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Preface

Initially developedo provide engineers with a suite @dsy to use, efficient and
reliablepressure relief calculations, CAPRE has been considerably expanded in this
release to provida collection of important and frequently used chemical engineering
calculations in fluid flow and vessel calibration.

About this guide

This guide is designed assist youn becoming quickly familiar with the capabilities
of CAPRE its interface and how the prograsused.

Who should read this guide

This guide is written for users @APREto help you take full advantage of its
calculations. If you are new this product, we recommend that you first rd&e 60
Second Guide t6APRE

The guide assumes you are familiar with the Windows operating system. If you are
new to Windows, you can find help, tutorials and support information by clicking
Start > Help and Support.

What is in this guide

The guide contains descriptions and dtggstep instructions for all the tasks involved
in usingCAPRE

How this guide is structured

The chapters are organised as follows:

1. Introduction Introduces the CAPRE product,tlining the
calculations and functions.

2. Gettingstarted Shows how to sta€@APRE,how to access it
features anthow toget help.

3. CAPREQuick Tour Tutorials for typical sessios usingCAPRE
for PEW or pressure relief calculations,
emphasising the camonly used features.

4. CAPRE worksheet basics Tells you how to create and manage
calculation worksheets.

5. Using CAPRE worksheets Shows typical examples of each of the
standard calculation worksheets.
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6. Standard calculator tools Describes the standard PRlping
calculators.
7. Working with functions Tells youhow to insert functions to create

your own calculation worksheets

8. Working withtemplates Tells youhow toset up your own calculation

worksheets as CAPRE user templates

9. CAPRE options Describes howo change settings that apply

throughout your workbook.

The guide also includesaaiick referencesection and glossary

Conventions

The following typographical conventions are used in this guide:

Bold

Italic
Monospace
Monospace

oblique

>

To help with procedures, items that you click, select, or view may appear
with the bold format (buttons, options, and window titles, for example).

Proper names (software products, for example) and titles appear in the
italic format.

Represents any text that appears on the computer screen or text that you
should type. It is also used for filenames, functions, and examples.

Represents variable text where you would type in a specific value.

The chevron indicates a menu option in a procedure. For example, click
File > Open, me a n s Fifeonenu,tclicleOpen. 0




Chapter 1T Introduction

Initially developedo provide engineers with a suite @dsy to use, efficient and
reliablepressure relief calculations, CAPRE has been considerably expanded in this
release to provida collection of important and frequently used chemical engineering
calculations in fluid flow and vessel calibration.

Installed as an adith for Microsoft Excel CAPRE provides an extensible platform for
either using the suite standardisedpreadsheets or tdilise the extensive library of
CAPRE and Excel functions to develop your own calculation spreadsheets.

Key features
The key features of CAPRE include:

1

Suite of over proforma spreadsheetsaddressing common engineering
problems, such as fluid flgyequipment sizing and presstredief.

Extensive library of engineering functionsthat lets youdevelopyour own
spreadsheets quickly and efficiently

Fully documented calculations and functionghat provide information on the
industry standards underlying each function and calculation.

Standard calculator toolsthat are common across the PEL suite, to produce
values for pipe diameters, pipe roughness and moleweights.

Unit setting and conversionoptions that let you enter values in their quoted
units (such as US or imperial units) with automatic conversion to engineering or
Sl units for the calculated result.

Built on Excel platform lettingyou integrate CAPREalculations with your
own calculations outilise the charting and pivot table features within Excel.

CAPRE delivers a suite of validated, documented, and secure calculation
spreadsheets, each with a common user interface making theto-egsyand realy
accessible.

Introducing CAPRE

The pressureelief calculations contained in CAPRE are for:

1

Required Relief Ratei determining the rate at which liquid or vapour must be
relieved to protect equipment.

Size Estimation i calculating the size of a relieédice to pass the required relief
rate.

The process engineering calculations added in version 2.0 are for:

1
1

Fluid Flow T calculations involving fluid flow in various scenarios.

Equipment i calibrating cylindrical tanks with specified orientation and vessel
ends.
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CAPRE spreadsheets
An example spreadsheet is shown below.

B - D E F G H 1 1 K L M N 8} P Q
; Sizing for Gas or Vapour Flow: Critical or Subcritical f,:':]':m o
3 “ I! I. Plant Area
4 " I. I. API 520 Calculation No.
5 Calculation Sheet Sheet Sheet 1 of
6 |INPUT DATA REV
7 E——
8 FLUID Methane & Pentane mixture | |
E] — |
10 [ ]
11 [ ]
12 MOLECULAR WEIGHT 51 kgikmol
13 RATIO OF SPECIFIC HEATS k 1.11 :I
14 COMPRESSIBILITY FACTOR z 0.8 |
15 RELIEF VALVE SET PRESSURE Ps 5.7 barg |
16 RELIEF VALVE OVERPRESSURE P 10 % ||
17 DOWNSTREAM PRESSURE P2 1.01 bara | |
18 REQUIRED FLOW THROUGH DEVICE w 24270 ka/h |
19 RELIEVING TEMPERATURE T 75 C |
20 [ ]
21
22 CHECK FOR CRITICAL FLOW
23 ||
24 |
25 RELIEVING PRESSURE  PT 6.70 bara ||
26 CRITICAL FLOW NOZZLE PRESSURE Pcf 3.90 bara | |
27 RATIO OF BACK PRESSURE TO UPSTREAM PRESSURE r e |
28 COEFFICIENT OF SUBCRITICAL FLOW F2 nA |
29 RATIO OF SPECIFIC HEATS COEFFICIENT c 327.8 usc |
30 RATIO OF SPECIFIC HEATS COEFFICIENT c 00249 sl
31 ]
32 |VALVE COEFFICIENTS
33

A key feature of the form is that it provides a standard layout for all calculations, with
space to record information about the project and revision control of the calculation.
It may alsabecustomisede.g. picking up your own company logo and confidentiality
text. The size of the form is such that it can easily be printed to provide formatted
paper copies suitable for distribution, archiving, etc.

Other features include:

9 Colourcoding dentifies those cells where you need to enter data and those that
show results.

Cell protection can be used to prevent changes to some values.
Documentation, including equations, can be used within the form.
The form can handle units of measurement andesion between them.

Values within such a form are still available for use elsewhere within the
workbook if you want to extend it.

= =4 =4 -

CAPRE functions

The core functionality in the forms is driven by a library of functions which are
installed as part of CAPRE

Some examples of possible use of functions are given below:

i To convert units of measurement:
=ConvertUnits(A0o, 0Co0, 0KO)
which would displ ay An273. 150

1 To calculate the required relief rate for liquid with certification:
=ReliefRateLiquidWithCertificatiotKd, A, PR, PD, SG, Kb, Kc, Kv)
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The arguments / parameters in the functions could be literal values, cell references or

named cells or expressions using standard Excel functions.

Some functions require a long list of arguments. These are supplied fdrypaulise
theInsert Function button on the formula be £

Some calculations will require or benefit from being broken down into a number of
steps which are called separately. Benefits of this include:

1 More calculations are made available to users.
1 Formuke are simpler with shorter argument lists.

1 Intermediate values allow users to structure and check calculations, or to
investigate sensitivity of results to key parameters.

9 Some calculations might require the same initial steps so repetition can be
avoided

What 6s new iIin this version

The key new features in version 2.0.x are:
1 Added calculations in fluid flow and equipment sizing

The suite of calculations is expanded to include many diutteflow and
equipment calculations also handled by the PEpYlication in the PEL suite.
SeeChapter Son page23for details

1 New pressure relief fire calculations

Three separate calculations to calculate the relief flow rate in the case of heat
absorption from an external pool firg b vessel containing liquid. Each is based
on a different standaridAPI 2000, AP1521 and EPSHEG 8eeChapter Son
page23for details

T Insert Function feature for building your own calculation sheets

A new CAPRE Insert furimn command, added in version 2.0, lets you add the
function as an array of cells with each argument to the function in a separate cell
and with the function cell containing references to those cells. This in effect
arranges the arguments as a gatayform on the sheet for repeated uSee
Chapter 7on page73for details.

1 UserCalculations featurefor building your own calculationtemplates

A new feature to let you set up your own calculations as templates so you can
reuse them and share them with colleaguesCheagter8 on page81 for details.

