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1. Introduction

1.1 What is WANDA 47

WANDA 4 is a powerful and user-friendly program for the hydraulic design and
optimization of pipeline systems. Both engineers and operators use WANDA to study
the steady and dynamic behaviour of liquid, heat, gas and slurry flows in arbitrarily
configured pipeline networks. The software can be easily linked to other applications,
e.g. for operator training systems or advanced real-time control. WANDA has been
extensively tested, validated and designed for engineers by engineers.

WANDA can be used throughout the lifetime of the pipeline system: from initial design,
component optimization, control procedure evaluation up to commissioning and
operator training. Detailed information of the flow can be viewed at any location in the
system at any moment in time. WANDA'’s intelligent components and standard-setting
GUI enable you to carry out any hydraulics analysis in the most efficient way.

WANDA can model a rich variety of flow processes such as liquid, gas and heat
transport, cavitation and variable fluid properties. Flows from less than a few hundred
litres per hour to well over 100,000 m>/h have been accounted for.

1.2 WANDA domains

The sophisticated software architecture of WANDA 4 enables the user to access
physical domains such as gas transport, heat transfer (density, viscosity, temperature)
and also multiphase systems. The Liquid module incorporates the former WANDA 4
version; the well-known User Interface and other successful parts are basically
unchanged.

User Interface
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1.2.1  WANDA 4 Liquid

WANDA Liquid provides a wide variety of components from which most hydraulic
systems can be built for each type of fluid, no matter what size or operational conditions
of the network. WANDA Liquid includes amongst others:

e Accurate head loss of T-, Y- and X-junctions (Idelchik)

¢ Newtonian and non-Newtonian fluids (slurry friction model)

e Active components: pumps, (control) valves and air vessels

e Filling of pipelines

e Free surface pipe/channel component

e Transition of partial filled pipelines into a completely filled, "waterhammer"
sensitive system

e Advanced components: e.g. turbine and dynamic check valve

1.2.2 WANDA 4 Heat

Heat transfer and monitoring the temperatures in a liquid system is realised with Wanda
Heat, making it an interesting module for urban district heating networks and process
industry. WANDA Heat calculates mass flow rates, pressures and temperatures.

e Full temperature dependent fluid properties

o Heat transport due to flow

e Heat transfer to and from the surroundings

e Heat transfer by dedicated components (heat exchangers)

e Heat generation by friction

1.2.3 WANDA 4 Gas

With WANDA Gas the transient phenomena of gas in pipeline systems can be
simulated. The basis is formed by the conservation laws (mass, momentum and
energy) and the equation of state of the gas, allowing to calculate the pressures,
temperatures, velocities and densities as the primary variables. Typical examples are:

e Gas transport pipelines

e Gas well studies

¢ Pneumatic systems

e Air conditioning systems

¢ Non-isothermal processes (convection, conduction, expansion)

e Abrupt phenomena such as choke valve break out or blow out

1.2.4 Control

WANDA Control is a very powerful module supporting all other modules with the
simulation of the complex operation of systems. The control module allows the
hydraulic system to be linked to a control system. This allows the user to evaluate the
effectiveness of different control philosophies on the hydraulic system. Notable features
include:

e Advanced pumping station controllers including parameters for ramp-up time,
minimum speed etc.

12 - Introduction
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e Activation of valves, pumps, etc

e Varying of boundary conditions (pressure head or discharge)
e Sensor and generators (logical or numerical output)

e Conditional block (IF-statements and switches)

e Logic operators (AND, OR, exclusive OR, NOT)

¢ Numeric operators (add, multiply, functions, etc.)

e Continuous controllers (PID-controllers incl. start/stop)

1.3 Modelling aspects

1.3.1  From real world to mathematical model

In (numerical) models such as WANDA, only separate parts of the real world are
included that can be considered more or less independent of external influences. At the
boundaries of a model interaction with the outside world takes place. The modeller must
decide based on experience what level of detail to include in the model. This process of
schematization of the real world results in a model of the parts of the real world that are
of interest to the user. If the modeller makes the right decisions, the model can be used
to simulate events that (can) occur in the real world. In this way phenomena in the real
world can be studied without the need of expensive or even impossible changes to the
(pipeline) system.

Real World Model Simulation

A simulation is an event in the model that corresponds to the real world

WANDA helps the modeller to build a solid model for pipeline systems quickly. The
modeller can build a model by connecting symbols of common hydraulic components to
each other. The result is a scheme of symbols and lines that represent the part of
interest of the real world. The symbols represent mathematical equations in WANDA
and the lines exchange information

1.3.2 Hydraulic diagram editor

WANDA uses iGrafx® FlowCharter® as diagram editor. This program is part of the
delivery and fully integrated in the WANDA software. iGrafx is a division of Corel®.

iGrafx® FlowCharter® is a full-featured, easiest to use process analysis and modelling
tool to help organizations understand and improve (business) processes. A graphical
representation of processes allows people to easily comprehend information and
quickly focus on the bottlenecks and issues in a process.

Deltares
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1.3.3 Components and galleries

The symbols in the WANDA diagram are called components. The components contain
mathematical models which are expressed in equations. Combining the mathematical
models creates a hydraulic model.

For each WANDA domain there is a library of components that can be applied to build
the hydraulic model. This library is called the gallery. Each domain has is own gallery.

For each domain this manual contains a separate chapter where all available
components are described.

The figure below shows some examples of the galleries.
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Some components in different domains are very similar but the equations will be
different. In the Liquid domain the main variables are H (head) [m] and Q (discharge)
[m%/s], in the Heat domain the main variables are p (pressure) [N/m?], M (massflow)
[kg/s] and T (temperature [°C] and in the Gas domain the main variables are p
(pressure) [N/m?], v (velocity) [m/s], p (density) [kg/m®] and T (temperature [°C].

Each component has 1 or more connect points. For each connect point the main
variables are calculated. The components are connected to each other by connection
lines. To prevent the user for connecting components from different domains each
domain has his unique connect point colour (Liquid: blue, Heat: orange, Gas: yellow).

NOTE: Since the introduction of the WANDA software the group of hydraulic
components and nodes are called H-components and H-nodes, With the introduction of
new domains like Heat and Gas each domain has his own group of components and
nodes. Therefore it is better to use the general name of physical components and
physical nodes which can be split into liquid, heat, and gas components and nodes.
The annotation H-component and H-node as many times used in this manual must be
read as pHysical component and pHysical nhode
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1.4 Calculation modes

1.4.1 Time scales

A distinction can be made between several hydraulic aspects considering time scales.
Therefore, we will distinguish two different modes: the Engineering mode and the
Transient mode.

1.4.2 Engineering mode

In Engineering mode only steady state calculations are done, assuming that there are
no changes in time and all variables are constant. The fluid is considered
incompressible.

WANDA Engineering has been developed to support the most common activities in the
hydraulic design of any piping system:
o Design of arbitrary hydraulic systems using a wide variety of available
hydraulic components.
¢ Quick design using flow-prescribing components (pumps, valves, taps, etc.).
Pump speeds, valve positions, tap head losses, etc are calculated. Flow and
pressure balancing.

¢ Reliable design using component parameters from your own (company)
database.

o Evaluation of pipe diameters, hydraulic gradients, flow velocities.
e Calculation of the system characteristic to support pump selection.
e Calculation of the energy consumption and efficiency of a pumping station

1.4.3 Transient mode
The Transient mode allows unsteady flow conditions to be investigated.

Wanda computes all different kind of unsteady phenomena, varying from extended time
simulations until fast waterhammer events, including cavitation.

To change from steady to unsteady flow regimes it is necessary to change the
behaviour of one or more components. Therefore some components are active which
means that certain settings can be changed in time by the user or by control
components.

Quasi-steady (extended time simulation)

Quasi-steady calculations can be considered as a number of independent steady state
calculations, which happen to be following each other time. Although the conditions
may change with time (e.g. different discharge patterns or valve positions for each time
step), each calculation is independent from earlier solutions. For instance engineering
tools like Epanet use the quasi-steady approach to determine the water levels and
residence time in reservoirs during a certain period of time (day or week).

WANDA uses the quasi-steady approach to calculate the pipe friction at the new time
step. WANDA Control uses the quasi-steady approach as it ‘measures’ at the old time
step to determine the control-actions at the new time step.

Deltares

Introduction - 15



User Manual

Wanda 4.3 June 2014

Waterhammer (Pressure transients)

Due to abrupt changes in the flow conditions (valve closure, filling of pipeline or
reservoir) pressure waves develop, which travel through the pipeline (surges). As the
fluid and containing pipeline are compressible, the pressure wave needs time to travel
from one end of the pipeline to the other end. These pressure waves are very quick
phenomena (transients) with wave speeds up to over 1000 m/s.

In Transient mode WANDA calculates the pressure waves in all waterhammer pipes.
The fluid in rigid column pipes is considered incompressible, resulting in an infinite
wave speed.

Cavitation

Pressure waves and abrupt variations in the pipe profile (e.g. a partially closed valve)
can result in substantial changes in pressure. When the fluid pressure drops below the
fluid vapour pressure, cavitation can occur. Liquid becomes gas and as gas is more
compressible than liquid, the amount of gas in the pipeline changes the flow conditions.

In WANDA the effect of cavitation is included as it recalculates the flow conditions at
each time step depending on the pressure and fluid properties.

1.5 Validation

The numerical models in WANDA and its predecessors have been validated since the
seventies. For these validations special test rigs were build (e.g. 1000 m long cavitation
test rig) or field measurements are used. Component modelling is based on physical
performance testing in the hydraulic flow laboratory of Deltares as well as on site
testing. Deltares’ reputation and decades long experience of fluid dynamics are a
guarantee for the high quality of this powerful simulation software package.

A benchmark analysis has been conducted in a European project between 1998 and
2002, in which WANDA and three other commercially available transient simulation
software tools have been benchmarked against a selected set of field and lab data.

The validation report is available via http://wanda.deltares.nl

Test 123, pressure P4

45 ‘ ‘ ‘ ‘ ‘ ‘ ——measurement

Pressure [mic]

Validation results from measurement and WANDA simulation
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1.6 WANDA 4 main features

e Branched and looped systems,

o Steady flow,

e Transient flow,

e Free surface flow (optional),

e Cavitation,

e Control module (optional),

e System optimisation module,

e Over 100 different components, supporting rapid design calculations,
e Powerful pipe model with several friction models including local losses,
e Interrupting and resuming of simulations,

e Graphical user interface with intuitive look and feel

e Simple and flexible operating principles,

e Choice of different unit systems (SI, UK, US, user units),

e Your own (company) database of hydraulic component data

e Graphical and tabular presentation of time and distance functions of all
hydraulic output results

e Animation of the dynamic simulation results

1.7 To whom is WANDA 4 a useful tool?

In the years following the introduction of WANDA in 1994, it has been licensed to many
well-known companies and it has been used for diverse applications related to:

e (Process) plant piping,

e Sewage transport pipelines,

e LPG pipelines,

e Long distance crude oil pipeline transport,

e White product conveyance systems,

¢ Qil loading and off-loading pipelines,

e Fire fighting systems,

o Drinking water networks,

o Water treatment facilities

e Cooling water systems,

e Heat transportation systems,

e Gathering and distribution networks,

e Chemical pipelines,

e Slurry transport and sludge handling

1.8 How to use this manual

In chapter 2 the WANDA user interface is described. This part is based on the Wanda 4
Liquid module. The basic user actions like creating a hydraulic model, specifying data
and retrieving result in charts and tables applicable for all other modules.
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Chapter 3 contains the main theory necessary to understand the numerical background
of the program.

For each physical domain a separate chapter is used where all individual components
are described.

1.9 System requirements

In order to run the Wanda software, your computer must meet the following
requirements:

e Operating system: Windows XP, Vista, 7, 8
e Atleast 1 GB of memory
e Atleast 512 MB free space on hard drive

e The user account must have sufficient privileges to read from the Wanda
installation directory

e The user account must have sufficient privileges to write to the document
directories, user profile and Windows TEMP directory

e The file system used to store Wanda documents must have support for the
DOS 8.3 short filename format.

1.10 About Deltares

Deltares owns a flexible large-scale, Multi-phase Flow Facility (alpha-loop) in order to
enable investigations in a wide range of academic and industrial multi-phase research
topics. This includes studies of gas blow out, pressure relief valves and air valves. The
alpha-loop allows for single-phase (water), two-phase (water, air) and three-phase
(water, air and sediment) studies in a pipeline system of arbitrary shape.

1.11 Technical Support

Deltares

Rotterdamseweg 185

P.O. box 177

2600 MH Delft

The Netherlands

telephone: +31 88 335 82 73
e-mail: wanda.support@deltares.nl
wiki support site: wanda.deltares.nl

internet: www.deltares.nl
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2. User Interface

2.1 Overview of WANDA 4 features

2.1.1  MSOffice look and feel
e Multiple documents support.
e Full drag and drop support.
e Full clipboard support.
¢ MS office like tool bars.
o MS office like menus.

