wide range of temperatures and pressures, for
gases and liquids and mixtures, for non-polar and polar substances.

For pure gas at a low pressure, expect errors of 0.5 to 1.5 percent for non-polar
compounds and 2 to 4 percent for polar compounds. For gas mixtures, the expected
errors are within 5%. For dense gases, the expected errors are normally less than
5%. The expectation of errors for dense gas mixtures are around 8% for both polar
and non-polar systems.

&
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B.5

B.5.1

IAPS viscosity equations for water yields values that agree with data to within their
accuracy over the range 0 <t < 800°C; 0 < P £1,000 bar. It yields useful estimates
for values of pressure up to 10,000 bar for t < 100°C and up to 3,500 bar for t <
560°C.

Bubblepoint Pressure

The bubblepoint pressure symbols are shown in Table B-52.

Table B-52 Bubblepoint Pressure Symbol Table
Symbol 1/0 Units Lower Lower Upper Upper
Domain Limit Limit Domain
R J/mol K 8.314
P | Pa
Pc | Pa
T | K 40 1,000
Te | K 40 1,000
\Y (@] cm®mol
Xj | - 0.0 1.0
Yi [ - 0.0 1.0
i - - 0.0<
Equations

In addition to equal temperature and pressure in both phases, thermodynamic
conditions for vapor-liquid equilibrium can be simplified as: @y, = ¢,X;

Where the fugacity coefficient ¢i can be calculated by either SRK or PR equations of
state.

For the SRK equation:

b, b aa |b 2 b
Ing ==—(z-)-In| z1-—) |[+—| +—— (aa); |Inl+—
¢ b( ) {( V)}rbRT[b aazj:y,(a).,} (+V)
For the PR equation:
b, b aa b 2 V +2.414b
Ing =—"(z-)-In|z0l—-—) [+——| +—— (aa); [INn———
=y D {Z( V)}L2.828bRT{b aazj:y'(“)”} V—0414b
hd
EMERSON.
218 Process Management

Emerson Process Management 3007536
Flowel 4 Development and Marketing

2005-May-02 Rev 0



B Fluid Property Calculation Methods User Manual

B.5.2

B.5.2.1

B.5.2.2

B.5.3

Vapor Pressure

Antoine

Equation 1: In(P,, / P.) = (1-x)*[(VPA)X + (VPB)X** + (VPC)x’ + (VPD)x’]
x=1-T/T,

Equation 2: InP, = (VPA)—(VPB)/T +(VPC)InT +(VPD)R, / T*
Equation 3: InP, = (VPA)—(VPB)/[T +(VPC)]

Where coefficients VPA, VPB, VPC and VPD were taken from, “The Properties of
Gases and Liquids”.

Reference

Reid, J.M. Prausnitz and B.Z. Poling, “The Properties of Gases and Liquids”. Fourth
Edition. McGraw-Hill Book Company.

Bubblepoint Pressure Calculation Algorithm

The liquid composition is known but that of the vapor is not. For pressure

determination, the key starting assumptions are in box 2. The Wilson equation is
used to estimate initial equilibrium constants. The method iterates at a particular
pressure until S = Zy; becomes constant. If Zyj is greater than unity, the pressure
should be incremented for the next series of iterations. If Zy; is less than one, the

pressure should be reduced for the next series of iterations. The criteria of
convergency is | Zyj -1] < 10°.

§
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Figure B-1 Bubblepoint Pressure

input T, X;

Wilson equation
to estimate K

Assume P

Y Normalize y,

@ Yes—»

No—»

o< py=1 >

Yes
v

END
Output
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B.5.4 Additional Notes
For details of both the SRK and PR equation of state, please refer to Section B.2.2 of
this document. These two equations of state are the most widely used equations of
state for phase equilibrium calculations.

For pure fluids like steam, the vapor pressure equation will be used to check if two
phases will coexist at the given temperature and pressure.

B.6 Isentropic Exponent

B.6.1 Basic Equations

NV)

k
L . : . V.
For idealized one-dimensional expansion: Fl = [—2
2

Where k is the isentropic exponent.
. C,
For ideal gas: k= o

1
'

JP C,(dP\ V
Forrealgas: k=| —— | =——>| — | —
ainv ), C,\oV ); P

Where:

2
c,-C! =—ij(5 F:j v
o JI- v

o-se2] /()

For natural gas where the composition is known, the isentropic exponent can be
calculated from the speed of sound using AGA-10.

M
K=W?—L
ZRT
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B.6.2 Ideal Gas Specific Heat Capacity
C,=A+BT+CT*+DT?

Where the coefficients A, B, C and D were taken from, “The Properties of Gases and

Liquids”.2
c =Ch-
R is the gas constant.
B.6.3 Lee-Kesler BWR Equation
CV—CVi ~ 2(b;+3b,/T,) _6E— 3C,
R TV, T3\/ 3
c,-C _C ?
p p :Cv C:v _1_Tr(0ﬁJPrJ /[ﬁpr}
R R T N
rJv, rJ/T,
Where:

E=

/4 _r
2_|_3 {,B+1 (,6’+1+ )exp( )}

JR) _ 1 1+b1+b3/Tr2+2b4/T3 c,—2¢,/T}
ar )V 7

r r r

+ dy
5Vr5 Ta'\/2

| (B mee-2) 1)

oP T.q,2B 3C 6D c
Ll =Ll 3
(avrl VIRV v2 A T3V2[ A

_ NANWE _r
H5-2(8 +Vr2 )}Vf]eXp( )}

For the meaning of the symbols and values of parameters, please refer to the
Section B.2.4, Lee-Kesler BWR Equation.

2 Reid, J.M. Prausnitz and B.Z. Poling, “The Properties of Gases and Liquids”. Fourth Edition. McGraw-Hill
Book Company.

Elexviel é
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B.6.4 RK Equation
CV—C‘——T\J/' 5P gy 07a Vv
o et?t) T TP b V+b
2
T@TP) v
C,-C,=—r—2

(&)
N )x
(@j __-RT a(2v +b)
v (V=b)® NTV’(V +b)

N

(ap} R a 1
- — +
T )y V=b 1% V(V +b)

For the meaning of the symbols and values of parameters, please refer to Section

B.2.1, Redlich-Kwong Equation of State.

B.6.5 Reference

Reid, J.M. Prausnitz and B.Z. Poling, “The Properties of Gases and Liquids.” Fourth

Edition. McGraw-Hill Book Company.

Walas, “Phase Equilibrium in Chemical Engineering”. Butterworth Publisher, Boston,

1985.

223

§
EMERSON.

Process Management

Emerson Process Management 3007536
Flowel 4 Development and Marketing

2005-May-02 Rev 0



User Manual

C Flow Calculation Methods

C1 Introduction

Cl.1 Scope

Appendices C1 to C12 describe the calculation methods used in Flowel to determine
flow through a differential pressure flow element.

Cl.2 ASME MFC-3M-1989

ASME MFC-3M-1989 was made as “consistent and technically equivalent as
practical with ISO 5167-1980". In addition to ISO 5167-1980, this standard covers a
considerably broader span of fluids and flowing conditions, and reduces the
uncertainty in the prediction of the discharge coefficient. This standard specifies the
geometry and method of use for orifice plates, nozzles, and Venturi tubes to
determine the rate of the fluid flowing. It also gives necessary information for
calculating flow rate and its associated uncertainty.

The following primary devices are covered in ASME MFC-3M-1989:

» orifice plates, which can be used with the following arrangements of pressure
taps:
- flange pressure taps
- D and D/2 pressure taps
- corner pressure taps

* nozzles:
- ASME long radius nozzles

* venturi tubes

Cl21 Comparison of ASME MFC-3M-1989 and I1SO 5167-1980
Cl211 Orifice Plates

For orifice plates with the above three pressure tappings arrangements, ASME MFC-
3M-1989 provides the same discharge coefficient equation, expansibility equation,
pressure loss equation and uncertainties in discharge coefficient and expandability
as 1SO 5167-1980.
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Cl21.2

Cl1.2.13

Nozzles

For nozzles, ASME MFC-3M-1989 provides additional equations for ASME flow
nozzle.

The discharge coefficient is:

0.5
C =0.9975-0.00653| 106 5
Re,

While ISO 5167-1980 provides (long radius nozzles):
0.5

C = 0.9965— 000653 10° Ri

€
D

Both ISO 5167-1980 and ASME MFC-3M-1989 provide the same equation for
expansion factor.

Limit of use for ASME MFC-3M-1989 is:
e 100mmM<D<750 mm
« 10*<R,,<107

While ISO 5167-1980 gives:
* 50mm <D <630 mm
« 10*<R,, <107

Venturi Tubes

For Venturi tubes, ISO 5167-1980 and ASME MFC-3M-1989 give the same
discharge coefficient value for "as cast" convergent venturi tube but provide different
limits of use.

ISO 5167-1980:
e 100 mm <D <800 mm

« 2x109 <R, <2x106

This standard:
e 100mMmM<D<1200 mm

* 2x10°<R_, <6 x106

ISO 5167-1980 and ASME MFC-3M-1989 give the same discharge coefficient value
for machined convergent venturi tube but provide different limits of use.

§
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C1.3

Cl4

C1l5

ISO 5167-1980:
. 0.4<Pp<0.75

«  2x10° < Rep< 1 x106

ASME MFC-3M-1989:
. 0.3<B<0.75

* 2x109<R,, <2 x100

ASME/ANSI Standard MFC-7M-1987

This standard was approved by the American National Standards Institute (ANSI) on
February 27, 1987. It applies only to the steady flow of single-phase gases and deals
with devices for which direct calibration experiments have been made, sufficient in
number and quantity to enable inherent systems of applications to be based on their
results and coefficients to be given with certain predictable limits of uncertainty.

This standard applies only to venturi nozzles in which the flow is critical. It provides
methods to calculate discharge coefficient and real gas critical flow coefficient. It
illustrates the calculation of the critical flow coefficient in Appendix E of MFC-7M-
1987.

ASME MFC-14M-2003

ASME MFC-14M-2003, entitled Measurement of Fluid Flow Using Small Bore
Precision Orifice Meters, applies to orifice meters of 6 mm to 40 mm (Y4 to 1%
inches) line size.

ASME MFC-14M-2003 was approved as an American National Standard on
February 26, 2003.

International Standard 1SO 5167-1980(E)

This standard covers:

» orifice plates, which can be used with the various following arrangements of
pressure tappings:

- corner pressure tappings
- D and D/2 pressure tappings
- flange pressure tappings
* nozzles:
- ISA 1932 nozzle
- long radius nozzle
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C1.6

Cle6.1

e venturi tubes:
- classical venturi tube
- venturi-nozzle

This standard can not be used for pipe sizes less than 50 mm, or more than 1200
mm, or for pipe Reynolds number below 3150.

International Standard 1SO 5167-1-1991(E)

This standard is a technical revision of ISO 5167-1980(E). It covers the same types
of primary devices and conditions.

» orifice plates, which can be used with the various following arrangements of
pressure tappings:

- corner pressure tappings
- D and D/2 pressure tappings
- flange pressure tappings
e nozzles:
- ISA 1932 nozzle
- long radius nozzle
e venturi tubes:
- classical venturi tube
- venturi-nozzle

This standard can not be used for pipe sizes less than 50 mm, or more and 1200
mm, or for pipe Reynolds number below 3150.

Difference Between ISO 5167-1980(E) and I1SO 5167-1-1991(E)

ISO 5167-1-1991(E) provides an informative guideline for iterative computations as
Annex D.

For orifice plates with corner tappings, the limit of use for B changed from 0.23<f <
0.80 to 0.20<B <0.75. For orifice pates with flange or D and D/2 tappings, the D
range increased from 50<D<760 to 50<D<1000.

The discharge coefficient for ISA 1932 nozzle is changed from:

r 6 —|1.15
10
C =0.9900-0.2262 8 ** +[0.000215— 0.001125 3 +0.002490 4-7]|L—Re J
D
115
41 2 415 r 106 —|
To: C=0.9900-0.2262 3 ** ~[0.001753 % —0.00333 ]LQJ
D
d
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C1.7 International Standard ISO 5167-2003

This revision to ISO-5167 is only a revision of the orifice metering section. The
equations for the coefficient of discharge and the expansion factor are changed.

C1.8 ISO Technical Report ISO/TR 15377:1998

This technical report, entitled ‘Guidelines for the Specification of Nozzles and Orifice
Plates Beyond the Scope of ISO 5167-1, covers flow elements such as quadrant
edged orifice plates, conical edged orifice plates, and vent and drain holes.

C1.9 British Standard 1042, Part 1, Section 1.2

This standard describes the measurement of fluid flow in closed conduits and will be
applied to liquid, vapor or gas flows in the following types of orifice plates: conical
entrance, quadrant, and eccentric.

C1.10 American Gas Association Report No.3, Part 1, 3rd
Ed., 1990

AGA-3 Part 1 (1990) provides a single reference for engineering equations,
uncertainty estimations, construction and installation requirements, and standardized
implementation recommendations for the calculation of flow rate through concentric,
square-edged, flange-tapped orifice meters.

AGA-3 Part 1 (1990) applies to fluids that, for all practical purposes, are considered
to be clean, single phase, homogeneous, and Newtonian, measured using
concentric, square-edged, flange-tapped orifice meters and have pipe Reynolds
numbers of 4000 or greater.

This new third edition divided the document into four relatively independent parts.
The part 1 was issued in 1990, part 2 in 1991, and parts 3 and 4 in 1992. Each part
can be used independently.

The major change over the second edition is on the discharge coefficient equation.
The empirical coefficient of discharge equation has been changed with new broad
data base (with a total of 10192 experimental data points for flange, corner, radius

tappings).
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2nd Edition (1985)

K, = 05993+ 207 {0.364 +%}ﬁ4

meas meas

5 5
+O.4{1.6 b K0.0? + 05 J - ﬁ}

meas _| meas

-{0.009 #2038 o5 g +[ D625 " 3}[ p-07]"

meas _|—

meas

3rd Edition (1990)

6 0.7
10 ﬁj +(0.0210+0.0049A) * C

C4(FT)= C;(FT|+0.000511 (

eD
C,(FT) = C,(CT) + UPSTRM + DNSTRM
C;(CT) = 05961 + 0.0291 5> - 0.2290 ° + 0.003 (1 - B) M,

UPSTRM = (0.0433 + 0.0712e°* - 0.1145 ¢*™)(1-0.23A)B

DNSTRM =-0.0116(M, -0.52 M,""| £ (L - 0.14 A)

4
B = P -
1-B
D
M, = max(2.8 - , 0.0)
0.0254
2L
M, = 2
1-p
190004)"
L
Re,
0.35
l 6
Re,
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C1 Introduction

Cl.11

Cl.12

American Gas Association Report No.3, 2nd Ed., 1985

The second edition of AGA 3 has been changed significantly in the format. Buxton
made a comprehensive comparison analysis of this edition vs. the 1978 edition.

It provides equations for computing mass flow rate when the density of the fluid
flowing is known, the volume flow rate when the density of the fluid flowing are
known, the mass flow rate when the ideal gas relative density of fluid flowing is
known, the volume flow rate when the ideal gas relative density of fluid flowing is
known, mass flow rate when the real gas relative density of the fluid flowing is
known, and the volume flow rate when the real gas relative density of the fluid
flowing is known.

General Application

This chapter (C12) contains information on calculating fluid flow in the general case.
It also contains calculation methods not covered in any of the standards mentioned
before. Those devices include:

» concentric orifice plate with flange taps, vena contracta taps, corner taps and
radius taps

» eccentric orifice plate with flange taps, vena contracta taps
» segmental orifice plate with flange taps, vena contracta taps
e quadrant orifice plate with corner or flange taps

» conic orifice with corner taps

» small bore orifice meter runs with flange or corner taps

» critical flow calculation

§
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C2

C2.1

C2.2

C2.2.1

ASME Standard MFC-3M-1989

Flow Element Applicability

The ASME standard is defined for the following flow measurement elements:
» orifice plates with:
- flange taps
- D and D/2 (radius) taps
- corner taps
* ASME long radius nozzles:
- high B ratio nozzles
- low B ratio nozzles
- throat tap flow nozzles
» classical venturi tubes:
- as-cast convergent section
- machined convergent section
- fabricated (welded) convergent section

ASME MFC-3M-1989 applies to liquid, vapor, or gas flows which are homogenous
(single phase), turbulent, subsonic and steady with time (a slow pulsation can be
acceptable).

Calculation of Reynolds Numbers

Symbol Table

The symbol table for calculation of Reynolds Numbers is shown below.

Table C-1 Calculation of Reynolds Numbers Symbol Table
Symbol Units Lower Lower Upper Upper
Domain Limit Limit Domain
d m 0<d 0<d None d<=D
D m 0<D 0<D None None
dm kg/s 0<Qm 0<Qgm None None
n Pa-s O<up O<p None None
Rg - 0<Ry4 0<Ry4 None None
&
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C2.2.2

C2.2.3

C2.3

C2.3.1

Symbol Units Lower Lower Upper Upper
Domain Limit Limit Domain
Rp - 0<Rp 0<Rp None None
B - 0<pB 0<pB B<1 B<1

Reynolds Number Based on the Upstream Condition of the
Fluid and the Inside Diameter of the Pipe

The equation for the Reynolds Number based on the upstream condition of the fluid
and the inside diameter of the pipe is:

Rp

_44q,

(eq.1,p.7)

nuD
Reynolds Number Based on the Orifice or Throat Diameter of
the Primary Device

The equations for the Reynolds Number based on the orifice or throat diameter of
the primary device are:

d
=5
R

Rd :7[)

Orifice Plate Discharge Coefficients

(Table 1, p. 4)

(eq.2,p.7)

Symbol Table
The symbol table for the orifice plant discharge coefficients is shown below.
Table C-2 Symbols
Symbol Units Lower Lower Upper Upper Ref.
Domain Limit Limit Domain
p 0<p 02<B B<0.70 B<1 §7.1.6.1
d m None None K<D K<D §3.2
Rp 0<Rp 2000 < Rp Rp < 10® None §7.3.2.1
D m 0<D 0.0429<D D < 0.900 None §7.3.2.1
C C>0 None C<1 None
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C2.3.2

C23.21

C23.2.2

Calculations
Base Discharge Coefficients (87.3.1.1)
The base discharge coefficients equation is:

C = 0.5959 + 0.0312p*" — 0.18408% + 0.0900L,p* (1 — p*)~*

(eq. 25, p. 30)
~0.0337L5B°% + 91.71p*° R>"

Where:
I1
L= D
|
L, = 52
Lok _(-E)
> D D

If Ly >0.4333 then 0.0900 L, = 0.0390
» |y —distance of upstream pressure tap from upstream face of orifice plate

» |,—distance of downstream pressure tap from downstream face of orifice
plate

» E —thickness of orifice plate

The valid tap arrangements are defined in paragraphs 7.2.3.4,7.2.3.5,0r 7.2.4. ltis
not permitted to use | and |, which do not match one of the three standardized tap
arrangements.

Corner Taps (87.3.1.1)
The relative roughness ratio limits for corner taps are given below (§7.2.4.11):

Table C-3 Relative Roughness Ratio Limits for Corner Taps

B <0.30 [ 032 |034 |036 [038 |040 (045 |05 0.6 0.7
10'%kD | 25 181 129 |[10.0 |83 7.1 5.6 4.9 4.2 4.0
L, =L, =0 (eq. 26, p.30)
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C2

ASME Standard MFC-3M-1989

C2.3.23

C23.24

C2.3.25

C2.4

C24.1

Flange Taps, D > 58.6 mm (87.3.1.1)

The relative roughness limit for flange taps is:

k —4
é <3.8x10
L, = L, =00254D"

Flange Taps 50.8 mm < D < 58.6 mm (87.3.1.1)

The relative roughness limit for flange taps is:

% <3.8x10™
L, = 04333, L, = 0.0254D™

Radius Taps (D and D/2) (§7.3.1.1)

The relative roughness limit for radius taps is:

(§7.2.4.11)
(eq. 27a, p. 30)

(§7.2.4.11)
(eq. 27b, p. 30)

k{ <38x10" (§7.2.4.11)
L, =047 (eq. 28, p. 30)

Since Ly > 0.4333, 0.0090 L= 0.0390

Long Radius Nozzles Discharge Coefficients

Symbol Table

The symbol table for long radius nozzles discharge coefficients is shown below.

Table C-4 Long Radius Nozzles Discharge Coefficients Symbol Table
Symbol Units Lower Lower Upper Upper Ref.
Domain Limit Limit Domain

B 0<pB varies with | design B<1 §8

Ro 0<Ro 10* <Rp Rp <6 x 10° | None §8.4.4
D m 0<D 0.1<D D<0.75 None §8.4.4
Pr1 Pa 0 < ps1 0 < p#n None None §5.3.3
P2 Pa 0<pp 0.75 pr<pz2 | pr2 < pst None §5.3.3
C C>0 None C<1 None

The standard applies to 3 types of long radius style flow nozzles (§8):

1. High beta ratio nozzle, (0.50 <pB< 0.80)
2. Low beta ratio nozzle, (0.20 < p < 0.50)
3. Throat tap flow nozzle, (0.25 <pB< 0.50)

234
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C2.4.2

C24.21

C24.2.2

Calculations
Wall Tap Nozzle Discharge Coefficient (88.4.1)

The well tap nozzle discharge coefficient calculation is:
5 05 (eq. 32, p.35)
C=09975- 0.00653{106 —J
R
D
Throat Tap Nozzle Discharge Coefficient (§8.4.2)

The un-calibrated discharge coefficient of ASME flow nozzles with throat taps is
given in ANSI/ASME PTC 6 and Steam Turbines Performance Test Codes 1976
(reaffirmed in 1982 and 1991).

Discharge Coefficient @ 3 = 0.43 (§4.22d)

The Standard provides the following discharge coefficients for $=0.43, at various
Reynolds numbers.

Table C-5 Discharge Coefficients

Throat Reynolgs Discharge Coefficient CB=0-43
Number x 10
0.10 0.9834
0.2 0.9909
0.3 0.9939
0.4 0.9953
0.5 0.9961
0.6 0.9966
0.8 0.9970
1.0 0.9972
2.0 0.9970
3.0 0.9970
4.0 0.9972
5.0 0.9974
6.0 0.9978
8.0 0.9980
10.0 0.9983
20.0 0.9991
30.0 0.9994
40.0 0.9998
&
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C25

C25.1

C2.5.2

C25.21

The following equation was fitted to the above points. The maximum deviation is
0.03%.

C 043 = —2.9385202378+2.353680507 [log(R, )] — 05261432417 log(R, )] i
+0.0520709677[log(R,)]” —0.0019238022[log(R, )]’

For beta ratios other than 0.43:
C=C_g4+(0.011339 5 — 0.0049)
Classical Venturi Tubes Discharge Coefficients

Symbol Table

The symbol table for classic Venturi tubes discharge coefficients is shown below.

Table C-6 Classical Venturi Tubes Discharge Coefficients Symbol Table
Symbol Units Lower Lower Upper Upper Ref.
Domain Limit Limit Domain

p 0<pB 0.30<p B<0.75 B<1 §9.5.2

§9.5.3

Rp 0<Rp varies with design None §9.5.2

§9.5.3

D 0<D varies with design None §8.4.4
C Cc>0 None None C<1

The standard applies to 3 types of venturi tubes (§9):
1. Venturi with an as-cast convergent

2. Venturi with a machined convergent
3. Venturi with a fabricated convergent

Calculations

ASME Venturi Tubes With an As-Cast or Fabricated Convergent (89.5.2)

The calculation for ASME Venturi tubes with an as-cast or fabricated convergent is:

0.100< D <1200
2x10° <R, <6x10°

03< 8<0.75
C=0.984
d
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C25.2.2 ASME Venturi Tubes With a Machined Convergent (§9.5.3)
The calculation for ASME Venturi tubes with a machined convergent is:
0.050< D<0.250
2x10° <R, <2x10°
03< <075
C=0.995
C2.6 Orifice Plate Expansion Factors
C2.6.1 Symbol Table
The symbol table for orifice plate expansion factors is shown below.
Table C-7 Orifice Plate Expansion Factors Symbol Table
Symbol Units Lower Lower Upper Upper Ref.
Domain Limit Limit Domain
Rp - 0<Ro 2000 < Rp Rp < 108 None §7.3.2.1
D m 0<D 0.0429 <D | D <0.900 None §7.3.2.1
B - 0<p 0.20<p B<0.70 B<1 §7.1.6.1
K - 0<xk None None None
P4 Pa 0<Pq 0<Pq None None
P> Pa 0<P; varies Py <Py None
w/fluid
states
AP Pa 0<AP 0<AP None None
Y, - o<y, None None None
Y2 - 0<Y> None None None
C2.6.2 Calculations
c26.2.1 Gas Expansion Factor Based on Upstream Conditions (87.3.1.2)

Note: The current data indicates that venturis may be used with diameters up to
2.1 meters.