Overview of PEL

PEL is a collection of tools to enable process esgisito carry out their dag-day

tasks more quickly and reliably. The software includes purpose built programs to
generate datasheets, perform engineering calculations of liquid and / or gas flow,
investigate physical properties and create fault tregralias. Designed by engineers
for engineers, the tools are intuitive and easy to use. They can be used to work out

every day calculations, for troubleshooting issues such as bottlenecks, or when making

plant modifications. This low cost solution will enalelegineers to design processes
more quickly and reliably with ufp-date and permanently available design data.
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Benefits

9 Allows engineers to be more efficient and productive. With fewer manual
calculations to do, tasks are carried out quicker;

1 Improves QAand standardises procedures, through everyone using same set of
data and calculations;

Human errors in calculations are reduced;

Improves production as bottlenecks can be identified quickly so a solution can be
sought;

9 Allows operators to get the best afittheir existing assets by carrying out
modifications rather than designing new ones.




Chapter 21 Getting started

This chaptershows you how to start CAPRE and tells you how to get help on using
the calculation spreadsheets alnel library of functions.

Starting CAPRE

As CAPRE is installed as an Add for Microsoft Excel, you start the application by
startingExcel Typically this is using th&tart menu, with the shortcut fdgxcel
foundunder Microsoft Office.

For information on using Excel, preiS& to open the standard Excel Help.

Starting CAPRE with a Excel workbook

Once you have saved your calculations as an Excel workbook, you can start CAPRE
by doubleclicking the workbook in Windars Explorer, or in the most recent versions
of Windows from the Documents Library.

To start CAPRE with an Excel workbook:

9 Doubleclick your Excel workbook in Windows Explorer or your Documents
Library.

Note In more recent usions of Windows if you pointt&xcelin the Start menu,
you can select your workbook from the listre€entffiles.

You can also open a recent file from #ike tab inExcel.

Quitting CAPRE

To quit CAPRE:
1 Do one of:
1 On theFile menu, clickExit.
1 Click theClose K) button.
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User interface

Once Microsoft Excel has opened, you see your usual Excel user interface with an
added CAPRE option on the Office ribbon or méau, according to the version of
Excel installed on your computer. For example, this is hdeoks inExcel2013.

H ©- s Bookd - Excel T EH - O X
HOME | INSERT ~ PAGELAYOUT ~ FORMULAS ~ DATA  REVIEW  VIEW  PDF-XChange2012  CAPRE John Smith -

alla| 5 - -
& Caibn By - B |General - [ 2 M Bt - 3 - Ay i

Microsoft Office | _ B - L E.gy s o+ sy Condi Barfoercrospﬁ Office Find &

File tab Formattl  fibbons including CAPRE I Select =

. Font Fl Alignment M Number IF1 g ~

AL - fe -
A B c D E F G H 1 J K L M N 0 P =

1:-

2

3

4

5

5

7

E

9

10

1

12

13

14

15

16

17 -

Sheetl @ Fl ¥

] M -———+ 100%

Note Although you see the CAPRE option added to the ribbon or menu bar at this
point, the CAPRE adth is not activated until you run a CAPRE command to create a
calculation worksheet or to add a CAPRE function to an Excel worksFastlets

you open your existing Excel workbooks without activating the CARéiace

When you run your first CAPRE command you see the CAPRE splash screen briefly.

Accessing CAPRE features

As CAPRE is installed as add-In for Microsoft Excel, the way you access the
features of the product depends on which version of Microsoft Office is installed on
your computer.

If you have Microsoft Offic2007or later, CAPRE adds a ribbon to the Excel user

interface.
H : Book - Excel
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW CAPRE
Fluid Flow =~ Size Estimation ~ Administration = Pipe Inner Diameter Molecular Weight  Units of Measurement Update Link Help on Current Calculz
Equipment ~ Required Relief Rate ~ Pipe Roughness {71 Make Static Sheet [ Insert Function  |[E] Help on Units in CAPRE
K-Value Update Logo User Calculations @ CAPRE Reference
PEW Pressure Relief Administration Tools Utilities Help

For Microsoft Office 2003 or earlier, a CAPRE option appears on the menu bar.

Microsoft Excel - Book1

(3] Ele Edit Wiew Insert Format  Tools Data  Window CAPRE  Help

The functions are the same whether accessed by a ribbon or a menu.
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Viewing help on using CAPRE

This section tells you how to get help on using CAPRE within Excel.
For information on using Excel, preS& to open the standard Excel Help.

Viewing help on CAPRE calculations

If you are using the standard CABRalculation worksheets, reference information is
available on each calculation.

To view help on the current calculation (Office 2007 or later):
1 On theCAPRE ribbon, clickHelp on current calculation.
The CAPRE help opens, showing the appropriate topic.

To view a on the current calculation (Office 2003 or earlier):
T On theCAPRE menu, point tcHelp then clickHelp on current calculation.
The CAPRE help opens, showing the appropriate topic.

Viewing help on units in CAPRE

If you are using the standard CAPRE calculation workshaetsthe functions they
use, reference information on the units involved is available

To view help on units (Office 2007 or later):
1 On theCAPRE ribbonin theHelp group, clickHelp on units in CAPRE.
The CAPRE help opens, showing tirits reference

To view help on units (Office 2003 or earlier):
1 On theCAPRE menu, point tdHelp then clickHelp on units in CAPRE.
The CAPRE help opens, showing tirits reference

Viewing help on CAPRE functions i Excel method

If you want to use the standard CAPRE calculations and the functions they use to
develop your own calculation worksheets, help is available on individual functions.

To view function help (unprotected worksheet):
1) Select a cell containing the function you want to use.

2) On the function toolbar clickx.

- fe | =Area(130,129,129)

TheFunction Arguments dialog opens, showing the values for the parameters.
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Function Arguments @
Area
Arealnits | = "mm2"
Diameter 129 F&s| = 18.5078
DiameterUnits | 122 ﬁ = "mm"
= 271.5060283
Calculates the cross-sectional area corresponding to spedfied diameter.
AreaUnits
Formula result = 271.51
Help on this function [ 0K ] l Cancel J

3) Click Help on this function to open the appropriate online help topic.
The CAPRE help opens.

To view function help (protected worksheet):
1) Click any input field that contains a value.

2) On the function toolbar clickx.

- fe| 14

Thelnsert Function dialog opens.

Insert Function @

Search for a function:

Type a brief description of what you want to do and then dick
Go

Cr select a category: | Most Recently Used Izl

Select a function:

HYPERLINK
COUNT &

ACOSH(number)
Returns the inverse hyperbolic cosine of a number,

Help on this function [ oK l [ Cancel ]

3) Intheselect a category list click the function category you want, suchP&s.
DIERS.

4) In theselect a function pane, select the function you want.

5) Click Help on this function to open the appropriate online help topic.
The CAPRE help opens.

10



Chapter 27 Getting started

Viewing help on CAPRE functions i CAPRE method

The simplest way to view help on a function in the library of CAPRE functions is
using the CAPRHEnsert Function command.

To view function help on a CAPRE function

1)

2)

3)

On theCAPRE ribbon clickinsert Function. ;I?

The Insert Function dialog opens.

&3 CAPRE: Insert Function (23]
Cat: ( T Search T Tags T Favaourites
All categories j
Functions

AbzoluteT emperatureR atio
API520_2Phaze_CriticalPressureR atio

APIS20_2Phaze_MassFlux

API520_2Phase_bassFlus_Critical

API520_2Phaze_MassFlux_Subcritical

API520_2Phaze_Omega_Density

API520_2Phaze_Omega_olume

AP1520_Liquidkp

API520_Liquidk.

API520_Re

API520_SteamM apierComection

API520_SteamSuperheatComection

API520_Subcooled_CriticalPressureR atio i

Calculates the ratio of two pressures after converting them to
absolute units, P1/P2

Show Save as
Show Help et r Favourite? r oK Cancel

In theCategories list, click the category you want to filter the list of functions.
You can also use the other tabs to filter the list by tags, search for a function or
view a list offavourites

In theFunctions list select the function you want to view help on the function
and clickShow Help.

Other user assistance

CAPREhas thedollowing other forms oluserassistance:

9 Online documentation

9 PEL Support Services

Online documentation

Documentations provided for PEL products on the website. The documents are
provided as PDF files for you to download and print. These include:

9 60 second guides

9 Online user guides

11
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PEL Support Services

This program is developed, maintained and supported by PEL Sugpades, ABB.
We run a Hotline telephone and email service to answer any queries about CAPRE.