2.1.2 Diagrams
o Wanda 4 uses Corel iGrafx FlowCharter 2007 as diagram engine.
e Full drag and drop support.
¢ Copy and move objects and their data between one or multiple documents.
e Clipboard support to Word/Excel.
e Export a diagram to HTML.
e Export a diagram to AutoCAD.
e Export a diagram to Visio.
e Enhance a diagram with your own text and drawings.
e Multiple layer support (you can hide and protect layers easily).

e Use your own pictures/maps as background (bmp, gif, autocad, coreldraw,
wmf).

o Different line styles / weights / colours supported.

e Zoom support.

¢ Quick zoom to selection.

e Auto fit your printed diagram to m by n pages.

o Direct feedback to the user. The diagram is real-time validated.

o Components with empty/incorrect properties can be easily selected. The
diagram window scrolls automatically to the invalid component if the
component is out of side.

e Vector based and object based schematisation.

e Components including connection lines are automatically rotated when you
add them in vector based mode.

e Hydraulic nodes are automatically recognised. Multiple lines that are
connected to each other are recognised as one single calculation node.

o Custom-made shape libraries. Deltares can design shape libraries with
customer specific components. You can use different shape libraries
simultaneously.

e Protect your diagrams and properties by a password.
e Optionally visible grid.
e Optionally snap objects automatically to grid.
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Routes in diagram

You can quickly select a route/path trough your diagram by selecting the first
and last component in the route.

You can quickly 'align to line'/'rotate'/'reverse a route'.

Selections that contain an unambiguous sequence of pipes are automatically
recognised as route.

Selections and routes can be stored using a keyword.

You can see simultaneously an unlimited number of (moving) chart series of
different routes.

You can see the overall extremes and total length of a route.

You can build routes with different pipe orientations (results are automatically
‘flipped’)

Automatic name generation
Components and connections are automatically named.

If you assign a name that already exists or if you copy an existing component
a new unique name based on the existing name is assigned to the new
component. If the name ends with a number, this number is increased,
otherwise a character is added to the name.

You can rename a selection of components / connections with a single mouse
click.

Property text boxes

View properties (input and output) of hydraulic components directly in text
boxes in the diagram.

You can visualise output directly in the diagram for the active time step (see
"How to use the Time Navigator" on page 75).

You can visualise output extremes directly in the diagram.
You can specify the properties that you want to see in the diagram.
You can easily move property text boxes in the diagram.

Property text boxes are always attached to a component or connection. Text
boxes are automatically moved/deleted/copied when the component or
connections moved/deleted/copied.

Property text boxes are placed in a separate layer. This layer can be made
hidden. When this text layer is active you can easily move and change the font
attributes of those property text boxes.

Property text boxes are also visible when you print the diagram.

The properties ‘Comment’, ‘Model name’ and ‘Reference ID’ (for pipes only)
have been included to support a traceable modelling in accordance with ISO
9001.

Property list windows

The main property window displays the properties of all components and
connections in diagram selection.

You don’t have to open a separate dialog every time you want to inspect/edit
an object. The main property window is instantly adjusted when the diagram
selection changes.

You can simply select one or more objects and view/edit this objects at once.

You can open an unlimited number of extra property windows that show a
single object.

20 - User Interface
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21.8

Input and output together in one list.

You can choose to see the output for the active time step (see "How to use the
Time Navigator" on page 75) or to see the extremes in the simulated time
period.

Drag and drop support between two property lists.

Easily select properties in the same way you select files in a file
manager/explorer. A property that you edit is automatically selected.

Quick synchronisation of selected properties between objects.

Easily compare properties (and tables) from two or more hydraulic
components (different values are highlighted in red).

Direct access to all tables from the property list of a hydraulic component with
one mouse click.

Write the selected properties to a template file.

Easily change properties by loading a template file (or dropping a template file
in the property list window). The loaded properties are automatically
selected/highlighted. If you have loaded the wrong template file you can simply
press the undo button.

Easily connect you own programs/databases to the property list by using the
clipboard or template files.

Opening a time or location chart of one property by pressing the chart button
of a property.

Add a property to a chart by dragging a chart button to any chart you like.
Enter values with other units than the active unit group.

View the property value in every available unit for the property dimension at
once.

Optionally hide the input or output data.

Overall view of all the selected components. In this view you see the (extreme)
values of all the properties available in the selected components.

Change the component type without loosing the property values and tables.
Rollback/Undo support.

User name property. The name of the user that made a change to a
component is added to the user name property of the changed component.

Modified property. This property shows the last date/time the selected
component was changed.

Table editor

The table data can be visualised in a chart next to the table. This chart is
automatically updated while your are typing.

Easy adding or removing (multiple) rows.

Clipboard support within one table editor.

Clipboard support between two table editors.

Clipboard support between one table editor and Excel/Word.
Simple numerical operations (+, -, X, /) to a range of table values.
Auto fill missing values by linear interpolation.

Print management.

Spreadsheet

Spreadsheet can be used to edit or view properties of several components
simultaneously.

Deltares
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2.1.10

Create a spreadsheet of the diagram selection and selected properties in the
property window by one single mouse click.

Unlimited number of different spreadsheets from one or more documents.
Components are sorted by type and name.
Column width is automatically adjusted to fit all values.

You can transpose the spreadsheet. This way you can display components
side by side as well as above each other.

You can display extreme values instead of the values of the active time step
(see "How to use the Time Navigator" on page 75).

When you print a spreadsheet you can automatically fit to m by n pages
(portrait and landscape).

Print headers and footers are automatically updated.
You can copy a selection to Excel using the clipboard.
Navigation coupling between spreadsheet and diagram.

Calculations
Fast calculations.
Change something and see the impact of that change in all open windows.
Stop and resume transient calculations.
You can stop a transient calculation before the simulation has ended. When
the calculation is stopped you can see the results so far. You can change
action tables to interact with the results before you continue the calculation.
Background calculations. While a calculation is in progress you can inspect
the running document or continue with another document.
You can calculate multiple documents sequentially (like printer jobs).
Create child cases from parent case
Repeat calculations with varying some input parameters as defined in a simple
parameter script; specified output summarised in compact table
You can disuse components temporarily instead of deleting them from the
diagram. It is possible to hide parts of the diagram for the calculation kernel.
Disused components are greyed out in the diagram. You need one look to see
the differences between variants, if you disuse components instead of deleting
them.

Chart engine

Drop multiple series (from different documents) into the chart.

Moving location series supported (picture for active time step, see "How to use
the Time Navigator" on page 75).

Frozen location series supported. Frozen series show one fixed time step.

Chart time cursor. A vertical blue line gives the active time step in time charts
(see "How to use the Time Navigator" on page 75).

View as many charts simultaneously as you want

All open charts support moving series and are automatically updated when
input or output is changed.

Create your own custom dedicated chart templates.
Export the chart data to a spreadsheet using the clipboard.
Export the chart to a WMF/JPG/BMP/GIF picture.

Paste the chart in Word using the clipboard.
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2.1.12

2.1.13

2115

Series are automatically removed when the (belonging) hydraulic component
is deleted or the document is closed.

The chart is automatically closed when it is empty.
Zoom and scroll supported by mouse.
Chart headers and chart footers are automatically updated.

Time navigator

The time navigator controls the active time step at once for all open
documents. This makes it easy to compare different documents.

Same look and feel as the multi-media-player of windows.

Fast navigation (less than one second) to every time step in your model
output.

The time navigator controls all open property windows, tabular views, charts
and diagrams at once.

Auto walk forward/backward to the model output at every speed you want.
Auto walk and repeat trough a selected time-period.

Unit groups
Quickly switch between different unit groups.

All property lists, tables, tabular views and charts are immediately adjusted to
the active unit group.

User customised unit group.

Selection builder
Quickly (de)select components/connections by a property, value and operator
(<, <=, =, <> 5= > |ike),
Existing keywords, component types, model names and user names are listed
by a drop down list.
Add/Remove keywords to/from a selection.

Smart zoom/scroll. If not every selected object is visible the view extend is
adjusted to see every selected object.

'On demand' data loading / Smart saving
Quick access to output data of existing documents.

Complicated documents with large output data (100Mb) are loaded within
seconds.

Changes are only saved at the moment you save explicitly. If your computer
goes down your last saved documents are unchanged/undamaged.

Only changes are saved. This makes it possible to save slightly changed large
documents within a second.

Instant window/view refresh

Every (implicit) change is directly reflected in all open views (diagrams,
property lists, tables, tabular views and charts).

Any recalculation is directly reflected in all open views. You do not have to
reselect your output after recalculation.
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2.2 Getting Started

2.21 Hydraulic analysis - Functional steps

Examining a hydraulic study of a pipeline system depends on the objectives of the
study. A typical sequence is shown in the diagram beneath.

Bagin
Engineering 1 Transient
- . (+ control)
Add trarsient
Cragls CEFE BN
hydraulic eCticrs
model Contrcl
oomponents
TRkulEE
staady #iEta Chargs io
[Tram jent mode
l Iulodify parform
Mydraulic Lrs by
nspect/srabyse madel simulstizn
steady siabe 1
reauls
r

Aceot modal

Analyse resuls

Lhow movie

Cresbe repart
chsrs

In Engineering mode only so-called steady state calculations can be performed. You
have no access to the unsteady state simulation to carry out dynamic phenomena. Only
input parameters necessary for the steady state (resistance) calculations must be
entered. Changing to Transient mode (menu bar: model/change mode & options) all
additional data for the unsteady state becomes accessible.

Opening a new document; it always start in Engineering mode
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2.2.1.1  Create the hydraulic model

The first step is to create the schematic diagram of the pipe system and enter
component specific hydraulic input data such as geometry, size and other
characteristics. This is called “the hydraulic model”. It must be completed successfully
before the user may proceed with the actual computation of steady and transient flow.

The most essential function of this part is the conception of the hydraulic model and
input of the component specific hydraulic data.

The hydraulic model is in fact a schematic drawing of the actual pipe system, using
lines and easy-to-read symbols that represent different elements in the system. It
defines all the components in the pipe system with respect to their class and the way
they are connected. The conception of the model is realised in the diagram user
interface and is fully mouse-operated. WANDA has been designed in such a way that a
model can be created with minimum efforts.

The numerical hydraulic data specific to each component are entered via the property
windows.

2.2.1.2  Calculate steady state

WANDA computes the steady state. The results are used as the initial conditions for the
computation of the unsteady state. STEADY has no dialogue with the user.

2.2.1.3  Specify hydraulic actions

(Applicable to WANDA Transient only; change to Transient mode using menu model/
mode & options)

In WANDA one can specify the total simulation time and hydraulic actions. Hydraulic
actions, such as manipulation of a valve, pump trip or prescribed changes in pressure
head or delivery rates, cause hydraulic transients.

Actions are specified in the property window of the particular H-component.

2.2.14 Calculate transient

(Applicable to WANDA Transient only; change to Transient mode using menu model/
mode & options)

WANDA also computes the transient flow. This is a separate task. If you unhide this
task form the taskbar, the progress in computation including logging messages can be
monitored. The estimated time for the simulation is displayed in the header (caption) of
the diagram window. The user can interrupt the computation at any time. An interrupted
computation can be resumed later on using the same simulation.

During the unsteady calculation the “real time” results can be followed. The user opens
the selected graphic windows before starting a calculation. The graphics in these
windows are regularly refreshed during the calculation (refresh time is set in model/time
window). Looking to the progressing results, you can interrupt the simulation when you
find them unsatisfactory. For example, when you evaluate a control system the
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behaviour of the control can be followed during the simulation. This way it is possible to
reduce the simulation time.

Editing data after a calculation all old results remain visible, however coloured
differently, and with a strike-through value.

2.2.1.5 Getresults

WANDA has powerful utilities to show results. Selected data can be printed in standard
report format. Location and/or time series can be put into charts and the dynamic flow
process can be visualised using an internal movie feature. The data report and the
charts can be displayed on screen, saved on disk or directly sent to the printer.

Printed data report

Printed data are useful for inspection of numerical values of calculated variables. The
input and output report are adequately organised in a spreadsheet view, such that it can
be included in any formal documentation of a waterhammer simulation.

Charts

These are useful for examining how the pressure or discharges vary as a function of
time or along the pipes. Pressure waves travelling along the pipe system are easily
recognised from a graph. Selection of the variable and settings of the chart are menu
operated and require minimum effort.

The movie feature

The movie is used to visualise the dynamic behaviour of pressures and discharges
along selected routes in the pipe system (see "Time Navigator" on page 75).

When the steady and transient state computations are completed, the user might
sometimes not be interested in the absolute numbers of calculated variables. He may
first want to get some insight into the physical flow process. Animated view of the flow
variables using the movie feature will prove to be quite helpful for that purpose.
Furthermore the extreme values are displayed in the movie chart. The movie can be
recorded and save as AVl-file.

2.2.2 WANDA 4 - User Interface

In this section we will briefly explain how to use together the Component Gallery, the
Property Window and the Diagram, in the construction of a hydraulic model.
See also:

e Manual/Help iGrafx FlowCharter 2007

e Help on "Liquid components" on page 185.
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2.2.2.1 Introduction

When you start the application you see a screen that can be divided in three major
parts.

Wanda menus Property windo
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Diagram Gallery

The Diagram in your first session will be empty of course.

The Diagram is the area where you will actually build the hydraulic model that you wish
to calculate (see ""Building the diagram" on page 32). You will build this model adding
components from the "Shape Library / Gallery"; see page 32.