The calculation for the gas expansion factor based on upstream conditions is:

P
/Pl >0.75

AP=P—P,
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v, =1-(041+0355%) 2
L ' ' P

1

(eq. 29, p. 31)

C2.6.2.2 Gas Expansion Factor Based on Downstream Conditions (87.3.1.2)
The calculation for the gas expansion factor based on downstream conditions is:
PZ
/Pl >0.75
AP=P -P,
v _ AP_l (0414035 4)AP_| (9. 30, p. 31)
=_[1+—1-(041+0. —
2 P, L P KPlJ
C2.6.2.3 Liquid Expansion Factor (83.2.3)
The liquid expansion factor calculation is:
Y, =Y,=1
Cc2.7 ASME Long Radius Nozzles Expansion Factors
C2.7.1 Symbol Table
The symbol table for ASME long radius nozzles expansion factors is shown below.
Table C-8 ASME Long Radius Nozzles Expansion Factors Symbol Table
Symbol Units Lower Lower Upper Upper Ref.
Domain Limit Limit Domain
Rp - 0<Rp 104 <Rp Rp < 108 None §8.4.4
D m 0<D 0.100<D D <0.750 None §8.4.4
B - 0<pB varies with | B <1 §8
design
K - 0<xk None None None
P4 Pa 0 <Py 0<Pq None None §5.3.3
P Pa 0<P; varies P2 <Py None §5.3.3
w/fluid state
AP Pa 0<AP 0<AP None None
T 0<rt 0.75 None <1
Y, - o<, None None None
Y2 - 0<Y; None None None
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C2.7.2

C27.21

C2.7.2.2

C2.7.2.3

C2.8

Cc2.8.1

Calculations
Gas Expansion Factor Based on Upstream Conditions (88.4.3)

The gas expansion factor based on upstream conditions calculation is:

2':%1, 7 2>20.75

2 o1 770 (eq. 33, p. 35)
KT~ 1-8* ||1-¢*
= -1 2 1-7
1- pirk

Gas Expansion Factor Based on Downstream Conditions (88.4.3)

The gas expansion factor based on downstream conditions calculation is:

P
T= /Pl, 72>0.75

AP=P-P,
Y, =(1+ A?P)O'SY

2

(eq. 34, p. 35)

Liquid Expansion Factor (83.2.3)
The liquid expansion factor calculation is:

Y,=Y,=1
Classical Venturi Tube Expansion Factor

Symbol Table

The symbol table for classical Venturi tubes expansion factor is shown below.

Table C-9 Classical Venturi Tube Expansion Factor Symbol Table
Symbol Units Lower Lower Upper Upper Ref.
Domain Limit Limit Domain
Rp 0<Rp varies with | None §9.5.2
design §9.5.3
D 0<D varies with None §9.5.2
design
B 0<B 0.30<B B<0.75 B<1 §9.5.2
§9.5.3
K 0<x None None None
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C2.8.2

c2.8.21

C2.8.2.2

C2.8.2.3

C2.9

C2.9.1

Symbol Units Lower Lower Upper Upper Ref.
Domain Limit Limit Domain
P4 Pa 0 <Py 0<Pq None None §5.3.3
P2 Pa 0< Py varies P2 < Py None
w/fluid state

AP Pa 0<AP 0<AP None None

T 0<rt None None <1

Y, - o<, None None None

Y, - 0<Y> None None None

Calculations
Gas Expansion Factor Based on Upstream Conditions (89.5.4)

The calculation for gas expansion factor based on upstream conditions is:

_P
T= /Pl, 72>0.75

2 17708 (eq. 33, p. 35)
KT~ 1-8* ||1-z*
h= k-1 2 1-7
1- Bk

Gas Expansion Factor Based on Downstream Conditions (89.5.4)
The calculation for gas expansion factor based on downstream conditions is:

T=F7, 72>0.75
1

AP =P -P,

eq. 34, p. 35
n=a+%?ﬁwl (6q. 34. - 39)
2

Liquid Expansion Factor (83.2.3)
The liquid expansion factor calculation is:

Y,=Y,=1
Thermal Expansion Correction

Symbol Table
The symbol table for thermal expansion correction is shown below.
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Table C-10 Thermal Expansion Correction Symbol Table

Symbol Units Lower Lower Upper Upper
Domain Limit Limit Domain
dmeas m 0< dmeas None None dmeas < Dmeas
Dreas m 0< Dmeas None None None
OlPE m/m/°C 0 < ope None None None
ap m/m/°C 0<oap None None None
t °C -273.15 <t None None None
tmeas °C -273.15 < tmeas | tmeas is usually
assumed to be
20°C
d m 0<d None None None
D m 0<D None None None

C2.9.2 Calculations

c29.2.1 Bore Diameter, d, Temperature Correction
The calculation for bore diameter temperature correction is:
d :|:1+aPE [t_tmeas]:ldmeas (ASME MFC-3M-1989 eq. 19a, p. 12)
C29.2.2 Pipe Diameter, D, Temperature Correction

The calculation for pipe diameter temperature correction is:
D= [1+ a, [t _tmeas]:l D_.. (ASME MFC-3M-1989 eq. 19b, p. 12)

C2.10 Flow Rate Calculation

C2.10.1 Symbol Table

The symbol table for flow rate calculation is shown below.

Table C-11  Flow Rate Calculation Symbol Table

Symbol Units Lower Lower Upper Upper Ref.
Domain Limit Limit Domain
dmeas m 0 < dmeas None None dmeas < Dmeas
Dmeas m 0 < Dmeas varies with None
design
P4 Pa 0<Pq 0<Pq None None
P> Pa 0<P; varies P2 <Py None
w/fluid state

&
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Symbol Units Lower Lower Upper Upper Ref.
Domain Limit Limit Domain
t °C -273.15<t | None None None §4.2
tmeas °C -273.15 < None None None §4.2
tmeas

op m/m/°C O<oap None None None §4.2
OlPE m/m/°C 0 < ape None None None §4.2
AP Pa 0<AP None None None

PB kg/m® 0<pg None None None

PF1 kg/m® 0 < pgy None None None

P2 kg/m® 0<pp None None None

C - 0<C 0<C C<1 None

Y, - 0<Y, None None None

Y2 - 0<Y; None None None

d m 0<d None None None

D m 0<D varies with None

design
p - 0<p varies with | B <1
design
dm kg/s 0<Qm None None None §4.2

C2.10.2

Calculations (84.3)

The actual flow is found by iteration, since C and Rp are dependent on the flow rate
m.

d= dmeas (1 + e (t ) tmeas))
D = Dmeas (1 + o, (t - 1:meas))
d

,3:5

(eq. 19a, p. 12)
(eq. 19b, p. 12)

The above values of d, D, and  should be used to calculate C and Y.

T 2 Ap py (eq. 13, p. 11)
= fuser— CY, d* \|——4
qm 4 1 l _ ﬂ4
or:
r 12 Ap py, (eq. 14, p. 10)
= fuser— CY, d* . |———=
qm 4 2 1 _ 184
Where fuser can be used for various calibration factors.
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C2.11

C2.11.1

C2.11.2

C2.11.21

C2.11.2.2

C2.11.23

Permanent Pressure L0OSS

Symbol Table

The symbol table for permanent pressure loss is shown below.

Table C-12 Permanent Pressure Loss Symbol Table
Symbol Units Lower Lower Upper Upper
Domain Limit Limit Domain
C - 0<C None C<1 None
AP Pa 0<AP None None None
B - 0<pB varies with primary element B<1
) ° 0<¢ 7°<¢ $<15° None
Aw Pa 0<Aw None None None
Calculations
Orifice Plate (87.4)
The orifice plate calculation is:
(eq. 31, p. 32)

_ [t -cpt)
o= T e cpt)

Note: This equation may generate negative permanent pressure loss if 8 is out of
range.

ASME Flow Nozzles (88.6)

The ASME flow nozzle calculation is:

Az = (1 + 00148 - 206 5° + 118 °) Ap (eq. 36, p.36)
ASME Venturi Tube (89.7)
For the divergent angle, ¢ = 15¢°:
¢ =0.436-0.86 B +0.59 p°
For the divergent angle, ¢ = 7°:
¢ =0.218-0.42 p+0.38 B*
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For a divergent angle, 7° < ¢ <15 °, assume that linear interpolation will provide an
accurate pressure loss value.

¢- 7°)
= =+ — -
é/qﬁ 4/7 (4/15 4/7)(150_70
Aw = (AP (§9.7)
§
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C3

C3.1

C3.2

C3.2.1

C3.2.2

ASME/ANSI Standard MFC-7M-1987

Flow Element Applicability

This standard applies to the critical flow measurement of single phase gases, using
venturi nozzles. The nozzles may have toroidal throats or cylindrical throats.

Calculation of Reynolds Numbers

Symbol Table

The symbol table for the calculation of Reynolds Numbers is shown below.

Table C-1 Calculation of Reynolds Numbers Symbol Table
Symbol Units Lower Lower Upper Upper
Domain Limit Limit Domain
d m 0<d 0<d None d<D
am kgls 0<Qgm 0<Qnm None None
T Pa-s 0<pg 0<pg None None
Rq - 0<Ryg 0<Ry4 None None

Reynolds Numbers Based on Stagnation Properties and the
Throat Diameter (82.2.4)

The equation for Reynolds Numbers based on stagnation properties and the throat
diameter is:

4.

Rd - Zd

§
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C3 ASME/ANSI Standard MFC-7M-1987

C3.3

C3.3.1

C3.3.2

C33.21

C3.3.2.2

C3.4

C34.1

Discharge Coefficients Calculation

Symbol Table

The symbol table for discharge coefficients calculation is shown below.

Table C-2 Discharge Coefficients Calculation Symbol Table

Lower Lower Limit

Domain

Units Upper Ref.

Domain

Symbol Upper

Limit

Rg - 0 <Ry varies with device None 87.2.2

C - 0<C None C<1 None

Calculations
Toroidal Throat Discharge Coefficient (87.2.2)

The Toroidal throat discharge coefficient calculation is:

1525
C=09935-—+

10° <R, <10’ RO®

Cylindrical Throat Discharge Coefficient (§87.2.2)

The cyndrical throat discharge coefficient calculation is:

35x10° <R, <25x10°  C=0.9887

0.2165
C =10000— 5>~

d

25x10° < R, <2.0x10’

Critical Flow Coefficient

Symbol Table
The symbol table for critical flow coefficient is shown below.

Table C-3 Critical Flow Coefficient Symbol Table

Units Lower Lower Limit

Domain

Symbol Upper Limit Upper

Domain

0<k

None

None

None

Cri

0<Cri

None

None

None

0<z

None

None

None

246

&

EMERSON.

Process Management

Emerson Process Management 3007536
Flowel 4 Development and Marketing

2005-May-02 Rev 0




C3 ASME/ANSI Standard MFC-7M-1987

User Manual

C3.4.2

C34.21

C3.5

C3.5.1

C3.5.2

Calculations (82.2.4)

Real Gas Critical Flow Function

The real gas critical flow function calculation is:

k+1
c 1 k(ij“
R™ Jz V \k+1
Flow Rate Calculation

Symbol Table

The symbol table for flow rate calculation is shown below.

Table C-4 Flow Rate Calculation Symbol Table
Symbol Units Lower Domain Lower Limit Upper Limit | Upper Domain
B - 0<B None p<0.25 <1
C -
Cri -
P Pa O0<P 0O<P None None
Z - 0<Z
P kg/m® 0<p
am kgls 0<Qm

Calculations (83.3)

The flow rate calculation is:

qm = %dZCCRi V pr
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C4 ASME Standard MFC-14M-2003

C4.1 Flow Element Applicability

This ASME standard is applicable to small bore precision orifice meters:
» orifice plates with corner taps
» orifice plates with flange taps

» specially designed orifice meters with integral fittings
(inline sizes Yato 172 inches (6 mm to 40 mm))

C4.2 Calculation of Reynolds Number

The calculation for Reynolds Number for Rp and Ry is found in C2.2. The limit of
applicability of this standard is for Rp greater than 1,000.

C4.3 Discharge Coefficients

C4.3.1 Symbol Table

The symbol table for the orifice plant discharge coefficients is shown below.

Table C-1 Symbols

Symbol Units Lower Lower Upper Upper
Domain Limit Limit Domain
B - 0<pB 0.1<pB B <0.80 B<1
d m None None d<D d<D
Rp - 0<Rp 1000 < Rp none None
D (corner taps) | m 0<D 0.0064<D | D<0.0450 | None
D (flange taps) | m 0<D 0.0152<D D <0.0450 None
C - C>0 None C<1 None

While the standard is valid down to line size V4 inch (6 mm), the discharge coefficient
for flange taps is valid down to %2 inch (13 mm) and for flange taps down to 1 inch
(25 mm). These are taken to be nominal sizes, although this is not stated explicitly in
the standard.
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C4.3.2

C4.3.3

C4.4

C4.5

C4.5.1

Corner Taps

0.0044

C= {0.5991+

+ (0.3155 + 0'0[2;75

j(ﬂ“ +2ﬂ16)} 1- B

0.52 116\, s, 6y [1-5°
+[T—1.92+(16.48—Tﬂ(ﬂ +45") R

Flange Taps
1-B*

D

C =[0.5980+0.468( 5* +108") |\1- p* +(0.87+8.15")

Expansion Factor

(0.41+0.355)AP

xR
AP (0.41+0.354")AP
YZZ 1+F—
2 xP, /1+A—P
I:)2

Thermal Expansion Correction

Y, =1-

Symbol Table

The symbol table for thermal expansion correction is shown below.

Table C-2 Thermal Expansion Correction Symbol Table
Symbol Units Lower Domain Lower Limit Upper Limit | Upper Domain

dmeas m 0< dmeas None None dmeas < Dmeas
Dmeas m 0< Drmeas None None None

o2 m/m/°C 0<ow None None None

o m/m/°C 0 < oy None None None

t °C -273.15<t None None None

tmeas °C -273.15 < tmeas tmeas is usually assumed to be 20°C

d m 0<d None None None

D m 0<D None None None
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C45.2 Calculations

C45.2.1 Bore Diameter, d, Temperature Correction

The bore diameter temperature correction calculation is:

d= |:1+ a, [t _tmeas ]:| dmeas

C4.5.2.2 Pipe Diameter, D, Temperature Correction

The pipe diameter temperature correction is:

meas

D=[1+g[t-t,,]]|D

C4.6 Flow Rate Calculation

C4.6.1 Symbol Table

The symbol table for the flow rate calculation is shown below.

Table C-3 Flow Rate Calculation Symbol Table

Symbol Units Lower Domain Lower Limit Upper Limit | Upper Domain
dmeas m 0 < dmeas dmeas <« Dmeas
Drmeas m 0 < Dmeas None
P4 Pa 0<Py 0<Py None None
P2 Pa 0<Py 0.75P1 <Py Py < P4 None
t °C -273.15 <t None None None
tmeas °C -273.15 < tmeas None None None
o m/m/°C 0 < oy None None None
o2 m/m/°C 0<oap None None None
p1 kg/m3 0<p4 None None None
C - 0<C None C<1 None
d m 0<d varies tap type d<D
D m 0<D None
AP Pa 0 <AP None None None
B - 0<p p<1
Y - o<Y None Y <1 None
dm kgls 0<Qm None None None

&
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C4.6.2

C4.7

C4.7.1

Calculations (83.3)

C depend on the flow, rate qp,.
d= |:1+ Ape [t - tmeas ]] dmeas
D=1+ [t—t,,]|D

meas

-4
D
AP =P —P,
a, -2 cvg? ZAP’Z
4 1-8

Permanent Pressure LOSS

Symbol Table

The symbol table for permanent pressure loss is shown below.

The actual flow may be found by iteration, since Rp and for some primary elements

Table C-4 Permanent Pressure Loss Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
C - 0<C None C<1 None
AP Pa 0<Ap None None None
B - 0<p varies with primary element type B<1
° 0<¢ varies with primary element type None
Aw Pa 0<Aw None None None
§
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C5 International Standard ISO 5167-1980 (E)

C5.1 Flow Element Applicability

The ISO standard is defined for the following flow measurement elements:
» orifice plates with:
- flange taps
- D and D/2 (radius) taps
- corner taps
* nozzles:
- ISA 1932 nozzle
- long radius nozzles, including:
- high B ratio
- low B ratio
» venturi tubes:
- venturi-nozzle
- classical venturi tubes, including:
- as-cast convergent section
- machined convergent section
- fabricated (welded) convergent section

The standard applies to liquid, vapor, or gas flows which are homogenous (single
phase), turbulent, subsonic and steady with time (a slow pulsation can be
acceptable).

C5.2 Calculation of Reynolds Numbers

C5.2.1 Symbol Table

The symbol table for the calculation of Reynolds Numbers is shown below.
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C5.2.2

C5.2.3

C5.3

C5.3.1

Table C-1 Calculation of Reynolds Numbers Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
d m 0<d 0<d None d<D
D m 0<D 0<D None None
U1 m/s 0<Uq 0<Uq None None
V1 m%/s 0<wvq 0<wvq None None
R4 - 0 <Ry 0 <Ry None None
Rp - 0<Rop 0<Ro None None
B - 0<pB 0<pB B<1 B<1
Reynolds Number Based on the Upstream Condition of the

Fluid and the Upstream Diameter of the Pipe (82.4.2)

The equation for the Reynolds Number based on the upstream condition of the fluid

and the upstream diameter of the pipe is:

_Ub

R
D
Vi

Reynolds Number Based on the Orifice or Throat Diameter of
the Primary Device (82.4.2)

The equation for the Reynolds Number based on the orifice or throat diameter of the
primary device is:

R

Rd=7D

Orifice Plate Discharge Coefficients

Symbol Table

The symbol table for the orifice plate discharge coefficients is shown below.

Table C-2 Orifice Plate Discharge Coefficients Symbol Table
Symbol Units Lower Lower Upper Limit Upper Ref
Domain Limit Domain
B 0<pB varies with pressure tappings | g <1 7.3.1
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Symbol Units Lower Lower Upper Limit Upper Ref
Domain Limit Domain
Rp - 0<Rp varies with pressure tappings | None 7.3.1
k m 0<k None | None None
D m 0<D varies with pressure tappings | None 7.3.1
C - 0<C 0<C | c<1 none

C5.3.2 Calculations
C5.3.2.1 Base Discharge Coefficients (87.3.2.1)

The base discharge coefficients calculation is:

[10° "
_ 2.1 8 25] =Y
C = 05959+ 00312/5*" - 01840/ ° + 000295 **| - |

D

+00900L, B*(1- B*)™" - 00337L;°

Where:
I
L=12
|
L =2

If: L,>04333 then 00900L, = 0.0390

» |, - distance of upstream pressure tap from upstream face of orifice plate

» |, - distance of downstream pressure tap from downstream face of orifice
plate

» E - thickness of orifice plate

The valid tap arrangements are defined in paragraphs 7.2.3.4,7.2.3.5,0or 7.2.4. ltis
not permitted to use /; and /, which do not match one of the three standardized tap

arrangements.
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C5.3.2.2

C63.221

C5.3.2.2.2

C5.3.2.3

C5.3.23.1

C5.3.23.2

Corner Taps
Limits (87.3.1)

The corner taps limits are:

« d>0.0125
» 0.050 <D < 1.000

« 0.23<B<0.45 0.45<B<0.77 0.77 <3 <0.80

» 5,000 <Ry < 10° 10,000 < Rp < 10° 20,000 < Ry < 10°

The roughness upper limits for the corner taps are shown in the table below.

Table C-3 Corner Taps Roughness Upper Limits

B <0.3 [0.32]0.34 0.36 0.38 0.4 0.45 0.5 0.6 0.7 0.8

10°k/D | 25 18.1 | 12.9 10.0 8.3 7.1 5.6 4.9 4.2 4.0 3.9

Tap Spacing (87.3.2.1)

The tap spacing calculation is:
L, =L5=0

Flange Taps

Limits (87.3.1)

The flange taps limits are:
« d>0.0125
+ 0.050<D<0.760
+ 0.2<p<0.75
« 1,260 B°D 10° <R, < 10°

The roughness upper limits for flange taps are shown in the table below.

Table C-4 Flange Taps Roughness Upper Limits

B <0.3 [ 0.32]0.34 0.36 0.38 0.4 0.45 0.5 0.6 0.7 0.8

10°k/D | 25 18.1 | 12.9 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

Tap Spacing, D > 58.62mm (87.3.2.1)

The tap spacing calculation is:

L, =L, =00254D""

§
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C5.3.2.3.3

C53.24

C53.24.1

C5.3.24.2

C5.4

C54.1

Tap Spacing, 50.8.. D <58.62, (§7.3.2.1)
The tap spacing calculation is:

L, = 04333, L, =0.0254D™

Radius Taps (D and D/2)

Limits (87.3.1)

The radius taps limits are:
« d>0.0125
+ 0.050<D<0.760
+ 0.2<pB<0.75
« 1,260 B°D 10°< R, < 10°

The radius taps roughness upper limits are shown below.

Table C-5 Radius Taps Roughness Upper Limits

B <0.3 | 0.32 | 0.34 0.36 0.38 0.4 0.45 0.5 0.6 0.7 0.8
10°k/D | 25 18.1 | 12.9 10 10 10 10 10 10 10 10
Tap Spacing, (87.3.2.1)
Since L, > 0.4333, 0.0090L, = 0.0390
L, =0.47
Nozzles
Symbol Table
The symbol table for nozzles is shown below.
Table C-6 Nozzles Symbol Table
Symbol Units Lower Lower Limit Upper Upper
Domain Limit Domain
B - 0<pB varies with design | B <1
Rp - 0<Rp varies with design None
k m 0<k None None None
D m 0<D varies with design None
C - 0<C None C<1 None
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Ch5.4.2 Calculations
C5.4.2.1 ISA 1932 Nozzle
C5.4.2.1.1  Limits (§8.1.6.1)

The ISA 1932 nozzle limits are:
« 0.050<D<0.500
e 0.3<p<044 0.44<p<0.80
70,000 < Rep < 107 20,000 < Rep < 107

The roughness upper limits are listed in the table below.

Table C-7 ISA 1932 Nozzle Roughness Upper Limits

B <0.3 | 0.36 [ 0.38 | 0.40 | 0.42 [ 044 | 0.46 | 0.48 | 0.50 [ 0.60 | 0.70 | 0.77 | 0.80
5

104k | 25 186 | 13.5 | 10.6 | 8.7 7.5 6.7 6.1 5.6 4.5 4.0 3.9 3.9
/D

C5.4.2.1.2 Discharge Coefficients (88.1.6.2)

The discharge coefficients calculation is:

|' 6 —|l.15
10
C =0.9900-0.2262 3 ** +[0.000215— 0.001125 3 +0.002490 3 “]{R—J

D
C5.4.2.2 Long-Radius Nozzles (88.2)
C5.4.2.2.1  Limits (§8.2.5.1)

The long radius nozzle limits are:
+ 0.050<D<0.630
+ 02<pB<0.8
© 10*<Rp <10’
« k/D<10x10*
- high ratio nozzles, 0.25 <3 < 0.8 and, (§8.2)
- low ratio nozzles, 0.20 <3 < 0.5 (§8.2)
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C54.2.2.2

C5.5

C5.5.1

C5.5.2
C55.2.1

C55.211

C55.2.1.2

Discharge Coefficients (88.2.5.2)

The discharge coefficients calculation is:

(108 |
0.5
C = 0.9965- 0006533 °1 — |

R |
Classical Venturi Tubes and Venturi Nozzles

Symbol Table

The symbol table for classical Venturi tubes and Venturi nozzles is shown below.

Table C-8 Classical Venturi Tubes and Venturi Nozzles Symbol Table

Symbol Units Lower Lower Upper Upper
Domain Limit Limit Domain
B - 0<pB varies with design B<1
Rp - 0<Rp varies with design None
D m 0<D varies with design None
C - 0<C | c<1

The standard applies to 3 types of venturi tubes (§9.1) and Venturi nozzle (§9.2):
1. Classical Venturi with an as-cast convergent

2. Classical Venturi with a machined convergent

3. Classical Venturi with a fabricated (welded) convergent

Calculations

Classical Venturi Tube With an As-Cast or Fabricated Convergent (89.1.5.2)

Limits

The limits for the classical venturi tube with an as-cast or fabricated convergent are:
« 0.100<D<0.800

« 0.3<B<0.75
« 2x10°<Rp<2x10°

Discharge Coefficient

The discharge coefficient is:

C=0.984
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C5.5.2.2

C56.5.221

C5.5.2.2.2

C5.5.23

C55.231

C5.5.23.2

C55.24

C55.24.1

C5.5.24.2

Classical Venturi Tubes With a Machined Convergent (89.1.5.3)

Limits

The limits for the classical venturi tubes with a machined convergent are:
+ 0.050<D<0.250

« 04<B<0.75
e 2x10°<Rp<1x10°

Discharge Coefficient

The discharge coefficient is:

C =0.995

Classical Venturi Tubes with a Fabricated (welded) Convergent (§9.1.5.4)

Limits

The limits for the classical venturi tubes with a fabricated (welded) convergent are:
« 0.200<D<1.200

« 04<p<07
e 2x10°<Rp<2x10°

Discharge Coefficient

The discharge coefficient is:
C =0.985

Classical Venturi Nozzles
Limits (89.2.4.1)

The limits for the classical venturi nozzle are:
« 0.065<D<0.500
e d>0.050
e 0316 <p<0.775
1.5x10° <Rp <2 x10°

Discharge Coefficient (§89.2.4.2)
The discharge coefficient is:

C=0.9858—0.196p*°

§
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C5.6

C5.6.1

C5.6.2

C5.6.2.1

C5.6.3

Orifice Plates Expansion Factors

Symbol Table

The symbol table for orifice plates expansion factors is shown below.