Please let us have any suggestions on how you feel we could improve CAPRE. You
can contact us by any of the following routes:

By Telephone: +44 (0)1925 74 1126
By Fax: +44 (0)1925 74 1265
By email: pel.support@gb.abb.com

By Post: PEL Support Services
ABB Limited.
Daresbury Park
Daresbury
Warrington
Cheshire WA4 4BT
United Kingdom.

12



Chapter 317 CAPRE Quick Tour

This chapterprovidestutorials to get you started with the application. The tutorial,
which is divided into two parts, is available separately in print form (or as a PDF file)
entitled 60 Second Guide.

Part 17 PEW calculations

This shortself-paced tutoriaWill show you howeasy it is tgperform a process
engineering (aka PEW) calculation in CAPRE.

We will calculate the flowrate of water in 300ft of 3in unlined cast iron pipe up a 10ft
hill with a pressure drop of 0.5 bar diff.

Starting CAPRE

1)
2)

3)

4)
5)

6)

7
8)

Start Microsoft Office Excel.

Onthe CAPRE ribbon or menu, in tiR&W group, clickFluid Flow and then
Incompressible Flow.

The calculation worksheet opens in your current workbook.
The firstthingwe need to do is to select the type of calculation.

For Calculation Type, click the yellow cell to show a dropdown arrow. Click the
arrow to show a list of the types of calculation. Leave this gebte.

CALCULATION TYPE | FLOWY I~
DIAMETER
EEEONY ROUGHNESS
LENGTH PRESSURE DROP

ForLength, type300 and in the units cell typie.

Click theDiameter cell to selecit. On theTools ribbon group / someny click
Pipe Inner Diameter. Select3o and40/STD/40S and then cliclOK. The result is
pasted back into theiameter cell.

Notice how theEffective Diameter andEffective Area cells are updated.

Select theRoughness cell. On theTools ribbon group Submenuclick Pipe
Roughness. SelectCast iron, concrete, timber and then cliclOK.

Next, we need to input the losses data.
Select thestatic Head Loss cell. Typel0 and in the units cell type.

Select theFittings Loss cell. On theTools ribbon group’ submenuclick K-
Value.

9 Click theBends tab; enter ratid, quantity2 and clickAdd.

13
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Bend Types: [Radiuz Diameter ] Ratio (r/d] Quantiy

Circular Arc j | |D |1 |t2 Add Delete

BendAngle: ¢ 45 f+ 90 " 180

Bend Type Angle Radiuz Diameter Ratio (uantity KA alue

Circular Avc Unspecified 0

9 Click theSummary tab, forManual Adjustment enters to specify velocity
heads lost through other fittings.

9 Click OK. Theoverallresult is pasted back into tR&tings Loss cell.

Now we need the density and viscosity of water at a temperaturé@apd at a
pressure of 1 bar. We can generate these using the PhysPack application, but for
now we will just type the values in.

9) UnderFluid Properties, enter theDensity andViscosity for Water as follows:

FLUID PROPERTIES
DENSITY 999.43 kg/m3
VISCOSITY 0.9933 cP
Finally, we need to enter the pressdrep.
10) In thePressure drop cell, type0.5 (bar diff).

TheMass Flow is calculated automatically, but we want to change the number of
decimal places and the units.

11) In theMass Flow cell, change the cell format to a Number with 3 decimal places
and enter kg/s as the units. The result should look as follows:

MASS FLOW 4.863 kol's (Calculated)
PRESSURE DROP 0.5 bar diff  (Specified)
DIAMETER 77.93 mm |Specified)
ROUGHNESS 0.256 mm | Specified)

12) Look now at the second block of results that include the Reynolds number and
the status. This shows that the calculatioBks

VOLUME FLOW 17.51558 m3/h
VELOCITY 1.020053 mis
FRICTION FACTOR 0.028212
REYHOLDS NUMBER T79556.68
STATUS OK

Letbs see what happens to the status

13) Change theressure drop t0 0.25. The results cells sho#wALUE and the
status cell shows a reason for the error.

MASS FLOW #HNA  kols (Calculated)
PRESSURE DROP 0.25 bar diff  [Specified)
DIAMETER 77.93 mm (Specified)
VOLURME FLOW #VALUE! m3m
VELOCITY #VALUE! mis
FRICTION FACTOR #VALUE!
REYNOLDS NUMBER #VALUE!
STATUS Static head loss is greater than pressure drop

14
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14) Reset theeressure drop and change the pipeength to 2 (ft). An error message

tells us the length of pipe is too short.

VELOCITY #VALUE! mis
FRICTION FACTOR #VALUE!
REYNOLDS HUMBER #VALUE!
STATUS Pipe length < 1(FDiameter - flow regime would not be fully establizshed

This shows us that the calculation will not return nonsensical results if the input
values are not realistic.

Part 21 Pressure relief calculations

This mini self-paced tutorial wilshow you hw easy it is tqperform a pressure relief
calculation in CAPRE.

The example values used in the calculation are taken from the API 520 procedures.

Starting CAPRE

1)
2)

3)

4)

5)

6)

Start Microsoft Office Excel.

On the CAPRE ribbon or menu, in tReessure Relief group, clickSize
Estimation and themPI 520 (Vapour).

The calculation worksheet opens in your current workbook.

Underinput Data enter the following values and overtype any changed units:

Molecular weight 51

Ratio of specific heat& 1.11
Compressibility factorZ 0.9

Relief valve set pressurBs 89.7 psia
Relief valve overpressur®, 10

Downstream pressurB2 14.7 psia
Required flow through devic&y 53500 Ib/h
Relieving temperaturd;1 627 R

Now, check the results are fadlows:

RELIEVING PRESSURE P1 6.70 bara

CRITICAL FLOW NOZZLE PRESSURE Pcf 3.90 bara
RATIO OF BACK PRESSURE TO UPSTREAM PRESSURE r A
COEFFICIENT OF SUBCRITICAL FLOW F2 A
RATIO OF SPECIFIC HEATS COEFFICIENT (USC) [H 3278
RATIO OF SPECIFIC HEATS COEFFICIENT  (5l) c 0.0249

UnderValve Coefficients check the following values are set:

COMBINATION CORRECTION FACTOR Kc 1
CAPACITY CORRECTION FACTOR DUE TO BACK PRESSURE Kb )
DISCHARGE COEFFICIENT Kd 0.975

For theArea Required value change the cell format to 2 decimal places and then
enterin2 as the units. It should look as follows.
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AREA REQUIRED A 5.73 in2
KdA J3606.9 mmz2

7) IntheOrifice Sizes table, set the units ia2 and theDecimal Places to 2.

API526 ORIFICE SIZES

Orifice in2 Orifice in2
D 0.11 L 2.85
E 02 M 36
F 0.31 N 4.34
G 0.5 P 6.38
H 0.79 Q 11.05
J 1.29 R 16
K 1.84 T 26
Decimal Places: 2

8) IntheQuoted Area cell enter the value of (or add a link to) the orifice size that is

just smaller than the required area and change thetomit2.

QUOTED Kd 0.975
QUOTED AREA 4.341in2

SAFETY FACTOR 0.9

9) Check the KdA validations at the end of the form:

VARIABLE ACTIONS
FLOW CRITICAL FLOW QCCURS CRITICAL FLOW CALCULATION COMPLETE
KDA WROHNG KdA STOP - REVISE CALCULATION

10) In theQuoted Area cell change the value (or link) to the next orifice size up.

QUOTED Kd 0.975'
QUOTED AREA 6.381in2
SAFETY FACTOR 0.9

11) In theKdA Specified cell and the tw/alve Capacity cells change the cell
format to O decimal places. Check the results are as follows:

KdA SPECIFIED 4013 mm2
ACTUAL VALVE CAPACITY 30001 koih
RATED VALVE CAPACITY 27001 koih

12) And, check the KdA validations are as follows:

VARIABLE ACTIONS
FLOW CRITICAL FLOW OCCURS CRITICAL FLOW CALCULATION COMPLETE
KDA COMPLETE COMPLETE

Note TheFlow validation showsCritical Flow. We will now alter the down
stream pressure.

13) Change th®ownstream Pressure to 60 psia. TheFlow validation changes.
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VARIABLE ACTIONS
FLOW SUBCRITICAL FLOW SUBCRITICAL FLOW CALCULATION COMPLETE
KDA COMPLETE COMPLETE

17






Chapter 417 CAPRE worksheet basics

This chapter describes the rudime of using the calculation worksheets, telling you
how to create a calculation worksheet, enter data and use or convert units.