The menu bar contains:

e iGrafx Flowcharter menus (file/edit/view/insert/ format/tools/arrange/window)
and

o WANDA menus (Selection/Compare/Units/Model/ Report/Help).

The various WANDA Menus are used to:

e quick selection of components to view or edit (see "Selection Menu" on page
87)

e compare contents and show differences of two cases (see "Compare menu"
on page 92)

e choose the desired unit for view/edit (see "Units Menu" on page 96)

e specify your other input data (see "Model Menu" on page 100)

e view and report the results of your hydraulic model (see "Reports Menu" on
page 122).

The diagram short cut menu (right mouse click) gives you fast access to the most
important diagram features
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Select Select Al Crl+dy
Multiple Select Mode Dezelect Al
Select Route Ctrl+Shift+R
Shape Drawing =

Line Drawing
Wectar Drawing

Select All Routes  Chil+alt+R

i [Etr{+=
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Paste Chrl+
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Ilze Direct Lines
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v Selection Property Window
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At the right side of your screen, the Property Window is displayed.

2010 = 4 B2 @B

L]
Mame P2 [£]
Comment ]
Keywords "PS-1 to plant” C]
Uszer name Delft Hydraulics ]
tadified 2007 Mar 9 11:19 ]
Type Pump []
hiocel name PO S0 ]
Sequence numkber a ]
Disuze Mo 2]
Reference id []
Characteristic type GHE 2]
HE_table TAELE Ead
Rated speed 5800 (rpm) []
Initial setting Speed 2]
Initial speed 5800 (rpm) []
Palar moment of inertis 30.00 (kgm2) ]
Drrive type Trip =[]
Trip time 2000 (=) []
Messages 2 (]
Pressure 1 - :
Pressure 2
Pressure drop
Head 1
Head 2
Head drop
Dizcharge
Wolume
Pump speed
Fluid torgue 0.001500 (kMm)

Motar torgue D
CRIOFF

Efficiency

povver

Eneroy

In this window you can see input and output of a (group of) selected component(s). The
Property Window is one of the most important features. It helps you to navigate through

your data. The short cut menu (right mouse click) gives you access to the most

important property window features.
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Select Space

Deselect Al Chrl+-4
Cuk Chrl4+s
Copy Chrl+C
Edit Fz
Edit Comment Shift+F2
Open Spreadsheet Chrl+Shift+5
Help F1
User Defined Help. .. Shift+F1
Active Time Values
Extreme Values
Extreme Locations
Extreme Times

v Locked Chrl+L

See for further detail: "Property Window" on page 43.

2.2.2.2  Dialog windows - General

Time parameters (Untitled1)

20 I & $ BB@E o

Time =tep 0.5000 (=}
Simulation time [200.0 (s)
Output increment 1

Time 2tep count 400

Refrezh Interval

0 (=)

The appearance of all WANDA dialog windows the proceeding is the same, so that the

user will get familiar with the program immediately.

All dialog windows contain:
e atoolbar

e a number of input boxes (white background)
e a number of output boxes (blue background)

Toolbar

20[I0SE| i B&|

Most icons are self-explaining (copy, past, save, open, etc.). Read the tool tip to

understand the feature.

Input, Output and Units

We would like to draw attention on the following three buttons in the toolbar:

. ll Displays the input of a selected component
. EI Displays the output of a selected component

. !ﬂ Displays the possible units for a selected property of a selected

component.
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Input boxes

For all characteristics, default values are supplied. If an input box is grey, no values can
be entered. The values in the white boxes can be edited.

Output boxes

For all type of components calculated output values are displayed in boxes with a blue
background. These values can not be edited (read only).

2.2.2.3  Tooltips

ToolTips are short messages that appear in bubble text. These messages help to
explain the name of the tool or button and, in some cases, what the tool or button does.

In WANDA all functions, buttons, icons, etc. have their own ToolTip. It is advisable to
look at these tooltips first before selecting a WANDA 4 option.

2.2.3 WANDA 4 in 10 steps

2.2.3.1  Step 1. Add Components

See:
e "Shape Library / Gallery" on page 32
e "Adding components" on page 33

2.2.3.2  Step 2. Connect Components

See:
e "Looking closer at components in the diagram" on page 33
e "Connecting components" on page 34
e "Aligning routes" on page 40

2.2.3.3  Step 3. Set Component properties

See:
e "Property Window" on page 43
e "Changing the flow definition" on page 40

2.2.3.4  Step 4. Set other inputs

See:
e "Units Menu" on page 96
e "Fluid..." on page 106
e "Physical constants ..." on page 107
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2.2.3.5

See:

2.2.3.6

See:

2.2.3.7

See:

2.2.3.8

See:

2.2.3.9

See:

"Time parameters..." on page 107
"Accuracy..." on page 108

Step 5. Use advanced features

"Add to/ Remove keyword from selection..." on page 88

"Selection Builder" on page 62
"Selection Menu" on page 87
Creating your own database system
"File Management" on page 79

Step 6. Calculate steady state

"Model Menu" on page 100

Step 7. Specify hydraulic actions

Help on "Liquid components” on page 185.

Step 8. Calculate transient

"Model Menu" on page 100

Step 9. View output

"Time Navigator" on page 75
"How to use charts" on page 64

2.2.3.10 Step 10. Report results

See:

"Reports Menu" on page 122

Deltares

User Interface - 31



User Manual Wanda 4.3 June 2014

2.3 Building the diagram

For the diagram the incorporated program iGrafx Flowcharter is used. All features about
diagram editing is explained in the separate Flowcharter Manual and Flowcharter
Online Help.

In this chapter the WANDA related topics are explained.

2.3.1  Shape Library / Gallery

|E ‘wanda Liquid j =
o |

pirbi epUE f,

D e -
79

i Y @

!
¥

el

[CIUDT) ERLIE A, | EaH ERLE | SEE] BPLIE M,

The default shape Libraries WANDA 4 shows are:
¢ WANDA Liquid
¢ WANDA Gas
¢ WANDA Heat
¢ WANDA Control
In the future new galleries will be introduced for other physical domains or hybrid

components. Special made components for particular clients are stored in the “WANDA
special” gallery.

To show the status of some active components, like PUMP and VALVE, WANDA uses
a extra gallery “WANDA Dynamic” but this gallery will be hidden.

It is possible to assemble your own gallery which contains a subset of the standard
galleries. This can be easy to use only one gallery with the frequent used components.
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To create your own gallery, consult the iGrafx Help (Shape pallet, F9 — Media manager)

If the gallery is not visible, go to menu view /show gallery or click right in the diagram to
activate short cut menu and check Gallery.

By dragging the components in the library you can change their order, or edit the size of
the icons.

Default only the shape is visible in the gallery. The tooltip informs you about the
particular type. To display this type in the gallery, use the right mouse menu

2.3.2 Adding components

You can add components in the diagram by selecting them in the gallery and dragging
them into the Drawing Area.

For details on this subject we also refer to the iGrafx Flowcharter Help.

Each component gets automatically a name starting with the first character of the
component type followed by a sequence number. This name can be changed in the
property window. The combination “Component type + local Name” must be unique.

2.3.3 Looking closer at components in the diagram

+@4 Nl B e

Pump T-junction Gas Valve Heat Supplier Heat pipe
(Liquid) Liquid

When we take a closer look at the components we see that they have several connect
points in different colours. We distinguish physical connect points and control connect
points. The physical connect points are used to connect other components which
belong to the same physical domain. Therefore each domain has his own connect point
colour: blue the Liquid domain, yellow for the Gas domain and orange for the heat
domain.

It is not possible to connect different coloured connect points to each other
The red and green connect points are reserved for the control module

Note that the shape of a component indicates the positive flow direction if applicable
(e.g. P1 and V1 in the picture above). You can change the flow direction by flipping or
rotating the component in the Arrange Menu.

For details on this subject we also refer to the iGrafx Flowcharter Help.
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2.3.4 Connecting components

H | Reservoir

T-junction

Pipe 3

Pipe 2

Connecting components is as simple as adding them. All you've got to do is select a
component and drag the mouse pointer to another component.

To switch to line mode, activate the right mouse click menu and choose “Line drawing
mode”

Dezelect
Select k
Multiple Select Mode

Shape Drawing

Line Drawing

Wector Drawing

Cuit Chrl+
Lopy Cirle:
Paste Chel+
Arrange »

I1ze Direct Lines

Dizuze »

£oom r

Property ‘Window
v Selection Property WWindow
v Shape Gallery
v Quick Zoom Panel

e

You can also use the Connector Line Tool - " | from the Toolbox, left of the Diagram.

For WANDA 4 diagrams, it is recommended to use only the first three types from the
menu below.
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See also iGrafx Flowcharter Help for details on drawing and manipulating connections.

2.3.4.1 Master and Slave connections

H-node
MWlastar

A
F1 F2

4—‘

Slave

o=

-

-

:

F2

The H-node is represented by at least one single (master) connection line that can
connect none, one or two H-components. With extra slave lines it's possible to connect
more than two H-components to one H-node

A connection line that is NOT connected to any other line is called a master line. The
first connection line you draw is always a master line. Slave lines are connected by
ONE end to another master or other slave line. It is not allowed to draw a line between
two other lines.

If you select a connection line both ends are marked with a square. The colour of this
square is very important. When the square is red it tells you that the line is connected to
another line or component. If the square is black the line end is connected to nothing.
It's possible that a line is visually connected but is not connected for Wanda. In this
case you see a black square at the fake connected end of the line. When you press the
pause button while the property window is active you can see the connectivity of h-
components and h-nodes used by Wanda.

The easiest way to fully understand connections is to draw some arbitrary connection
lines. If you draw something that is not allowed (schematically) Wanda popup a
message and deletes the illegal lines”.
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Ed

Step 2. Adding connection (slave) from B1 on to connection A

K e

Step 3. Adding connection (slave) from P3 on to connection A

The pictures above show the steps to create a “complex” H-node.

The master and the slave connection line belong to the same H-node. So it doesn't
matter which line you select to edit the properties.

Strings of lines

If you want to connect two components over a long distance it is easier to draw the
connection with several shorter lines

First draw the master line that is connected to none or one H-component. Than draw a
slave line from the free line end to a second (grid) point. You can attach a second slave
line from the free end of the first slave line (and so on).

Deleting master lines

If a line is deleted automatically all lines attached to this line are also deleted. If you do
not want this, disconnect the attached lines before delete.

Combining / splitting H-nodes

When one end of a master line is connected to another line, the master line is
automatically converted to a slave line. When you disconnect a slave line from another
line it is automatically converted to a master line.
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2.3.5 Rules for creating a hydraulic model

A hydraulic model usually consists of several H-components of different classes
connected in a specific way. An example of a hydraulic model is given below.

—~G Dk

A
P1 C1
H — }——4 5'-.— o H
B
B1 Pz cz Bz
|
E F T
O e T
c P F2 ir1
P3 3
E o [
P4 ca

H
B2

A hydraulic model is built according to a few simple rules. If possible each rule is
validated directly and in case of incorrectness a message explains the violation.
Rule 1

A fall-type component has two hydraulic connections: a "FROM" connect point (1) and a
"TO" connect point (2) (also called the left-hand side (Ihs) and right hand side (rhs)).

The relative position of the two connect points also defines the positive flow direction
through the component. This direction is from left to right (FROM --> TO).

Rule 2

A supplier has 1 hydraulic connect point (the FROM).

Note that the positive flow direction at the supplier is from the supplier to the attached
H-node.

Rule 3

The number of BOUNDH H-components in the model must be at least one; the number
of BOUNDH H-components connected to one connection should be no more than one.
Rule 4

A hydraulic connect point has only 1 incoming or outgoing connection line

A good hydraulic model must be valid (satisfying the four rules above), consistent with
the actual piping system and readable. The readability helps to check the consistency
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of a hydraulic model. For complex systems, however, symbols and straight lines are
readily entangled, which makes the model confusing.

As a final remark, it should be noted that building a hydraulic model is by no means a
simple "translation" of a real piping system into a computer model following the above-
mentioned rules. The rules introduced in this section serve only as a guide for building
such a model. Practical skills and engineering judgement are necessary when making a
hydraulic model. For example, many details of a real system are actually unimportant
for the flow process simulated and can therefore be omitted in the model. This not only
saves labour and computer time, but is sometimes also necessary when the system is
large and the computer capacities are limited.

An experienced user of WANDA, combined with adequate practical skills and engin-
eering judgement, will find in WANDA a most useful and powerful tool for solving
various problems related to transient flow in complex network systems.

2.3.6 Advanced drawing a scheme

It is not necessary to place the shape one by one in the diagram and after that to made
a connection between them. You can do it in one simple action.

Select the required component from the shape gallery and move the mouse to the
existing component. The mouse cursor changes into the connect icon. Now, drag the
mouse to the required location and release the button. The program will determine the
direction of the new component based on the position of the connected component.

The scheme below has been drawn using the drag and drop feature, and not using flip
or rotate.
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2.3.7 Vector based schematisation

The default way to create your scheme is point based: the component is placed in the
diagram as defined in the gallery. For GIS oriented diagrams you have to rotate this

component. This may be a lot of work.

There is a way to draw the diagram vector based.

First select the component at the shape library you want to draw as vector. Switch on to

Vector drawing mode, using the short cut menu.