Table C-9 Orifice Plates Expansion Factors Symbol Table
Symbol Units Lower Lower Upper Limit Upper Ref.
Domain Limit Domain
- 0<pB varies with pressure tapping B<1 §7.3.1
K - 0<x None None None
P4 Pa 0 <Py 0<Pq None None
P2 Pa 0<Py 0.75P1 <Py | P2 <Py None §5.3.3
AP Pa 0<AP 0<AP None None
Y - o<y None Y <1 None

Calculations
Gas Expansion Factor (87.3.2.2)

The gas expansion factor calculations are:

PZ
~2>075
R
AP=P-P,

Y —1—(041+035ﬁ4)A—P
v ' ' kP,

1

Gas Expansion Factor based on Downstream Conditions (ISO
5167 (1991) p.23)

The calculation for the gas expansion factor based on downstream conditions is:

Ap
Yo=Yy 1

2

Gas expansion factors based on downstream conditions are not specified in ISO
5167 (1980). However, ISO 5167 (1991) does support downstream conditions and
will be implemented in ISO 5167 (1980).

§
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C5.6.3.1

Cs.7

C5.7.1

C5.7.2
C5.7.2.1

C5.7.211

C5.7.2.1.2

Liquid Expansion Factor (82.4.7)
The liquid expansion factor is:

Y=1

Nozzles Expansion Factors

Symbol Table

The symbol table for the nozzle expansion factors is shown below.

Table C-10 Nozzles Expansion Factors Symbol Table
Symbol Units Lower Lower Upper Upper Ref
Domain Limit Limit Domain
- 0<B varies with design B<1
K - 0<x None None None
P4 Pa 0<Py 0<Py None None
P> Pa 0<Py 0.75P1 <Py | P2 <Py None §5.3.3
AP Pa 0<AP 0<AP None None
T O0<r 0.75<1 None t<1
Y - o<y None Y <1 None §2.4.7
Calculations
ISA 1932 Nozzle
Gas Expansion Factor (88.1.6.3)
The calculations for the gas expansion factors are:
= &, 72>0.75
P,
1
r 2 \ w1l
Y_||K'Z'" 1- 4 1-7 < ||
- 2
uic—l 1—ﬂ4zj 1-7¢ H
Liquid Expansion Factor (82.4.7)
The liquid expansion factor is:
Y=1
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C5.7.2.2

C5.7.22.1

C5.8

C5.8.1

C5.8.2
C5.8.2.1

C58.2.1.1

Long Radius Nozzles

Gas Expansion Factor (88.2.5.3)

The long radium nozzles gas expansion factor calculations are:

r=&, 7 >0.75
P,
1
2 12
Y_||Kz"‘ 1- 8% |1-7 ~« ||
- 2
ulc—l 1- Birk 1-7 H

Classical Venturi Tubes and Venturi Nozzles

Expansion Factor

Symbol Table

The symbol table for the classical venturi tubes and venturi nozzles expansion factor

is shown below.

Table C-11  Classical Venturi Tubes/Nozzles Expansion Factor Symbol Table
Symbol Units Lower Lower Upper Upper Ref.
Domain Limit Limit Domain
- 0<pB varies with design B<1
K - 0<x None None None
p1 Pa 0<p1 0 < p1 None None
p2 Pa 0<p2 0.75p1<pz2 | p2<p1 None §5.3.3
Ap Pa 0<Ap 0<Ap None None
T O<rt None None <1
Y - o<y None Y <1 None

Calculations
Classical Venturi Tube

Gas Expansion Factor (89.1.6)

The gas expansion factor calculations are:

P,

T=—",
1

7 >0.75
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C5.8.2.2

C5.8.2.2.1

C5.9

C5.9.1

N[~

T 2] =
WHHM K

I
et et ] 27 ]

Venturi Nozzle

Y =

Gas Expansion Factor (89.1.6)

The gas expansion factor calculation is:

P,

T=—",
P,

72075

N[~

T 2] [ s
|KTK||_1ﬂ —||1 T *

|
i [ e |

Thermal Expansion Correction

ISO 5167 requires temperature compensation to be applied to d and D, but does not
provide a method to do so, therefore, the correction stated in ASME MFC-3M-1989

will be applied.

Symbol Table

The symbol table for thermal expansion correction is shown below.

Table C-12 Thermal Expansion Correction Symbol Table
Symbol Units Lower Domain Lower Limit Upper Limit Upper
Domain
dmeas m 0< dmeas None None dmeas < Dmeas
Dmeas m 0< Drmeas None None None
OpPE m/m/°C 0 < ape None None None
ap m/m/°C 0<op None None None
t °C -273.15 <t None None None
tmeas °C -273.15 < tmeas tmeas IS usually assumed to be 20°C
d m 0<d None None None
D m 0<D None None None
&
EMERSON.
263 Process Management
Emerson Process Management 3007536 2005-May-02 Rev 0

Flowel 4 Development and Marketing




User Manual

C5 International Standard ISO 5167-1980 (E)

C5.9.2 Calculations
C5.9.2.1 Bore Diameter, d, Temperature Correction
The bore diameter temperature correction calculation is:
d =[1+05p5 [t—t ]]d (ASME MFC-3M-1989 eq. 19a, p. 12)
C5.9.2.2 Pipe Diameter, D, Temperature Correction
The pipe diameter temperature correction is:
D= [1+ap [t—t ]] D (ASME MFC-3M-1989 eq. 19b, p. 12)
C5.10 Flow Rate Calculation
C5.10.1 Symbol Table

The symbol table for the flow rate calculation is shown below.

Table C-13  Flow Rate Calculation Symbol Table
Symbol Units Lower Domain Lower Limit Upper Limit Upper
Domain

dmeas m 0 < dmeas varies with primary element type dmeas < Dmeas
Dimeas 0 < Dmeas varies with primary element type None
P4 Pa 0<Pq 0<Pq None None
P Pa 0<P; 0.75P1 < P2 P2 < P4 None
t °C -273.15 <t None None None
tmeas °C -273.15 < tmeas None None None
ap m/m/°C O<ap None None None
opE m/m/°C 0 < opg None None None
p1 kg/m® 0<ps None None None
C - 0<C None C<1 None
d m 0<d varies with primary element type d<D
D m 0<D varies with primary element type None
AP Pa 0< AP None None None
B - 0<pB varies with primary element type B<1
Y - 0<Y None Y <A1 None
Om kgls 0<qgm None None None
&
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C5.10.2 Calculations (83.3)
The actual flow may be found by iteration, since Rp and for some primary elements
C depend on the flow, rate gm.
d= [1+0‘pe [t_tmeas]]dmeas (ASME MFC-3M-1989 eq. 19a, p. 12)
D= [l+ap [t_tmeas]] D... (ASME MFC-3M-1989 eq. 19b, p. 12)
_d
F=5
AP =P -P,
The above values of d, D, and 8 should be used to calculate C and Y.
T 2 AP p, T 2APp
= —CYD?*B%,|[——= or q.=—CY, D?p% |=—— 1%
qm 4 1 ﬁ 1 _ ﬂ4 qm 4 2 /8 1_ ﬂ4
C5h.11 Permanent Pressure Loss
C5.11.1 Symbol Table
The symbol table for permanent pressure loss is shown below.
Table C-14 Permanent Pressure Loss Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
C - 0<C None C<1 None
AP Pa 0<Ap None None None
B - 0<pB varies with primary element type B<1
° 0<¢ varies with primary element type None
Aw Pa 0<Aw None None None
C5.11.2 Calculations
Ch.11.2.1 Orifice Plates (§7.4)
The orifice plate calculation is:
(J1-p* -cp?)
Aw = APL J
1 _ ,B 4 + C IB 2
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C5.11.2.2

C5.11.2.2.1

C5.11.2.2.2

C5.11.2.3

C5.11.23.1

C5.11.2.3.2

The above equation may generate negative permanent pressure loss. If the

calculated A @ is too low, the following equation will be used:
Aw ~ AP(1- g*°)
Nozzles

ISA 1932 Nozzle (§8.1.8)

The ISA 1932 nozzle calculation is:

o - -cpt
kWD

Long Radius Nozzle (88.2.7)

The long radius nozzle calculation is:
(J1-p* -cp?)
Ul pt+Cp ;)

Classical Venturi Tubes and Venturi Nozzles

Aw

Classical Venturi Tubes (89.1.9.2)

ISO 5167 provides graphs of pressure loss for guidance only. The ASME MFC-3M-
1989 methods will be used to calculate the pressure loss.

o

For the divergent angle, ¢ = 15°:
¢ =0.436-0.86 B +0.59 B* (ASME MFC-3M-1989, p.42)

For the divergent angle, ¢ = 7°:
¢ =0.218-0.42 p+0.38 B° (ASME MFC-3M-1989, p.42)

For a divergent angle, 7° < ¢ < 15°, assume that linear interpolation will provide an
accurate pressure loss value.

NS

= CAp (ASME MFC-3M-1989, p.42)
Venturi Nozzles (89.2.6)

Although §9.2.1.3 allows the divergent angle to be as large as 30°, the permanent
pressure loss calculation will use a maximum of 15° as limited in §9.2.6.

§
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ISO 5167 provides graphs of pressure loss for guidance only. The ASME MFC-3M-
1989 methods will be used to calculate the pressure loss.

For the divergent angle, ¢ = 15°:
¢ =0.436-0.86 p+0.59 B° (ASME MFC-3M-1989, p.42)

For the divergent angle, ¢ = 7°:
¢ =0.218-0.42 p+0.38 B° (ASME MFC-3M-1989, p.42)

For a divergent angle, 7° < ¢ < 15°, assume that linear interpolation will provide an
accurate pressure loss value.

G666l o)

Aw = CAp (ASME MFC-3M-1989, p.42)

C5.12 Uncertainties

This section intentionally left blank.
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C6.1

C6.2

C6.2.1

International Standard ISO 5167-1-1991 (E)

Flow Element Applicability

The ISO standard is defined for the following flow measurement elements:
» orifice plates with:
- flange taps
- D and D/2 (radius) taps
- corner taps
* nozzles:
- ISA 1932 nozzle
- long radius nozzles, including:
- high p ratio nozzles
- low B ratio nozzles
e venturi tubes:
- venturi-nozzle
- classical venturi tubes, including:
- as-cast convergent section
- machined convergent section
- fabricated (welded) convergent section

The standard applies to liquid, vapor, or gas flows which are homogenous (single
phase), turbulent, subsonic and steady with time (a slow pulsation can be
acceptable).

Calculation of Reynolds Numbers

Symbol Table

The symbol table for the calculation of Reynolds Numbers is shown below.

Table C-1 Calculation of Reynolds Numbers Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
d m 0<d 0<d None d<D
D m 0<D 0<D None None
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C6.2.2

C6.2.3

C6.3

C6.3.1

Symbol Units Lower Lower Limit Upper Limit Upper

Domain Domain
Uz m/s o<y, 0<U; None None
vi m?/s 0<v; 0<vy None None
Rq - 0 <Ry 0<Ryg None None
Rp - 0<Rp 0<Rp None None
B - 0<p 0<pB p<il p<1
Hq kg/m-sec O<p O<p None None

Reynolds Number Based on the Upstream Condition of the

Fluid and the Upstream Diameter of the Pipe (83.3.2)

The calculation for the Reynolds Number based on the upstream condition of the
fluid and the upstream diameter of the pipe is:

Re,
"

_UD _ 4q,

D

Reynolds Number Based on the Orifice or Throat Diameter of
the Primary Device (83.3.2)

The calculation for the Reynolds Number based on the orifice or throat diameter of
the primary device is:

d
’~b
R
R =—2
B

Orifice Plate Discharge Coefficients

Symbol

Table

The symbol table for the orifice plate discharge coefficients is shown below.

Table C-2 Orifice Plate Discharge Coefficients Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper Ref
Domain Domain
B - 0<B varies with pressure tappings B<1 §8.3.1
Rp - 0<Rp varies with pressure tappings None §8.3.1
k m 0<k None None None
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C6.3.2

C6.3.2.1

C6.3.2.2

C6.3.2.2.1

Symbol Units Lower Lower Limit Upper Limit Upper Ref
Domain Domain

D m 0<D varies with pressure tappings None §8.3.1

C - 0<C 0<C C<1 None

Calculations
Base Discharge Coefficients (88.3.2.1)

The calculation for base discharge coefficients is:

6 0.75
C = 05959 + 0.03124*" — 018404° + 0.00295>° Lii}

+00900L, B*(1- £*)™* - 00337, 8°

Where:
I1

L= D
b
D

If: L >04333 then 0.0900L, =0.0390
» |, - distance of upstream pressure tap from upstream face of orifice plate
* |, - distance of downstream pressure tap from downstream face of orifice
plate
» E - thickness of orifice plate

The valid tap arrangements are defined in paragraphs 8.2. It is not permitted to enter
into equation pairs of values L, and L, which do not match one of the three
standardized tap arrangements.

Corner Taps
Limits (88.3.1)

The corner taps limits are:
« d>0.0125
« 0.050<D<1.0
e 0.2<pB<0.45
+ R, 25000

p>0.45
Rp > 10,000

The roughness upper limits for the corner taps are shown below.
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C6.3.2.2.2

C6.3.2.3

C6.3.2.3.1

C6.3.2.3.2

C6.3.2.3.3

C6.3.24

C6.3.24.1

Table C-3 Corner Tap Roughness Upper Limits

B <0.3 | 0.32 0.34 0.36 0.38 0.4 0.45 0.5

0.6

0.75

10%kD | 25 18.1 12.9 10.0 8.3 7.1 5.6 4.9

4.2

4.0

Tap Spacing (§88.3.2.1)

The tap spacing calculation is:
L,=L>=0

Flange Taps

Limits (88.3.1)

The flange tap limits are:
« d>0.0125
« 0.050<D<1.000
« 0.2<p<0.75

« R, >12604°Dx10°
The roughness upper limits for the flange taps are shown below.

Table C-4 Flange Taps Roughness Upper Limits

B <0.3 | 0.32 0.34 0.36 0.38 0.4 0.45 0.5

0.6

0.75

10°k/D 25 181 12.9 10.0 8.3 7.1 5.6 4.9

4.2

4.0

Tap Spacing, D >58.62mm (88.3.2.1)

The tap spacing calculation is:

L, =L, =0.0254D-1

Tap Spacing, 50.8mm <D <58.62mm (88.3.2.1)
The tap spacing calculations are:

L, =0.4333

L", = 0.0254D-1

Radius Taps (D and D/2)

Limits (88.3.1)

The radius taps limits are:
« d>00125
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e 0.050<D<1.000
. 0.2<p<0.75

c Ry2 1260,82D
Note: D is in mm.

The roughness upper limits for the radius taps are shown below.

Table C-5 Radius Taps Roughness Upper Limits

B <0.3 0.32 0.34 0.36 0.38 0.4 0.45 0.5 0.6 0.75
10°%k/D | 25 18.1 12.9 10.0 8.3 7.1 5.6 4.9 4.2 4.0
C6.3.2.4.2 Tap Spacing (88.3.2.1)
The tap spacing is:
Since L; > 0.4333, 0.0090L; = 0.0390
L, =0.47
C6.4 Nozzles
C6.4.1 Symbol Table
The symbol table for nozzles is shown below.
Table C-6 Nozzles Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
B - 0<pB varies with design B<1
Rep - 0<Rp varies with design None
k m 0<k None | None None
D m 0<D varies with design None
C - 0<C None | C<1 None
C6.4.2 Calculations
C6.4.2.1 ISA 1932 Nozzle
C6.4.2.1.1 Limits (89.1.6.1)
The ISA 1932 nozzle limits are:
e 0.050<D<0.500
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« 0.3<B<0.44 0.44 < B <0.80
e 70,000<Rp<10" 20,000<Rp<10’

The roughness upper limits for the ISA 1932 nozzle are shown in the table below.

Table C-7 ISA 1932 Nozzle Roughness Upper Limits

B <0.3 [ 0.36 [ 0.38 | 0.40 | 042 | 044 [ 0.46 [ 0.48 | 0.50 | 0.60 | 0.70 | 0.77 | 0.80
5

10* 25 18.6 | 13.5 | 10.6 | 8.7 7.5 6.7 6.1 5.6 4.5 4.0 3.9 3.9
k/D

C6.4.2.1.2 Discharge Coefficients (§9.1.6.2)
The discharge coefficient calculation is:
I' 106 ‘|1.15
C =0.9900-0.2262 8 ** ~[0.001753 > —0.0033 3 4-15]LR—J
o
C6.4.2.1.3 Expansibility (89.1.6.3)
The expansibility calculation is:
(KTZ/Kj[ 1- g j(l_ T(K_l)/,(j v2
& = 4 _2ix
k-1)\1-p'r 1-7
(for po/ p1>0.75)
C6.4.2.2 Long-Radius Nozzles
The long radius nozzles include:
» high ratio nozzles, 0.25 < 0.8, and (89.2.1)
* low ratio nozzles, 0.20 <3 <0.5 (89.2.1)
C6.4.2.2.1 Limits (89.2.6.1)
The long radium nozzle limits are:
* 0.050<D<0.630
+ 02<p<08
« 10°<Rp<10’
« k/D<10x10*
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C6.4.2.2.2

C6.5

C6.5.1

C6.5.2
C6.5.2.1

C6.5.2.1.1

Discharge Coefficients (§9.2.6.2)

The discharge coefficients calculation is:

floﬁ s (for upstream Reynolds Number)
C = 0.9965- 0.00653 3 °-T—J
RD
or
[ 106 e (for throat Rq)
C =0.9965- 000653 —— |
1%, |

Venturi Tubes and Venturi Nozzles

Symbol Table

The symbol table for venturi tubes and venturi nozzles is shown below.

Table C-8 Venturi Tubes/Nozzles Symbol Table

Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
B - 0<pB varies with design <1
Rep - 0<Rep varies with design None
D m 0<D varies with design None
c - C>0 None | c<1 None

The standard applies to 3 types of venturi tubes (§810.1) and Venturi Nozzle (§10.2):
1. Venturi with an as-cast convergent,

2. Venturi with a machined convergent, and

3. Venturi with a fabricated (welded) sheet-iron convergent.

Calculations

Classical Venturi Tube With an As-Cast Convergent (§10.1.5.2)

Limits

The limits for the classical venturi tube with an as-cast convergent are:
+ 0.100<D<0.800

« 03<B<0.75
e 2x10°<Rp<2x10°

§
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C6.5.2.1.2

C6.5.2.2

C6.5.2.2.1

C6.5.2.2.2

C6.5.2.3

C6.5.2.3.1

C6.5.2.3.2

C6.5.24

C6.5.24.1

Discharge Coefficient

The discharge coefficient is:

C=0.984

Classical Venturi Tubes With a Machined Convergent (810.1.5.3)

Limits

The limits for the classical venturi tube with a machined convergent are:
* 0.050<D<0.250

« 04<P<0.75
e 2x10°<Rp<1x10°

Discharge Coefficient

The discharge coefficient is:

C =0.995

Classical Venturi Tubes With a Rough Welded Convergent (810.1.5.4)

Limits

The limits for the classical venturi tube with a rough welded convergent are:
* 0.200<D<1.200

« 04<p<07
e 2x10°< Rep< 2x10°

Discharge Coefficient

The discharge coefficient is:
C =0.985

Venturi Nozzle

Limits (810.2.4.1)

The limits for the venturi nozzle are:
« 0.065<D<0.500
« d<0.050
e 0.316<p<0.775
« 15x10°<Rp<2x10°
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C6.5.24.2

C6.6

C6.6.1

C6.6.2

C6.6.3

Discharge Coefficient (§10.2.4.2)

The discharge coefficient is:

C =0.9858-0.1963"°

Orifice Plate Expansion Factors

Symbol Table

The symbol table for orifice plate expansion factors is shown below.

Table C-9 Orifice Plate Expansion Factors Symbol Table
Symbol Units Lower Lower Upper Upper Ref.
Domain Limit Limit Domain
0<pB varies with design B<1 §7.3.1
K 0<xk None None None
p1 Pa 0<p1 0<p1 None None §5.3.3
p2 Pa 0<p2 0.75p1<pz2 | p2<p1 None 85.3.3
Ap Pa 0<Ap 0<Ap None None
Y o<y None Y<1 None §2.4.7

Gas Expansion Factor based on Upstream Conditions
(88.3.2.2)

The calculation for gas expansion factors based on upstream conditions is:
A

Y, =1-(041+03584) =2
kP,

In addition to other limit conditions, the above equation is only applicable for
pg/pl >0.75.

This formula is a result of testing on air, steam, and natural gas. There are no known
objections to applying it to other gases.

Gas Expansion Factor based on Downstream Conditions
(88.3.2.2)

The calculation for gas expansion factors based on downstream conditions is:

AP
Y, =Y, /1+?2
&
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C6.6.4 Liguid Expansion Factor (83.3.5)
The liquid expansion factor is:

Y=1
C6.7 Nozzles Expansion Factors

C6.7.1 Symbol Table

The symbol table for nozzles expansion factors is shown below.

Table C-10 Nozzles Expansion Factors Symbol Table

Symbol Units Lower Lower Upper Upper Ref
Domain Limit Limit Domain
0<B varies with | design p<1
K - O0<x None None None
P1 Pa 0<Py 0<Pq None None
P> Pa 0< Py 0.75P1 <Py | P2<Py None
AP Pa 0<AP 0<AP None None
T 0<rt 0.75<1 None <1
Y - o<y None Y<1 None §2.4.7

C6.7.2 Calculations
C6.7.2.1 ISA 1932 Nozzle
C6.7.2.1.1 Gas Expansion Factor (88.1.6.3)

The gas expansion factor calculations are:

r:&, 7 >0.75

1

T =2 . !
|| xz* | 1-p 1-7

:
_ REET
' I |

C6.7.2.1.2 Liquid Expansion Factor (82.4.7)

The liquid expansion factor is:

Y=1
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C6.7.2.2

C6.7.2.2.1

C6.7.2.2.2

C6.8

C6.8.1

Long Radius Nozzles

Gas Expansion Factor (88.2.5.3)

The gas expansion factor calculations are:

r=&, 7 >0.75
P,
1
2 w1l
Y_||Kz"‘ 1- 8% |1-7 ~« ||
- 2
ulc—l 1- Birk 1-7 H

Liquid Expansion Factor (82.4.7)
The liquid expansion factor is:

Y=1

Classical Venturi Tubes and Venturi Nozzles

Expansion Factor

Symbol Table

The symbol table for the classical venturi tubes and venturi nozzles expansion factor

is shown below.

Table C-11  Classical Venturi Tubes/Nozzles Expansion Factor Symbol Table
Symbol Units Lower Lower Upper Upper Ref.
Domain Limit Limit Domain
0<pB varies with design p<1
K - 0<k None None None
p1 Pa 0<p1 0<p1 None None
p2 Pa 0<p2 0.75p1<pz2 | p2<p1 None 85.3.3
Ap Pa 0<Ap 0<Ap None None
T 0<n1 None None <1
Y - o<y None Y<1 None
f &
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C6.8.2
C6.8.2.1

C6.8.2.1.1

C6.8.2.1.2

C6.8.2.2

C6.8.2.2.1

C6.8.2.2.2

Calculations
Classical Venturi Tube

Gas Expansion Factor (89.1.6)

The gas expansion factor calculations are:

r=&, 7 >0.75

P,

N[~

T 2] [ e
||Kr"||_1 £ —||1 T~

I
" I |

Liquid Expansion Factor (82.4.7)

The liquid expansion factor is:
Y=1
Venturi Nozzle

Gas Expansion Factor (89.1.6)

The venturi nozzle gas expansion factor calculations are:

7 >0.75

Liquid Expansion Factor (§2.4.7)

The nozzle liquid expansion factor is:

Y=1
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C6.8.3 Uncertainties (88.3.3)

For all three types of tappings, assume that 8, D, C, Rp and k/D are known without
error, the relative uncertainty of the value of C is equal to:

0.6% for £<0.6
B% for 0.6 <p4<0.75
uncertainty in Y
AP
Yo
C6.9 Thermal Expansion Correction

ISO 5167 requires temperature compensation to be applied to d and D, but does not
provide a method to do so. Therefore, the corrections stated in ASME MFC-3M-1989
will be applied.

C6.9.1 Symbol Table

The symbol table for thermal expansion correction is shown below.

Table C-12 Thermal Expansion Correction Symbol Table

Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
dmeas m 0< dmeas None None dmeas < Dmeas
Dmeas m 0< Dneas None None None
Opg m/m/°C 0 < ope None None None
o m/m/°C O<ap None None None
t °C -273.15<t None None None
tmeas °C -273.15 < tmeas | tmeas iS usually assumed to be
20°C

d m 0<d None None None
D m 0<D None None None

C6.9.2 Calculations

C6.9.2.1 Bore Diameter, d, Temperature Correction

The bore diameter temperature correction calculation is:
d= [1+05p5 [t_tmeas]]dmeas (ASME MFC-3M-1989 eq. 19a, p. 12)
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C6.9.2.2 Pipe Diameter, D, Temperature Correction

The pipe diameter temperature correction calculation is:
D= [1+ a, [t —tmeas]] D.... (ASME MFC-3M-1989 eq. 19b, p. 12)

C6.10 Flow Rate Calculation

C6.10.1  Symbol Table

The symbol table for flow rate calculation is shown below.