For information on Worksheet and Excel table basics, press F1 to open the standard
Excel Help.

Managing calculation worksheets

Creating a calculation worksheet

Each of the commands on the CAPRE ribbon or menu creates a new calculation
worksheet in your Excel workbook.

The name of £APRE calculatiomworksheet appears on its sheet tab at the bottom of
the screen. By default, the naméhe same as the menu or ribbon commyéud you
canchange this using the standard Excel commands

To create a calculation worksheet (Office 2007 or later):

1 On theCAPRE ribbon in thePEW or Pressure Relief groups, click the
appropriate optionfér examplerluid Flow) then click the calculation you want.

The calculation worksheet opens in your current workbook.

To create a calculation worksheet (Office 2003 or earlier):

1 On theCAPRE menu, point tcCalculations, point to the appropriate groufof
exampleFluid Flow) then click the calculation you want.

The calculation worksheet opens in your current workbook.

Updating links on a worksheet

If you create a workbook of calculations on one computer and then copy the file to a
computer where CAPRE is installed in a different location you will need to run the
Update Links command from a worksheet so that Excel will refer to the correct
location for the CAPRE functions.

To update links (Office 2007 or later):
1 On theCAPRE ribbon in theTools group, clickUpdate Link.
The function links on the worksheet are changed to the correct location.

To update calculation links (Office 2003 or earlier):
I On theCAPRE menu, point tdrools, and then clickpdate Link.
The function links on the worksheet are changed to the correct location.
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Creating a static worksheet

Once you have completed your calculation you magtw@send the workfile to a
client or reviewer who does not have CAPRE installed. Runninigke Static
Sheet command converts all functions in the current worksheet to values.

Note This will convertall functions in the worksheet, both standard Excel functions
and CAPRE functions. You are advised to make a backup copy of your workfile
before using this command as the process cannot be reversed.

To convert your worksheet to a static sheet (Office 2007 or later):
1) On theCAPRE ribbon in theTools group, clickMake Static Sheet.

A message warns you that the process is irreversible.
2) Click Yes to confirm.

All functions on the worksheet are changed to values.

To convert your worksheet to a static sheet (Office 2003 or earlier):
1) On theCAPRE menu, point tdrools, and then clickvake Static Sheet.
A message warns you that the process is irreversible.
2) Click Yes to confirm.
All functions on the worksheet are changed to values.

Sorting your worksheets

If you have added administration worksheets to your calculation to record the who,
what and why of the calculation, you may wish to sort the sheets before printing or
sending to an external client.

Tip Theeasiest way to do this to click on the sheet tab at the bottom of the
window to select it and then drag to where you want to place it.

Entering and editing data

Entering numbers or text on a calculation worksheet

Each of theCAPRECcalculations provide default values for each input cell. The input
cells appear with a cream background.

BE8.7T

Calculation fields, which are automatically filled by functions or expressions
involving one or mee functions, appear with a green back ground.

0.001921

As you change the values in the input fields, the calculation fields are updated
automatically.

Several calculations contain dropdown fields for selecting from two or more fixed
values. For examplen thefiHydraulic Expansion calculatioron page53 you can
switch between Volume and Mass flow rate.

20



Chapter 41 CAPRE worksheet basics

[mass 1~
VOLUME

To change a dropdown field:
1) Click the cell to select the field.

The dropdown arrow appears to the right of the cell.
2) Choose the vakiyou want in the list.

The text in the cell changes.

Converting units and values

CAPREuses common engineering units for all the values on the calculation
worksheets. So, for example, the engineering unit for presstire bar. For some
processes you may want to enter values in Sl unitSYinBritish units (psi).
Similarly, you may want to express the result in these unit. CAPRE can do both of
these.

To enter an input value in different units:
The following examp@ shows a relief valve set pressure specified in bar.
110.32 'barg
1) Select the value cell and type the new input value.
[_600fbarg
2) Select the units cell and type the associated units.
1600|psi

The calculation fields are updated automatically.

To change the units of a calculated value:
The following example shows a valve capacity.
94870 "kgih
1 Select the units cell, and type the new units.
209152 Ibih

The calculation field is updated as soon as you click another cell orgress

Printing and saving

Printing your workbook

The calculation worksheets and the administration sheets are all set to print as A4
portrait format.

To print your workbook:
1) Click theFile tab.
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2)
3)
4)

Click Print.
UnderSettings, click Print Entire Workbook.
Click Print.

Saving your workbook

To save your workbook:

1)
2)
3)
4)
5)

Click theFile tab.

Click Save.

In theSave As dialog box, in theSave as type list, selectExcel Workbook.
In theFile name box, enter a name for your workbook.

Click Save to finish.

Saving your workbook to pdf

If you want to send your completed calculation with added administration sheets to a
client, you can save your finished workbook as a pdf file.

To save your workbook as a pdf file:

1)
2)
3)
4)
5)

6)

Click theFile tab.

Click Save As.

In theSave as type list, click PDF (*.pdf).

In theFile Name box, enter a name for the file

Click Options to select the pages to be printed. Under Publish what,Etitke
workbook and then cliclOK.

Click Save.
The file will have the same nams thhe Excel workbook with the extension .pdf.
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This chapter describes and shows typical examples of each of the standard calculation
worksheets and provides information on the input data fields.

23



CAPRE User Guide

Fluid flow calculations

Incompressible flow

This calculates the incompressible flow along a single, unbranched, cylindrical pipe of
a fixed diameter.

Clent
Incompressible Flow Projact Ho.
Flant area
PEW in Excel l@nwo-
Caleilaton Shest Shest EESE]
CALCULATION TYFE FLOW
PIPEWORK
LENGTH 3045 m
DIAMETER 3482 mm
LINING THICKNESS mm
ROUGHNESS 1.25 mm
EFFECTIVE DIAMETER 34,65 mm
LOSSES
STATIC HEAD LOES o
FITTING § LOSS 0.58
FLUID FROPERTIE §
DENSTY 555.45 kgim3
VISCOUTY 09583 oP
PROGE§§ CONDITIONS
&S FLOW g (Eztimated)
PRESSURE DROP 0.5 bardi
CELCULATION RESULT €
2 MASE FLOW 11.155 kgis (Calculated)
PRESSURE DROP 05 bardi  |Spacified)
DIAMETER 4.8 mm |pecifled)
ROUGHNESS 1.25 mm |Specifled)
EFFECTIVE DIAMETER 8482 mm
a0 EFFECTIVE AREA 5531.3565 mmz
41 VOLUME FLOW 40153627 mn
[F VELOCITY 19813608 miz
[5 FRICTION FACTOR 0268557
[ REYNOLDS NUMBER 1£8030.52
[5 STATUS K
45
] ]
4
2] —
E
£
= —
B EE
=
|5 ] _—
&5
E
&0
Gl
2
=N _—
L
= -
i
L=} |
= —_—
€9
70 |REFEREMCES
71
76_|Ravision 2 B [ [ E F
77_|Dats
73 _[Freparsn by
79 |Checked oy
£0_|4pprovad by
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Input data
Complete thdorm as follows:

Calculation Type Selectone ofFLOWDIAMETER ROUGHNES& PRESSURE DROP
in the dropdown listThe equivalent input field is marked as Estimated. You must
supplyvalues for the other three.

Pipework:
Length is theactual length ofhepipe

Diameter is theinternal pipe diametelv¥ou can enter this value using ffitipe
Inner Diameter Calculatoion page65.

Lining Thickness If the pipe has a lining, enter its thickness. The effective diameter
(actual diameteavailable for flow) is calculated by:

Diameteri 2 x Lining Thickness

Similarly, if diameter is the calculated variable, twice the lining thickness is added to
the calculated diameter for flow to obtain the real internal diameter of the pipe.

Roughness Theroughness dfhepipe is dependent dts construction material
You can enter this value using tiieipe Roughness Calculabarn page66.

Losses:

Static Head Loss is thedifference in elevation between the point of dischany®
the point of entry to the pip&hisvalueis positive if the pipe runs uphill and negative
if it runs downhill

Fitting Loss is thetotal K value for the pipebased omipe entry and exit effés,
fittings losses, bends, Teetc.You can enter thigalue using théK-Value
Calculatod on page66.