Dezelect
Select

Multiple Select Mode

Shape Drawing
Line Drawing

Wector Drawing

it

Copy
Pazte

el
Chrl+C
Chrl+

Arrange

Ilze Direct Lines

Dizuze

£oom

Froperty Window

v Selection Proper
v Shape Gallery

Quick £oom Panel

by Wi o

The mouse cursor is changed to a pencil with a line symbol.

Toolbox

s | EL O

Iz

v v A PO

Now you can draw the line. The component selected in the shape library is now
automatically inserted in the middle of the new line. The component is automatically
rotated to the direction of the line. Click in the shape gallery to select another

component. Switch of the vector drawing mode when you are finished.
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PS: If the component is a supplier it is attached to a free end of the new line.

2.3.8 Aligning routes

WANDA 4 offers the possibility to align certain routes or parts of it. This can be useful,

e.g. to match the diagram with the actual geographical situation.

See for further detail the "Arrange Menu" on page 83.

2.3.9 Changing the flow definition

The direction of the positive flow is depicted in the H-component symbol. The sign of

the calculated quantity corresponds with this direction.

If you want to change the positive flow definition, you have to “flip” or rotate the symbol.

40 - User Interface

Deltares



User Manual Wanda 4.3 June 2014

Use the menu option Arrange/Flip positive flow direction” to reverse the symbol or the
short cut menu.

Dezelect
Select »
Multiple Select Mode

Shape Drawing
Line Drawing
Wector Drawing

Cut Chrl4
Copy Ctrl+C
Paste Chrl+
Arrange Elip

i i R aotate Left
Ize Direct Lines Retate Right
Dizuze b Hotate

Align Route  Chrlsbl+,
£oom »

Property Window

v Selection Froperty WWindow
Shape Gallem

v OQuick Zoom Panel

See for further detail the "Arrange Menu" on page 83.

2.3.10 Navigating large diagrams

If the diagram contains a lot of components, it will be quite difficult to fit them in one
screen in a readable way. If you increase the zoom factor you have to scroll using the
horizontal and vertical scroll bars. You loose the overview about the screen.

This can be solved using the quick zoom panel. Choose “Quick Zoom” from the View
menu.
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For Help, press F1

A New dialog will appear. The whole system is displayed in the new Quick Zoom panel.
Select in this part a component and the focus of the main window is automatically re-
positioned. The zoom factor of the main window can still be adjusted.

2.3.11 Splitting a diagram

To enhance readability of a complex diagram one can use sub-diagrams. A connection
line can be split in two using connectors as indicated in the figure below.

2 H

@
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To split the selected master connection line go to “Line and Border” in the Format
menu. In the “Format Line” windows select the tab “Arrows and Crossovers”. In the
corner left below select the checkbox Connectors. The line is split using connectors
with a ‘gap’ in between.

Slave connection lines formerly connecting to the split master line should probably be
relocated as they now appear to float freely in the gap between the connectors.

>
i 2
P s
1L u
78 P

P9 c9

Typical sewage booster
system

Booster
see detail

P
11500 m3n Ps P6

Detail of Booster station

2.4 Property Window

2.41 Properties of a Component

A hydraulic component has several kinds of input and output properties (see Help on
"Liquid components" on page 185). For editing the input properties and viewing the
output properties we use the so-called property window.

The Property window applies to individual and groups of selected components. See
also: "How to use Property Windows" on page 46.

You see an example of all input and output values of PUMP P1 below.
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PUMP P2 {1/1)

X PumMPP2Z{1/1)

26 10 = & = 2 IO
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~ ”

Naime P2 Trip time (s o
Cormment ol Meszages o 1
Keywords ¥ Pres=zure 1 i
Uszer name Delft Hydraulics [ ] Pressure 2 ”
Modified 2007 Mar 9 2210 [ Pressure drop -3.768 [bar) =]
Type PLim [ Head 1 0rm) i ]
Mol name deltasin [] [Head2 38,4117 (m) ]
Sequence number |0 [ Head drop 354117 (m) )i ]
Dizuze Ha al Dizcharge BIE.5 (m3h) ]
Reference id ol Yolume 0 (m3) ]
Characteristic type | QHE B | WPump speed 1450 frpm) =]
QHE_table TABLE .1 Fluid torgue 05623 kMmy i ]
Rated speed 14350 rpm) [ otor toroue 0.35823 (kMm) ]
Initial zetting Speed 3l | OMADFE 1.000 1) ]
Initil speed 1450 (rpm) [ 1 [Efficiency 8245 (%) i
Polar momert of inertis 1 500 (kgm2) o povver 8542 (KA =]
Drive type Trip 2| WEneragy 0 (k) (i
Trip titme: 0is) D user comments ar link to design document
Mezsages 2 -] E:htyProjectPump data sheet b
Pressure 1 0 (bar) [~ ]
Pressure 2 3.768 (har) 1]
Pres=sure drop -3.768 (barl [~ ] 376200 (P a)
Head 1 0 (m) =] 3765 (kP a) 03768 (MPa)
Head 2 38,4117 () LT o 7778 027 5483 (psi)

The property window has his own context sensitive short cut menu which gives you
access to common used acts.

Select Space
Deselect Al Chrl+4,
Cut Chrl+
Copy Chrl+C
Paste Chrl+4f
Edit F2
Open Spreadsheet Ctrl+5hift+5
[EmmEy b [Eanan Selestian ErlrERter
Extreme Walues
Estreme Laocations

v Locked Chrl+L

2.4.2 Visibility of properties

The content of the property window is for each component different.
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See also
e "Liquid components" on page 185,
e "Control Components" on page 467.

The content of the Property Window depends on the operation mode or input values of
other properties. An example of mode dependent properties is the component PIPE. In
Engineering mode only the length, diameter and wall roughness are required and must
be specified; other properties are hidden. In Transient mode the Young’s modulus and
wall thickness must be specified in addition. These dependencies reduce the user input
to the required minimum number of properties.

The following examples show the Pipe input properties for engineering mode and
transient mode:

20 1 0=zE 2R ©
21
A
Marme P2
Comment TRAHSIENT MODE - -]
Keywords LiooP [
=er name Delft Hydraulics [
Modified 2007 Mar 9 22:12 N PIFE PZ (1/1) (%]
Type Pipe raugh sl ] - L
Model name Schedule 40 [ ? ﬂ I D = E CH; E ik
SEeqUEnCE NUImber 1] o J_|
Disuse Mo 3l s
Reference id drw.nr. 1234-abc o Maime P2 .
Material name |3tEE| "l Commerit EHGIHEERIHG: MIODE |:|
Calculation mode Wisterhammer sl | Keywords LOOP []
Inner diatneter 1600 (rmm] ] zetr name Drelft Hydraulics "
Wall roughness 0.2000 (mm) d Madifie 2007 Mar 9 2214 o
Wiall thickness 15,00 (mm) [] Type Pipe rough =[]
Y oung'E modulls 2100811 (Mimz) ] Mozl rame: Schedule 40 il
Geometry input Length 8l Sequence number 0 ¥
Length 750,000 (m) [} [isuse Mo e
H-node height check ok Reference id drw nr. 1234-abc r
Wave speed 1008 (mez) [ histerial name steel ]
Pipe element court |15 ] Inner diatmeter 1600 (mim) o
Adapted wave speed 1040 (mis) ] [Qwal roughness 0.2000 (mm) L]
Deviation adapted | 3.17 (36) Geometry input Length 2
Location (m [} WMLencth 780,000 (m) o
Real location () [ @H-noce height check | Ok w

The contents of the Property Window may also depend on the value of a particular
property. As an example the geometry must be specified for the Pipe. The geometry
may be specified in several ways: by means of the length, a longitudinal profile or a 3D-
geometry. The type of geometry is specified using a list box. The appearance of the
Property Window depends on the choice in the listbox ‘Geometry input’. See examples

below.
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2 I0

Matetial natme
Inner diameter
Wiall roughness
Geometry input
Length

= 4 B @

steel

]

1600 (rmim)

0.2000 (mm)

LR

Lenigth

[750.000 (m)

H-node height check | QK

Ea

2.4.3 How to use Property Windows
The Property Window is one of the most important features in WANDA 4. With this

feature it is very easy to view the characteristics of one or more components.

It enables the user to view these characteristics

e individually or

e in relation to other selected components.

20 1 0FEH iR ©
EE
.Y
Material name steel |:|
Inner dismeter 1E00 (mm)) [l
wall roughness 0.2000 (mm) []
Geometry input WYE al
Profile TABLE o L.|
Length 750,000 () ] 8

When you select components in your model, its properties and values are automatically
displayed in the Property Window. Therefore it is recommended to keep it always open.

In this way you can see model, components and properties at a glance.
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2.4.4 Example

2.4.4.1  Individual components

T -G

. J
B3 F5 C5 -
L E [ ]
K
P& Ci

If you select pumps P5 and P6 in the model then the property values for P5 and P6
(individual) are listed in the Property Window:
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PUMP PS5 (1,2) PUMP P6 (2,/2)

20 10 = & ® 20 10 = & =

Oty |PUMP PS w | o] Oy |PUMP P& b I
hame lps Maime Ps
Commert il Di Commert stand-hy Di
Keywords PS4 plant” [ [weywords i 1
Uset name Delft Hydraulics D] Lser name Delit Hydraulics D’
Mocified 5007 Mar @ 1606 [ |Modified 2007 Mar 8 16:06 4
Type Pump L frime Pump [
Madel name DMD#250 [ [modet rame DMC#250 n
Sequence number |0 D] Sequence number |0 D]
Disuze i) »| i Lizuze Mo 8| i
Reference id I:ﬂ Reference id Di
Characteristic type | GHE ol ] |characteristictype | QHE =
QHE_table TABLE (] § |oHE takle TABLE [
Rated speed 7350 (rpm) [ [Rated speed 7350 (rpm) [
Initial setting Speed ol ] |initisl setting Speed PN |
Initial speed 735.0 (rpm) [ 1§ [initial speed 0 (rpm) o |
Polar moment of inertig 3 160 (kgm2) I:ﬂ Folar moment of inertig 9160 (kgm2) D’
Drive type Trip el ] |Drive type Runining PN |
Trip time 2000 (3) [ Messanes 1 L.l |
Messages 2 [..]: { frressure _0.019562 (har) |
Pressure 1 -0.01982 (har) > ] [Pressure 2 -0.01962 (bar) i
Pressure 2 1 426 (bar) | { [Pressure drop 0 (bar) —
Preszure drap -1 445 [bar) i D] Hezd 1 -1.90000 (m) M Di
Head 1 ~1.90000 (m) = 1§ |Head 2 -1.80000 (m) i
Head 2 12 8386 (m) [ [ Head drop 0 (m) s
Head drop 14 7386 (m) = 1§ |Discharge 0 (m3h) 1
Discharge 3301 (m3M) =1 ] Jvolume 0 (m3) i
Wolume 0 (m) = 1§ |Pump speed 0 (rpm) —1
Pump spesd 735.0 (rpm) =T [Fuidtorue 0 (khim) I
Fluid torcue 02678 (kM) 1§ [Mmotor torgue 0 (kM) —
Mator torgue 0.2878 (kM) = 1 | onioFF 0(-) s
OMIOFE 1,000 (. =1 1] |Etficiency 75 63 (%) =1
Efficiency 5985 (%) =] fpower 0 (KA —
power 22 15 (KW) T 1§ |Eneray 0 (ki) I
Energy 0 ki) == D’

Inputs and Outputs of P5 and P6 are displayed in the two Property Windows above.
The caption shows which component is on top. This is indicated in the diagram by a red
circle.

B

In this way you know at which component you are looking.

b
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2.4.4.2  Font Colours

WALVE ¥7 (1,2) 3]

2O I10==EH sBR
O, |VALWE W7 « |+
~
Marme: i
Comment ]
Keywords o
ser name Delft Hydraulics [
Modified 2007 har 9 2227 r
Type Valve ol ]
Model name ]
Sequence number ol
Disuze ls) 3l
Reference id ]
Characteristic type | Standard 3l |:|
Standard type Buirfhy Al ]
Inner diameter 3000 gum) |:|
Initial zetting H_upstream =]
Intial upstream head | (m) L]
Check cavitation Yes 3l ]
Carvitation takle L]
Meszages -]
Pressure 1 [hat) ]
Pressure 2 [har) o
Biscsie cian P =l

The colours used in the property window have a special meaning.

Values in black-coloured text are identical for the selected components. The edit field
"Type” is the same for both valves for instance.

Values in italic font are linked to extra information. In this example some information is
linked to the field “Inner diameter”. For more information on the linking of extra
information see “Toolbars” below.

Values in red-coloured text are different for the selected components. Name and
Initial setting for V4 and V7 differ from each other.

Values in blue-coloured text are selected or edited. You can (de)select values using
the space bar, dragging the mouse in the input area or click in the description area.

Properties with a yellow background are editable properties.
Properties with a grey background are read-only inputs and can’t be modified.

Properties with a lilac background are read-only outputs (calculated) and can’t be
modified.

If the output properties have an orange background and a strike-through font, this
means that one or more properties in the model are changed and the output is no
longer valid anymore. The results are still accessible until you close the changed case.