Table C-13  Flow Rate Calculation Symbol Table

Symbol Units Lower Lower Limit Upper Limit Upper Domain
Domain
Omeas m 0 < dmeas varies with primary element type Omeas < Dmeas
Dmeas m 0 < Dmeas varies with primary element type None
P1 Pa 0<P; 0<P; None None
P, Pa 0<P; 0.75P1 <P; P, <P None
t °C -273.15<t None None None
tmeas °C -273.15 < tmeas | None None None
ap m/m/°C | 0 < ap None None None
OpE m/m/°C | 0 < apg None None None
Py kg/m®* | 0<py None None None
C - 0<C None Cc<1 None
d m 0<d varies with primary element type None
D m 0<D varies with primary element type None
AP Pa 0< AP None None None
B - 0<B varies with primary element p<1
- o<y None Y<1 None
am kgls 0<Qm None None None

C6.10.2 Calculations (85.3)

The actual flow is found by iteration, since R and for some primary elements C are
dependent on the flow rate q,.

T 2AP p Vd 2 AP p
qm22CYld2 1‘—ﬂ41 or qm_zC:dez 1-—,342
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Where Y, and p; are referred to the downstream conditions; d and D should use the
working condition value or with correction terms.

C6.11 Permanent Pressure Loss
C6.11.1  Symbol Table
The symbol table for permanent pressure loss is shown below.
Table C-14 Permanent Pressure Loss Symbol Table
Symbol Units Lower Domain Lower Limit Upper Limit Upper
Domain
C - 0<C None C<1 None
AP Pa 0< AP None None None
B - 0<pB varies with primary element type Bp<1
[0} ° 0<¢ varies with primary element type None
Ao Pa 0<Aw None None None
C6.11.1.1 Calculations
C6.11.2  Orifice Plate (§8.4.1)
The orifice plate calculation is:
A ( 1 - ﬂ -C ,82 \
@
Ul B +Cp’ J
C6.11.3 Nozzles
C6.11.3.1 ISA 1932 Nozzle (89.1.8)
The ISA 1932 nozzle calculation is:
\ (J1-p* -cp?)
@
Ul B +Cp’ J
C6.11.3.2 Long Radius Nozzle (89.2.8)

(/1 /; Cﬂz\
Aa = 8P| )

§
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C6.11.4

C6.114.1

C6.11.4.2

Classical Venturi Tubes and Venturi Nozzles
Classical Venturi Tubes (810.1.9.2)

ISO 5167 provides graphs of pressure loss for guidance only. The ASME MFC-3M-
1989 equations will be used to calculate the pressure loss.

For the divergent angle, ¢ = 15°:
¢ =0.436-0.86 p+0.59 B* (ASME MFC-3M-1989, p.42)

For the divergent angle, ¢ = 7°:
¢ =0.218-0.42 p+0.38 pB° (ASME MFC-3M-1989, p.42)

For a divergent angle, 7° < ¢ < 15°, assume that linear interpolation will provide an
accurate pressure loss value.

G i

Aw = CAP (ASME MFC-3M-1989, p.42)
Venturi Nozzles (810.2.6)*

ISO 5167 provides graphs of pressure loss for guidance only. The ASME MFC-3M-
1989 equations will be used to calculate the pressure loss.

* Note: although §10.2.1.4 allows the divergent angle to be as large as 30°, the
permanent pressure loss calculation will use a maximum of 15° since the equations
of ¢ are not known to be valid outside this range.

For the divergent angle, ¢ = 15°:
¢ =0.436-0.86 B +0.59 B*

For the divergent angle, ¢ = 7°:
¢ =0.218-0.42 p+0.38 B°

For a divergent angle, 7° < ¢ < 15°, assume that linear interpolation will provide an
accurate pressure loss value.

¢—7°j
= —+ j— L —
$i=61+(¢ss 47)(150_70
A = (AP (ASME MFC-3M-1989, p.42)
§
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C7

C7.1

Cr.2

Cr.2.1

International Standard ISO 5167-1-2003 (E)

Flow Element Applicability

The ISO standard is defined for the following flow measurement elements:
» orifice plates with:
- flange taps
- D and D/2 (radius) taps
- corner taps
* nozzles:
- ISA 1932 nozzle
- long radius nozzles, including:
- high p ratio nozzles
- low B ratio nozzles
» venturi tubes:
- venturi-nozzle
- classical venturi tubes, including:
- as-cast convergent section
- machined convergent section
- fabricated (welded) convergent section

The standard applies to liquid, vapor, or gas flows which are homogenous (single
phase), turbulent, subsonic and steady with time (a slow pulsation can be
acceptable).

Calculation of Reynolds Numbers

Symbol Table

The symbol table for the calculation of Reynolds Numbers is shown below.

Table C-1 Calculation of Reynolds Numbers Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
d m 0<d 0<d None d<D
D m 0<D 0<D None None
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Cr.2.2

C7.2.3

C7.3

C7.3.1

Symbol Units Lower Lower Limit Upper Limit Upper

Domain Domain
Uy m/s 0<Uq4 0<Uq None None
vy m°/s 0<vq 0<vy None None
R4 - 0 <Ry 0 <Ry None None
Rp - 0<Rp 0<Rp None None
B - 0<pB 0<p B<1 B<1
1 kg/m-sec O<p O<p None None

Reynolds Number Based on the Upstream Condition of the
Fluid and the Upstream Diameter of the Pipe (83.3.2)

The calculation for the Reynolds Number based on the upstream condition of the
fluid and the upstream diameter of the pipe is:
_UD_ 4q,

Re,
v, mu,D

Reynolds Number Based on the Orifice or Throat Diameter of
the Primary Device (83.3.2)

The calculation for the Reynolds Number based on the orifice or throat diameter of
the primary device is:

Ro

Rd=7

Orifice Plate Discharge Coefficient

Symbol Table
The symbol table for the orifice plate discharge coefficients is shown below.

Table C-2 Orifice Plate Discharge Coefficients Symbol Table

Symbol Units Lower Lower Limit Upper Limit Upper Ref
Domain Domain

B - 0<pB varies with pressure tappings B<1 §8.3.1

Rp - 0<Rp varies with pressure tappings None §8.3.1

k m 0<k None None None

§
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Symbol Units Lower Lower Limit Upper Limit Upper Ref
Domain Domain
D m 0<D varies with pressure tappings None §8.3.1
C - 0<C 0<C C<1 None
C7.3.2 Calculations
C7.3.21 Base Discharge Coefficients (88.3.2.1)
The calculation for base discharge coefficients is:
10°8 " 10° )"
C =0.5961+0.02613° —0.2165° + 0.000521[R—} + (0.0188+ 0.0063A) 5°° [R_J
o €o

4
+(0.043+0.080e " —0.123¢ " )(1-0.11A) p
1-p*

~0.031(M, -0.8M ") **
Where D<71.12 mm (2.8 in.) the following term is added:

+0.011(0.075 ﬁ)(z.s—lJ

25.4
Where:
_ Il
L= D
15
“=b
2L
2 1_ﬂ
19,0008 )"
A=| —/———L B
Re,
Where:

» |y - distance of upstream pressure tap from upstream face of orifice plate

» |, - distance of downstream pressure tap from downstream face of orifice
plate

For corner taps:

L=L,=0

&
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For D and D/2 taps (radius taps):

L =1
L, =0.47

For flange taps:

. 254
neh=

The valid tap arrangements are defined above. It is not permitted to enter into
equation pairs of values L1 and L", which do not match one of the three standardized
tap arrangements.

C7.4 Orifice Plate Expansion Factor

The expansion factor is valid where p,/p;= 0.75.

Y =1-(0.351+0.256 5 + 0.93° ) 1—[&}(

1

C7.5 Nozzles

C7.5.1 Symbol Table

The symbol table for nozzles is shown below.

Table C-3 Nozzles Symbol Table

Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
B - 0<pB varies with design B<1
Rep - 0<Rp varies with design None
k m 0<k None | None None
D m 0<D varies with design None
C - 0<C None | C <1 None
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C7.5.2 Calculations
C7.5.2.1 ISA 1932 Nozzle
C7.5.2.1.1  Limits (§89.1.6.1)

The ISA 1932 nozzle limits are:
« 0.050 <D <0.500
« 03<p<0.44 0.44 <p<0.80
« 70,000< Rp<10” 20,000 < Rp<10’

The roughness upper limits for the ISA 1932 nozzle are shown in the table below.

Table C-4 ISA 1932 Nozzle Roughness Upper Limits

B <0.3 | 0.36 [ 0.38 | 0.40 | 0.42 [ 044 | 0.46 | 0.48 | 0.50 [ 0.60 | 0.70 | 0.77 | 0.80
5

10%k | 25 18.6 | 13.5 | 10.6 | 8.7 7.5 6.7 6.1 5.6 4.5 4.0 3.9 3.9
/D

C7.5.21.2 Discharge Coefficients (§9.1.6.2)

The discharge coefficient calculation is:

1.15
41 415|_:|'06—|
C=0.9900-0.2262 8 [000175ﬂ —0.00338 ]{_R J
C7.5.2.1.3 Expansibility (§9.1.6.3)

The expansibility calculation is:

L (KTZ/KJ[ 1- g j(l_r(,(_l)/,(j v2
b 1- 47 )\ 1-¢

(for po/ p1>0.75)

C75.2.2 Long-Radius Nozzles
The long radius nozzles include:
* high ratio nozzles, 0.25 <3 < 0.8, and (§9.2.1)
* low ratio nozzles, 0.20 <3 <0.5 (§9.2.1)
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C7.5.2.2.1  Limits (§9.2.6.1)

The long radius nozzle limits are:
+ 0.050<D<0.630
+ 02<p<0.8
* 104 <Rp <107
k/D <10 x 104

C7.5.2.2.2 Discharge Coefficients (§9.2.6.2)

The discharge coefficients calculation is:

|_106 I (for upstream Reynolds Number)
C =0.9965-0.00653 3 O-TR—J
D
or
r106 e (for throat Ry)
C = 0.9965-0.00653 ——
d
C7.6 Venturi Tubes and Venturi Nozzles

C7.6.1 Symbol Table

The symbol table for venturi tubes and venturi nozzles is shown below.

Table C-5 Venturi Tubes/Nozzles Symbol Table

Symbol Units Lower Lower Upper Upper
Domain Limit Limit Domain
B - 0<pB varies with design B<1
Rep - 0 <Rep varies with design None
D m 0<D varies with design None
C - C>0 None | C<1 None

The standard applies to 3 types of venturi tubes (§10.1) and Venturi Nozzle (§10.2):
1. Venturi with an as-cast convergent

2. Venturi with a machined convergent

3. Venturi with a fabricated (welded) sheet-iron convergent
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C7.6.2
C7.6.2.1

C76.211

C7.6.2.1.2

C7.6.2.2

C7.6.2.2.1

C7.6.2.2.2

C7.6.2.3

C7.6.23.1

C7.6.23.2

Calculations

Classical Venturi Tube With an As-Cast Convergent (810.1.5.2)

Limits

The limits for the classical venturi tube with an as-cast convergent are:
« 0.100<D<0.800

« 03<B<0.75
e 2x10°< Rp< 2x10°

Discharge Coefficient

The discharge coefficient is:

C =0.984

Classical Venturi Tubes With a Machined Convergent (810.1.5.3)

Limits

The limits for the classical venturi tube with a machined convergent are:
« 0.050<D<0.250

« 04<B<0.75
e 2x10°< Rp< 1x10°

Discharge Coefficient

The discharge coefficient is:

C =0.995

Classical Venturi Tubes With a Rough Welded Convergent (810.1.5.4)

Limits

The limits for the classical venturi tube with a rough welded convergent are:
« 0.200<D<1.200

« 04<p<07
e 2x10°< Rep< 2x10°

Discharge Coefficient
The discharge coefficient is:
C =0.985
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C7.6.24

C7.6.24.1

C7.6.24.2

Cr.7

Cr.7.1

Cr.7.2

Venturi Nozzle
Limits (810.2.4.1)

The limits for the venturi nozzle are:
« 0.065<D<0.500
e d<0.050
e 0316 <p<0.775
« 15x10°< Rp< 2x10°

Discharge Coefficient (§10.2.4.2)

The discharge coefficient is:
C =0.9858-0.1963*°
Orifice Plate Expansion Factors

Symbol Table

The symbol table for orifice plate expansion factors is shown below.

Table C-6 Orifice Plate Expansion Factors Symbol Table
Symbol Units Lower Lower Upper Upper Ref.
Domain Limit Limit Domain
- 0<pB varies with design B<1 §7.3.1
K - 0<x None None None
p1 Pa 0<ps 0<p4 None None §5.3.3
p2 Pa 0<p2 0.75p1<p2 | p2<p1 None §5.3.3
Ap Pa 0<Ap 0<Ap None None
Y - o<y None Y<1 None §24.7

Gas Expansion Factor based on Upstream Conditions
(88.3.2.2)

The calculation for gas expansion factors based on upstream conditions is:

Ap
Y1 =1- (0.41+ 0.35ﬂ 4) g

1

In addition to other limit conditions, the above equation is only applicable for
p2/ p120.75.

§
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C7.7.3

Cr.7.4

C7.8

C7.8.1

This formula is a result of testing on air, steam and natural gas. There are no known
objections to applying it to other gases.

Gas Expansion Factor based on Downstream Conditions
(88.3.2.2)

The calculation for gas expansion factors based on downstream conditions is:

AP
Y, =Y, 1+?2

Liquid Expansion Factor (83.3.5)

The liquid expansion factor is:

Y =1

Nozzles Expansion Factors

Symbol Table

The symbol table for nozzles expansion factors is shown below.

Table C-7 Nozzles Expansion Factors Symbol Table
Symbol Units Lower Lower Upper Upper Ref
Domain Limit Limit Domain
- 0<B varies with | design B<1
K - 0<xk None None None
P4 Pa 0 <Py 0<Pq None None
P2 Pa 0< Py 0.75P1 <Py | P2 <Py None
AP Pa 0<AP 0<AP None None
T O0<r 0.75<1 None <1
Y - o<y None Y <1 None §2.4.7
&
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Cr.8.2
C7.8.2.1

C78.211

C7.8.2.1.2

C7.8.2.2

C7.8.221

C7.9

C7.9.1

Calculations
ISA 1932 Nozzle
Gas Expansion Factor (88.1.6.3)

The gas expansion factor calculations are:

r=&, 7 >0.75

P,

2 k-1

Y:|| Kkt | 1-p8° l—r"—H
uK_l 1—ﬂ4r% 1-7 H

Liquid Expansion Factor (82.4.7)

N[

The liquid expansion factor is:

Y =1

Long Radius Nozzles

Gas Expansion Factor (88.2.5.3)

The gas expansion factor calculations are:

r:&, 7 >0.75
P
1
m 2 . 172
|| xz* | 1-p 1-7 = ||
Y = 5
KLy gagr | 107 H

Classical Venturi Tubes and Venturi Nozzles
Expansion Factor

Symbol Table

The symbol table for the classical venturi tubes and venturi nozzles expansion factor
is shown below.

§
EMERSON.

293 Process Management

Emerson Process Management 3007536 2005-May-02 Rev 0
Flowel 4 Development and Marketing



User Manual

C7

International Standard 1SO 5167-1-2003 (E)

Cr7.9.2
C7.9.21
C7.9.2.1.1

C79.21.2

C7.9.2.2

C7.9.2.2.1

Table C-8 Classical Venturi Tubes/Nozzles Expansion Factor Symbol Table
Symbol Units Lower Lower Upper Upper Ref.
Domain Limit Limit Domain
- 0<pB varies with design B<1
K - 0<x None None None
p1 Pa 0<p4 0<p4 None None
p2 Pa 0<p2 0.75p1<pz2 | p2<p1 None §5.3.3
Ap Pa 0<Ap 0<Ap None None
T 0<rt None None <1
Y - o<y None Y <1 None
Calculations
Classical Venturi Tube
Gas Expansion Factor (89.1.6)
The gas expansion factor calculations are:
T = &, 7 >0.75
Py
1
m =27 T, =7k
Y||KTK||lﬂ |1T’(||
k-1
|G PP |
Liquid Expansion Factor (82.4.7)
The liquid expansion factor is:
Y =1
Venturi Nozzle
Gas Expansion Factor (89.1.6)
The venturi nozzle gas expansion factor calculations are:
T= &, 72075
1
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C7.9.222

C7.9.3

C7.10

C7.10.1

N[

2

T 2T T Tl
V- || xr* | 1- s |1 T~ ||
I PP |

Liquid Expansion Factor (82.4.7)

K1
K

The nozzle liquid expansion factor is:

Y =1

Uncertainties (88.3.3)

For all three types of tappings, assume that 8, D, C, Rp and k/D are known without
error, the relative uncertainty of the value of C is equal to:

0.6% for £<0.6
B% for 0.6 <p<0.75
uncertainty in Y
AP
Y

Thermal Expansion Correction
ISO 5167 requires temperature compensation to be applied to d and D, but does not

provide a method to do so. Therefore, the corrections stated in ASME MFC-3M-1989
will be applied.

Symbol Table

The symbol table for thermal expansion correction is shown below.

Table C-9 Thermal Expansion Correction Symbol Table

Symbol Units Lower Domain Lower Limit Upper Limit Upper
Domain
dmeas m 0< dmeas None None dmeas < Dmeas
Dreas m 0< Drneas None None None
OPE m/m/°C 0 < ape None None None
alp m/m/°C 0<ap None None None
t °C -273.15<t None None None
tmeas °C -273.15 < tmeas tmeas IS usually assumed to be 20°C
d m 0<d None None None
D m 0<D None None None
&
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C7.10.2 Calculations

C7.10.2.1 Bore Diameter, d, Temperature Correction
The bore diameter temperature correction calculation is:
d= |:1+aPE [t_tmeas]]dmeas (ASME MFC-3M-1989 eq. 19a, p. 12)
C7.10.2.2 Pipe Diameter, D, Temperature Correction

The pipe diameter temperature correction calculation is:
D= [1+ a, [t _tmeas]:| D (ASME MFC-3M-1989 eq. 19b, p. 12)

meas

C7.11 Flow Rate Calculation

C7.11.1  Symbol Table

The symbol table for flow rate calculation is shown below.

Table C-10 Flow Rate Calculation Symbol Table

Symbol Units Lower Lower Upper Limit Upper Domain
Domain Limit
dmeas m 0 < dmeas varies with primary element type | dmeas < Dmeas
Dmeas m 0 < Drmeas varies with primary element type | None
P4 Pa 0<Py 0<Py None None
P> Pa 0<P; 0.75P1 <Py | P2< P4 None
t °C -273.15 <t None None None
tmeas °C -273.15 < tmeas | None None None
ap m/m/°C O<ap None None None
OPE m/m/°C 0 < ape None None None
P4 kg/m® 0<pq None None None
C - 0<C None Cc<1 None
d m 0<d varies with primary element type | None
D m 0<D varies with primary element type | None
AP Pa 0 < AP None None None
B - 0<p varies with primary element B<1
- o<y None Y <1 None
dm kg/s 0<Qgm None None None

&
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C7.11.2 Calculations (85.3)

The actual flow is found by iteration, since Rp and for some primary elements C are

dependent on the flow rate qn,.

_ T 2 |2APp
Un = 7 cy,d Jl'ﬂA

or

_ T 2 /ZAP/OZ
qm_ 4CY2d 1'ﬂ4

Where Y, and p, are referred to the downstream conditions; d and D should use the

working condition value or with correction terms.

C7.12 Permanent Pressure Loss

C7.12.1  Symbol Table

The symbol table for permanent pressure loss is shown below.

Table C-11 Permanent Pressure Loss Symbol Table

Symbol Units Lower Domain Lower Limit Upper Limit Upper
Domain
C - 0<C None Cc<1 None
AP Pa 0<AP None None None
- 0<B varies with primary element type B<1
° 0<¢ varies with primary element type None
Aw Pa 0<Aw None None None

C7.12.1.1 Calculations

C7.12.2  Orifice Plate (§8.4.1)

The orifice plate calculation is:

(Ji-p*-cp?)
SR Wy Ty

&
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C7.12.3

C7.123.1

C7.12.3.2

Cr.12.4

C7.124.1

C7.124.2

Nozzles
ISA 1932 Nozzle (§9.1.8)

The ISA 1932 nozzle calculation is:

(/1 ﬁ C'g2\
b= )

Long Radius Nozzle (§9.2.8)

(/1 ﬁ C'g2\
N +CﬁJ

Aw

Classical Venturi Tubes and Venturi Nozzles
Classical Venturi Tubes (810.1.9.2)

ISO 5167 provides graphs of pressure loss for guidance only. The ASME MFC-3M-
1989 equations will be used to calculate the pressure loss.

For the divergent angle, ¢ = 15°:

{ =0.436-0.86 B +0.59 B

[N}

(ASME MFC-3M-1989, p.42)

For the divergent angle, ¢ = 7°:
¢ =0.218-0.42 p+0.38 B° (ASME MFC-3M-1989, p.42)

For a divergent angle, 7° < ¢ < 15°, assume that linear interpolation will provide an
accurate pressure loss value.

7
§¢:§7+(§15 57)(?250 70)
Aa = (AP (ASME MFC-3M-1989, p.42)

Venturi Nozzles (810.2.6)

ISO 5167 provides graphs of pressure loss for guidance only. The ASME MFC-3M-
1989 equations will be used to calculate the pressure loss.

Note: Although §10.2.1.4 allows the divergent angle to be as large as 30°, the
permanent pressure loss calculation will use a maximum of 15° since the equations
of ¢ are not known to be valid outside this range.

o

For the divergent angle, ¢ = 15°:
¢ =0.436-0.86 B +0.59 B*

§
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For the divergent angle, ¢ = 7°:
¢ =0.218-0.42 p+0.38 pB°

For a divergent angle, 7° < ¢ < 15°, assume that linear interpolation will provide an
accurate pressure loss value.

G666l s )

Aw = CAP (ASME MFC-3M-1989, p.42)
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C8 American Gas Association Report No.3,
Partl, 3rd Ed., 1990

C8.1 Flow Element Applicability

At the time of initial publication, three standards organizations have approved AGA-3
Part 1 (1990) for orifice metering:

1. American Gas Processors Association Report No. 3, Third Edition
2. American Petroleum Institute APl 14.3
3. Gas Processors Association GPA 8185-90

In May, 1991, Part 1 was approved by the American National Institute ANSI/API
2350; Part 1.

AGA-3 Part 1 (1990) applies to steady-state mass flow. The flowing fluid has the
following properties:

« clean
» single phase
« Newtonian

The standard provides the design, construction, and installation specifications for
orifice meters having the following characteristics:

« flange tapped
e concentric
» square-edged

The orifice meters must be nominal 2-inch schedule 160 or larger pipe diameters.

C8.2 Calculation of Reynolds Numbers

C8.2.1 Symbol Table

The symbol table for the calculation of Reynolds Numbers is shown below.
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Table C-1 Calculation of Reynolds Numbers
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
D m 0<D 0<D None None
Om kg/s 0<Qm 0 < gm None None
u Pa-s O<p O<p None None
Rp - 0<Rep 0<Rep None None
C8.2.2 Reynolds Number (81.7.3)
The Reynolds Number calculation is:
R - 4q,, (eq. 1-20, p. 14)
° uD
C8.3 Orifice Plate Discharge Coefficients
C8.3.1 Symbol Table
The symbol table for orifice plate discharge coefficients is shown below.
Table C-2 Orifice Plate Discharge Coefficients Symbol Table
Symbol Units Lower Lower Upper Limit Upper Ref
Domain Limit Domain
B 0<pB 0.1<p B <0.75 p<1 p.13
Rpb 0<Rp 4000<Rp | Rp<3.6x10" | None p. 12
d 0<d 0.0114 <d d<0.675 d<D p.13
D 0<D 0.0429<D D < 0.9000 None p.13
Cy(FT) Cy(FT) >0 None Cu(FT) <1 None
C8.3.2 Calculations
C8.3.2.1 Base Discharge Coefficient (§1.7.2)
The base discharge coefficient calculations are:
g 4
D
10° B (eq. 1-9, p.13)

0.7
C,(FT)= C(FT)+ o.ooosl{T] +(0.0210 + 0.0049A) 5* C

D

C,(FT) = C,(CT) + UPSTRM + DNSTRM
Ci(CT) =

301

0.5961 + 0.0291 B - 0.2290 ° + 0.003 (1 - B) M,

(eq. 1-10, p.13)

(eq. 1-11, p.13)
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C8.4

C8.4.1

UPSTRM = (0.0433 + 0.0712 ¢ - 0.1145¢°*)(1-0.23A)B  (€q. 1-13, p.13)
DNSTRM = -0.0116(|v|2 -0.52 Mf) A (1-014A) (eq. 1-14, p.13)
B - B’ (eq. 1-15, p.13)
= 1 5
(eq. 1-16, p.13)
M, = max(2.8 - , 0.0
! ( 0.0254 )
2L, (eq. 1-17, p.13)
MZ
1-5
A=l ——
RD
(106 JO-% (eq. 1-19, p.13)
C = |—
RD
L o= L = 0.0254
1 = 2 D
Orifice Plate Expansion Factors
Symbol Table
The symbol table for orifice plate expansion factors is shown below.
Table C-3 Orifice Plate Expansion Factors Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
B - 0<B varies with fluid state B<1
K - O0<xk None None None
Pr1 Pa 0< Py 0<Ps None None
Pi, Pa 0<Pp varies with Pr < P None
fluid state
AP Pa 0< AP 0<AP varies with None
fluid state
Y1 - 0<Y: None None None
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C8.4.2 Calculations

C8.4.2.1 Upstream Gas Expansion Factor (81.8.1)
The upstream gas expansion factor calculations are:
d
£ =5
0.1<p<0.75 (p.17)
0.8Pf; < Py, (p-17)
AP <0.20P ¢ (p-17)

. 1-24, p. 18
Y, =1-(041+ 0.35/34)% (eq. 1-24, p. 18)

When the upstream static pressure is measured:
y AP (eq. 1-25, p. 18)
=

P

fy

When the downstream static pressure is measured:
‘= AP (eq. 1-26, p. 18)
'P, +AP

C8.4.2.2 Downstream Gas Expansion Factor (81.8.2)

The downstream gas expansion factor calculation is:

P.Z x, |[PZ
Y, =Y, /# =F1_ (0.41+.35ﬂ4)?1—| /#
f, =1 f,=f

where,

o AP
"TP +AP

Zn, Zs, are fluid compressibility factors at upstream and downstream pressure taps,
respectively.