Fluid Properties:

Density is theactual density othefluid at operating conditions
Viscosity is theactual viscosity ofhefluid at operating conditions
Process Conditions

Mass Flow is themeasured or estimated flow ratelie pipe

Pressure Drop is themeasured or estimated pressure drop in the pipe.

CAPRE does not cater for reverse flow conditions so the pressure drop must not be
less than the static head loss ternthi$ data is real, there may be plant data errors
(static head errors), instrument errors or gas entrainment.

For information on the theory and method behind the calculation,Hbiigkon
Current Calculation to view the online help or see tiAPRE Referce Guide
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Flow through a manifold T-junction

This calculates the pressure drop for-pufiction consisting of a straight manifold of
consistent bore with a (saier) branch pipe at right angles to it. Both combining and
dividing flows are possible.

MINIBUM REYNOLD S MUMEBER  25484.751

STATUS OK

Clant
Flow Through a Manifold T-Junction Projact No.
r g3 Pla Area
el d PEW in Excel Calculation No.
Calkuiaton Snest [ Shast |Eheetiar
| REF [INPUT DATA RV
i I
F3 FLOW GOMBINING
=] _—
4 MANIFCLD IN - FLOW RATE 1.00 ke
B MANIFOLD OUT - FLOW RATE 2.00 kgis
3 ERANCH - FLOW RATE 1.00 ks
- —
| & | |
B
i0 PIPEWORK
i1 MANIFOLD - DIAMETER 50.00 mm
[F ERANCH - DIAMETER 20.00 mm
REN |
14
|15 ] _—
6 FLUID FROPERTIES
17 MANIFOLD N - DENSITY 1000 kgim3
18 MANIFOLD OUT - DENSITY 1000 Egim
13 BRANCH - DENSITY 1000 kgim3
20 VISCOSITY 1.00 P
1
72
23
|2 ] _—
25
|25 ] _—
27
75
20 |CALCULATION RESULT 5
30
il
A MANIFOLD
33 STATIC PRESSURE DROP 00077815 bar diff
34 FRICTIONAL DROP Bardiff
35
£ BRANCH —
37 STATIC PRESSURE DROP 0001817 bar dift
[ FRICTIONAL PRESSURE DROP 0.0472653 Dar dIT
S
|42 ] |
] |
VELOCITIES
MANIFOLD N - VELOCITY 0.5052858 mis REYNOLDS NUMEER 25484781
MAKIFOLD OUT - VELOCITY 1015515 mis REYNOLDS NUMEER 50928.562
BRANCH - VELOCITY 31830583 mis REYNOLDS NUMBER 63561.977

3

el el el el el

a8

l

|

&)

LTI

REFERENCES

a|c|_< a[mla[mlala]z[ml

Ravision A B [+] 1] E F

T

Preparsd by
Checked by

Approved by

EEE = E

Input data

Complete the form as follows:

Flow Select eitheCOMBININGor DIVIDING in the dropdown list.

Flow Rate is the mass flow into and out of the manifdlthis must be supplied.
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For combining flow, mass flow into the manifold must be less than the flow out of the
manifold. For dividing flow, mass flow out of the manifold must be less than the flow
into the manifold.

Pipework:

Manifold Diameter is the diameteof the main pipe.

Branch Diameter is the diameter of the branch.

The branch diameter must be equal to or less than the manifold diameter.
Fluid Properties:

Manifold In Density is the density of the inlet fluid at operating conditions.
Manifold Out Density is the density of the outlet fluid at operating conditions.
Branch Density is the density of the branch fluid at operating conditions.
Viscosity This is only required to check the Reynolds nunibiéin doubt make it
too large rather than too small.

Forinformation on the theory and method behind the calculation, idkgkon
Current Calculation to view the online help or see tAPRE Reference Guide
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Flow through a symmetrical T-junction

This calculates the pressure drop Humctions consisting of a straight manifold of
constant bore with a branch pipe of the same bore at right angles to it. The junction
should have a sha#gxged jin with all the flow entering or leaving via the branch.
Both combining and dividing flows are possible.

Cant
Flow Through a Manifold T-Junction Project Ho.
A 1D Plart Area
rapmw PEW in Excel Caiculafion Mo
Cakulstion Shest Shoat Sheet 1 a1
SEF |INPUT DATA =
1
2 FLOW COMEINING
3
4 $INGLE LEG - FLOW RATE 1.00 ks
5 BRANCH - FLOW RATE 200 k'
3 OTHER LEG - FLOW RATE 1.00 ke
T
B
B
i0 FIPEWORK
i1 PIPE DIAMETER 50 mm

|

=

l

|

l

o

|

Ed

FLUID PROPERTIES

i7 INLET DENETY 1000 kgim3
18 OUTLET DENETY 1000 kgim3
19 WISCOETY 1.00 cP

e[

&

|
IERRRRRRRRRRRRNRARERNREENE

|2 |
25
26
7
]
75 |CALCULATION RESULTE
30
3 Pragsurs drop s FROM apeciied e of T{unction TO branch
32
) STATIC PRE $3URE DROP 00103753 bar diff
)
35
i VELOCITIES
7 SINGLE LEG - VELOCITY 0.5052855 mis REYMOLDS HUMBER 2548473
] BRANCH - VELOGITY 10185518 mis REYMOLDS HUMBER 50929.562
o] OTHER LEG - VELOCITY 0.5052955 mis REYNOLDS HUMEER 25484731
a0 MINIMUM REYHOLDS NUMEER 25484731

iy

STATUS [+.9

AERRRRRRRRRRRRNRRREENY

|g|g[w.|g|g;%w|g|g|g|g|g|f.|g|a[t|a[ﬁ|

=

Bl

[fs[s]ele]]
RRRRARRNNAN

&

/

[REFEREMCES

4

TR
F

H

g

=

m

[¢]

(=]

m

.

|.;|..-1 E1E
F
:

Input data
Complete the form as follows:
Flow Select eitheCOMBININGor DIVIDING in the dropdown list.
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Flow is symmetrical about the branch, eiteatering or leaving, through both arms of
the T.

Flow Rate is the mass flow into and out of thgdnction. This must be supplied.

For combining flow, mass flow into the junction must be less than the flow out
through the branch.

For dividing flow, mass fiw out of the junction must be less than the flow in through
the branch.

Pipework:

Enter the pipe dimensions here. The units can be changed if required.

Pipe Diameter is the diameter of the branch and main part of tHjien€tion are
assumed to be the same

For information on the theory and method behind the calculation,Hbigkon
Current Calculation to view the online help or see tAiAPRE Reference Guide
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Flow through an expansion

This calculates both the perceived pressure drop (the static pressure drop) and the
frictional pressure loss for various types of expansion in cylindrical pipes.

Chant
Flow Through an Expansion Project No.
4L 1D D Flant Are
Mpw PEW in Excel Calculafion No.
Caleulation Shest |Shest Shaet 1 af
REF |INPUT DATA REV
] L
2 PIPEWORK
E IMLET DIAMETER 1000 mm
4 QUTLET DISMETER 150.0 mm
5
3 IHCLUDED ANGLE OF EXPANSION 50 - 120 degrees
T
& | |
5 PROCESS CONDITION §
0 TAASS FLOW 1.0 kgis
11 IMLET ~DENSITY 1000 kgim3
[F OUTLET DENSITY 1000 kgim3
i3 VISCOSITY 0.10 cP
| 32 | |
= ] |
6
7] -
5
|12 | |
|20} _—
1
|22 ]
23
N |
25
|2} —
27
75
20 [CALCULATION RESULTS.
0
|21 ] —
32 IMLET VELOCITY 0127324 mis REYNOLDS NUMBER 127323.95
35 OUTLET VELOCITY 00565684 miz REYNOLDS NUMBER 84582 536
4 MINIUM REYNOLDS NUMBER 84582 838
35
36
37 D'YHAMIC PRE $5URE DROP 6.5E-05 bar diff
5 FRICTIONAL PRE $ SURE DROF 2752E-05 bar dIff
30
a0 TOTAL PRESSURE DROP -3.75E-05 bar dift
| 4 | |
| ] .
|42 ) _—
44 STATUS oK
[
| o5 | 1
4] |
45
| ]
0
Gl
H
55
54 |NOTES
=N _—
6
57
5
=N _—
£0
1] _—
E2
=N |
B4
= |
3
E7
== _—
£
70 |REFERENCES
71
[ 72 | |
| 7= | 1
2] |
75
| 76 _|Revision & B T ] E F
77_|Date
7% _|Preparsd by
79 |Checked by
&0_|Approved by

Input data

Complete the form as follows:

Pipework:

Enter the pipe dimensions here. Tthets can be changed if required.