Deltares

User Interface - 49



User Manual

Wanda 4.3

June 2014

20 I10E $BBR
A
Marme: 5
Cormment ol
Keywords "P3-2 to plant” []
ser name Delft Hydraulics o
Modified 2007 Mar 9 2225 [l
Type Checkvalve (ideal) =]
hoce! name <0250 []
Sequence number o [
Dizuse Mo |
Reference id ol
Inner dismeter 2500 (mm) o
Logs coefficient 2000 §-§ |:|
Initial =tate Cipen w1
Messages 1 1
Preszure 1 1426 Cheary i I
Pressure 2 1 AZE Cheary i
Preszure drop F5e- A thary 1]
Head 1 12 8356 Cmy L
Head 2 1L EIEE-(m) [ ]
Head drop 004 ETBE0-0m) I
Discharge EENER TN ]
Yelocity 1-B68-Cmis) ]
Wolume OOy ]

2.4.4.3 Toolbar

20 I10EH sBR
|n'EbECHE<:Kw1 =1

The buttons in the Toolbar enables you to display the desired information by toggling on
or off the buttons and to manage the data in an efficient manner.

All buttons are explained below:

2
?/ * Help

Toggling on Help (or key F1) shows the Wanda Help relevant to the active component.
With Shift+F1 the user can add a so-called user-defined help entry in a WordPad file.
The question mark gets a yellow background to show that a user defined help entry has
been made. In this way the user can extend the standard WANDA Help. It offers the
possibility to add tips or tricks related to this component. If the file is saved on a network
drive, all other WANDA users in the company can access this information.
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ﬂ Information

Toggling on Information shows two extra information fields. One field that shows what
units can be used for this property (see also "Units Menu" on page 96). In this example
it shows the available diameter units:

| | Bk FIFE P1

2@ I10sH| =@ v

3

Calculstion mode Waterhammer |:|
Inner dismeter 400,0 fittene) | ]
wall roughness 0,1000 {mm) o
it toll el OLEAE e [ I W

Thiz diameter iz the combined diameter of 2 tubes

with each a diamter of 283 mm

See  EMly Document\Badiground Information.doc

0,000 [m) 4,000 gdm)
0,00 {em) 00,0 fmm)
1,212 () 15,75 (inch)

Furthermore, it shows a field with additional information on the selected property. In this
case it shows how the Inner diameter of this pipe is calculated: You can also put links to
Word-documents or other files in this extra information window. Even pictures are
possible. Properties with additional comments can be recognised by a different font

(bold+italic). All additional information is saved in the Wanda wdi-file.

Click the right mouse button, for an additional edit menu, to modify your comment:

Rated speed e I
Polar moment of inertig 2 000 (kam2) n
Initial speed 1480 (rpm) [
=& action table ] I

d

Additional comment

EACompany Utiltities\Pump catalog.exe

Cut
Copy
Pazste

Select All
Clear All

|nzert File Link:,
|hzert Picture

This comment feature is very powerful for quality assurance at project level. Now it is
possible to add essential information to each component property. This linked
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information allows easy access for project reviews, (external) audits, and simple follow-
up of projects by colleagues.

|T Show/Hide Input

This button shows or hides the input properties of the selected component.

O Show/Hide Output

This button shows or hides the output properties of the selected component.

= Property Template File Management

Open a property template file and apply it to this component, if relevant (see also:
"Creating your own database system" on page 77). The retrieved data are displayed in
blue.

Save the selected (blue) values to a property template file.
Note: All values are stored in Sl units.

b BB gqit

These buttons enable you to:
e Cut the selected (blue) values to the clipboard
e Copy the selected (blue) values to the clipboard

e Paste the content of the clipboard in this window and thus use it for this
component, if applicable (see also: "Editing or Synchronising values" on page
58)

Range View

Activating this button shows an overview of the value ranges of all properties of all
selected components. This is useful for inspecting the hydraulic model.

Spreadsheet View

Activating this button shows a tabular view of all selected properties of all selected
components. This is useful for inspecting and editing into this selection.

|
Lh Copy / Synchronise

This button enables you to Copy (synchronise) the blue-coloured properties to the
selected objects in the diagram. See "Editing or Synchronising values" on page 58.

52 - User Interface

Deltares



User Manual

Wanda 4.3 June 2014

Checkboxes and buttons

Check boxes on the right of the Property Window are used to display or hide the value
in the diagram. Component names are displayed by default. You can add other relevant
properties to your diagram by checking the boxes. The displayed info remains correct
because of the link between the Property Window and the diagram. The property values
are putin a text box in the text layer.

For an explanation of the buttons in the edit and output fields, see:
L.l (Use Table): see "Table" on page 59,
1 (Show Graph): see "How to use charts" on page 64.
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2.4.4.4

The Property window enables you also to see significant values for a group of selected
components, by choosing 'Selection' in the drop down menu below the toolbar:

2 10

A group of components

= 4 B @
Offy | PIPE P2

Plame PIPE P2

PIFE F3
Commert PIPE P17
Keywards PIPE P30
=&t name PIFE P14

PIPE P15
Modified 2003 Jun 30 14:33 [
Type Pipe rough sl ]
Moulel name ACED IZI
Sequence number ] [
Disuse Mo 2l
Reference id "]
Material name ]
Calculation mode Waterhammer sl ]
Inner diameter EO0.0 (mim) [l
Wiall roughness 01000 (mm] o
wyall thickness 30.00 (mm) r
Young's modulus | 3.000810 (Mim2) l
Geametry input Length =
Length 720,000 () []
H-node height check | QK
Wave speed 935 4 (mis) [
Pipe elemert court |15 L]
Adapted wave speed 9500 (m/z) []
Devigtion adapted 26317
Location (i) [
Real location () o
Mezsages 1

hd

After choosing ‘Selection’ you see the properties in the selection of the components
(read-only). If values differ the range of values is shown.
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20 10
DFEh Selection | I
s
Matne P2P3P17 P30OP14 P15
Cormmerit
Keywords LiCopP
U=zer name "L |Delft Hydraulics"
Mocdified |
Type "Pipe rough"
Model name Y2380 ACEDD Gids0
Sequence number
Dizuse Mo
Reference id
Material name
Calculation mode Wigterhammer
Inner diameter 3800 . BO0.0 (mm
Wall roughness 0.05000 .. 2.000 (mm]
Wizl thicknes s A4.000 . 3000 (mm)
Young's modulus 3.00029 1800211 (RSm2
Geometry input Length
Profile TABLE
Length FE0.000 ., 145000 (m)
Total Length 433000 {rm)
H-node height check | QK
Wave speed 2865 . 952 9 (m/f=)
Pipe element count 8 ..100
Tatal Pipe element cou| 248
Adapted wave speed 284 6 9600 (m/z)
Dewiation adapted -556 2 B3 (%) w

In this example only two components of the same type are shown. Therefore the
selection of values is rather transparent. The situation is more complex, if you select
more components of various types.

Deltares

User Interface - 55



User Manual Wanda 4.3 June 2014

2.4.4.5  Spreadsheet

With a spreadsheet you can edit multiple properties of multiple components/nodes.

Gl + &E- iR o

Rated speed |Polar moment of ineria | Operational zpeed

(Fptm) (koim2) (Fptm]
PURP P1 5500 30.00 5500
PUMP P2 S50.0 30.00 3500
FUMMP P3 5500 30.00 3500
FUMMP P5 7350 9160 7330

You can copy easily copy/paste selections to Excel/Word.

You can create a spreadsheet by pressing the "grid” button at the Property Window.

PLIMP P5 (4/4)

AIAPCEEIEETE
=1 GG =
' E

Mame |Open Spreadshest [Chl+ShifteS)] r
Cotntnert {
Keywords "PE-2 to plant" T |

You get a view with the selected objects in the diagram and the selected properties in
the Property window.

G+ E- s
Inner diameter | Discharge Yelocity  |Pump speed | Efficiency
LM [m3h) (mf=] (Fpm) (%]

CHECKM C1 S00.0 37E9 59.332

CHECKY C2 S00.0 3769 5.332

H-nocle O

H-niodle E

H-niode F

PLIRP P 3769 5800 78.83
PLIMP P2 3769 5800 78.83

To rotate the spreadsheet press the left button; columns and rows will be exchanged.

i1 Spreadsheet - Sewage_transient

G+ E-[sB@R|-

CHECKY C1 |CHECKY C2 | H-node D H-niocde E H-niocde F PLIMP P4 PLIMP P2
Inner diameter (mm] S00.0 =000
Dizcharge (m3h) 3764 37E4 37E4 3764
Welocity (miz) 5.332 5.332
Pump speed (rpm) Sa0.0 =500
Efficiency (%) 7883 7883
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Spreadsheet - Sewage_transient

G+ 8- Lal -

=] E3

PLIMP P1
Print [Crl+F]

FURMP PS

Preszure 2 range (kPa)

-44 .59 . 5542

-53.202 ..

1426

Head 2. range (m)

-5.5346 .. 6.704

-2 026 ..

12.84

Dizchatge range (m3m)

18596 .. 3769

G715 ..

3302

Pump speed range (rpm)

149.4 . 550.0

1.4

73s.0

The spreadsheet has his own context sensitive short cut menu. For example, this menu
can be used to sort the spreadsheet on an arbitrary column, the selection sequence or
a user—defined sequence.

v Siort by [nner diamieter

[ TRt

Output ranges, including the corresponding time and location can be viewed in an easy
way. The contents of the spreadsheet can be frozen during the edit and simulation
session to compare the results with other calculation made within the same session

The tabular view is automatically updated when input or output is changed. When the
selection of objects and properties is changed, an existing tabular view keeps
unchanged. You can create multiple spreadsheets with different selections.

With the drop down list near the print button, you can set up and create print reports of

the spreadsheet.
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X PUMPP6 (1/1)

2.4.4.6  Editing or Synchronising values
PUMP P5 (2/2)
2@ 10 = 4 B R
O, |PUMP PS LI
Copy (Ctrl
Name ps
Comment 1 []
Keyvwords o
U=zer name Delft Hydraulics [
Modified 2007 Apr 16 14:24 []
Type Pump [
Model name DMD#250 [
Sequence number 0 [l
Dizuze No |
Reference id "]
Characteristic type | QHE =]
QHE_table TABLE ]
Rated =peed 735.0 (rpm}) []
Initial zetting Speed | ]
Initial =peed 735.0 (rpm) o
Polar moment of inertie 9.180 (kgm2) [l
Drive type Trip = |
Trip time 2.000 (s) [

Model name
Sequence number
Dizuze

Reference id
Characteristic tvpe
QHE_takble

Rated gpeed

Initial 2etting

Initial =peed

H\:S@

Standby

Delft Hydraulics

2007 Apr 16 14:25

Purmp

OMD#250

0

MNo

QHE

TABLE

735.0 (rpm)

Speed

I‘LIEII‘LII‘LI

0 (rpm)

Polar moment of inertig 3 160 (kgm2)

Drive type

Steady

I | [ W[ W W W W

%]

As discussed the Property Window is the feature to have a detailed look at the

components in your model. You can see differences between components immediately,
indicated by red text.

Sometimes these differences are unintended. The Synchronise (or copy) feature allows
you to solve this problem.

In the property window above you see the properties of pump P5, in a selection with
another pump P6. You can see that the (red-coloured) values for the properties differ

from P6.

To synchronise one or more altered values for both pumps, you only have to select the
values you want to synchronise. To select, drag the mouse or press the space button.
Bold text together with a dithered background and a blue outline, indicates which
properties have been selected.
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PUMP P5 (1/2) ()
20 10 =E % =

O, |PUMP PS | HE
Nams PS
Cormment o
Keywords []
U=er name Delft Hydraulics o
Modified 2007 Apr 16 14:21 [l
Type Pump [
Model name DMD#250 []
Sequence number 0 o
Dizuze MNio |
Reference id o
Characteriztic type QHE ol ]
QHE_table TABLE .|
Rated speed 735.0 (rpm}) (]
Initial =etting Speed Bl ]
Initial =peed |F35.13 {rpm] ]
Polar moment of inertig 9. 160 (kgm2) [
Drive type [Trip 2l ]
Trip time 2000 (=) |

|
When you click Al (or shortcut key Ctri+Enter) the selected values are copied to
pump P6.

Note that the output has disappeared from the Property Window after applying
Synchronise. The output has to be recalculated, due to a change in input parameters.

2.4.4.7 Tables

Pressing _..| opens a table. Some properties, like pump characteristics, pipe profile or
action table, are non-scalars but multi-column data series.

The table displays 2 or more input columns. In case of a pump, a read-only column
shows you a derived quantity. The edit grid acts as a spreadsheet.