Note: If the user defined the gas mixture and selected a density method, Flowel
automatically calculates Zy; and Zy,. These two values are presented on the AGA 3
factors report. If there is no mixture defined for the tag, or no density method defined,
Flowel will ask the user to input Zy; and Z,.

C8.4.2.3 Liquid Expansion Factor (81.6)
Y, =1000
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C8.5 Thermal Expansion Correction
AGA 3 provides the following temperature correction factors for the pipe diameter
and orifice bore.
C8.5.1 Symbol Table
The symbol table for thermal expansion correction is shown below.
Table C-4 Thermal Expansion Correction Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
dr m o< dr None None None
Dy m 0< Dy None None None
OpE m/m/°C 0 < ape None None None
ap m/m/°C 0<op None None None
t °C -273.15<t None None None
tr °C -273.15 < t, t; is usually assumed to be 20°C
d m 0<d None None None
D m 0<D None None None
C8.5.2 Calculations
C8.5.2.1 Bore Diameter, d, Temperature Correction
The bore diameter temperature correction calculation is:
d=[L1+am[t-t]]d, (eq. 1-7, p. 11)
C8.5.2.2 Pipe Diameter, D, Temperature Correction
The pipe diameter temperature correction calculation is:
D=[1+a,[t-t.]]D, (eg.1-8, p. 11)
C8.6 Flow Rate Calculation
C8.6.1 Symbol Table

The symbol table for flow rate calculation is shown below.
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Table C-5 Flow Rate Calculation Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
d m 0<d None None dr < Dy
Dr m 0< D, None None None
P1 Pa 0<P; 0<P; None None
P, Pa 0<P; 0.8P1<P; P, <Py None
t °C -273.15<t None None None
tr °C -273.15 < t, None None None
ap m/m/°C O<op None None None
opE m/m/°C 0 < ape None None None
p1 kg/m® 0<ps None None None
C - 0<C None C<1 None
d m 0<d 0.0114 <d None None
D m 0<D 0.0429<D None
AP Pa 0< AP None AP <0.20 P, None
B - 0<pB 0.1<pB B<0.75 Bp<1
Y - o<y None None None
am kgls 0<Qm None None None

C8.6.2 Calculations (81.6)

The actual flow is found by iteration, since C and Rp are dependent on the flow rate
Om.

d=[1+a.[t-t]]d, (eq. 1-7, p. 11)
D=[1+ap[t-]]D, (eq. 1-8, p. 11)
d
=7
AP=P -P,
The above values of d, D, and  should be used to calculate C and Y.
2 AP (eq. 1-1, p. 10)
an = 5 CY Q8T 1F
4 1-p
or
T 2AP p
= = CY,d? 2
qm 4 2 1 _ ﬂ4
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C8.7 Permanent Pressure LoOSS

C8.7.1 Symbol Table

The symbol table for permanent pressure loss is shown below.

Table C-6 Permanent Pressure Loss Symbol Table

Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
C - 0<C None None None
AP Pa 0<AP None None None
B - 0<p None None p<1
Aw Pa 0<Aw None None None

C8.7.2 Calculations

AGA 3 does not provide a method to estimate the permanent pressure loss.
Therefore, the equation provided by ISO 5167 (1991) is applied.

c8.7.2.1 Orifice Plate (ISO 5167 - 1- 1991 (E) §8.4.1)
The orifice plate calculation is:

szAP[“l'ﬁ4'Cﬂ2J

\/1'ﬂ4+cﬂ2

C8.8 AGA 3 - 1992 (Part 3) Factors

Volume flow rate:

Qu = Fn(Fc+ Fse)Y F,, F, Fy F, F,, ([Pihw = C' [P, hw

Where:
Fn = numeric conversion factor
Fc+ Fse = discharge coefficient
Y = gas expansion factor
Foo = base pressure factor
Fi = flowing temperature factor
Fgr = real gas relative density factor
Fov = supercompressibility factor
Ps = absolute flowing pressure
Qv = volume flow rate at base condition of Tb and Pb
&
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Fn = NT,D?
1
T, =
1-p°
Where:
Fc + Fse = discharge coefficient
Y = gas expansion factor
1473
pb Pb
T
Fo=ra
® 51867
518.67
th = -I-f
1
" Ver
Z
F,= S
p Zf
Where:
Thb = base temperature in degrees Rankine °R
Tf = flowing temperature in degrees Rankine °R
Pb = base pressure, in pounds force per square inch
Gr = real gas relative density at base conditions
Zb = compressibility factor at base condition
Zf = compressibility at flowing conditions (upstream/downstream)
N = unit conversion factor
Notes:

1. AGA 3 defined the factors approach based upon English (Imperial) unit system.
Flowel extended those definitions to any combination of units except mass flow

rate units.
2. AGA 3 factors are only applicable for gas (vapor) systems with a volumetric flow
rate.
§
EMERSON.
307 Process Management
Emerson Process Management 3007536 2005-May-02 Rev 0

Flowel 4 Development and Marketing



User Manual

C9

Co.1

C9.2

C9.2.1

C9.2.2

British Standard BS 1042 — Measurement
of Fluid Flow in Closed Conduits: Part 1,
Section 1.2

Flow Element Applicability

This standard will be applied to liquid, vapor, or gas flows in the following types of
orifice plates:

e conical entrance
e quadrant
e eccentric

Calculation of Reynolds Numbers

Symbol Table

The symbol table for the calculation of Reynolds Numbers is shown below.

Table C-1 Calculation of Reynolds Numbers Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
D m 0<D varies with device None
am kg/s 0<Qm 0<Qm None None
n Pa-s O<p O<p None None
Rop 0<Rp varies with device None

Reynolds Number (8BS 1042, Section 1.1)

The Reynolds Number calculation is:

_ 44,

R —
° zuD
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C9.3 Orifice Plate Limits and Discharge Coefficients

C9.3.1 Symbol Table

The symbol table for orifice plate limits and discharge coefficients is shown below.

Table C-2 Orifice Plate Limits and Discharge Coefficients Symbol Table

Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
B - 0<pB varies with device p<1
Rp - 0<Rp varies with device None
D m 0<D varies with device None
C - 0<C varies with device C<1

C9.3.2 Calculations
C9.3.2.1 Conical Entrance with Corner Taps (87)
C9.3.2.1.1  Limits (§7.2)

The limits are:
« d>0.006
« D<.500
+ 0.1<p<0.316
« 80<Rp<2x10°p

C9.3.2.1.2 Discharge Coefficient (87.5.1)

The discharge coefficient is:

C=0.734
C9.3.2.2 Quadrant Edge with Corner Taps or Flange Taps (88)
C9.3.2.2.1 Limits (88.2)

The limits are:

« d>0.015
« D<0.500
« 0.245<PB<0.6
« Rp<10°B

« 0.046 < Cp*(1-pH°°<0.326
« Rp (min) = 1000p + 9.4 x 10° (B - 0.24)®
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C9.3.2.2.2 Discharge Coefficients (88.5.1)

The discharge coefficient is:

C =0.73823 + 0.3309p - 1.1615p% + 1.50848°
C9.3.23 Eccentric with Corner Taps (89)
C9.3.2.3.1  Limits (89.2)

The limits are:
e d=>0.050
« 0.1<D<1.000
+ 046<p<0.84
« 2x10°p*<Rp<10°B

C9.3.2.3.2 Discharge Coefficients (§9.4.1)
The discharge coefficient is:

C = 0.9355 - 1.6889p + 3.0428p - 1.7989p°

C9.4 Orifice Plates Expansion Factors

C9.4.1 Symbol Table

The symbol table for orifice plates expansion factors is shown below.

Table C-3 Orifice Plates Expansion Factors Symbol Table

Symbol Units Lower Lower Limit Upper Limit Upper

Domain Domain
K - O0<x None None None
Pn Pa 0<Py 0<P; None None
Pr. Pa 0<P; 0.75P1 <P, P,< Py None
AP Pa 0<AP 0<AP None None
Y1 - o<Y None None None
Y2 - 0<Y, None None Y<1
T - 0<rt None None t<1
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C9.4.2
C9.4.2.1

C94.211

C9.4.21.2

C9.4.2.13

C9.4.2.2

C94.221

Calculations
Conical Entrance (87.5.2)
Upstream Gas Expansion

The upstream gas expansion calculation is:

R
T
J 2 AP |_|(Kr'2< 1-p* 1T(KK1)\—|;]L
1-(041+035p )Kﬂ+“,(_1 1_ﬂ4ri 1-e JJJ
Y, =

Downstream Gas Expansion

The downstream gas expansion calculation is:

AP
Y, =Y, :|.+?2

Liquid
The liquid calculation is:
Y =Y,=1

Quadrant with Corner Taps or Flange Taps (88.5.2) and Eccentric with Corner
Taps (89.4.3)

Upstream Gas Expansion
The upstream gas expansion calculation is:

o AP
Y, =1-(041+0354 );

1
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C9.4.2.2.2 Downstream Gas Expansion
The downstream gas expansion calculation is:
Y,=Y,,/1 AP
= +—
2 1 P2
C9.4.2.2.3 Liquid
Y, =Y,=1
C9.5 Thermal Expansion Correction
C9.5.1 Symbol Table
The symbol table for thermal expansion correction is shown below.
Table C-4 Thermal Expansion Correction Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
dr m o< d: None None None
D, m 0< Dy None None None
opE m/m/°C 0 < ape None None None
ap m/m/°C O<op None None None
t °C -273.15<t None None None
tr °C -273.15< t, t; is usually assumed to be 20°C
d m 0<d None None None
D m 0<D None None None
C9.5.2 Calculations
C9.5.2.1 Bore Diameter, d, Temperature Correction
The bore diameter temperature correction calculation is:
d=[1+aq[t-t]]d,
C9.5.2.2 Pipe Diameter, D, Temperature Correction
The pipe diameter temperature correction is:
D=[1+0,[t-t]]D,
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C9.6 Flow Rate Calculation
C9.6.1 Symbol Table
The symbol table for flow rate calculation is shown below.
Table C-5 Flow Rate Calculation Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
dr m 0 < dmeas varies with primary element type dr <Dy
D, m 0 < Dreas varies with primary element type None
P1 Pa 0<P; 0<P, None None
P Pa 0<P; varies with fluid | P2 <P; None
state

t °C -273.15<t None None None
tr °C -273.15<t; None None None
op m/m/°C O<ap None None None
opE m/m/°C 0 < ape None None None
p1 kg/m® 0<ps None None None
C - 0<C None None None
d m 0<d varies with primary element type None
D m 0<D varies with primary element type None
AP Pa 0< AP None None None
B - 0<pB varies with primary element B<1
Y - o<y None None Y<1
am kg/s 0<Qm None None None

C9.6.2 Calculations

The actual flow may be found by iteration, since C and Rp may depend on the flow
rate gm.

d=[1+aq[t-t]]d,

D=[1+0,[t-t]]D,

ﬁ_i
"D
AP =P, —P,

The above values of d, D, and  should be used to calculate C and Y.

&
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T 2 AP p,
qm:ZCYldzﬂz l'ﬂ4
C9o.7 Permanent Pressure Loss
C9.7.1 Symbol Table
The symbol table for permanent pressure loss is shown below.
Table C-6 Permanent Pressure Loss Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
C - 0<C None None None
AP Pa 0 < AP None None None
B - 0<pB Varies with primary element <1
Aw Pa 0<Aw None None None
C9.7.2 Calculations
BS 1042 Section 1.2 does not provide a method to estimate the permanent pressure
loss. Therefore the equation provided by ISO 5167 (1991) is applied.
Ca9.7.2.1 Orifice Plate (87.4)

The orifice plate calculation is:

(1 p*-cp?)
Ao = APL - ZJ
V1-pB*+Cp
§
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C10.1

C10.2

C10.2.1

C10.2.2

ISO TR 15377

Flow Element Applicability

The title of this report is “Measurement of fluid flow by means of pressure differential
devices — Guidelines for the specification of nozzles and orifice plates beyond the
scope of ISO 5167-1." It contains an update to BS1042, where the devices are not
included in ISO 5167-1. Implemented equations from this standard are for the

following types of orifice plates:
» conical entrance
e quadrant
* eccentric

Calculation of Reynolds Numbers

Symbol Table

The symbol table for the calculation of Reynolds Numbers is shown below.

Table C-1 Calculation of Reynolds Numbers Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
D m 0<D varies with device None
am kgls 0<Qgm 0<0nm None None
u Pa-s O<p Oo<p None None
Rp - 0<Rp varies with device None
Reynolds Number (8BS 1042, Section 1.1)
The Reynolds Number calculation is:
4
R, = A
ubD
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C10.3 Orifice Plate Limits and Discharge Coefficients

C10.3.1 Symbol Table

The symbol table for orifice plate limits and discharge coefficients is shown below.

Table C-2 Orifice Plate Limits and Discharge Coefficients Symbol Table

Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
B - 0<pB varies with device p<1
Rp - 0<Rp varies with device None
D m 0<D varies with device None
C - 0<C varies with device C<1

C10.3.2 Calculations
C10.3.2.1 Conical Entrance with Corner Taps (87)
C10.3.2.1.1 Limits (§7.2)

The limits are:
« d>0.006
« D<.500
+ 0.1<p<0.316
« 80<Rp<2x10°p

C10.3.2.1.2 Discharge Coefficient (87.5.1)

The discharge coefficient is:

C=0.734
C10.3.2.2 Quadrant Edge with Corner Taps or Flange Taps (88)
C10.3.2.2.1 Limits (§8.2)

The limits are:

« d>0.015
« D<0.500
« 0.245<PB<0.6
« Rp<10°B

« 0.046 < Cp*(1-pH°°<0.326
« Rp (min) = 1000p + 9.4 x 10° (B - 0.24)®
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C10.3.2.2.2

C10.3.2.3

C10.3.2.3.1

C10.3.2.3.2

C10.4

C104.1

Discharge Coefficients (88.5.1)

The discharge coefficient is:

C =0.73823 + 0.3309p - 1.1615p% + 1.50848°
Eccentric with Corner Taps (89)

Limits (89.2)

The limits are:
e d=>0.050
« 0.1<D<1.000
+ 046<p<0.84
« 2x10°p*<Rp<10°B

Discharge Coefficients (§9.4.1)
The discharge coefficient is:

C = 0.9355 - 1.6889p + 3.0428p - 1.7989p°

Orifice Plates Expansion Factors

Symbol Table

The symbol table for orifice plates expansion factors is shown below.

Table C-3 Orifice Plates Expansion Factors Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
K - O0<x None None None
Pn Pa 0<Py 0<P; None None
P Pa 0<P; 0.75P1 < P2 P, <Py None
AP Pa 0<AP 0<AP None None
Y1 - o<Y None None None
Yo - 0<Yy None None Y<1
T - 0<rt None None <1
&
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C10.4.2
C10.4.2.1

Cl04.2.11

C10.4.2.1.2

C104.2.1.3

C104.2.2

Cl104.2.2.1

Calculations
Conical Entrance (87.5.2)
Upstream Gas Expansion

The upstream gas expansion calculation is:

R
T
J 2 AP |_|(Kr'2< 1-p* 1T(KK1)\—|;]L
1-(041+035p )Kﬂ+“,(_1 1_ﬂ4ri 1-e JJJ
Y, =

Downstream Gas Expansion

The downstream gas expansion calculation is:

AP
Y, =Y, :|.+?2

Liquid
The liquid calculation is:
Y =Y,=1

Quadrant with Corner Taps or Flange Taps (88.5.2) and Eccentric with Corner
Taps (89.4.3)

Upstream Gas Expansion
The upstream gas expansion calculation is:

o AP
Y, =1-(041+0354 );

1
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C10.4.2.2.2 Downstream Gas Expansion
The downstream gas expansion calculation is:
AP
Y2 = Yl 1+?2
C10.4.2.2.3 Liquid
Y, =Y,=1
C10.5 Thermal Expansion Correction
C10.5.1 Symbol Table
The symbol table for thermal expansion correction is shown below.
Table C-4 Thermal Expansion Correction Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
dr m 0<d, None None None
D, m 0<Dy None None None
opE m/m/°C 0 < ape None None None
op m/m/°C O<ap None None None
t °C -273.15<t None None None
tr °C -273.15 < t, t; is usually assumed to be 20°C
d m 0<d None None None
D m 0<D None None None
C10.5.2 Calculations
Cl10.5.2.1 Bore Diameter, d, Temperature Correction
The bore diameter temperature correction calculation is:
d=[1+a.[t-t]]d,
C10.5.2.2 Pipe Diameter, D, Temperature Correction
The pipe diameter temperature correction is:
D=[1+0,[t-t]]D,
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C10.6 Flow Rate Calculation
C10.6.1 Symbol Table
The symbol table for flow rate calculation is shown below.
Table C-5 Flow Rate Calculation Symbol Table
Symbol Units Lower Lower Upper Upper
Domain Limit Limit Domain
dr m 0 < dmeas varies with primary element type dr < Dy
D, m 0 < Dreas varies with primary element type None
P1 Pa 0<P; 0<P, None None
P Pa 0<P; varies with fluid | P2 <P; None
state
t °C -273.15<t None None None
tr °C -273.15 <y None None None
op m/m/°C O<ap None None None
opE m/m/°C 0 < ape None None None
p1 kg/m® 0<ps None None None
C - 0<C None None None
d m 0<d varies with primary element type None
D m 0<D varies with primary element type None
AP Pa 0< AP None None None
B - 0<pB varies with primary element B<1
Y - o<y None None Y<1
am kg/s 0<Qm None None None
C10.6.2  Calculations
The actual flow may be found by iteration, since C and Rp may depend on the flow
rate gm.
d=[1+aq[t-t]]d,

D=[1+0,[t-t]]D,

ﬁ_i
"D
AP =P, —P,

The above values of d, D, and  should be used to calculate C and Y.
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T 2 AP p,
qm:ZCYldzﬂz l'ﬂ4
C10.7 Permanent Pressure Loss
C10.7.1  Symbol Table
The symbol table for permanent pressure loss is shown below.
Table C-6 Permanent Pressure Loss Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
C - 0<C None None None
AP Pa 0 < AP None None None
B - 0<pB Varies with primary element <1
Aw Pa 0<Aw None None None
C10.7.2  Calculations
BS 1042 Section 1.2 does not provide a method to estimate the permanent pressure
loss. Therefore the equation provided by ISO 5167 (1991) is applied.
Cl10.7.2.1 Orifice Plate (87.4)

The orifice plate calculation is:

(1 p*-cp?)
Ao = APL - ZJ
V1-pB*+Cp
§
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Clli1 Flow Element Applicability

Four standards organizations approved this standard for the orifice metering of
natural gas in 1985, these are:

1. American National Standards Institute  ANSI/API 2530,

2. American Gas Association Report No. 3, Second Edition,
3. American Petroleum Institute APl 2530
4. Gas Processors Association GPA 8185-85

The third edition of this standard, issued in 1990, supersedes this edition.

This standard applies to steady-state mass flow. The flowing fluid has the following
properties:

* clean
* single phase
* Newtonian

The standard provides the design, construction, and installation specifications for
orifice meters having the following characteristics:

» flange tapped or pipe tapped
* concentric
e square-edged

The orifice meters must be nominal 1.6 inch inside diameter or larger.

Cl11.2 Calculation of Reynolds Numbers

Cl11.2.1 Symbol Table

The symbol table for the calculation of Reynolds Numbers is shown below.

EMERSON.

322 Process Management

Emerson Process Management 3007536 2005-May-02 Rev 0
Flowel 4 Development and Marketing




Cl11 American Gas Association Report No.3, Second Ed., 1985

User Manual

Table C-1 Calculation of Reynolds Numbers Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
d m 0<d 0<d None None
\% m/sec 0<Qm 0<Qm None None
Pq° O<nu O<up None None
ot kg/m® 0< pr 0< pr None None
Ry - 0 <Ry 0<Ryg None None
Cl11.2.2 Bore Reynolds Number (85.2.2)
The bore Reynolds Number calculation is:
Vdp (eq. 16, p. 27)
T ou
C11.3 Flow Coefficients
C11.3.1 Symbol Table
The symbol table for the flow coefficients is shown below.
Table C-2 Flow Coefficients Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
d m 0<d None None d<D
D m 0<D 0.0406 <D D<0.762 @ | None
Rd - 0 <Ry 4000<Ry @ | None None
§ - 0<pB 0.10<B B<0.75 B<1
Notes:

1. Although the standard does not specify an upper limit for pipe diameter, a pipe
diameter of 0.762 will generate a warning message. A pipe diameter of 0.762
was selected since the largest pipe diameter used to calculate factors in the
appendix was 0.762 nom. (30 inches).

2. Although the standard does not specify a lower limit for Reynolds number, a
Reynolds number below 4,000 will generate a warning message. A Reynolds
number of 4,000 was selected since this value is generally accepted as the value
required for turbulent flow.
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C11.3.2 Calculations
C11.3.21 Flange Tap Flow Coefficient, K, 0.10 < < 0.75 (85.2.1)

The flange tap flow coefficient calculations are:

,B _ dmeas
Dmeas
I_ _I (eq. 9, p. 26)
K = 05093+, 207 o364+ 2070 |5
e ( D j | : ( D jo.s |IB
0.0254) | 0.0254) |
[ it y T
041| 16 L I I 0.07 05 I I
el o)
L 0.0254 M 0.0254 J J
[ 1 1
| 0.034 3 65 :
1 0.009 +m 05— 5] +| 5 3 I[ﬂ _07)”
L 0.0254/ | L(0.0ZSJ
C11.3.2.2 Pipe Tap Flow Coefficient, K, 0.10 < <0.75(85.2.1)
The pipe tap flow coefficient calculation is:
(eq. 10, p. 26)
K, =05925+- 20182 410449 000 |40
_D _Db
[0.0254} (0.0254)
0.225 1.43 5,
+ 0.935-T B +1.355% +ﬁ[o.25_ Bl
[0-0254j 0.0254]
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C11.3.23

Cl13.24

Cl1.4

Cli14.1

Flow Coefficient at Infinite Reynolds Number, K, (85.2.1)

The flow coefficient at infinite Reynolds Number calculations are:

K = K, (eq. 11, p. 27)
o 15E
+
dmeas (106)
Where:
E=d [830—5000/3+9000/3’2 —4200° + B] (eq. 12, p. 27)
Where:
.13, p. 27
B:i05 (for flange taps) (eq - 27)
D .
(0.0254
eqg. 14, p. 27
B =i)i+ 75 (for pipe taps) (ed p- 27)
(0.0254)

Flow Coefficient at Specified Reynolds Number, K (85.2.1)
The flow coefficient at specified Reynolds Number calculation is:
E (eq. 15, p. 27)
K=K, |1+—

d

Orifice Plates Gas Expansion Factors

Symbol Table

The symbol table for orifice plate gas expansion factors is shown below.

Table C-3 Orifice Plates Gas Expansion Factors Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
B - 0<pB varies with pressure taps B<1
K - O<xk None None None
P1 psia 0<P: 0<Py None None
P2 psia 0<P2 0<P; P2 <Py None
X1 - 0<xg None None None
X2 - 0<x None None None
Y1 - 0<Y: None Yi1<1
Y2 - 0<Y; None Y,<1 None
&
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Cl1.4.2 Calculations
Cl14.2.1 Upstream Expansion Factor for Flange Taps, 0.1 < <0.80 (85.2.6.1)

The upstream expansion factor for flange taps calculation is:

.17, p. 28
Y, =1-(041+0358') 2 (eq. 17, p. 28)
K
Where:
P-P, (eq. 18, p. 28)
X, =

R
Cl1.4.2.2 Upstream Expansion Factor for Pipe Taps, 0.1 <pB<0.70 (85.2.6.1)

The upstream expansion factor for pipe taps calculation is:

.18, p. 28
Y, =1-(0333+1145( 4 + 07 5° +12°)) > (eq. 18, p. 28)
K
Where:
P-P, (eq. 18, p. 28)
X, =

R
Cl11.4.2.3 Downstream Expansion Factor for Flange Taps, 0.1 <3< 0.80 (85.2.6.2)

The downstream expansion factor for flange taps calculation is:

1 05 (eq. 20, p. 29)
Y, - Y{ }
1-x,
(eq. 21, p. 29)
Y, =|[14 %, —(0.41+ 0358 ) —2
| -omn)
Where:
P-P, (eq. 23, p. 29)
X, =

Cli14.24 Downstream Expansion Factor for Pipe Taps, 0.2 <3 <0.67 (85.2.6.2)

The downstream expansion factor for pipe taps calculation is:

1 05 (eq. 20, p. 29)
Y,=Y,
L— xj
! X .22, p. 29
Y, =[14%,)"° (0333 + 1145 p7 + 07 g% + 1287 ——2 . (6422 P-29)
K'(1+ Xz)
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Cl1.4.25

C11.5

Cl151

Cl1.5.2

Cl15.21

C11.6

Cll.e6.1

Where:
(eq. 23, p. 29)

Liquid Expansion Factor (85.2)
The liquid expansion factor is:

Y, =Y, =1000

Thermal Expansion Correction

Symbol Table

The symbol table for thermal expansion correction is shown below.