Inlet Diameter is the diameter of the pipe upstream.
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Outlet Diameter is the diameter of the pipe downstream.

Included Angle of Expansion is the angle of expansion in the range IBO
degrees.

Abrupti an immediate righ&ingle change in diameter
Conical- data available for various angles of the cone
Process Conditions:
Mass Flow Rate is the mass flow through the fitting
Inlet Density is the density of fluid at the entry to the fitting
Outlet Density is the density of flid at the exit from the fitting
Viscosity This is only required to check the Reynolds numibiéin doubt make it
too large rather than too small.

For information on the theory and method behind the calculation,Hbigkon
Current Calculation to view the online help or see tAiAPRE Reference Guide
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Flow through a contraction

This calculates both the perceived pressure drop (the static pressure drop) and the
frictional pressure loss for various types of contraction in cylindrical pipes.

Cliant
reill] Flow Through a Contraction ]Emjsdnn.
rrmw Ii"‘ﬁ“ﬁ
PEW in Excel Calculation N
Calculation Shast Shaet | B3]
- [INPUT DATA B
2 PIPEWORK
3 IHLET DIAMETER 102.26 mm
4 QUTLET DIAMETER 77.55 mm
3 CONTRACTION TYFE Tapered
& | |
5 PROCESS CONDITIONS
10 MASE FLOW RATE 27000 KN
1 INLET DENHTY 107865 Kim3
12 QUTLET DENSITY 1074.31 km3
3 VISCOUTY 1.24845 P
= —
|5 | |
16
.—3 1
o] 1
|22 | |
o
2] ]
)
7
%
F
70 |CALCULATION RESULT S
32 INLET WELOCITY 03455541 mis REYNOLDS NUMBER 74736.502
3 QUTLET VELOCITY 1.4E38337 mis REYNOLDS NUMBER 33072531
= MINIMUM REYHOLDS NUMEER 74738302
3
37 DYNAMIC PRESSURE DROP 0.0075415 Dar dIT
% FRICTICHAL PRE S SURE DROP 0.0011507 Dar aifT
]
40 TOTAL PRESSURE DROP 0.0087523 bar dift
o | |
|4 | .
| 43} —
M STATUS oK
2 _—
| e | 1
|| |
45
| 2 | |
B
1
=2
=
=1 |WOTES
5
&7
£
=2 ] _—
&0
|51 ] _—
€2
|5 ] |
4
=N |
€6
&7
| | |
3
70 |REFERENCES
71
T3
T4
76_|Revision 4 B C D E F
77_|Data
75_|Preparsd by
72 |Checked by
0 |Approved by

Input data

Complete the form as follows:

Pipework:

Enter the pipe dimensions here. The units can be changed if required.

Inlet Diameter is the diameter of the pipe upstream.
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Outlet Diameter is the diameter of the pipe downstream.

Contraction Type Select one of:..
ABRUPT immediate right angle change in diameter
CONICALiassumes cone of total angle O 60A
ROUNDED smoothly rounded change in diameter

Process Conditions:

Mass Flow Rate is the mass flow through the fitting

Inlet Density is the density of fluid at the entry to the fitting.

Outlet Density is the density of fluid at the exit from the fitting.

Viscosity This is only required to check the Reynolds numibiéin doubt male it

too large rather than too small.

For information on the theory and method behind the calculation,Hbdiigkon
Current Calculation to view the online help or see tAiAPRE Reference Guide
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Liquid flow through a restrictor orifice

This models liquid flow through a restrictor orifice. It calculates any one of the
flowrate, pressure drop and orifice diameter given the diveer

Cant
Liquid Flow Through a Restrictor Orifice Projact No.
A\ 1Ib IR Fient Area
FApw PEW in Excel Caiculafion Mo_
CalcuEton Ehest |srml | B
REF [INPUT DATA =
5
2 CALCULATION
El CALCULATION TYPE FLOW
4
5 FIPEWORK
3 PIPE DIAMETER 100.00 mm
T ORIFICE DIAMETER 50.00 mm
B PLATE THICKNES S 0.00 mm
= | |
10 PROCESS CONDITIONS
11 UPSTREAM PRE § SURE 1.00 bar
iz DOWH STREAM PRE 5 SURE 0.50 bar
13 A8 FLOW RATE 143 ke {E=timated)
14 UP STREAM TEMPERATURE 100.00
i35
16 LIGUID PROPERTIES
17 VISCOUTY 015 cP
18 DENSITY 1000 kgim3
ERER |
|20} —
2]
72
75 |CALCULATION RESULT§
2] L
25 FLOW PATTERN THROUGH ORIFICE SEPARATED
3
27 1455 FLOW RATE [Calc) 51518.175 Kpihn
75 UPSTREAM PRE § SURE 1 bar
79 DOWN STREAM PRE S SURE [Spec) [ bar
0 PRESSURE DROP 05 ar diff
3 ORIFICE DIAMETER [Spec) 50 mm
3 K-VAL UE OF RESTRICTOR 122852
33 UPSTREAM REYNOLD'S NUMBER 10122283
H
35 CALCULATION ME $ S4GES
6
37
[
38
|42 ] _—
]
2 ] -
SR _—
|4 | |
|42 ) —_—
45
|7 | |
| o | 1
|2 ] _—
| =0 | |
Gl
H
5
| 5« [WoTES
5
5
=] _—
5
E
£0
1] _—
B2
= |
B4
=l _—
EE
|57 | .
|52 ) —_—
EQ
70 |REFEREMCES
1
2] L
73
] _—
75
76 _|Revtsion & B C 1] E F
77_|Date
T8 _{Preparad by
79_|Checked oy
50_|Approved by

Input data
Complete the form as follows:

Calculation Type Selectone ofFLOWDIAMETEROr PRESSURE DRO#N the
dropdown list The corresponding input field is marked as Estimated. You must supply
values for the othdwo.
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Pipework:
Enter the pipeidiensions here. The units can be changed if required.

Pipe Diameter is theinternal pipe diametelYou can enter this value using the
fiPipe Inner Diameter Calculatoon page65.

Orifice Diameter is the diameter of orifice

The relevant ratio is orifice thickness/diameter (t/d). If this is between 0.6 and 1.0 it is
not possible to predict whether the flow reattaches before leaving the orifice and this
affects the pressure drophe calculation assumes 0.8 as the dividing bneshows a
warning.

Plate Thickness is the thickness from the upstream to downstream side
This is important for liquid flowr see above

Process Conditions:
Upstream Pressure the pressure upstream must be supplied.

Downstream Pressure can be supplied aralculated from the upstream pressure if
pressure drop calculation is requested.

Mass Flow Rate can be supplied or calculated from orifice diameter and pressure
drop if flow calculation is requsted.

Upstream Temperature temperature upstream must be sugplie
Fluid Properties:
Viscosity is theviscosity ofthefluid at operating conditions
Typical values are around 1 cP for liquids.
Density is thedensity ofthefluid at operating conditions
Some common densities are:
f Water 1000 kg/rh
9 Simple salts/acids iwater, very roughly 1000*(1+fractional strength) so a 50%
solution would be approximately 1500 kd/m

For information on the theory and method behind the calculation,Hbigkon
Current Calculation to view the online help or see tBAPRE Referenc8uide

35



CAPRE User Guide

Gas flow through a restrictor orifice

This models gas flow through a restrictor orifice. It calculates any one of the flowrate,
pressure dropnd orifice diameter given the other two.

Tha ratio of orifics to pipa &rea Is greatar han 0.13.

Thig |2 gutslds the rangs of axpenmentsl data.

Trest reaults with caution!

It the presaurs drop s Bmall, conskder rarunning 26 & lquid cass.