Some type of tables must satisfies certain rules, e.g. a pump capacity curve (QH) is
monotonously decreasing; values in first column must be in successive order. If the
input doesn’t satisfy the rule the colour becomes red.
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&1 PIPE P11 - Profile

§c g" e + E - .f: B E Es. - g
N-distance | Heght | S-distance i
(i) im) i)
1 o -1.8000 o 3
2 | 50, ':ii:':if:s_ 0500007 ¢ 50,0084 2
3 | ssopoo] oosooo.  4snons 1
¢ [ seonnol_sosnd] ss0nzs E
5 | ewoool_ 50500, 610128 £
6 | es50000) 18500  6S0.719) YTy o [
7 800,000 24000 900719 T L
B | _s2s000] 27000, @es7a) 3
] SIEE 000 28500 o958 T2 .
10 | 103000, 28000 103072
11 1055.00! 2 4000 1055.72 B (it il FE—.
12 1400.001 1T000]  1400.72] 4 ' v
| reno a0, 183 : 500 1006 1500
14 [ 154000, 42500 1540.83; Todiwiance i
15 1560.00 170008 1560.99 — Height
16 [ 1e3000] 17000 183099
Taskbar

The first two toolbar buttons above, allow you to insert or delete rows in the action table

The ‘plus’ button activates a new window to carry out some simple numerical operations
at the selected cells.

Operation with selection ri|
Operation
® add O Multiphy
() subtract () Divide
Valus

o [ oo |

‘Auto fill’ can be used to fill empty cells between two values, using linear interpolation.
The button on the right displays a graph of the table.

See: "How to use charts" on page 64.
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Example of pump characteristic table:

&1 PUMP P5 - QHE_table

I o4 S- | L R@E -

Discharge | Pump head Efficiency power 1%
{mm) im) %) (k) 1
1 P 18.60] 0 17
2 100.0] 1740 2400 19.78 "
3 | .20 ami sy o5 m
‘ 110l srool oesl = E
5 1380, 65.00 za :: )
] 1280 T N ) §
7 11.30] 75.00 Mgy 2, ] § =
8 ss00 _ tenol 24e0| .
& | ..B0goi B30g; .3 2478 &
10 8.500 aron i) 7]
B

] 200 400 800 BOO
DEcharge (m3m)

m— Pl head = EffiCiency = power

Example of Valve action table

&1 VALVE V1 action table

e+ S5 BBR v -

Tima PosEon opan

(s) %)
1 ol 100.0 -
2 [T 1000, 1000 c
3 15.00 20,00 -
w0 2500 5
5 30,00} o ]
6 | as00 sooo =
T 50,001 100.0
g &0.00} 100.0;
s S

Time (g}
—— Position open
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2.5 Selection Builder

2.5.1 How to use the Selection Builder

Selection tool x|
Froperty At COperator W alue
HIKeywurds L"an:tive tirme j|= d j
FS
Ksi-T heta table Select | Deselect |
L angle

L angular velocity
L damping torque —
L dannztreamn bpdraulic | %
L dry ballazt torque

L dry valve weight torgue ™

In WANDA 4 it is very easy to select single (or groups of) elements. A tool that is very
helpful is the Selection Builder (accessed via menu Selection/Selection Builder
Window) With this tool you find elements, selected on:

e Properties (input and output properties)

e At a given time step or during all calculated time steps

e Applying a certain operator ( =, <, >, <>, like)

e With a given value for the properties.
In this way you can select elements by keywords, inputs and/or outputs. Keywords can
apply to any selection (see "Add to/ Remove keyword from selection..." on page 88).

You can even build complex queries by applying the Selection Builder several times in
succession and by choosing Select or Deselect.

The first 4 operators speak for themselves. The ‘like’ operator is a powerful string-
matching operator. The edit field value contains the pattern that is to be matched. This
pattern may be a normal keyword, component name etc. Furthermore the pattern may
contain one or more of the following special characters:

Character Matches

? Any single character

* Zero or more characters

# Single digit (0-9)

[charlist] Any single character in charlist
[Icharlist] Any single character not in charlist

The set of characters in charlist, may contain a hyphen (*-') to specify a range of
characters, e.g. [a-k].
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Examples

In the screen below we are looking for elements in the model that start with a ‘p’ for the
property keyword. (Note that you can use wildcards.)

Selection toal

Property At Operatar Walle

= || active time jllike dli'“ j

Deselect Al | Select | Deselect |

If you want to search on keywords, a dropdown list of available keywords is displayed in
the edit value box. We have selected the keyword PS-2 to plant, at the active time, in
the example below.

Selection tool
Broperty A Dperatar W alue
QIKE}'WDMS ;"au:tive time jllike bl IF'S-2 to plan

Deselect Al I Select I Deselect I

If you want to select all components that have a rated speed of 600 (rpm) or more, you
could apply the following selection query. In the diagram, two pumps are now selected.

Selection tool

Eroperty At Operator Walle

* [l active time j|>= ;“EEIEI

Deselect 2l I Select I Deselect I

K|

Fated speed

If you click the ‘K’ button, you will go back to searching by keyword.

Tip
Pressing Alt +F7 activates the Selection Builder.

If you press Alt +F7 while a property is selected in the Property Window, this property
will be entered in the Selection Builder.
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2.6 Using Charts

2.6.1 Kinds of charts

In WANDA we distinguish three kinds of charts

e A chart of an input table: (pump curve, pipe profile, action table etc). The
quantity and unit of the X-axis and Y-axis depends on the kind of table.
e Time series: This chart contains one or more quantities as a function of time
(H(t), Q(t), v(t), etc.). See also "Time series" on page 65.
e Location series: Output properties of a pipe can be visualised in a chart as a
function of the location (P(x), H(x), Q(x), etc). See also "Location series for a
single pipe" on page 66.
Each chart type uses its own default chart template. In these templates the layout of the
chart is defined. The user may adapt the templates to personal preferences. More
information on managing these templates, see Help function of Deltares Graph Server.

2.6.2 How to use charts

If you click the chart button 2 in the Property Window (see “How to use Property
Windows” on page 46), a chart of the corresponding output property is displayed. The
graph button is part of the output property boxes.

The most important features of charts in WANDA 4 are:
e Zoom in on the graph, by drawing a rectangle from left-up to right-down.

e Scroll through a zoomed graph by holding the right mouse button.

e Change the layout and presentation of the graph by double clicking on the
graph or through File menu ‘graph properties’.

e Save graph settings in a template, for later use, using the template menu
(see also Help Chart server).

e Export charts as a Bitmap, Windows Metafile or other formats for use in other
applications or documents.

e Copy graph data for use in other applications (tab-delimited data, e.g.
spreadsheets).

2.6.3 Chart with more series

Each time you click the chart-button a new window is opened. If you want to add a
series to an existing graph, just press and drag the button into an existing graph. The
series is added to this graph.

WANDA allows multiple documents; that means that another case can be opened and
that output of more than one case can be drawn in one chart to compare the results of
different cases.
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2.6.4 Time series
Time series are applicable in transient mode only!

All output properties of WANDA objects can be visualised in a chart. This chart contains

one or more quantities as a function of time (H(t), Q(t), v(t), etc.).

To create a chart with two or more different output properties, for example the upstream
pressure P1 and the discharge Q of a valve, first press the chart button of Pressure 1,
then drag the chart button of Discharge into the Pressure chart. The result is displayed

below.
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In this way you can also combine different properties of different components.

To create a time series chart with two or more time series of the same output property,
first select the objects in the diagram, then press the chart button of one of the selected
components. The result is that the output property of all selected components is

displayed.
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To create a time series at a certain location in a pipe, you have to specify a value in the
property field “Location”. The program adapts this location to the nearest calculation
node, which is shown in the property field “Real location”. If the Location field is empty,
pressing the chart button results in a location chart of the pipe. See also "Location
series for a single pipe" on page 66.

2.6.5 Location series for a single pipe

Output properties of a pipe can be displayed in a chart as a function of the location (X-
distance). All routes are displayed with the horizontally projected length on the X-axis.
If you create a chart of the Head, also the profile of the pipe is displayed (same
quantity).

The representation of the location chart depends on the mode you are running. In
engineering mode the entered profile points are displayed as internal points (see
below):
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Location serie of Head in enginesring mode
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In transient mode the pipe is divided in one or more elements of equal length (based on
the wave propagation speed and time step). The output is available in the internal
calculation points only (the so-called waterhammer nodes). These waterhammer nodes
do not match the profile points. The waterhammer nodes are displayed on the minimum
values. The user is strongly recommended to check that the waterhammer nodes cover
all relevant high points; decrease the time step if necessary.

In transient mode the chart shows the minimum and maximum values (the envelope)
and the values at the current time step. Use the time navigator to analyse the dynamic
behaviour (see "How to use the Time Navigator" on page 75). The actual time is
displayed in the caption.

The following charts show the same charts as shown in the previous chapter, but now
for transient mode:
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Location serie of Head in transient mode
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2.6.6 Location series for a route

A route is a sequence (string) of selected hydraulic components without a gap. It is not
necessary to select the H-components in a route one by one (extend the selection with
Shift+Click). The program automatically selects a route by clicking the first component
and Ctrl+Shift+Click the last component. For more information of selecting routes see
"Diagram routes" on page 134.
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Routs contzining 2 ppes

Location {my
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Head 0.00s (sewage)

To check if a selection satisfies the route definition, just choose the “Selection” view in
the property window (press the A-button). If a chart button is visible at the output
properties, the selection defines a route. Only pipe components have a length, other H-
components have no length and are not recognised in the chart.

The route function is drawn for the actual time, defined by the Time Navigator (see
“How to use the Time Navigator” on page 75. The route creation is the basis for
displaying and analysing pressure surge Movies. The actual time is displayed in the
caption.

In the chart all pipes are represented in the same flow direction. In a large distribution
network it is possible that the positive flow definition is opposite to the current flow. In
that case the pipe is represented in flipped position, indicated by a <F>.
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Rowt with 4 pipes including tw o in fipped direction
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It is possible to display the pressure rating of the pipe in the chart. In the Mode &
options menu (see "Mode and options" on page 102) a visibility checkbox is available to
manage this option. The upper and lower limit values of the pipe are part of the
hydraulic input properties of the pipe.

Pipes w ith different pressure ratings
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Lower limit P = Pressure (Centreline)
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2.6.7 Location axis

For a location serie, default the horizontal length is used. The user can switch this
horizontal length (X-distance) to the spatial distance (S-distance, real length).
Especially for vertical pipe sections this may useful. To change this mode, go to the
mode & options menu (see "Mode and options" on page 102.

To show the different between both representations the Pressure Head and Pressure
charts are given for both axes in case of a pipe bridge (crossing width 10 m, height 6
m).
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Bottom axis as X-distance (horizontal):
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Bottom axis as S-distance (Spatial):
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2.6.8 Selection charts
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Each time you press the chart button in the property window, a new chart window
opens. Without closing these windows your screen becomes full within a few moments.
It is possible to open one common chart window for a location and one common chart
for a time series. Now, when you select an output value, the series is automatically
drawn in the chart window. These so-called selection charts are activated via the
context sensitive short cut menu (press right mouse button in the property window).
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Select Space
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Edit F2
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Dpen Location Chart
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v Locked Chrl+L

2.6.9 Charttemplates

The layout of the several kinds of charts are defined in the so-called chart templates.
These templates are part of the WANDA delivery. The chart template contains the chart
properties, which describe the layout of the chart. If you are not satisfied about the
layout, you may edit the chart properties. The modification can be stored in the default
template or in a user defined template.

Sefes IGeneraII iz I Titles I Legendl Parel I F'agingl Wwialls I o I

Series Title

P — = (il [
if__ﬁ__ ¥ —— Profile [sewage) Add...
[ p—— I

ifz ] Head min [sewage)] Delete
w ¥ Head max [zewage]

Title...
ﬁz{ V| — Head 0.00z [zewage)
bz [T — $DEFALLTS G
fz [T — $DEFAULTS ~|  Change.

Help... | Cloze

To change the chart properties, double click in the chart or use the menu “file”/chart
properties”. All changes are applied directly. To store these settings you must save it
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into a template. Be aware that the axis title, legend and text headers are variable (text
depends on case and kind of property). To maintain these variable text items, the
template must be saved in design mode. Choose from the Chart menu
“Captions/Absolute”. Then save the template via menu “Template/Save” of activate the
Template manager.
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2.7 Time Navigator

2.7.1 How to use the Time Navigator

The Time Navigator allows you to scroll in time through the calculated results of your
model, and look at specific locations and instances in your model.

You can only use the Navigator after you have calculated the model in Transient mode
and thus generated output. Activate the time navigator via the menu Model/Time
Navigator or press Ctrl+T

Sewage_transientwdi - 0,0/20,0s ]

i LI

By moving the horizontal slider you can see the output (e.g. head or pressure) of a
selected component at a selected moment in time. The selected time is visible in the
caption of the WANDA window and in the caption of the Time Navigator.

By moving the vertical slider, you can control the speed of the viewed output.

It is also possible to view the output of a component at:
e agiven time and
e agiven location.

Example

If we want to see the head for PIPE P1 att = 11.100s and at location 1500m, we first
put the Time navigator at that particular point in time:

Sewage_transientwdi - 11,0/20,0s  [¥]

- | -
__|_|_ Hd 4 | W M F K »

After we specify the location in the Property Window of PIPE P1 (see “Properties of a
Component” on page 43), WANDA 4 uses the closest calculation point (1525m) as the
real location for PIPE P1, which has a total length of 1831m (see pipe length).

2.7.2 Playing Movies

WANDA allows you to play movies of the output of certain components. The transient
pressure in a pipe is a wave phenomenon that propagates through the system.