Table C-4 Thermal Expansion Correction Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
dr m 0<d, None None None
D, m 0<Dy None None None
opE m/m/°C 0 < ape None None None
op m/m/°C O<ap None None None
t °C -273.15<t None None None
tr °C -273.15 < t, t; is usually assumed to be 20°C
d m 0<d None None None
D m 0<D None None None

Calculations

Bore Diameter, d, Temperature Correction

The bore diameter temperature correction calculation is:

d=[1+a.[t—t][d

r

Flow Rate Calculation

Symbol Table

The symbol table for flow rate calculation is shown below.
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Table C-5 Flow Rate Calculation Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
d m 0<d dr < Dy
Dr m 0< D, None
P1 Pa 0<P; 0<P; None None
P, Pa 0<P; 0.8P1 <P, P, <Py None
t °C -273.15<t None None None
tr °C -273.15 < t, None None None
op m/m/°C O<op None None None
opE m/m/°C 0 < ape None None None
p1 kg/m® 0<ps None None None
C - 0<C None C<1 None
d m 0<d 0.0114 <d None None
D m 0<D 0.0406 <D D <0.762 None
AP Pa 0< AP None None None
B - 0<p 0.1<pB p<0.75 Bp<1
Y - o<y None None None
Om kals 0<Qm None None None

Cl1.6.2

Calculations (81.6)

The actual flow is found by iteration, since C and Ry are dependent on the flow rate

m.

d=[1+a.[t-t]]d,

P
"D
AP=P,—P,

The above values of d, D, and  should be used to calculate C and Y.

_ T Z/ZAppl
qm_ 4CYld 1_[34

&
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Cl11.7

Cl1.7.1

Cl1.7.2

Cli7.21

C11.8

Permanent Pressure L0OSS

Symbol Table

The symbol table for permanent pressure loss is shown below.

Table C-6 Permanent Pressure Loss Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
C - 0<C None None None
AP Pa 0<AP None None None
B - 0<B varies with primary element B<1
Aw Pa 0<Aw None None None

Calculations

AGA 3 does not provide a method to estimate the permanent pressure loss. The
equation provided by 1ISO 5167 (1991) is applied.

Orifice Plate (88.4)

A =AP{

JL-p* -cp?)
gt cs)

The above equation may generate negative permanent pressure loss under certain
conditions (normally with a higher 3 value or discharge coefficient). If this occurs, the
following equation, which is also part of ISO 5167 (1991), standard is used.

Aw = AP(1- %)

AGA 3 Factors

Volume flow rate:

Q,=Cwr,]”

Where:
Qv

hw
P+

And:

volume flow rate at base conditions
differential pressure
absolute static pressure; could be measured downstream or upstream

Cl: I:b Fr Y pr Ftb th Fgr va
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Where:
C = orifice flow constant
Fy = basic orifice factor
F, = Reynolds Number factor
Y = gas expansion factor
Foo = pressure base factor
Fi = temperature base factor
Fy = flowing temperature factor
For = real gas relative density factor
Fov = supercompressibility factor
F, = NdZK0
Where:
d = bore diameter
Ke
K, = .. 1€
d (106)
F =1+ £
r Rd
Where:
Y = upstream Y;

= downstream Y,

14.73 T, [519.67
F .= F, = F, =
pb P 519,67 u T,

F : F %
o T1ag v Tal 7
Gr Zf
Where:
N = unit conversion factor
§
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Cl21

Cl2.1.1

Cl2.1.2

Cl2.1.21

Cl2.1.2.2

General Application

Orifice Plate Discharge Coefficients

Concentric Orifice Plate With Corner Taps, Flange Taps, or
Radius Taps

Discharge coefficients for orifice plates using corner taps, flange taps, or radius

pressure taps are given in Section C12.5 of this appendix, and are based on ISO
5167 (1991).

Concentric Orifice Plate With Pipe Taps
Symbol Table

The symbol table for concentric orifice plate with pipe taps is shown below.

Table C-1 Concentric Orifice Plate with Pipe Taps Symbol Table
Symbol Units Lower Lower Upper Upper Ref
Domain Limit Limit Domain
D m 0<D 0.0428 <D D<0.9 None Miller, p.9-54
d m 0<d 0<d d<0.45 d<D
Om kals 0<0m 0<0gm None None
n Pa-s O<p O<p None None
C - 0<C 0<C C<10 None
Rb - 0<Rp 10*<Rp Rp < 10’ None Miller, p.9-54
B - 0<B 02<pB B<0.5 B<1 Miller, p.9-54

Calculations (Miller, p. 9-15)

The concentric orifice plate with pipe taps calculations are:

§
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Cl12.1.3

Cl2.131

C12.1.3.2

Rp =

4q,,
ubD

0.5959 + 0.461 8 %' + 0.484° + 0.039(

ﬂA

91.71 8 2°

1-p°

0.75
R D

Concentric Orifice Plate With Vena Contracta Taps

Symbol Table
The symbol table for concentric orifice plate with vena contracta taps is shown
below.
Table C-2 Concentric Orifice Plate with Vena Contracta Taps Symbol Table
Symbol Units Lower Lower Upper Upper Ref
Domain Limit Limit Domain

D m 0<D 0.0429<D None None *

d m 0<d 0<d None d<D

am kg/s 0<0m 0<Qnm None None

u Pa-s O<p O<p None None

C 0<C 0<C C<1 None

Rp 0<Ro 10°<Rp | None None *

B 0<pB 0.2<B B<0.75 B<1 *
Calculations (Fluid Meters Their Theory and Application, ASME p. 65)*
The calculations for the concentric orifice plate with vena contracta taps are:

s 4

D
R = A
muD

C = K .1 - B’ (81-5-37)

K=K, +bA (81-5-39)

A=1000/,/R, (81-5-39)

|( \| (eq. 1-5-80)
0.0006
K, = 05922 +0.4252 v St 1258 |
2
DY e oo D) |
M0.0254) P 0.0254
b = 000025 +0.002325( 3 +1754" + 1087 +2D") (eq. I-5-81)
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Cl2.14.1

Cl2.14.2

Cl2.14.21

Eccentric Orifice Plate With Flange Taps
Symbol Table

The symbol table for the eccentric orifice plate with flange taps is shown below.

Table C-3 Eccentric Orifice Plate with Flange Taps Symbol Table
Symbol Units Lower Lower Upper Upper Ref
Domain Limit Limit Domain

D m 0<D 0.1<D D <0.35 None Miller, p.9-137
d m 0<d 0.03<d d<0.26 d<D d<D

Om kgls 0<Qnm 0<Qm None None

u Pa-s O<p O<p None None

C - 0<C None C<1 None

Ro - 0<Rpb 10* < Rp Rp < 10° None Miller, p.9-137
B - 0<p 0.3<B B<0.75 p<1 Miller, p.9-137

Calculations (Miller, p. 9-15)

The calculations for the eccentric orifice plate with flange taps are:

_ 4
F =7
_ Ay
RD_7z,uD

180° Taps (Diametrically Opposed)

The calculation for 180° taps is:

D<0.1
4
C = 05875 + 0.3813 #*' + 0.6898 #° - 0.1963 (f J - 0.3366 S°
7.3 -15.7 B + 170.8 #* - 399.7 B° + 332.2 §*
+ R 0.75
D
D>0.1

§
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Cl12.1.4.2.2

Cl12.15

Cl2.151

4
C = 0.5949 + 0.4078 #*' + 0.0547 #® + 0.0955 (f J - 0.5608 3
-139.7 + 1328.8 8 - 4228.2 5* + 5691.9 5 - 2710.4 p*
RDOJS
90° Taps

The calculation for 90° taps is:

D<0.1

p* 3
C = 0.6284 + 0.1462 p*' - 0.8464 B® + 0.2603 L7 0.2886

{ 69.1 -469.4 § + 1245.6 > - 12875 ° + 486.2 ,6’4}
+ 0.75
RD
D>0.1
ﬂ 4

C = 06276 + 0.0828 ™ + 027398 ° - 0.0034; 57) - 0.1132 8°

[ -103.2 + 898.3 8 - 2557.3 8% + 2977 B° - 1131.3 B *

i

0.75
R D

Eccentric Orifice Plate With Vena Contracta Taps

Symbol Table

]

|

The symbol table for eccentric orifice plate with vena contracta taps is shown below.

Table C-4 Eccentric Orifice Plate with Vena Contracta Taps Symbol Table
Symbol Units Lower Lower Upper Upper Ref
Domain Limit Limit Domain
D m 0<D 0.1<D D <0.35 None Miller, p.9-137
d m 0<d 0.03<d d<0.26 d<D d<D
Om kals 0<0m 0<0gm None None
n Pa-s O<p O<p None None
C 0<C None C<1 None
Rp 0<Rp 10* < Rp Rp < 10° None Miller, p.9-137
B 0<pB 0.3<pB B <0.75 Bp<1 Miller, p.9-137
&
EMERSON.
334 Process Management

Emerson Process Management 3007536

Flowel 4 Development and Marketing

2005-May-02 Rev 0




C12 General Application User Manual

Cl12.15.2 Calculations (Miller, p. 9-15)

The calculations for the eccentric orifice plate with vena contracta taps are:

R, = 2dn
ubD

C12.1.5.2.1 180° Taps (Diametrically Opposed)

The calculations for the 180° taps are:

D<0.1

4

4
C = 0.6261+0.1851 8% - 0.2879 8° + 0.1170(15 J-O.2845,H3

J{ 23.3-207 4 +821.5 42 -1388.6 4° +900.3 B* }

0.75
R D

D>0.1

4

4
C = 0.6276 + 0.0828 %' + 0.2739 #® - 0.0934 (lﬂ j - 0.1132 °

{ 55.7 - 471.4 f + 1721.8 B2 - 2722.6 ° + 1569.4 ﬂ“}

0.75
R D

C12.1.5.2.2 90° Taps
The calculations for the 90° taps are:

D<0.1

4
C = 05917 + 0.3061 #%* + 0.3406 #° - 0.1019 (f 4] - 0.2715 &

{ -69.3 + 556.9 8 - 1332.2 &2 + 1303.7 5° - 394.8 ﬁ“}

0.75
R D

D>0.1
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Cl12.1.6

Cl2.16.1

Note: Miller, p. 9-16, states the Reynold's number term should be:

C =

4
0.6016 + 0.3312 ' - 1.5581 B° + 0.6510 (lﬂ J - 0.7308 &

{ 52.8 - 434.2 f + 1571.2 > - 2460.9 f° + 14202 ﬂg}

0.75
R D

The previous seven discharge coefficient equations have B as p*. Therefore, the
following equation will be used:

4
C = 06016 + 0.3312 %' - 15581 B° + 0.6510 (1ﬂ ﬁJ - 0.7308 A°
J{ 52.8 - 434.2 B + 1571.2 f° - 2460.9 f° + 1420.2 p*
RDO.75

Segmental Orifice Plate With Flange Taps
Symbol Table

The symbol table for the segmental orifice plate with flange taps is shown below.

Table C-5 Segmental Orifice Plate with Flange Taps Symbol Table
Symbol Units Lower Lower Upper Upper Ref
Domain Limit Limit Domain
D m 0<D 0.15<D D <0.35 None Miller, p.9-36
d m 0<d 0<d None d<D
Om kals 0<0gm 0<0gm None None
u Pa-s O<p O<p None None
C - 0<C 0<C C<1 None
Dc m 0<Dc None None Dc<D
Hs m 0 <Hs None None Hs <D
Rp - 0<Rp 10° <Rp Rp < 10° None
B - 0<pB 035<p B <0.75 None
&
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Cl12.1.6.2

Cl2.16.2.1

Cl12.1.6.2.2

Cl2.1.7

Cl2.1.7.1

Calculations
Segment Height (Miller, p. 10-40)

The calculations for segment height are:

c c

|— |— ( 2
_d_ B |1 2H, 2H, )| H, [ H,
Be=1 —Olgg—L”Larccos(l 5 J—Z(l— 5 JLD _(DJ

Discharge Coefficient (Miller, p. 9-16)

The calculations for discharge coefficient are:

D<0.1
ﬁ 4
C = 0.5866 + 0.3917 8 %' + 0.7586 8 ¢ - 0.2273 T 5°) 0.3343 B°
D>0.1
— 2.1 8 ﬁ4 3
C = 06037 + 0.1598 f*! - 0.2918 5° + 0.0244| "] - 0.0790

Segmental Orifice Plate With Vena Contracta Taps
Symbol Table

The symbol table for segmental orifice plate with vena contracta taps is shown
below.

Table C-6 Segmental Orifice Plate with Vena Contracta Taps
Symbol Units Lower Lower Upper Upper Ref
Domain Limit Limit Domain
D m 0<D 0.15<D D<0.35 None Miller, p.9-36
d m 0<d 0<d None d<D
Om kals 0<0m 0<0gm None None
n Pa-s O<p O<p None None
C - 0<C 0<C C<1 None
Dc m 0<Dc None None Dc <D
&
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Cl12.1.7.2

Cl2.1.7.2.1

Cl2.1.7.2.2

C12.1.8

Cl2.18.1

Symbol Units Lower Lower Upper Upper Ref
Domain Limit Limit Domain
Hs m 0 <Hs None None Hs <D
Ro - 0<Rp 10* <Rp Rp < 10° None
§ - 0<p 035<B B<0.75 None
Calculations
Segment Height (Miller, p. 10-40)
The calculations for segment height are:
D= De
0.98
d 1 2H 2 (H (1Y) ;
ﬂcz—ziz — arccos(l— 5}—2(1— S] —5—(—5]
D, 098 T D, D, D, D,

Discharge Coefficient (Miller, p. 9-16)

The calculations for discharge coefficient are:

D<0.1
— 21 8 ﬁ4 3
C = 0.5925 + 0.3380 #** + 0.4016 B° - 0.1046 T 7 0.3212
D>0.1
4
C = 05922 + 0.3932 #*' + 0.3412 8% - 0.0569 (1ﬂ ﬂJ - 0.4628 p°

Quadrant Orifice Plate With Corner Taps or Flange Taps
Symbol Table

The symbol table for quadrant orifice plate with corner taps or flange taps is shown
below.

Table C-7 Quadrant Orifice Plate with Corner/Flange Taps Symbol Table
Symbol Units Lower Lower Limit Upper Upper Ref
Domain Limit Domain
D m 0<D 0.025<D D<0.75 None Miller, p.9-136
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Symbol Units Lower Lower Limit Upper Upper Ref
Domain Limit Domain
d m 0<d 0<d None d<D
Om kgls 0<Qnm 0<Qnm None None
u Pa-s O<p O<p None None
C - 0<C 0<C C<1 None
Rb - 0<Rp Rp(min) <Rp | Rp < 10°B None Shell, p.68
B - 0<pB 0.24<p Bp<0.6 =<1

Rp(min) = 1000p + 9.4 x 10° (B - 0.24)®
c12.1.8.2 Discharge Coefficient (Miller, p. 9-17)

The calculations for discharge coefficient are:

D> 0.04
P
D

O
1l

4

4
0.7746 - 0.1334 f** + 1.4098 B° + 0.0675 (f) j + 0.3865 f°

C12.1.9 Conical Orifice with Corner Taps
C12.1.9.1 Symbol Table
The symbol table for the conical orifice with corner taps is shown below.

Table C-8 Conical Orifice with Corner Taps Symbol Table

Symbol Units Lower Lower Upper Upper Ref
Domain Limit Limit Domain
D m 0<D 0.025<D None None Miller, p.9-136
d m 0<d 0<d d<D None
Om kgls 0<Qnm 0<Qm None None
u Pa-s O<p O<p None None
C - 0<C 0<C C<1 None
Rp - 0<Rp None None None Miller, p.9-136
B - 0<p 0.1<B B <0.316 Bp<1 Miller, p.9-136

Cl12.1.9.2 Discharge Coefficient (Miller, p. 9-17)

The calculations for discharge coefficient are:

&

&
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C12.1.10

C12.1.10.1

C12.1.10.2

D > 0.025 mm
d
= o
4q
R _1m
° ubD

250 < R, £50008 = C= 0.734

5000 # < R, < 2000008 = C= 0.730

Small Bore Orifice (Small Diameter Orifice) Meter Runs With
Flange Taps

Symbol Table

The symbol table for the small bore orifice meter runs with flange taps is shown
below.

Table C-9 Small Bore Orifice Meter Runs with Flange Taps Symbol Table
Symbol Units Lower Lower Upper Upper Ref
Domain Limit Limit Domain
D m 0<D 0.0254 <D D <0.0381 None Fluid Meters, P.214
d m 0<d 0<d d<D None
Om kg/s 0<0m 0<0gm None None
n Pa-s O<p O<p None None
C - 0<C 0<C C<l1 None
Rp - 0<Rp 1,000 < Rp None None Fluid Meters, P.214
B - 0<p 0.1<B B<0.8 B<1 Fluid Meters, P.214

Discharge Coefficient (Fluid Meters, P.214)

The calculations for the discharge coefficient are:

49,

R =
° ubD

(0.87+8.18%)(1- g*)™
Rg.S

C= [0-5980+0.468(,84 +108 12)](1_ ﬁ4)o.5 N

§
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Cl2.1.11

Cl2.1.111

Cl2.1.11.2

Cl2.1.12

Small Bore Orifice (Small Diameter Orifice) Meter Runs With
Corner Taps

Symbol Table

The symbol table for small bore orifice meter runs with corner taps is shown below.

Table C-10 Small Bore Orifice Meter Runs with Corner Taps
Symbol Units Lower Lower Upper Upper Ref
Domain Limit Limit Domain

D m 0<D 0.0254 <D D <0.0381 None Fluid Meters, P.214

d m 0<d 0<d d<D None

Om kals 0<Qnm 0<gnm None None

u Pa-s O<p O<p None None

C - 0<C 0<C C<l1 None

Rp - 0<Rp 1,000 < Rp None None Fluid Meters, P.214

B - 0<p 0.1<B p<0.8 B<1 Fluid Meters, P.214
Discharge Coefficient (Fluid Meters, P.214)
The calculations for the discharge coefficient are:
P

D
4
R, U
ubD
[ 0.11176 0.4445 1
C=| 05991+ ——o=—+03155+ —— (p* +2,616)J(1- g4 +
D D
[13.2 ( 2946) 1(1-84"
—— 0192 +|1648 ——— Y4t | ——
LD p )P +48")|

Note: When calculating C, D is in mm.

Restriction Orifice Plates

The Discharge Coefficient for restriction orifice plates is based on ISO 5167 (1991)
for orifice plates with flange taps. Refer to Appendix C6, Section C6.3.2.3.

§
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Cl12.2 Nozzles

Cl12.2.1 ISA 1932 Nozzle Discharge Coefficient

The Discharge Coefficient for ISA 1932 nozzles is calculated based on ISO 5167
(1991). Refer to 86.4.2.1 of the appendices.

Cl12.2.2 Long Radius Nozzle Discharge Coefficient

The Discharge Coefficients for both high-ratio and low-ratio nozzles are based on
ISO 5167 (1991). Refer to §86.4.2.2 of the appendices.

C12.3 Classical Venturi Tubes and Venturi Nozzles

C12.3.1 Classical Venturi Tube with as-Cast Convergent Discharge
Coefficients

Discharge Coefficients for classical venturi tubes with as-cast convergent is based
on ISO 5167 (1991). Refer to 86.5.2.1.1 of the appendices.

C12.3.2 Classical Venturi Tube With a Machined Convergent
Discharge Coefficients

Discharge Coefficients for classical venturi tubes with a machined convergent is
based on ISO 5167 (1991). Refer to §6.5.2.2.1 of the appendices.

C12.3.3 Classical Venturi Tube With Rough Welded Convergent
Discharge Coefficients

Discharge Coefficients for classical venturi tubes with a rough welded convergent is
based on ISO 5167 (1991). Refer to §6.5.2.3.1 of the appendices.

C12.3.4 Venturi Nozzle Discharge Coefficients

Discharge Coefficient for a venturi nozzle is based on ISO 5167 (1991). Refer to
86.5.2.4.2 of the appendices.

Cl2.4 Orifice Plate Thickness Calculation

Cl2.4.1 Symbol Table

The symbol table for the orifice plate thickness calculation is shown below.
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Cl2.4.2

Table C-11  Orifice Plate Thickness Calculation Symbol Table

Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain

D m 0<D 0<D None None

AP Pa 0<AP 0< AP None None

B - 0<pB 0<B None B<1

oy Pa 0<oy O0<oy None None

tmin m 0 < tmin 0.003 < tmin None None

Plate Thickness Calculations

The plate thickness calculation is:

min —

Notes:

Oy

(0681-06514)AP | 5

(Miller, p. 10-4, eq. 10.2)

1. The calculated ty;, will be compared with the value in the following table and the
larger of the two values will be adopted.
This method is used for all standards.

2. The thickness calculation does not apply to cryogenic applications.

Table C-12 Minimum Recommended Thickness of Orifice Plates (mm)
Internal Diameter of Pipe (mm)
Differential
Pressure 76.2 and less 150 250 500 800
(in kPa)
B<0.5
<249 3.18 3.18 4.76 9.53 12.7
<49.8 3.18 3.18 3.18 6.35 9.53
<24.9 3.18 3.18 3.18 6.35 9.53
B>05
< 249 3.18 3.18 4.76 9.53 12.7
<49.8 3.18 3.18 3.18 4.76 9.53
<24.9 3.18 3.18 3.18 4.76 6.35

(Application: Part Il of Fluid Meters, 6th ed. 1971, ASME p.198)
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Cl125 Gas Expansion Factors
Cl12.5.1 Symbol Table
The symbol table for the gas expansion factors is shown below.
Table C-13  Gas Expansion Factors Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
- 0<pB Varies Varies B<1
K - O<x 1<k k<5 None
P, Pq 0<P; 0<P; None None
P> Pq 0< Py 0< P, P, <Py None
X1 - 0<x1 None None None
X2 - 0<Xx2 None None None
Y1 - 0o<Y; None Yi<1 None
Y2 - 0<Y, None Y2<1 None
C12.5.2 Concentric Orifice Plate With Corner Taps, Flange Taps or
Radius Taps
Gas expansion factors for orifice plates using corner taps, flange taps, or radius taps
are given in 85.6 of the appendices, and are based on ISO 5167 (1991).
C12.5.3 Concentric Orifice Plate With Vena Contracta Taps

(Application: Part Il of Fluid Meters, 6th ed. 1971, ASME p.208)

The calculations for the concentric orifice plate with vena contracta taps are:

Ap
X, = F

1
Y, = 1-(041 +0.358%) 2

Ap
X, = P_2

X, 1

Y, = J1+x, - (041 +0.358%) —

344
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Cl254

Cl12.5.5

Cl12.5.6

Concentric Orifice Plate With Pipe Taps (Miller, p. 9-56)
The calculations for the concentric orifice plate with pipe taps are:

Ap
Pl

Y, = 1-(0333 + 1.145(82 + 0.7 g° + 12 %)) X—Kf

A
o= 2

2
Y, = J1+x, - [0.333 +1.145 2 +078° +123")|

KJ1+X,

Eccentric Orifice Plate with Corner Taps, Flange 180° Offset
Taps, Flange 90° Offset Taps, Vena Contracta 180° Offset or
Vena Contracta 90° Offset (Miller, p. 9-56)

The calculations are:

Ap

X = 5
1

X
Y, = 1-(0.1926 + 0.5745 +0.96754°-4.243° +3623") ;1

Ap
X, = —
2 P2
X,
Y, = 1+x, - (01926 +0.574 3 +0.967582 424 3°+3623")

Ky1+X,

Segmental Orifice Plate with Flange taps or Vena Contracta
Taps

The gas expansion equation was determined by curve fitting the data in Application:
Part Il of Fluid Meters, 6th ed.1971, Figure II-111-12, ASME p.213.

Ap
X = =
Pl
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Y, =Y, J1+X,
Note: Y, uses the form given in ISO 5167 (1991).

C12.5.7 Quadrant Edged Orifice Plate with Corner Taps or Flange
Taps

Gas expansion factors for orifice plates using corner taps or flange taps are given in
86.4 of the appendices, and are based on ISO 5167 (1991).

C12.5.8 Conical Orifice Plate with Corner Taps

Gas expansion factors for orifice plates using corner taps are given in §6.4 of the
appendices, and are based on ISO 5167 (1991).

C12.5.9 Small Bore Orifice (Small Diameter) Meter Runs With Flange
Taps

Miller (p. 10-35) recommends that the gas expansion factor for a square-edged
orifice with pipe taps be used. Refer to §9.5.4. of the appendices.

C12.5.10 Small Bore Orifice (Small Diameter) Meter Runs With Corner
Taps

Miller (p. 10-35) recommends that the gas expansion factor for a square-edged
orifice with flange, corner or radius taps be used. Refer to §5.6 of the appendices.

C12.5.11 ISA 1932 Nozzle with Corner Taps

Gas expansion factors for the ISA 1932 nozzle are calculated based on ISO 5167
(1991). Refer to 83.8.2.1 of the appendices.