Cant
Gas Flow Through a Restrictor Orifice Projact No.
A\ I ED Fient Ares
Fampw PEW in Excel Calculafion Mo_
CalcuEton Shest STt | =S
| REF [WPUT DATA FEW
1 |
F] CALCULATION
E CALCULATION TYPE FLOW
4
5 FIPEWORK
3 PIFE DIAMETER 100.00 mm
T ORIFICE DIAMETER 50.00 mm
B PLATE THICKHES S 2.00 mm
B —
0 PROGESS CONDITIONS
11 UPSTREAM PRE § SURE 1.00 bar
[F DOWN STREAM PRE § SURE 0.50 bar
13 MA§S FLOW RATE 03443 kgis (Etimated)
14 UP STREAM TEMFERATURE 100.00 G
5
6 A% PROPERTIES
17 VISCOSITY 015 cP
5 COMPRE $ SIBILITY 100
18 ISENTROFIC EXPANSION EXFONENT 140
20 MOLECULER WEIGHT 30.00 kgkmoal
il
Z
73 |CALGULATION RESULT§
24
25 M4 88 FLOW RATE [Cale) 12415018 kgh
3 ORIFICE DIAMETER |Spec) 50 mm
27 DOWN STREAM PRE S SURE [5pec) 0.5 bar
25
79 PRE S SURE OUT $IDE VEMA CONTRACTA 0.3450825 bar
0 DISCHARGE GOEFFICIENT QBITETS
3 UPSTREAM REYNOLD'S NUMBER 24353.963
32 ORIFICE REYNOLD S NUMBER AETET.938
33
EX VENA |
35 UPSTREAM CONTRACTA DOWNSTREAM
36 MACH NUMEER 01153 1.000 0238
37 PRE S SURE 1.0000 0.534 0500 bar
S TEMFERATURE 1000000 36.694 96.562 [+
S STAGNATION PRE $SURE 10100 100 1520 bar
40 STAGHATION TEMPERATURE 1010623 101053 101063 [+
] VELOCITY 45.4100 T 348 50,060 miz
CALCULATION ME $ S4GES == WARNING FROM GCALCS == 1

|

NOTE §

[Ql&[i’}lg[ﬁ b z:|;3|2|3|5|sa|iﬁ|alaltla[sl

&

l

e s

l

&

[
RRRRRRRNNRAN

BARRARN

REFERENCES

4

R

Ravision ) E T 1] E F
Dats

pr

Checked by

|_E0 [Approwed by

a|a|=

&

You set the calculation type in a dropdown list.

Input data
Complete the form as follows:

Calculation Type Selectone ofFLOWDIAMETEROr PRESSURE DRO#N the
dropdown list The corresponding input field is marked as Estimated. You must supply
values for the othdwo.
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Pipework:
Enter the pipe dimensions here. The units can be changed if required.

Pipe Diameter is theinternal pipe diametelYou can enter this value using the
fiPipe Inner Diameter Calculatoon page65.

Orifice Diameter is the diameter of the orifice.

This should be less than 13% of the pipe area. If it is much greater than this, the
experimental results on which the calculationsba®ed do not apply and theoretical
extrapolation may be suspect.

Plate Thickness is the thickness from the upstream to downstream side.

The ratio of orifice thickness to diameter must be less than 0.1. Above this the
calculation will reset and use t/d =10

Process Conditions:
Upstream Pressure is the pressure upstream. This must be supplied.

Downstream Pressure can be supplied or calculated from the upstream pressure if
pressure drop calculation is requested.

For gases, the downstream pressure shouldentatss than 1/5 of the upstream
pressure.

Mass Flow Rate can be supplied or calculated from the orifice diameter and
pressure drop if the flow calculation is required.

Upstream Temperature is the temperature upstream. This must be supplied.

CAPRE will cdculate static and stagnation temperatures

Fluid Properties:

Viscosity is the viscosity of fluid at operating conditions.

Typical values are around 0.018 cP for gases.

Compressibility This represents the deviation from an ideal gas.

It can vary betweef).6-1.2, but for low pressures (<5 bar), it is close to 1.

Isentropic Expansion Exponent is the exponent of isentropic expansion. For ideal
gases this is the same as the specific heat ratio.

Molecular Weight is the molecular weight of the gas. You can etites value using
thefiMolecular Weight Calculatéron page70.

For information on the theory and method behind the calculation,Hbigkon
Current Calculation to view the online help or see tiAPRE Reference Guide
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Equipment calculations

Vessel calibration

This calibrates depth, wetted area and volume for cylindrical tanks which may have
flat, ellipsoidal, dished or conical ends independentiyref another. Dished and

conical ends may have a transition knuckle and the axis of the tank can be horizontal,
vertical or inclined.

Chant
Ak HP EP Vessel Calibration Projact Ho.
a1 I%T_
PEW in Excel Calculation Mo
CalUETon Shest 5 ELEa
| REF [NPUT AT A REW
1 |
z GEWERAL DATA
3 ORIENTATION HORIZONTAL
4 LENGTH TOTAL
=] _—
3 TOTAL LENGTH 500 m
T CYLINDER DIZMETER 150 m
g |
B
0 END DIMENSIONS LOWER UFFER
i1 SHAPE FLAT FL&T
2 DIAMETER OF SMALL END m
i3 CYLINDER -~ END DI STANCE m
14 DISHED END RADIUS OR MINOR AXIS m
i35 RADIUS OF TRAMSITION KNUCKLE m
16
7 LIGUID DENSITY 1000 kgim3
LR —_—
| 19 | |
70 CALCULATION
il SPECIFY VOLUME
Z DEFAULT UNITS m3
23 SPECIFIED UMITS m3
|2 ]
25 VOLUME 12 m3
5
27 AREA 27.055256 m2
[ VOLUME 12 m3
2 MASS 12000 kg
0 DEPTH 15m
]
32
33
E3 |
35
|25 ] _—
= _—
B
9
|40 ] -
]
| 42 | |
| 4 ) _—
| 44 | |
[
| 45 | 1
|47 ] —
45
| ]
0
Gl
52
£3
54
| =5} —_—
=5
- _—
8
E
£0
&1
| &z |WoTES
|5 | _—
B4
= -
£6
| 57 | -
| &} _—
£2
70 |REFEREMCES
71
=] —
75
LR _—
75
| 76 _|Revision 0 B T ] E F
77_|Date
T3 _|Pregared by
79 |Checked by
50_|Approved by
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Input data

Complete the form as follows:

General Data:

Orientation Select on®f VERTICAL, HORIZONTALor SLOPEDN the dopdown list.

Length Choose to specify the total length or the length of the cylimdire
dropdown list.

Cylinder/Total Length is thetotal or cylinderength ofthetank as selected above.
Cylinder Diameter is thediameter othetank cylinder

Upper End Height is theheight ofthetop end of cylinder abovine bottom end of
cylinder. This only appears faloping tanks

End Dimensions:
Shape Select one of the followingp the dropdown list:
FLAT straight across the end of the cylinder

CONE conical with a rounded end linked to the main cylinder by a
transition knuckle

ELLIPSE ellipsoidal end with no transition knuckle

DISH dished(rounded end linked to the main cylinder by a transition
knuckle

The next four fields ardependantn the shape. The cells turn yellow if required.

Diameter of small end is thediameter of the rounded end of the c¢oanical ends
only).

Cylinder -> End Distance is thedistance from the end of the cylindrical portion of
the vessel to the end of the equonical ends only).

Dished End Radius or Minor Axis is theradius of the dished er{dished endsor
theminor radius of the ellipsgellipsoida).

Radius of Transition Knuckle is theradius of thecurved transition knuckle used to
join conical anddished endto the main cylinde

Calculation:

Specify Choose one 0fOLUMEMASSor DEPTH[of contentk

The selected parameter appears as the legendaeltt@@31.Enter avaluein cell 131.
Specified units is set to the default units for the chosangmeter. You can change
this if you wish.

For information on the theory and method behind the calculation,Hbigkon
Current Calculation to view the online help or see tiAPRE Reference Guide
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Vessel calibration i multiple points

This calibrates depth, wetted area and volume for cylindrical tanks which may have
flat, ellipsoidal, dished or conical ends independently of one another. Gisded

conical ends may have a transition knuckle and the axis of the tank can be horizontal,
vertical or inclined. With the provided input data a graph can be plotted for a number
of calibration points, up to a maximum of 40.