If you want to see the changes in time of a simulation, we first display the graph for the
pressure of a certain pipe, by clicking the graph button. The edit field ‘location’ in the
Property Window (see “Properties of a Component” on page 43) must be empty in order
to view the route consisting of all selected components; see “How to use charts” on
page 64 for more info on the creation of routes.
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The blue line is the minimum pressure, orange the maximum and red the pressure at a
moment in time, along the total length of the pipe (location). The calculation grid is
indicated on the minimum series. If the head along the selected pipelines is displayed,
then the pipeline profile is displayed as well. The head graph above reflects the
dynamic situation after 3.6 s (indicated in the legend).

By shifting the time to another moment, the chart shows the new situation automatically:

If we click the play button on the Time Navigator the graph will turn into a movie,
displaying the pressure in this pipe, in a linear time mode, depending on the simulation
time and time steps you have specified for this model (see also "Time parameters..." on
page 107). You can view multiple movies in a single graph or in several charts
simultaneously, for example movies of the head and flow.

2.7.3 AVl-creator

You can record the movie in a separated file (AVI format) to use it for presentations or
to include it in your digital report. The AVI-file can be shown with any media player
which support AVI-files.

“Fecord movie™

Sewage_hransient.wdi - 0,0/20.0s | %]
-1 -
_l_l 4 4 4 W H F Ml =

Speed i;

To record the movie, simply press the red record button in the “movie navigation
window”. A “Save Dialogue” window will ask for a file name of the AVI —file.

Note that only one location chart window may be active. It is not possible to record two
or more location chart windows together.
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2.8 Creating your own database system

2.8.1 Property templates

WANDA 4 allows you to create your own set of frequently used settings for all kinds of
data. This applies to component properties and specific settings for fluids, accuracy or
time parameters.

In this way you can use WANDA 4 the way you want, and adapt the application to your
specific use.

Frequently used properties can be stored on disk and re-used. WANDA uses the file
system to manage these property templates. An example of such a directory tree is part
of the WANDA installation.
For example:

e map Fluids contains templates of several kind of fluids

e map Pumps contains templates of several kind of pumps

e map Pipe sizes contains templates with pipe dimensions for several materials
and pressure ranges

¢ map Roughness contains only the roughness property of several kinds of pipe
materials.

Important: the delivered property templates are only provided as examples.
Deltares not be held responsible for the correctness of the contents.

2.8.1.1  Example: Property window
The default fluid window (for Liquid) in WANDA 4, looks like this:

Fluid M andaCase zew

2T eig %E b=
Mame water

Density 1000 [kefm3)

Bulk modulus: 21009 (Mm2)
Wapour pressure 1.707 (kPa)
kinematic viscosity  |1.000e-6 (m2iz)

In the model you use, it is possible that you frequently calculate schemes for water of
20 degrees. This means that every time you build a model, you have to adapt the
characteristics for water.

In WANDA this problem doesn’t exist because you can create your own template for
water of 20 degrees, and store it for later use. All you have to do is give in the
characteristics and save them:
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Fluid M andaCase sew
T onemeEe
Mame weater

Density 800.0 (kg m3)

Bulk modulus 2.100e9 (Him2)

Wapour pressure 1.707 (kPa) |
kinematic wiscosty | 1.000e-6 (m2/s)

When you click the save button, WANDA asks you for a file name:

Saveir: | 4 Fluids EN=N=EE

|#] benzene ptf E weater (15 degr) ptf
|:] E vl alcohcl pif |i#] veater (20 degr) ptf
] kerosine ptf

|] O [15 degr] pif

] sea veater (15 degr] ptf
| ] weater [10 degr)ptf

File pame: Iwarer [20 degr] ptf I Save |
Save as lype: RPN Cancel

[ Save az Unicode

If we open this template in Notepad, it looks like this.

Example Fluid property template file

*
*
* Fresh water (28 degr)
*

636 3636 I 3636 -3 3636 3636336363363 3363636

Bulk modulus 2.10008e9

Uapour pressure 2338.88

Kinematic wviscosity 1.088280e-6
Density 998_21|

Hame fresh water

Data is always stored in Sl units, but automatically converted if you select another unit
system in WANDA.

It is obvious that you can make templates for all kinds of fluids in this way and create
your own database system.

The properties are stored in ASCII (text) files with extension “ptf” which stands for
Property Template File. We recommend you to extend these files with useful
comments.
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See next example:

* Source: Catalog Manufacturer XXX

* page II-32a

* Last updated: 1999-09-25 S.0. Mebody Deltares*

Model name HPE 125x110.8

Comment 0.6 MPa SDR176
Material name HPE

Inner diameter 1.108

Wall thickness 0.00710000
Young's modulus 8.00000e8

If you save component properties to a template, only the selected properties are saved
(the blue ones). For the fluid, physical, initial values, user units, all properties shown are
saved.

2.9 File Management

2.9.1 File management in WANDA 4

A complete case study using WANDA produces a set of data files, called case files. The
case study is identified by a case name, defined by the user. Case files have the same
name as case name but differ by extension. File extensions are administrated by
WANDA. This section presents the filename conventions and the way to deal with the
data files.

2.9.1.1 Conventions for WANDA file names

One set of case files is related to an unigue WANDA computation/simulation. To
distinguish between different simulations, the user should give a unique case name to
each simulation. Case files use the case name as the filename, so that they can be
easily identified in the working directory.

The maximum length of a case name including the path (C:\...\....\) is 260 characters
(Windows limit). The path and file name may contain blanks.

The general format of filenames is then: "xxxxxxxx.ext" where "xxxxxxxx" is the case
name (user dependent), and ".ext" is the extension generated by WANDA. The
extensions used, are:
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extension file type

wdi file for input data

wdx file for iGrafx diagram

wdo file for data generated in both steady and transient computations
wdf definition file describing the data structure of <case_name>.wdi and

<case_name>.wdo

i interface file between the modules STEADY and TRANSIENT

_sm messages (log file) from the module steady-state

_r interface file between the modules TRANSIENT and RESULTS

_um messages (log file) from the module transient-state

wir ascii file containing the input report

wor ascii file containing the output report

wps ascii input file used for parameter run

wcr ascii output file with case compare results

rtf log file, written by closure of case file

csv ascii output file (column separated) with summary output parameter run

wdd ascii file containing the case description text; handy for preview in a file
manager

wmf file containing the diagram picture; handy for preview in a file manager

It is recommended to choose a case name, which contains as much information about
the system and process simulated as possible. One may think of, for example, "oilload"
or "pumptrip”.

One often needs to make several simulations based on the same hydraulic model. This
is possible provided that each simulation has a unique case name. It is advised to
administrate the simulations by having serial integer numbers included in the case
name, for examples, "pumptrip01", "pumptrip02", etc.

2.9.1.2  Important files for backup

For backup purposes it is recommended to store at least the WANDA input files in a
save place. It is not necessay to store all files because the output files can be
generated easily again.

To store the complete input, you need only the “wdi”, “wdf’ and “wdx: file.
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2.9.2 The File Menu

Mew Ctrl -+
Open Example. ..

Qpen... Ctrl+0
Cloze Ctrl+w
Close all

Save Ctrl+5

Save As...

@ﬂ E'_!Eﬁ'

Insert Picture, ..

Page Setup...
Print Preyjew

Print... Ctrl+P

0 o) 3

1 Chedkvalve study.wdx

2 D:'projec... \Emergency dosure, wdx
3 D:Yprojects\MyPra... \pump trip, wdx
4 D:'projects'M... Walve dosure.wdx

Exit

The WANDA File Menu has, next to the traditional, menu options, a few specific ones
(see for details Help on iGrafx Professional).

If you choose:
o New: WANDA 4 opens a file called Untitled.wdx. In the caption you also see
"(no output)".
e Open: opens *.wdi-files
e Save as: saves *.wdi-files
e Close: When closing, WANDA 4 asks "Save changes to *.wdx?"

At the bottom of the menu you see projects and files, that were used in previous
sessions.

Note: You can open and view diagrams, inputs and results of all kinds of WANDA
cases in WANDA 4, including cases that contain components that are not covered in
your license agreement. You can not save cases that are not covered by your license
agreement; the Save and Save as.... items are disabled.

2.9.2.1  EPANET /ALEID import

WANDA supports the import of EPANET and ALEID models. ALEID is a Dutch program
used for drinkwater distribution (based on Epanet scheme).

To import an EPANET or ALEID model, choose from the file menu “Open” and select
from “Files of Type” EPANET project (*.inp) or ALEID project (*.pro).
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Open El El
Lock in: | IC3) WaterDistriution System * Q@
= Hetwork Easting
EI |2 Hetwark North.no
My Fecent | ||5 Metwari South.inp
Documents | |51 Netwaork West.inp
Dashiop
My Documents
59
My Compuier
Flo e Network ot rp ¥

From the distribution model, the next data is converted: pipe length, pipe diameter, wall
roughness, H-node elevations, delivery rate (H-component TAP).

Converting these files takes some time dependant of the network size. Be aware that
the network size match your WANDA size license.
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2.10 Arrange Menu

Alian L4
Align route

Make Same Size L
Space Ewvenly L4
Grid *
Guidelines L4
Roatate/Flip L4
Order g
Layerz L4
Flip positive flove definition

The Arrange Menu allows you to edit the layout of the diagram. Most features are also
accessible using the context sensitive right mouse click menu.

In addition to the iGrafx Arrange Menu, WANDA 4 offers two additional features,
especially for use in Hydraulic schemes.

2.10.1.1  Align route

Aligns a selected route between several hydraulic components, for the purpose of
reporting.

Note: When aligning routes it is important that you have used direct connection lines.

The pictures below show how to align a route of components:

C— > R
i E A
5. East P1 P2 N.Uiest
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1. Schematic situation: A flow from South East to North West

P P2

2. Real situation: North West (top-left), South East (bottom-right)

Edit “iew Inzert Format Tools | Anange Selection Units  Model Beports  Window  Help

EH SRY 4 B@E b vE <2
1 2 3 Align raute a 5 i
I Make Same Size 3 "
Space Evenly 3
Grid 3
Guidelines »
Botate/Flip »
Order »
Layers »
Flip pogitive flow definition

P F2
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3. Aligning real situation

5.East

4. Result
Tip

It is also possible to draw a series of components in a particular direction using the
"Vector based schematisation" on page 39.

2.10.1.2 Flip positive flow definition
Allows you to change the flow direction (definition) of selected components.

The pictures below give an example:

x|
Bl —== ¥/ xjolulol Bl -
H A E[arvevs =] 4 ¥
—_— hame s i
Ky 0000023 I :
Attached connections| 1.4 2C % .
Modsl name I_‘=
Keywords P
Liser name ATnistra |
Modfied 19sepeco21213
Type Walve (uzer specified l—
Action table
~ ~
ra Fa
C
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1. Valve V5: flow direction from A to C. Note the property 'Attached Connections’
in the Property Window.

Align r
Align raute

Make Same Size L4
Space Evenly L4
Gnd 3
Guidelines g
BotateFlip g
Order L4

B1 ——] _IllEJﬂl_lJEHE b S

H Y e — I
blame 5

ey 0000023 i

Attached connections 1-C 2.4 5 i

Mo name .

(Comment . |_

Keywards [

Moified i

Type r
N N
- o

3. The Flow definition of Valve V5 is flipped (see also Attached Connection)
The flip feature is also supported by the flip button in the draw toolbar.

Diraw ]|
ﬁ | Arrange = Combine + @'

@vﬁviv—:'ﬁ? pradl AN

If the draw toolbar is not visible, select Menu/View/Toolbars.
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2.11 Selection Menu

Selection Builder Window Alt+ET7
Add Keyword to Selection. .. Ctrl+altHdum+
Remove Keyword from Selection. .. Ctrl+Alt-Hdum—
Select Objects with Keyward. .. Ctrl-Hdum+
Deszelect Objects with Keyward. .. Ctrl-Hdum—
Select All Objects with Property Comments Ctrl+shift+711

Select All H-Components
Select All Pipes

Select All Mone Pipes
Select All C-Components
Select All H-Modes
Select all Signal Lines

Deszelect All H-Components
Deselect All Fipes

Deselect All Mone Pipes
Deselect All C-Components
Deszelect All H-Modes

Deszelect All Signal Lines

Select Mext Object L4
Add Mext Object to Selection k
Select Mext Object And Keep First Ohject Selected L
Select Route Between Selected Components Ctrl+Shift+R

Select All Routes Between Selected Components  Alt+Shift+R

In the Selection Menu you can view and edit all kinds of characteristics of components
in your model, by simply selecting one, a group or all the components.

See also: "Selection Builder" on page 62.
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2.11.1 Add to/ Remove keyword from selection...

wana |

Add kepward to zelection

Cancel |

WANDA 4 offers you the possibility to shape and build the hydraulic model to your
preferences.

Each H-component en H-node has a keyword property. This is a text string up to 50
characters. The string may contain more then one keyword. Use quotes (e.g. “from A to
B”) if the keyword contains spaces.

Keywords are used to select a certain group of objects with a special meaning, e.g. a
pump station, a network extension, a route etc. This means that an object can contain
more then one keyword. To add or remove a keyword from a selection you need this

feature.

Note: if you use the synchronise button in the property window, each object gets the
same keyword(s). Now only the specified one is added/removed.

In this way it is easy to find a group of selected elements, by using the "Selection
Builder" on page 62.