C12.5.12 Long Radius Nozzle with Radius Taps, Wall Taps or Throat
Taps

Gas expansion factors for the long radius nozzle are calculated based on ISO 5167
(1991). Refer to 8§6.5 of this document.
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C12.5.13 Classical Venturi Tube with Throat Taps
Gas expansion factors for the classical venturi tube are calculated based on ISO
5167 (1991). Refer to §6.6 of this document.

C12.5.14 Venturi Nozzle with Throat Taps
Gas expansion factors for the venturi nozzle are calculated based on 1SO 5167
(1991). Refer to 86.6 of this document.

C12.5.15 Restriction Flow Devices: Concentric Orifice with Pipe Taps
Gas expansion factors for restriction orifice plates are given in §9.5.3 of this
document.

C12.6 Correction Factor for Steam Quality (Gas-Liquid)
Flows

Cl12.6.1 Symbol Table
The symbol table for the correction factor for steam quality flows is shown below.
Table C-14  Correction Factor for Steam Quality Flows Symbol Table

Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
Pt kg/m® 0 < pg1 None None None
Pig kg/m® 0<p None None None
AP Pqg 0< AP None None None
Fx None None None None
APy Pq 0<AP None None None
Y1 0<Y: 0.98<Y varies w/device Y<0
B 0<pB 0.25<B B<0.5 p<1
Rp 0 100,000 < Rp None None
Cy 0<C varies with device None
X 0<x 0.95 <x None None
Cl12.6.2 Calculations (Miller, p. 9-76)
The two phase correction factor is based on the work of Murdock. The mass flow
equation is:
7 Cg (Miller, p. 9-77, eq. 9.89)
Outc = : FY, pglAP
4 1- 8
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The quality of a gas/liquid mixture is defined as:
Mass of Gas
Total Mass of Mixture

The quality correction factor is defined as:
E o= 1 (Miller, p. 9-77, eq. 9.87)

X +126(1 - X) |7%
Piig

The discharge coefficient is calculated at the Reynolds number defined by the dry

gas flow rate. The dry gas flow rate is given as:
(qM)g = x(qM)TC (Miller, p. 9-77, eq. 9.86)

The gas expansion factor, Yy, is calculated based on the dry gas differential

pressure.

Miller, p. 9-78, eg. 9.91
AP = (Miller, p d. 9.91)

{1_{1.26 (1 -iPK } \E:]Z

Cl2.7 Drain Hole Correction Factor
Cl12.7.1 Symbol Table
The symbol table for the drain hole correction factor is shown below.
Table C-15 Drain Hole Correction Factor Symbol Table
Symbol Units Lower Lower Limit Upper Limit Upper
Domain Domain
d m 0o<d None None d<D
dow m 0 <dpn None dpon<0.1d None
B - 0<p None None Bp<1
Fon - 0 < Fpn None None None
Cl12.7.2 Calculations
Cl12.7.2.1 Square Edged Drain Hole in Orifice Plates

The calculation for the square edged drain hole in the orifice plates is:

4V (Miller, p. 9-79, eq. 9.99)
F., =1+41-p8* | 2%
DH B [ d j

&
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Cl2.7.2.2 Square Edged Drain Hole in Nozzles and Venturis
The calculation for the square edged drain hole in nozzles and venturis is:
d 2 (Miller, p. 9-79, eq. 9.100)
Fou = 1+ 0.6y1-5° (%)
C12.7.2.3 Round Edged Drain Hole in Orifice Plates
The calculation for the round edged drain hole in orifice plates is:
d 2 (Miller, p. 9-79, eq. 9.101)
Fou = 1 + 1.6641 -pB* (%}
Cl2.7.2.4 Round Edged Drain Hole in Nozzles and Venturis
The calculation for the round edged drain hole in nozzles and venturis is:
d 2 (Miller, p. 9-80, eq. 9.102)
o = e )
C12.8 Permanent Pressure Loss
C12.8.1 Symbol Table
The symbol table for permanent pressure loss is shown below.
Table C-16  Permanent Pressure Loss Symbol Table
Symbol Units Lower Lower Upper Upper
Domain Limit Limit Domain
C - 0<C None C<1 None
B - 0<B varies with device B<1
AP Pa 0< AP varies with device None
© Pa O<w None None @ < AP
C12.8.2 Calculations
Cl2.8.2.1 Square Edged Orifice Plates with Flange Taps, Radius Taps and Corner Taps

Permanent pressure loss is calculated following ISO 5167. Refer to 84.11.2.1 of the
appendices.
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C12.8.2.2

C12.8.2.3

Cl12.8.2.4

C12.8.2.5

C12.9

C129.1

C12.9.2

Square Edged Orifice Plates with Pipe Taps and Quadrant Edged Orifice Plates

Miller recommends the following for square-edged and quadrant-edged orifice plates.
@ =(1-0.243-0.523* - 0.16 5°) AP (Miller, p. 6-38)

ISA 1932 Nozzles and Long Radius Nozzles (High and Low Ratios) with Radius
Taps

Permanent pressure loss is calculated following ISO 5167 (1991). Refer to Section
C2.11.2.3 of the appendices.

Long Radius Low Ratio nozzles with Throat Taps

Permanent pressure loss is calculated following ASME MFC-3M-1989. Refer to
Section C2.11.2.2 of the appendices.

Venturi Tubes and Venturi Nozzles

Permanent pressure loss is calculated following ASME Standard MFC-3M-1989.
Refer to Section C2.11.2.3 of the appendices.

Vena Contracta Location
Note: Currently this calculation is not implemented.

Symbol Table

The symbol table for vena contracta location is shown below.

Table C-17 Vena Contracta Location Symbol Table
Symbol Units Lower Domain Lower Limit Upper Limit Upper Domain
B - 0<B p<i
D m 0<D
m 0<x

Vena Contracta Location Calculations

Vena contracta locations for square edged, segmental, and eccentric orifice plates
were determined by curve fitting to figure II-111-3 and figure II-111-8, Application Part ||
of Fluid Meters, AMSE, 6th. ed, 1971.
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Cl29.21

C129.2.2

C12.9.2.3

C12.10

C12.10.1

Concentric Orifice Plates

The concentric orifice plates calculation is:
% =11265+ ﬂ(—0.7118 + ﬂ(0.9644 - 1571,6’))

Eccentric Orifice Plates

The eccentric orifice plates calculation is:
X =10699 + 4(~12443+ (36310 - 365153))

Segmental Orifice Plates

The segmental orifice plates calculation is:

% = 1643+ (~6.1431+ 518639 + A(~24.04+ 10.494,8)))

Critical Flow Calculations

Symbol Table

The symbol table for critical flow calculations is shown below.

Table C-18 Critical Flow Calculations Symbol Table
Symbol Units Lower Domain Lower Limit Upper Limit Upper
Domain
d m 0<d None None d<D
D m 0<D None None None
tp m 0<t None None to<D
B - 0<p varies with device p<1
Rq - 0<Ryg None None None
P1 Pa 0<P1 P> <Py None None
P2 Pa 0<P2 None P> <Py None
Py Pa 0<Py None None None
K - O0<xk None None None
p ° 0<p None None None
Z - 0<Zz None None None
C - 0<C None C<l1 None
Qm kgls 0<Q None None None
&
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C12.10.2

Cl12.10.2.1

C12.10.2.2

C12.10.3

C12.10.4

C12.10.5

Cl2.11

Cl2.111

Discharge Coefficients
Orifice Plate 1d to 6d Thick

The discharge coefficient for the orifice plate, 1d to 6d thick is:
d<t,<6d C=0.83932 (Miller, p. 13-23, eq. 13.23)

Orifice Plate 6d to 20d Thick

The discharge coefficient for the orifice plate, 6d to 20d thick is:
6d <t, <20d C=0.899 (Miller, p. 13-30)

Liquid Calculations

Liquid choked flow only occurs when a cavitation barrier exists in the flow device.
The design pressure drop is given by Miller as:

AP=P-P (Miller, p. 13-29, eq. 13.26)

Critical Flow Function

The critical flow function calculation is:
r(+1j (Miller, p. 13-5, eq. 13.14)

. (51
Yo = \/E (KiJ

Flow Rate Calculation

Note: C could be a function of Re and/or f therefore iteration would be required.

o c 2 v 7P (ASME/ANSI standard MFC-7M-1987, p. 5)
m = T Ter P
Az

Gas Sonic Flow Rate Check

Symbol Table

The symbol table for gas sonic flow rate check is shown below.

Table C-19 Gas Sonic Flow Rate Check Symbol Table

Symbol Units Lower Domain Lower Limit Upper Limit Upper Domain
k - 1<k None None None
P1 Pq 0< Py None None None
Ps Pq 0<Ps None Ps< Py None

§
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Cl12.11.2 Calculation

Although the following equation applies strictly to ASME long-radius nozzles and a
thick square-edged orifice (Miller, p.13-25), the equation has been extended to all the
differential pressure devices as a means to provide a check for sonic flow rates.

k
Pl(kZJH
P, = *

S k+1
k( ZJkl .
1- | =
2\K + p

At sonic flow rates and greater, the equations used in this program to calculate flow
rate are no longer valid.

(Miller, p. 13-24, eq. 13, 24)
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Each reference in the text has a name and page number or paragraph number with
it. For example, “(Miller, P.49)” would indicate that the entry is referenced from the
book by R.W. Miller, on page 49.

The following references are acknowledged as sources, and are directly quoted
within this manual:

* AGA Report No.3, Orifice Metering of Natural Gas and Other Related
Hydrocarbon Fluids, Part 1, General Equations and Uncertainty Guidelines,
Third Edition, Oct. 1990, It's also called APl Manual of Petroleum
Measurement Standard, Chapter 14.3 and GPA 8185-90.

* AGA Report No.3, Orifice Metering of Natural Gas and Other Related
Hydrocarbon Fluids, Part 2, Specifications and Installation Requirements,
Fourth Edition, April 2000, It's also called APl Manual of Petroleum
Measurement Standard, Chapter 14.3 and GPA 8185-92, ANSI/API 2530-92.

* AGA Report No.3, Orifice Metering of Natural Gas and Other Related
Hydrocarbon Fluids, Part 3, Natural Gas Applications, Third Edition, Aug.
1992, It's also called APl Manual of Petroleum Measurement Standard,
Chapter 14.3 and GPA 8185-92, ANSI/API 2530-92.

» AGA Report No.3, Orifice Metering of Natural Gas and Other Related
Hydrocarbon Fluids, Second Edition, Aug. 1985, It's also called APl Manual
of Petroleum Measurement Standard, Chapter 14.3, GPA 8185-85 and
ANSI/API 2530.

* AGA Report No. 8, Compressibility Factors of Natural Gas and Other Related
Hydrocarbon Gasses, Second Edition Nov. 1992.

* AGA Report No. 10, Speed of Sound in Natural Gas and Other Related
Hydrocarbon Gasses, 2003.

« ASME MFC-3M-1989, Measurement of Fluid Flow in Pipes Using Orifice,
Nozzle and Venturi, New York, 1990.

e ASME Fluid Meter, 6th Edition, ASME, New York, 1971.

« ASME/ANSI MFC-7M-1987, Measurement of Gas Flow by Means of Critical
Flow Venturi Nozzles, New York, 1987.

« ASME MFC 14M-2003, Measurement of Fluid Flow Using Small Bore
Precision Orifice Meters, April 2003.

* ANSI/ASME PTC 6-1976, Steam Turbines, Yew York, 1982 (Reaffirmed in

1991).
 BS 1024: Section 1.2, 1989, Measurement of Fluid Flow in Closed Conduit,
1989.
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ISO 5167-1, Measurement of Fluid Flow by Means of Pressure Differential
Devices, Part 1: Orifice plates, nozzles and venturi tubes inserted in circular
cross-section conduits running full, First Edition, Switzerland, 1991.

ISO 5168, Measurement of Fluid Flow --Estimation of Uncertainty of Flow
Rate Measurement, First Edition, Switzerland, 1978.

ISO 5167-1, Measurement of Fluid Flow by Means of orifice plates, nozzles
and venturi tubes inserted in circular cross-section conduits running full, First
Edition, Switzerland, 1980.

ISO/TR15377:1998, Measurement of Fluid Flow by means of pressure-
differential devices — Guidelines for the specification of nozzles and orifice
plates beyond the scope of ISO 5167-1.

R.W. Miller Flow Measurement Engineering Handbook, Second Edition,
McGraw-Hill, New York, 1989.

R.W. Miller Flow Measurement Engineering Handbook, Third Edition,
McGraw-Hill, New York, 1996.
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D.1 Atmospheric Pressure Calculation
The atmospheric pressure is calculated by the following equation:

P =101325-120155107 x10™*y +5.75887513x 10 ° y* — 127825937 x 10 " y*

Where: P
y

pressure (bar)
altitude (m)

The equation is a curve fitting of the data presented in the CRC Handbook of
Chemistry and Physics 64th Edition, 1983-1984, p.F-155 to F-157. In order to
convert the pressure into the required unit given the selected units of altitude,
appropriate conversion factors are applied.

The atmospheric pressure is used when a gauge flowing pressure unit is selected
(designated by the suffix “-g”, i.e., bar-g) to calculate an absolute pressure.

absolute pressure = flowing gauge pressure + atmospheric pressure

The absolute pressure can be required in other calculations.

D.2 Definition of C’

C’ is defined as:

Co flowrate or liauid
—\/A7p (for liquid)
_ flowrate

Where: Psis in absolute units.

C!

If you select a gauge pressure unit (i.e., psig) Flowel automatically converts to the
corresponding absolute pressure unit (e.g. psia) before calculating C'.
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D.3 Uncertainty

The uncertainty calculation uses the root of sum of squares method. The equation is
as follows:

0.5

q 4 4 14 4

2 4 2
E,=| EZ+E] +4E? 1 +1E2+1E§P+4E§ P
1-p 4 1
(eq.15, ISO 5168, 1978, p.19)

Where: = percentage uncertainty in variable
flow rate
discharge coefficient
expansibility coefficient
bore diameter of orifice
= density of fluid
differential pressure
inside pipe diameter
= Dbeta ratio

'@U%U e <00 m

The value of Ec and Ey are determined by the standard (e.g., AGA 3 (1985)). These
values depend primarily on the element type selected and cannot be altered by the
users. E4 and Ep are initially set to the value given in the standard selected, but they
can be re-defined by the user (see Chapter 3, User Reference for details). By
default, Ep and E,p are initially set to zero; however, the user may assign other
values.

Notes:

1. A flow calculation must precede an uncertainty calculation.

2. If the limiting variable range is exceeded, no uncertainty is calculated.
3. For critical flow applications, no uncertainty is calculated.
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The uncertainty tables for each standard are listed in Table D-1 below.

Table D-1 Uncertainty Tables
Element Range of Limiting Variable Uncertainty in Variable (+/- %)
Variable
AGA 3 (1992)
Orifice Plate — >0.175 Cc 08
standard P [1+1[ 4200j ](0.56000.255ﬁ+1.9316ﬂ8
D
Orifice Plate — f<0.175 C 4000 °®
standard 1+1 & (0.7000-105505)
D
Orifice Plate — B<0.75 Y AP
standard 4 P
Orifice Plate — D 0.5
standard
Orifice Plate — d <0.00635m d 0.00000762m
standard d
Orifice Plate — 0.006375m <d < d 0.001016m
standard 0.009525m d
Orifice Plate — 0.009527m < d <0.0254pn d 0.00127m
standard d
Orifice Plate — 0.0254m <d d 0.05
standard
AGA 3 (1985)
Orifice Plate — 0.15<B<0.70 c 0.5
standard 1- B*
(flange taps)
Orifice Plate — 0.20<p<0.67 c 0.75
standard (pipe taps) 1- g*
Orifice Plate — 0.10<B<0.8 Y 0.5
standard
(flange taps)
Orifice Plate — 0.10<B<0.7 Y 0.5
standard (pipe taps)
Orifice Plate — p=0.75 D 0.5
standard
(flange taps)
Orifice Plate — p=0.75 D 0.2
standard (pipe taps)
Orifice Plate — d <0.000635m d 0.000762m
standard d
Orifice Plate — 0.0006357m <d < d 0.001016m
standard 0.009523m d
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Element Range of Limiting Variable Uncertainty in Variable (+/- %)
Variable
Orifice Plate — 0.009527m < d d 0.00127m
standard <0.0254n d
Orifice Plate — 0.0254pu<d d 0.05
standard
ISO 5167 (1991)
Orifice plate — B<0.6 c 0.6
standard (all taps)
Orifice plate — 0.6<p<0.75 C B
standard (all taps)
Orifice plate — Y AP
standard (all taps) )
Orifice plate — D 0.3
standard (all taps)
Orifice plate — d 0.05
standard (all taps)
Nozzle — ISA 1932 B<0.6 c 0.8
Nozzle — ISA 1932 06<B C 2p-04
Nozzle — ISA 1932 Y Z[Ain
P
Nozzle — ISA 1932 2
Nozzle — ISA 1932 d 0.05
Nozzle — Long 02<B<0.8 c 2.0
Radius
(high or low ratio)
Nozzle — Long Y AP
Radius 2 P
(high or low ratio)
Nozzle — Long D 2
Radius
(high or low ratio)
Nozzle — Long d 0.05
Radius
(high or low ratio)
Venturi (cast) C 0.7
Venturi (machined) C 1.0
Venturi (welded) C 15
Venturi (all t Y AP
enturi (all types) (4+100ﬂ8)?
Venturi (all types) D 2
Venturi (all types) d 0.1
Venturi Nozzle C 12+158*
Venturi Nozz| Y AP
enturi Nozzle (4+100ﬂ8)?
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Element Range of Limiting Variable Uncertainty in Variable (+/- %)
Variable
Venturi Nozzle D 2
Venturi Nozzle 0.1
ISO 5167 (1980)
Orifice Plate — B<0.6 Cc 0.6
Standard (all taps)
Orifice Plate — 0.6<B<0.8 C B
Standard
(corner taps)
Orifice Plate — 0.6<p<0.75 C B
Standard (flange or
radius taps)
Orifice Plate — B<0.6 Y AP
Standard (all taps) P
Orifice Plate — 0.75<B<0.8 Y AP
Standard P
(corner taps)
Orifice Plate — D 0.3
Standard (all taps)
Orifice Plate — d 0.05
Standard (all taps)
Nozzle — ISA 1932 B<0.6 C 0.8
Nozzle — ISA 1932 06<B C 2p-0.4
Nozzle — ISA 1932 Y Z(Aij
p
Nozzle — ISA 1932 0.3
Nozzle — ISA 1932 d 0.05
Nozzle — Long 02<p<0.8 c 2.0
Radius
(high or low ratio)
Nozzle — Long Y AP
Radius 2 P
(high or low ratio)
Nozzle — Long D 0.3
Radius
(high or low ratio)
Nozzle — Long d 0.05
Radius
(high or low ratio)
Venturi (cast) C 0.7
Venturi (machined) C 1.0
Venturi (welded) C 15
Venturi (all types Y AP
(all types) (4+100°)
Venturi (all types) D 2
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Element Range of Limiting Variable Uncertainty in Variable (+/- %)
Variable
Venturi (all types) d 0.1
Venturi Nozzle 0.065m < D < 0.500m C 12+158"°
0.050m <d 1-p*
0.316 <3 <0.775
1.5x10° <Rp<2x 10°
Venturi Nozzle Y (4+100/38)A?P
Venturi Nozzle 0.3
Venturi Nozzle d 0.05
ASME MFC-3M
Orifice plate 10000 < Rp < 10° C 0.6
(all taps) 02<p<06
0.0429m < D <£0.900m
Orifice plate 10000 < Rp < 10° C B
(all taps) 0.6<p<0.75
0.0429m < D <£0.900m
Orifice plate 2000 < Rp < 10000 C 06+p
(all taps) 02<p<075
0.0429m < D <£0.900m
Orifice plate Y A[Ain
(all taps) p
Orifice plate D 0.25
(all taps)
Orifice plate 0.025m <d d 0.05
(all taps)
Orifice plate 0.010m < d < 0.025m d 0.01
(all taps) T
Nozzle — long radius 0.1m < D <0.750m C 2.0
(high ratio - wall tap) 0.50 < p < 0.80
10* < Rp < 6x10°
0.75 < Py/Py
Nozzle — long radius 0.1m <D <0.750m C 2.0
(low ratio - wall tap) 0.20 < p < 0.50
10* < Rp < 6x10°
0.75 < Py/P1
Nozzle — long radius 0.1m < D < 0.750m C 0.25
(throat tap) 0.25 < B < 0.50
10" < Rp < 6x10°
0.75 < Py/Py
.é'
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Element Range of Limiting Variable Uncertainty in Variable (+/- %)
Variable
Nozzle — long radius Y AP
(all types) C P
Nozzle — long radius D 0.25
(throat tap)
Nozzle — long radius d 0.05
(throat tap)
Venturi (all types) C 1.0
Venturi (all types Y AP
(all types) (4+1005°) %
Venturi (all types) 0.25
Venturi (all types) d 0.1
BS 1042
Orifice plate C 2
(conical entrance)
Orifice plate Y 33(1-Y)
(conical entrance)
Orifice plate D 0.3
(conical entrance)
Orifice plate d 0.05
(conical entrance)
Orifice plate 0.316 <P Cc 2
(quadrant edged)
Orifice plate B <0.316 c 2.5
(quadrant edged)
Orifice plate B<0.6 Y AP
(quadrant edged) P
Orifice plate D 0.3
(quadrant edged)
Orifice plate d 0.1
(quadrant edged)
Orifice plate B<0.75 Cc 1
(eccentric)
Orifice plate 0.75<p c 2
(eccentric)
Orifice plate Y AP
(eccentric) P
Orifice plate D 0.3
(eccentric)
Orifice plate d 0.05
(eccentric)

Note: For all general methods, other than those referenced to a standard, the default
uncertainty of d and D is zero.
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The discharge coefficients and expansion coefficients for general standards are
shown in Table D-2 and Table D-3.

Table D-2 Discharge Coefficients — General Standard
Element Range of Limiting Variable | Uncertainty in Variable
Variable (+/- %)
Orifice plate — Standard
(corner, flange or radius taps) See ISO 5167 (1991)
Orifice plate — Standard 0.0429m < D < 0.900m c 0.8
(pipe taps) 02<B<05
10" < Rp < 10’
Orifice plate — Standard 0.0429m < D < 0.900m c 1.6
(pipe taps) 051<B<0.7
10* <Rp <10’
Orifice plate — Standard 0.0429m < D < 0.900m C 0.6
(vena contracta taps) 02<B<06
10* <Rp <10’
Orifice plate — Standard 0.0429m < D < 0.900m c B
(vena contracta taps) 0.6 <B<0.75
10* <Rp <10’
Orifice plate — Standard 0.0429m < D < 0.900m C 0.6+
(vena contracta taps) 02<B<0.75
2x10% < Rp < 10*
Orifice plate — Eccentric 0.100m < D < 0.150m C 2
(flange or vena contracta taps) 0.35<B <0.75
10* <Rp < 10°
Orifice plate — Eccentric 0.150m < D < 0.350m C 15
(flange or vena contracta taps) 0.35<B<0.75
10" <Rp < 10°
Orifice plate — Segmental 0.150m < D < 0.350m C 2
(flange or vena contracta taps) 0.35<B<0.75
10" <Rp < 10°
Orifice plate — Quadrant Edged 0.025m < D < 0.750m 2
(corner or flange taps) 0.24<B<06
Orifice Plate — conical entrance 0.025m <D C 2
0.1<p<0.316
Honed Orifice Meter Run 0.012m < D < 0.040m C 0.75
0.1<B<0.8
1000 < Rp
All nozzles and Venturis
See ISO 5167 (1991)
&
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Table D-3 Expansion Coefficients
Element Variable | Uncertainty in Variable (+/- %)
Orifice plate — Conical entrance, quadrant edged or Y AP
honed meter run (all tap types) P
Orifice plate — Standard (pipe taps) \4 B(Ain
P
Orifice plate — Standard (vena contracta taps) Y {ip]
P
COrifice plate — Eccentric or Segmental (all tap types) Y B(Ain
P

Conversion Factors

The conversion factors for various volumetric flow rate, mass flow rate, density,
temperature, absolute pressure, length, viscosity, gross heating value, and thermal

expansion conversions are listed in Table D-4 to Table D-12.