Chant
AL HP BB Vessel Calibration Projact No.
[t ] Plant Araa
PEW in Excel Calculaticn Mo
CalcuEton Shest St |Eneet a7

| REF [WPUT DATA =

1

z GENERAL DATA

3 ORIENTATION HORIZONTAL

[ LENGTH TOTAL

g

B TOTAL LENGTH 500 m

7 CYLINDER DIAMETER 100 m

B

T

0 END DIMENSIONS LOWER URPER

i SHAPE FLAT FLAT

12 DIAMETER OF SMALL END m

i3 CYLINDER -~ END DI STANCE m

14 DISHED END RADIUS OR MINOR XIS m

s RADIUS OF TRANSITION KNUCKLE m

6

7 LIGUID DENSITY 1000 kgim3

18

10

0 CALCULATION GRAPH

2 DEPTH  DEPTH  VOLUME MASS  AREA  AREA

2 m m m kg mz2

5] 0.000 0.00 o0 00 000

24 0050 0.05 (3] 734 228 —«— AREA M2

15 0100 0.10 02 044 330

16 0150 015 04 3634 a2 20

7 0200 0.20 0 5531 am

28 0250 0.25 08 67T 554

19 0300 0.30 10 3508 &1 g

a0 0350 0.35 12 12243 c82

Bl 0.400 0.40 15 14588 74z 14

32 0450 0.45 17 17138 L

3 0500 050 20 13634 864

i 0550 055 21 29130 s 10 ,r’*/{

38 0800 050 25 24801 384 T

36 0850 055 27 zmzo 1045 8 _x,r‘f

37 0700 0.70 23 2931 108 g

32 0750 0.75 32 31582 1n74

39 0800 030 34 3378 1242 4

a0 0850 085 38 35575 1315 M

] 0300 050 37 sTms 1398 “

iz 0350 055 33 38535 1498 0

43 1.000 1.00 33 39258 i7.28 0.000 0200 0.400 0.600 0.200 1.000 1.200

) 0.00 00 00 000

= 0.00 00 00 000

[ 0.00 00 00 000

a7 0.00 o0 00 000

[H) 0.00 00 00 000

1o 0.00 00 00 000

&0 0.00 o0 00 000

&1 0.00 o0 00 000

52 0.00 00 00 000

3 0.00 00 00 oo

4 0.00 o0 00 000

&5 0.00 00 00 oo

56 0.00 00 00 000

7 0.00 00 00 oo

£8 0.00 o0 00 000

£9 0.00 00 00 oo

EO 0.00 00 00 000

&l 0.00 00 00 oo

A 0.00 (1] 00 000

£3
| & |mwoTES

Es

£6
| &7 | 1
|52 ) —_—
=R -

T

71_|REFERENCES

T2

EE]
| 72}

75
| 76 _|Revision 0 E T 1 E F

77_|Date
| 72 |ereperec by

72_|Checked by

50_|Approver by
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Input data

Complete the fornas follows:

General Data:

Orientation Select on®f VERTICAL, HORIZONTALor SLOPEDN the dropdown list.

Length Choose to specify the total length or the length of the cylimdire
dropdown list.

Cylinder/Total Length is thetotal or cylinderength ofthetank as selected above.
Cylinder Diameter is thediameter othetank cylinder

Upper End Height theheight ofthetop end ofthecylinder abovehebottom end of
thecylinder. This only appears faloping tanks

End Dimensions:
Shape Select one ofthe followingin the dropdown list:
FLAT straight across the end of the cylinder

CONE conical with a rounded end linked to the main cylinder by a
transition knuckle

ELLIPSE ellipsoidal end with no transition knuckle

DISH dished(rounded end linked tohe main cylinder by a transition
knuckle

The next four fields ardependantn the shape. The cells turn yellow if required.

Diameter of small end is thediameter of the rounded end of the c¢oanical ends
only).

Cylinder -> End Distance is thedistancerom the end of the cylindrical portion of
the vessel to the end of the cqpenical ends only).

Dished End Radius or Minor Axis is theradius of the dished er{dished endsor
theminor radius of the ellipsgellipsoida).

Radius of Transition Knuckle is theradius of thecurved transition knuckle used to
join conical and dished eatb the main cylinde

Calculation:

Specify Choose one 0fOLUMEMASSor DEPTH[of contents

Specify the data for the calibration poiimghe Calculation table.
I SetcdlC27 toone ofVOLUMEMASSor DEPTH

T Cells C28 to G28 show the default units for each parameter. You can edit these if
required.

i Enter thedata pointdor your chosen parameter in cells C29 downwards.
Tip If you enter values in the first two cells, seldw cells move the mouse pointer
over the bottom right corner of the cells and drag down to fill the rest of the column.

For information on the theory and method behind the calculation,Hbiigkon
Current Calculation to view the online help or see tiAPRE Reference Guide
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Size estimation calculations

API1 520 (Vapour)

This calculates the size required for a PRV to relieve a specified flow reapaidirat

either critical or subcritical flow conditions and the capacity of a PRV of a known size

under the sameonditions

| B
Y | Sizing for Gas or Vapour Flow: Critical or Subcritical Iﬂwcmn-
‘al i
A_Pl 520 Calculation No.
Calculation Shoat [Shaet Shpat 1 of
REF [INPUT DATA REV
1
EH FLuo [
3
= —
s ]|
| & | MOLECULAR WEIGHT B1 kgfkmol ]
7 RATIO OF SPECIFIC HEATS Kk 111 [
[ & ] COMPRESSIBILITY FACTOR 2 L] |
[ RELIEF VALVE SETPRESSURE  Ps 897 psia |
B RELIEF VALVE OVERPRESSURE P 10 % ]
[ 1] DOWNSTREAM PRESSURE P2 147 psia |
| 12 ] REQUIRED FLOW THROUGH DEVICE W 53500 I/ |
13 RELIEVING TEMPERATURE ~ T1 27 R |
14
15 |
16_|CHECK FOR CRITICAL FLOW
17
o] —
[ 19 ] RELIEVING PRESSURE  P1 £70 bara ]
Ex CRITICAL FLOW NOZZLE PRESSURE  Pof 380 bara |
ER RATIO OF BACK PRESSURE TO UPSTREAMPRESSURE  r WA |
[ = | COEFFICIENT OF SUBCRITICAL FLOW  F2 [T [
3] RATIO OF SPECIFIC HEATS COEFFICIENT (USC) € T8 |
Ex RATIO OF SPECIFIC HEATS COEFFICIENT (S} € 0.0249 |
25
76 |VALVE COEFFICIENTS.
| 27 | —
EX COMBINATION CORRECTION FACTOR  Kc 1 |
Ex CAPACITY CORRECTION FACTOR DUE TO BACK PRESSURE Kb 1 ]
ER DISCHARGE COEFFICIENT  Kd 0475 |
¥
| 52 [KdA REQUIRED
= —
EN AREAREQUIRED A 573 in2 APIS26 ORIFICE SIZES .
EA Kod IE0E.H mm2 Orifice ] Orifice in2 |
Ex D 0.11 L 285 1
El E 0.2 m 3.6 ]
El QUOTED Kd 0478 F 0.31 N 4.34 [
ER QUOTED AREA £.38 In2 5 0.5 P 6.38 [
[ 40 ] SAFETY FACTOR L1] H 0.79 11.05 |
4 KdA SPECIFIED 4013.2178 mm2 J 1.28 16 ]
42 K 1.84 26
[ | Deamal Flaces z -
44
45 |CAPACITY OF SAFETY VALVE
=a —
47 ACTUAL VALVE CAPAGITY 30001 kg |
[
[ 49 ] RATED VALVE CAPACITY 27001 kg |
50
(51 [VALIDATION
| = | —
| 52 T S—— ACTIONS —
Ex [ Flow | CRITICAL FLOW OCCURS CRITICAL FLOW CALCULATION COMPLETE 1
Ex [ KDA COMPLETE COMPLETE [
5
57 |NOTES
=a —
|59 _Imanutacturers imterpret the different codes in Giferent ways - quota staed arneas and Kd S
| _60_|Baianced pressune rebet vahves should b sized under critcal fiow, Sy Row aquations ans appecpriabs only whirs full % is maintained |
&1
e ]
& |
&
[ & | -
L -
| &7 ] —
= S—
[ |
[ 70 [REFERENCES
T
72 AP Standard 520 Part 1, §ih editon (Dec 2008) |
73 Section 5,63 "Sizing for Criical Flow™ ]
74 Saction 5.6.4 "Sizing for Subcrivcal Fiow. Gas ¢ Vapour ]
75
76 |Revision A B C ) E F
77 _|Date
4 |Prepared
73 _|Checked
&0 _|Approved
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API 520 (Liquid with certification)

This calculates the size required for a PRV to relieve a specified flow rate of liquid
and the capacity of a PRV of a known size under the same conditions.

It is for a PRV which requires capacity certification in accordance with tiEAS
Code, and is based on the calculation methods described in APl Standard 520 Part 1.
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