Table D-4 Volumetric Flow Rate Conversions
To Convert From To Multiply or Divide® By
USGPS L/sec 3.785412*
NUSGPS L/sec 3.785412*
SUSGPS L/sec 3.785412*
USGPM L/sec 3.785412*60/
NUSGPM L/sec 3.785412*60/
SUSGPM L/sec 3.785412*60/
USGPH L/sec 3.785412*3600/
NUSGPH L/sec 3.785412*3600/
SUSGPH L/sec 3.785412*3600/
USGPD L/sec 3.785412*24/3600/
NUSGPD L/sec 3.785412*24/3600/
SUSGPD L/sec 3.785412*24/3600/
USBPH L/sec 42*3.785412*3600/
NUSBPH L/sec 42*3.785412*3600/
SUSBPH L/sec 42*3.785412*3600/
USBPD L/sec 42*3.785412*24/3600/
NUSBPD L/sec 42*3.785412*24/3600/
SUSBPD L/sec 42*3.785412*24/3600/
IMPGPS L/sec 4.546087*
NIMPGPS L/sec 4.546087*
SIMPGPS L/sec 4.546087*
.é'
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To Convert From To Multiply or Divide' By
IMPGPM L/sec 4.546087*60/
NIMPGPM L/sec 4.546087*60/
SIMPGPM L/sec 4.546087*60/
IMPGPH L/sec 4.546087*3600/
NIMPGPH L/sec 4.546087*3600/
SIMPGPH L/sec 4.546087*3600/
IMPGPD L/sec 4.546087*24/3600/
NIMPGPD L/sec 4.546087*24/3600/
SIMPGPD L/sec 4.546087*24/3600/
IMPBPH L/sec 36*4.546087*3600/
NIMPBPH L/sec 36*4.546087*3600/
SIMPBPH L/sec 36*4.546087*3600/
IMPBPD L/sec 36*4.546087*24/3600/
NIMPBPD L/sec 36*4.546087*24/3600/
SIMPBPD L/sec 36*4.546087*24/3600/
CFS L/sec .03531467/
SCFS L/sec .03531467/
NCFS L/sec .03531467/
CFM L/sec .03531467/60/
SCFM L/sec .03531467/60/
NCFM L/sec .03531467/60/
CFH L/sec .03531467/3600/
SCFH L/sec .03531467/3600/
NCFH L/sec .03531467/3600/
CFD L/sec .03531467/24/3600/
SCFD L/sec .03531467/24/3600/
NCFD L/sec .03531467/24/3600/
L/sec L/sec 1*
NL/sec L/sec 1*
Sl/sec L/sec 1*
L/min L/sec 60/
NL/min L/sec 60/
SL/min L/sec 60/
L/hr L/sec 3600/
NL/hr L/sec 3600/
SL/hr L/sec 3600/
L/day L/sec 24/3600/
NL/day L/sec 24/3600/
SL/day L/sec 24/3600/
&
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To Convert From To Multiply or Divide' By
m3/sec L/sec 1000*
Sm3/sec L/sec 1000*
Nm3/sec L/sec 1000*
m3/min L/sec 1000*60/
Sm3/min L/sec 1000*60/
Nm3/min L/sec 1000*60/
m3/hr L/sec 1000*3600/
Sm3/hr L/sec 1000*3600/
Nm3/hr L/sec 1000*3600/
ma3/day L/sec 1000*24/3600/
Sma3/day L/sec 1000*24/3600/
Nm3/day L/sec 1000*24/3600/
hL/hr L/sec 100*3600/
NhL/hr L/sec 100*3600/
ShL/hr L/sec 100*3600/
hL/day L/sec 100*24/3600/
NhL/day L/sec 100*24/3600/
ShL/day L/sec 100*24/3600/
! To determine whether to multiply or divide, identify the last character in
this column. If the character is *, multiply; if the character is /, divide.

Mass flow rate conversions are listed below.

Table D-5 Mass Flow Rate Conversions

To Convert From To Multiply or Divide' By
Ib/sec kg/sec 2.204623/
Ib/min kg/sec 2.204623/60/
Ib/hr kg/sec 2.204623/3600/
Ib/day kg/sec 2.204623/24/3600/
ton/sec kg/sec 2000*2.204623/
ton/min kag/sec 2000*2.204623/60/
ton/hr ka/sec 2000*2.204623/3600/
ton/day kg/sec 2000*2.204623/24/3600/
kg/sec kg/sec 1*
kg/min kg/sec 60/
kg/hr kg/sec 3600/
kg/day kg/sec 3600/24/
tonne/sec kg/sec 1000*
tonne/min kg/sec 1000*60/
tonne/hr kg/sec 1000*3600/
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To Convert From To Multiply or Divide' By

tonne/day kg/sec 1000*3600/24/

! To determine whether to multiply or divide, identify the last character in
this column. If the character is *, multiply; if the character is /, divide.

Density conversions are listed in the table below.

Table D-6 Density Conversions

To Convert From To Multiply or Divide! By
kg/m3 kg/m3 1*
kg/dm3 kg/m3 1000*
g/cm3 kg/m3 1000*
Ib/ft3 kg/m3 .06242797/
! To determine whether to multiply or divide, identify the last character in
this column. If the character is *, multiply; if the character is /, divide.

Temperature conversions are listed below.

Table D-7 Temperature Conversions

To Convert From To Formula
DEG F DEG C (DEG F-32)/1.8
DEG R DEG C (DEG R-459.67)/1.8
DEGC DEGC 1
DEG K DEG C DEG K -273.15

Absolute pressure conversions are listed in the table below.

Table D-8 Absolute Pressure Conversions

To Convert From To Multiply By
mm-H20 (60 Deg F) | kPa 0.00980315*
atm kPa 101.325*
kPa kPa 1*
MPa kPa 1000*
kg/cm2 kPa 6.894757%14.22334*
psia kPa 6.894757*
in-H20 (60 Deg F) kPa 0.249*
Bar kPa 100*

Length conversions are listed in the table below.
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Table D-9 Length Conversions

To Convert From To Multiply By
mm mm 1*
cm mm 10*
m mm 1000*
micron mm 0.001*
in mm 25.4*
ft mm 304.8*
yd mm 914.4*

Viscosity conversions are listed in the following table.

Table D-10  Viscosity Conversions

To Convert From To Multiply or Divide! By
Pa.sec cP 1000*
mPa.sec cP 1*
gm/cm.sec cP 100*
P cP 100*
cP cP 1*
kg/m.hr cP 3.60/
Ib/ft.sec cP 0.000672/
Ib/ft.hr cP 2.419/
Ib/in.sec cP 0.000056/
gmf.sec/cm2 cP 0.0000102/
Ibf.sec/in2 cP 0.000000145/
N.sec/m2 cP 1000*
! To determine whether to multiply or divide, identify the last character in
this column. If the character is *, multiply; if the character is /, divide.

Gross heating value conversions are listed in the table below.

Table D-11  Gross Heating Value Conversions

To Convert From To Multiply or Divide! By
kJ/dm3 MJ/m3 1*
kJ/m3 MJ/m3 1000/
MJ/m3 MJ/m3 1*
Btu/ft3 MJ/m3 28.316846592/1.055056*
Btu/in3 MJ/m3 0.016387064/1.055056*
kcal/m3 MJ/m3 1000/4.1841*
! To determine whether to multiply or divide, identify the last character in
this column. If the character is *, multiply; if the character is /, divide.
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Thermal expansion conversions are listed in the table below.

Table D-12 Thermal Expansion Conversions

To Convert From To Multiply or Divide® By
mm/(mm C) mm/(mm C) 1*
in/(in F) mm/(mm C) 1.8/

! To determine whether to multiply or divide, identify the last character in
this column. If the character is *, multiply; if the character is /, divide.
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A

About, 67
Activation Warning Message, 31
Add Materials, 108
Adding Your Logo to the Datasheet, 76, 104
AGA 3 Factors, 325
Report, 67
AGA 8
1985 Compressibility, 163
1992 Compressibility, 172
Gas Mixture Characterization, 170
AGA 8 (1985)
Detailed, 83
HV, CO5, Ny, 86

SG, CH4, COz, N2, 86

SG, CO2, N2, 86
SG, HV, COo, 86

AGA 8 (1992)
Detailed, 83
SG, COy, No, 87

SG, HV, COy, 87

American Gas Association, See AGA
Report No.3, 2nd Ed., 1985, 226, 318
Report No.3, Part 1, 3rd Ed., 1990, 296
Report No.3, Part 1, 3rd Ed., 1990, 224
Ammonia, 204
Argon, 198
ASME
Long Radius Nozzles Gas Expansion Factors, 234
MFC-3M-1989, 220
Standard MFC-14M-2003, 244
Standard MFC-3M-1989, 227
ASME/ANSI Standard MFC-7M-1987, 222, 241
Atmospheric Pressure, 33, 68
Calculation, 352
Authorization, See Site Authorization

B

Basic Installation, 5
British Standard 1042, 224
British Standard BS 1042 - Measurement of Fluid Flow in Closed Conduits, 304
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Bubblepoint, 137, 146
Pressure, 214
Calculation Algorithm, 215

C

C’, Definition of, 352
Calculate, 41, 69
Options, 72
Solve For, 71
Using, 72
Calculate Data, 74
Entering Data, 75, 94
Print, 76, 95, 104
Calculation of Reynolds Numbers, 227
Calculation Standards, See Standards and Calculations
Carbon Dioxide, 206
Changing Licensing, 8
Classical Venturi Tube Gas Expansion Factor, See Gas Expansion Factor
Classical Venturi Tubes
and Venturi Nozzles, 254
and Venturi Nozzles Gas Expansion Factor, 258, 274, 289
Discharge Coefficients, 232
Gas Expansion Factor, 235
Color, 76, See Setting RGB Colors
Concentric Orifice Plate Gas Expansion Factor, See Gas Expansion Factor
Contact Information, 1
Conversion
Factors, 360
Process, 65
Copy a Fluid, 98
Copy Protection — Crypkey, 31
Create
New Job, 33
New Tag, 34
Critical Flow
Calculations, 347
Coefficient, 242
CrypKey
Copy Protection, 31
Tips and Tricks, 33
Troubleshooting, 29
Customer Service, 1
Customizing the Program, 51

D

Default
Base Conditions, 34, 78
Element, 79
Settings for the Job, 33
Units, 79
Setting, 33
Define
Mixture, 98, 113
New Job, 115
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New Tag Dialog Box, 36
Definition of C*, 352
Delete
Fluid, 98
Job, 115
Materials, 109
Density
Calculations, 159
Calculator, 44, 72, 81
of Air, 208
Design Philosophy, 3
Dialog Box
Define New Tag, 36
Flow Calculation, 42
Fluid Maintenance, 53
Graph, 47
Main Flowel Screen, 31
Material Maintenance, 52
Meter Run, 39
Pipe Maintenance, 51
Difference between ISO 5167-1980(E) and 1ISO 5167-1-1991(E), 223
Discharge Coefficient Calculation, 242
Discharge Coefficients
ASME/ANSI Standard MFC-7M-1987, 242
Classical Venturi Tubes
ASME Standard MFC-3M-1989, 232
ASME Venturi Tubes With a Machined Convergent
ASME Standard MFC-3M-1989, 233
ASME Venturi Tubes With an As-Cast or Fabricated Convergent
ASME Standard MFC-3M-1989, 232
Cylindrical Throat
ASME/ANSI Standard MFC-7M-1987, 242
Long Radius ASME Nozzles
ASME Standard MFC-3M-1989, 230
Throat Tap
ASME Standard MFC-3M-1989, 231
Wall Tap
ASME Standard MFC-3M-1989, 231
Nozzles
General Application, 338
International Standard ISO 5167-1-1991(E), 268
International Standard 1ISO 5167-1-2003(E), 283
ISA 1932 Nozzle
General Application, 338
International Standard 1ISO 5167-1-1991(E), 269
International Standard ISO 5167-1-2003(E), 284
International Standard ISO 5167-1980(E), 253
Long Radius Nozzle
General Application, 338
International Standard 1ISO 5167-1-1991(E), 270
International Standard 1ISO 5167-1-2003(E), 285
International Standard 1ISO 5167-1980(E), 254
Orifice Plates
American Gas Association Report No.3, Part 1, 3rd Ed., 1990, 297
ASME Standard MFC-3M-1989, 228
Base Discharge Coefficient
American Gas Association Report No.3, Part 1, 3rd Ed., 1990, 297
ASME Standard MFC-3M-1989, 229
International Standard 1ISO 5167-1-1991(E), 266
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International Standard 1ISO 5167-1-2003(E), 282
International Standard 1ISO 5167-1980(E), 250
Concentric Orifice Plate
With Corner Taps, Flange Taps, or Radius Taps
General Application, 327
With Pipe Taps
General Application, 327
With Vena Contracta Taps
General Application, 328
Conical Entrance with Corner Taps
British Standard BS 1042, 305, 312
Conical Orifice With Corner Taps
General Application, 335
Corner Taps
ASME Standard MFC-3M-1989, 229
International Standard ISO 5167-1-1991(E), 266
International Standard 1ISO 5167-1980(E), 251
Eccentric Orifice Plate With Flange Taps
General Application, 329
Eccentric Orifice Plate With Vena Contracta Taps
General Application, 330
Eccentric with Corner Taps
British Standard BS 1042, 306, 313
Flange Taps
ASME Standard MFC-3M-1989, 230
International Standard 1ISO 5167-1-1991(E), 267
International Standard 1ISO 5167-1980(E), 251
General Application, 327
International Standard ISO 5167-1-1991(E), 265
International Standard ISO 5167-1-2003(E), 281
International Standard ISO 5167-1980(E), 249
Quadrant Edge with Corner Taps or Flange Taps
British Standard BS 1042, 306, 313
Quadrant Orifice Plate With Corner Taps or Flange Taps
General Application, 334
Radius Taps
ASME Standard MFC-3M-1989, 230
International Standard ISO 5167-1-1991(E), 267
International Standard 1ISO 5167-1980(E), 252
Segmental Orifice Plate
With Flange Taps
General Application, 332
With Vena Contracta Taps
General Application, 333
Small Bore Orifice (Small Diameter Orifice) Meter Runs
With Corner Taps
General Application, 337
With Flange Taps
General Application, 336
Toroidal Throat
ASME/ANSI Standard MFC-7M-1987, 242
Venturi
Classical Venturi Nozzles
International Standard ISO 5167-1980(E), 255
Classical Venturi Tube
With a Fabricated (welded) Convergent
International Standard ISO 5167-1980(E), 255
With a Machined Convergent
International Standard 1ISO 5167-1-1991(E), 271
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International Standard 1ISO 5167-1-2003(E), 286
International Standard 1ISO 5167-1980(E), 255
With a Machined Convergent Discharge Coefficients
General Application, 338
With a Rough Welded Convergent
International Standard 1ISO 5167-1-1991(E), 271
International Standard ISO 5167-1-2003(E), 286
With an As-Cast Convergent
International Standard 1ISO 5167-1-1991(E), 271
International Standard 1ISO 5167-1-2003(E), 286
With an As-Cast or Fabricated Convergent
International Standard ISO 5167-1980(E), 254
With As-Cast Convergent Discharge Coefficients
General Application, 338
With Rough Welded Convergent Discharge Coefficients
General Application, 338
General Application, 338
Venturi Nozzle
Discharge Coefficients-General Application, 338
International Standard ISO 5167-1-1991(E), 272
International Standard ISO 5167-1-2003(E), 287

E

Edit Materials, 108
Element Type, 39
Emerson Process Management Contact Information, 1
Entering Data, 103
Error Message, 24, 28, 29, 30, 31
Ethane, 198
Ethylene, 198
Exact
Bore Size, 88
Calculate, 71
Differential Pressure, 90
Calculate, 71
Flow Rate, 90
Calculate, 71
Example
1 — How to Determine the New Size for an Orifice Plate, 54

2 — How to Determine Volumetric Flow Rate at Standard Conditions, 60

Exit, 91

Export
Fluid, 91
Job, 92
Tag, 92

F

Features, 2
Convenience, 3
Optional, 3

File Menu, 93

Flow Calculation
Dialog Box, 42
Methods, 220
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Flow Rate Calculation, 237
Flowel Data Sheet, 94
Flowel Database, 33
Backup, 33
Move, 33
Flowel Error Message, 24, 28, 29
Fluid, 95
Maintenance, 52, 98
Dialog Box, 53
Property Calculation Methods, 142
Report, 99
Settings, 36
State, 37, 96
Type, 38, 96
All, 96
Common Fluids, 96
General Mixture, 97
Natural Gas, 97
Other, 98
Formulas and Calculations, 352

G

Gas Expansion Factor
ASME Long Radius Nozzles
ASME Standard MFC-3M-1989, 235
Classical Venturi Tubes
ASME Standard MFC-3M-1989, 236
General Application, 340
Classical Venturi Tube with Throat Taps, 343
Concentric Orifice Plate
With Corner Taps, Flange Taps or Radius Taps, 340
With Pipe Taps, 341
With Vena Contracta Taps, 340
Conical Orifice Plate with Corner Taps, 342

Eccentric Orifice Plate with Corner Taps, Flange 180° Offset Taps, Flange 90° Offset Taps, Vena Contracta 180°

Offset or Vena Contracta 90° Offset, 341
ISA 1932 Nozzle with Corner Taps, 342

Long Radius Nozzle with Radius Taps, Wall Taps or Throat Taps, 342
Quadrant Edged Orifice Plate with Corner Taps or Flange Taps, 342

Restriction Flow Devices
Concentric Orifice with Pipe Taps, 343

Segmental Orifice Plate with Flange taps or Vena Contracta Taps, 341

Small Bore Orifice (Small Diameter) Meter Runs
With Corner Taps, 342
With Flange Taps, 342
Venturi Nozzle with Throat Taps, 343
Nozzles
ISA 1932
International Standard 1ISO 5167-1-1991(E), 273
International Standard ISO 5167-1-2003(E), 289
International Standard 1ISO 5167-1980(E), 257
Long Radius
International Standard 1ISO 5167-1-1991(E), 274
International Standard ISO 5167-1-2003(E), 289
International Standard ISO 5167-1980(E), 258
Orifice Plates
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American Gas Association Report No.3, Part 1, 3rd Ed., 1990, 299

ASME Standard MFC-3M-1989, 233, 234
Conical Entrance

British Standard BS 1042 - Measurement of Fluid Flow in Closed Conduits, 307, 314

Flange Taps

American Gas Association Report No.3, 2nd Ed., 1985, 322

International Standard ISO 5167-1-1991(E), 272
International Standard ISO 5167-1-2003(E), 287, 288
International Standard ISO 5167-1980(E), 256

Pipe Taps

American Gas Association Report No.3, 2nd Ed., 1985, 322

Quadrant w/Corner or Flange Taps

British Standard BS 1042 - Measurement of Fluid Flow in Closed Conduits, 307, 308, 314, 315

Venturi
Classical Venturi
International Standard ISO 5167-1-1991(E), 275
International Standard 1ISO 5167-1-2003(E), 290
International Standard 1ISO 5167-1980(E), 258
Venturi Nozzle
International Standard 1ISO 5167-1-1991(E), 275
International Standard ISO 5167-1-2003 (E), 290
International Standard ISO 5167-1980(E), 259
Glossary of Terms, 139
Graph, 99
Dialog Box, 47

H

Help
Content, 101
Desk, 1
Index, 101
Menu, 101
How to
Contact Emerson, 1
Use Help, 101
Hydrogen, 198

i-Butane, 198
Ideal Gas Method, SGi, Zf, 87
Ideal Gas Specific Heat Capacity, 218
Import

Fluid, 102

Job, 102

Tag, 102
Installing

Basic Procedure, 5

Network, 2

Network Server, 10
International Standard ISO 5167-1-1991(E), 223, 264
International Standard ISO 5167-1-2003(E), 280
International Standard ISO 5167-1980(E), 222, 248
International Standard 1ISO 5167-2003, 224
Introduction, 1
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|P Address, 17

ISA S-20 Data Sheet, 48, 103
Isentropic Exponent, 73, 105, 147, 217
ISO Technical Report, 224

IUPAC Carbon Dioxide, 85

J

Jobs Summary, 106

L

Lee-Kesler BWR Equation, 153, 218
Liquid Method, SG, Density H20, 88
Logo
Add to the Datasheet, 76, 104
Long Radius ASME Nozzles Discharge Coefficients, 230

M

Main Menu, 107
Material, 39

Maintenance, 52, 107

Dialog Box, 52

Menu, See Main Menu
Meter Run, 109

Dialog Box, 39

Element, 110

Pipe, 111

Pressure Taps, 111

Settings, 39
Methane, 198
Mixture Definition, 112
Modified Peng-Robinson Equation of State, 151
Modified Rackett Equation, 158
Molecular Weight Method, MW, Zf, 88
MySQL Database, 33

N

NBS
Ammonia, 85
Argon, 85
Ethane, 85
Ethylene, 85
Hydrogen, 85
i-Butane, 85
Methane, 85
Nitrogen, 85
Oxygen, 85
Propane, 85

NBS/NRC Steam Equation, 84

n-Butane, 198
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Network

Installation, 2

Server Installation, 10
New Job, 114

Creating a, 33

Define New Job, 115

Delete Job, 115

New Tag, 115
New Tag, 115

Copy, 117

Create a, 34

Define New Tag, 116

Delete, 117

Flowel's method, 118
Next Button, 32, See also Previous Button
Nitrogen, 198
Nomenclature, See Glossary of Terms
Nozzle Discharge Coefficients, See Discharge Coefficients
Nozzle Gas Expansion Factor, 257, 273, 288, See Gas Expansion Factor
NX-19, 188

Detailed, 84

O

Open

Job, 118

Tag, 119
Option Ordering, 120
Optional Package, 3
Options

Density Calculator, 72

Menu, 121

Viscosity, 72
Orifice Plate

1d to 6d Thick, 348

6d to 20d Thick, 348

Discharge Coefficients, 228

Gas Expansion Factor, 233, 256
Orifice Plate Gas Expansion Factor, See Gas Expansion Factor
Other Formulas and Calculations, 352
Oxygen, 198

P

Permanent Pressure Loss, 239

Classical Venturi Tubes
International Standard 1ISO 5167-1-1991(E), 279
International Standard ISO 5167-1-2003 (E), 294
International Standard 1ISO 5167-1980(E), 262

General Application
ISA 1932 Nozzles and Long Radius Nozzles (High and Low Ratios) with Radius Taps, 346
Long Radius Low Ratio Nozzles with Throat Taps, 346
Square Edged Orifice Plates with Flange Taps, Radius Taps and Corner Taps, 345
Square Edged Orifice Plates with Pipe Taps and Quadrant Edged Orifice Plates, 346
Venturi Tubes and Venturi Nozzles, 346

ISA 1932 Nozzle
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International Standard 1ISO 5167-1-1991(E), 278
International Standard ISO 5167-1-2003 (E), 294
International Standard 1ISO 5167-1980(E), 262
Long Radius Nozzle
International Standard ISO 5167-1-1991(E), 278
International Standard ISO 5167-1-2003 (E), 294
International Standard ISO 5167-1980(E), 262
Orifice Plates
American Gas Association Report No.3, Part 1, 3rd Ed., 1990, 302
ASME Standard MFC-3M-1989, 239
International Standard 1ISO 5167-1-1991(E), 278
International Standard 1ISO 5167-1-2003 (E), 293
International Standard ISO 5167-1980(E), 261
Pipe Taps
American Gas Association Report No.3, 2nd Ed., 1985, 325
Quadrant w/Corner or Flange Taps
British Standard BS 1042 - Measurement of Fluid Flow in Closed Conduits, 310, 317
Venturi Nozzle
International Standard 1ISO 5167-1-1991(E), 279
International Standard 1ISO 5167-1-2003 (E), 294
International Standard ISO 5167-1980(E), 262
Pipe Maintenance, 51, 121
Add a Nominal, 122
Add a Schedule, 122
Delete a Nominal, 123
Delete a Schedule, 124
Dialog Box, 51
Edit a Schedule, 123
Pipe Selection, 40
Plate Thickness, 338
Pressure Taps, 39
Previous Button, 32, See also Next Button
Print
All, 124
Current Tag Specification Sheet, 49
Fluid, 99
Options, 49
Paper Format, 126
Preview, 50, 126
Printer Setup, 126
Setup, 50
Spec., 127
Tag, 127
Propane, 198
PVT
Properties, 142
Property-Generalized Methods, 147
Property-Specialized Methods, 162

R

Real Gas Method, SGr, Zair, 88
Recommended Hardware/Software Requirements, 4
Redlich-Kwong
Equation of State, 147
Equation with Wichert-Aziz Correction for Sour Natural Gases, 162
Redlich-Kwong (Wichert-Aziz), 84
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Reference, 67
Requirements
Hardware, 4
Software, 4
Restriction Orifice Plates, 337
RK Equation, 219
Rounded Bore Size, 129
Calculate, 72

S

Select Pipe, 40
Selection Lists, 114
Setting
Atmospheric Pressure, 33
Default Base Conditions, 34
Default Units, 33
Default Values, 33
Fluids, 36
Meter Run, 39
RGB Colors, 77
Significant Digits, 34
Significant Digits, 34, 130
Site Authorization, 7
Site Key, 32
Spec. Sheet, 131
Specific Gravity Calculations, 161
Specification Sheets and Reports, 47
Standards and Calculations, 2
Starting Flowel, 33
Steam Properties, 193

T

Thickness, 39

Plate, 338
Thomson-Brobst-Hankinson Equations, 155
Toolbar, 132

Use, 31, 132
Training Services, See Tutorial, Chapter 2
Transfer Authorization, 134
Troubleshooting, 24

Crypkey, 29

Flowel, 24

Windows Error Messages, 29
Tutorial, 30

About, 30

One Time Through, 30

Start Tutorial, 30
Typographic Conventions, 1

U

Uncertainty, 135, 353
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Upgrade From Earlier Version, 9
Used Resources, 136
User Data Menu, 137
User Group
Define, 20
Manage, 21
User Management, 19, 21
Utility, 19
User Manual, 1
User Reference, 67

\%

Vapor Pressure, 45, 137, 215
Vapor Pressure/Bubblepoint, 73
Venturi Discharge Coefficients, See Discharge Coefficients
Viscosity, 45, 72, 138, 147, 209
Gas, 210
of Water and/or Steam, 213
Restrictions and Uncertainties, 213

w

Windows Error Message, 30, 31
Windows Menu, 138

Windows Registry Error, 29
Worksheet Menu, 138

z

Zoom, 75, 95, 104
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