2.11.2 Select invalid components

In some cases the calculation of your model is not performed. This means that one (or
more) component(s) in the model are invalid. They can be of the wrong type, in the
wrong place or may have the wrong input. All these faults depend of course on the type
of model you want to calculate.

In the selection menu it is possible to select these invalid components by choosing:

o Select first invalid component: selects first invalid component in the flow
(press F10)

e Select all invalid components.
If there are no invalid components this option is grey and can not be used.
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2.11.3 Select components and/or connections
The function of these options is self-explanatory.

It is advisable not to select an element before using one of the options. E.g. if you have
selected all pipes, and afterwards you select all connections the selected pipes will stay
in the total selection.

It is possible to select:
e all H-components
e all pipes
e all none pipes
e all H-nodes
e all C-components
o all signal lines

2.11.4 Deselect components and/or connections

This function is the opposite of Select components and/or connections and therefore
self-explanatory.

Note that you can use both features in addition to each other. You can for instance
select all H-components and delete all pipes form this selection by using ‘deselect all

pipes’.

2.11.5 Select route between selected components

When you have selected two components, this feature selects all components and
connections (H-nodes) on the shortest route between the two selected components.

In this way you can easily compare or synchronise certain components or store the
selected route under a keyword.

It is now possible to look specifically at the output of the selected route. When the graph
button is displayed in the Property Window (focussed on selection — press 'A') you have
created a valid route.
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The pictures below show how to select a route:

R |

Bring to top in property window |
Dezelect

Select Al Chrl+a,
Dezelect All

v

Shape Crawing
Line Dirawing
Wector Drawing

Cut Chrl+
Copy Ctrl+C
Pazte Chrl+4
Arrange r

v Lze Direct Lines

Diguze r

£00m r

Property ‘afindom
v Selection Property Window
v Shape Gallery

Luick £oom Panel

1. Two components in the model are selected. By choosing "Route between

selected components "from the Selection Menu all components along the route

are selected.
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2. All components along the route are selected in the diagram.
A very fast way to select a route is done by a combination of mouse and keyboard.

First click (select) the beginning of the route, then click the end of the route with the
Shift key pressed down.

The select route option is also accessible via the right mouse click menu.
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2.12 Compare menu

The compare menu allows the user to compare two cases that are opened
simultaneously. If more than two cases are opened, this menu can not be used. In this
way the user can easily find which objects are changed, and which objects are added.
This can be very useful in a study trajectory, in which more than one version of the
model may be created.

Below the Compare menu is shown:

Arrange Units Model Reports Tools+ Window Help

Compare Two Open Cases Ctrl+shift+F2

Select Objects Different In Other Case Crl+shift+F3
Select Objects Mot Found In Qther Case  Ctrl+Shift+-5

Report

Comparison is primary based on the unique key each object has (like H-component, H-
node, C-component, signal line). This key is normally hidden but can made visible by
pressing the pause key with the property window active. The graphical location in the
diagram is not taken into account during the comparison, neither other graphical
attributes.

Checking the “Compare Two Open Cases” marks all objects with different input
properties with a coloured hatch. Differences in property values itself (input and output)
are marked in red.

2.12.1 Objects different in other case

When we compare System_1a with System_1b, an object is highlighted with blue
hatches. In this situation the key of the object is equal for both cases, but its properties
are not. E.g., in the case shown in figure below, the length of the pipe is 1000 m for
System_1a and 1200 m for System_1b
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= 'Wanda Transient Cavitation 3,60
Be [t Yew Fpwet Took gdecion drange orgore Unis Modd Bepors Took+ finedw  Help
Dl &RBY kGBS oo 350 1 - 7

-~ =% » B sy Eg- EN
o [ Systam_1a.wee ® - 0.0/0.0 5 *

L] 4 E]

| Lo I - 0

W pEspemey, | PR sy e epey ey [IEETEC |«

- = -
L 1200 {m)
| 41 ¢} Cogee T | gl
D Toal= | [ G d o § g e e g ==E RS
Procasn LM

When selecting the object, the property that is different is shown in red in the property
window. If we move the mouse to this value, the value of this property for both cases is
shown in a light yellow box, see figure 2 in which we have selected the pipe from
System_1a: the pipe length of System_1a is printed in front of the ‘<>’ and the pipe
length of System_1b after the ‘<>’. Note that every input property that the user can
change, may trigger that an object is found which is different in the other case, although
the hydraulic behaviour may be identical (i.e. when adding some comments, or
changing the name of an object).

Geometry input Length ol
Length [1000.00 (m) -
H-node height-ebeal—aus

L:1000.00 {m) <> 1200,00 {m){----
Wa‘.res.p-eedl ﬂEI':l:?II TITT=] ( :I|
Fipe element count |12

Adapted wave speed|333.3 (m/z)

LI L]
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2.12.2 Objects not found in other case

When we compare System_2 with System_1, using ‘Compare Two Open Cases’
(CtrI+Shift+F2), some objects are highlighted with green hatches, see figure below. This
is because these objects do only exists in System_2 and not in System_1. Here we
note that Wanda uses only the key of the components when it is looking for objects that
do not exist in both cases.

= 'Wanda Transient Cavitathon 3,60

e Eot Yew Fpmet Dok feection drewe Qorcee Lot booel Beorts Toost e bep

Dl &R B o oo e e
Faal =0 »p sy ETg- XEW
k H | Bystam_1.midx ® - LOVDLO 5
= =l ﬂ"_l 1 z 4
.
A
p
o
£
il
-
L 1
[
i
¥
R
i s
g
%
g "
£
%
£
% z
e ks e e - - -R-SEETEE
Procasn MM

With the compare menu it is also possible to select all objects that are non-existent in
the other case (highlighted green): CtrI+Shift+F5, or to select all objects that are
different in the other case (highlighted blue): Ctrl+Shift+F3.
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With the option report, a report is printed on screen and saved as a wcr-file.

See example below

= 'Wanda Transient Cavitation 3,60

= i - B

| el Paere

EoF-r 0 &

mauljrpay, | sEEgpey, | oGy | WRRDRRes  aeeprpes,  peagweey [l B

i Svsiom g we

(7 systam_war 1. mda ® - W matput

~| 7

e (ot Vew Fpwed Toos Goection Avange Qogere Ul Model Repor Tool+ Wde  Hep
n-ﬁj'ﬂ
“it « ey g ETg. EW )i

L L

19 2 21 213 33

o =

mu 1 2 3 4 : T r RS ':l m n 1 1_! 14 15 18 1Fr 1. 1_! 28 2 .ﬁ! :n'._! 2_1 E_: E_I,
ol
.
- H
A .
| " " =
L-}
S L e
Laeadimg system u
|
DvaTowdw | Lo (6 | 50 0 4 b S v e - ' PJr dg-Tgr==E A A
Fer Halp, prams ML Pracses UM o |

S r - WordPad
Eie Edt few [nsert Fgmat peb

Ded S M B %

Wanda Compare Report A
Case: System org <> Case: System_varl

s*+ DIFFERENT COMPONENT PROPERTIES =+=

BOUNDH SHIP_1

Pressure hesd at © = 0 [8]: 20.2000 (m) <> 19.2000 (m)

BOUMDH SHIF 2

Pressure head at t = 0 [s]: 20.2000 (m) <> 19.2000 (m)

VALVE E3D2

Izizial position (epen): 0 (8) € 100.0 (%)

act table: TABLE <> TABLE

VALVE ¥

Inizial posicion (cpen): 80.00 (V) <> 100.0 (W)

VALVE V2

Initial position (open) %) <> 100.0 (%)

*** EXTRA COMPONENTS IN System org ***

PIPE P4

*** EXTRA COMPONENTS IN System _vazl ***

RESTST R2

*=* EXTRA H-NODES / SIGHAL LINES IN System srg ***

H-node I

H-node R

-

[For Help, press F1 UM
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2.13 Units Menu

2.13.1 The Units Menu

5l unitz

WSA M DA it
LK unitz

LS units

I""_ Uzer unitz

Uzer units window  Crril+S hift+L

Several unit systems are supported in WANDA. The user can choose among the
following systems:

e Sl units (SI) (System International)

¢ WANDA units (WD)

e Imperial units UK)

e ANSI units (US)

e User units (User)

Default units are user units. The user unit table can be configured with your own
preferences.

The selected unit system is used for the input and output of data. However, WANDA
uses the Sl units as the internal system. Conversion between the internal unit system
and the system selected by the user is made automatically via the built-in system
interface. The user is completely shielded from the internal unit system.

Within a WANDA session with multiple cases active, there is only one unit table active.
The last opened case defines the actual unit system, which is used for all open cases.
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Idzer units Units

2O - BRRAa

dimles=_parc a j
lErcgth m
length2 I
height m
area 2
welocity mfs
acceleration mis2
dizcharge mamh
tirne =
pressure bar
farce ki
angle =
angle_veloc rpm
valve_ang_v oz
resistance =2imS
lim.resist. zin2
torgue kMm
puoier Ky
mass kg
density koptms
miom_inertis kgm2
dizch.coef m¥alz
stress M2
vizcozity m2rs
valume 3
EMNEry k.

The factor is defined as:

e value [user units] = value [Sl-units] * factor.

Dimension Sl WD UK us User *)
dimless - - - - -
length1 m m ft ft m
length2 m mm inch inch mm
height m m ft ft m
area m? m? ft? ft? m?
velocity m/s m/s ft/s ft/s m/s
acceleration m/s’ m/s’ ft/s? ft/s? m/s’
discharge m®/s m’/h gpm agpm(US) m’/s
time S S S S s
pressure N/m? kPa psi psi barg
pressure_abs N/m’.a kPa.a psi.a psi.a bar.a

Next tables shows the contents of the available unit groups and the conversion factor
used.
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pressure_drop N/m? kPa psi psi bar
force N N Ibf Ibf N
angle rad O O O O
angle_velocity rad/s rpm rpm rpm rom
valve_angle_velocit rad/s °/s °/s °/s °ls
y
resistance s?m® s?m® s?ft° s?ft° sm°®
linear resistance s/m? s/m? s/ft? s/ft? s/m?
torque Nm Nm Ibf.ft Ibf.ft kNm
power w KW hp hp kW
mass kg kg Ib Ib kg
density kg/m3 kg/m3 Ib/ft® Ib/ft® kg/m3
moment of inertia kgm2 kgm2 Ib.ft? Ib.ft? kgm2
discharge m”/s m”/s ft’/s ft’/s m”/s
coefficient
stress N/m? N/m? psi psi N/m?
viscosity m?/s m?/s St St m°?/s
volume m® m® ft® ft® m®
dimless percentage - % % % %
energy J kJ kJ kJ kJ
angle velocity rad/s’ rpm/s rpm/s rpm/s rpm/s

acceleration

*) depends on individual user settings; table shows standard setup contents

Dimension Symbol Factor
mass Ib 2.204622476
length1 ft 3.280839895
length2 mm 1000
length2 inch 39.37007874
height ft 3.280839895
area lig 10.76391042
volume ft> 35.31466672
volume gallon 219.99
volume us 264.20
gallon
velocity ft/s 3.280839895
acceleration ft/s? 3.280839895
discharge m%h 3600
discharge gpm 13199.4
discharge USgpm 15852.0
discharge MCMD 0.0864
discharge I/min 60000
density Ib/ft® 6.242691e-2
power kW 1.e-3

98 - User Interface

Deltares



User Manual

Wanda 4.3

June 2014

power hp 1.341e-3
pressure kPa 1.e-3
pressure bar 1.e-5
pressure barg 1.e-5
pressure psi 1.4503768e-
4
stress psi 1.4503768e-
4
torque kNm 1.e-3
torque Ibf.ft 0.7373
viscosity St 1.e+4
viscosity CSt 1.e+6
angle_veloc rpm 9.5492966
resistance s?ft° 2.630721e-3
lin.resist. s/ft? 9.290304e-2
mom_inertia Ib.ft? 23.72996
disch.coef ft”/s 1.811309
diml_percentag % 100
e
energy kJ 0.001
energy kWh 0.277778e-6
angle vel. acc ft”/s 9.5492966
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2.14 Model Menu

2.14.1 Model Menu

The model menu depends on the mode in which you are operating. Below the Model
menu in engineering mode:

In Transient mode the model menu appears as follows:

Made and Options... Cirl+M

Selection Property Window  Shift+F11
Property Labels Window  Ctrl+Shift+H.

Change Log Shift+F4
Description Windaow Alt+F3
Eluid Window

Physical Constants Window

Accuracy Window

Initial Values Window Ctrl+alt+
System Characteristics., .. Alt+F5
Calculate Steady Shift+73

View Steady Messages...

Run Parameter Script
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Maode and Options... Cirl+M

v  Selection Property Window — Shift+F11
Property Labels Windaw  Ctrl+5hift-+
Change Log Shift+F4
Description Window Alt+F3
Eluid Window
Fhysical Constants Window
Time Parameters Window Ctrl+alt+T
Accuracy Window
Initial Values Window Ctrl+alt+1
System Characteristics. .. Alt+F5
Calculate Steady Shift+F2
View Steady Messages. ..
Calculate Transient Alt+F9
View Transient Messages...
Time Mavigator Ctrl+T

Run Parameter Script

See also

e "Property Window" on page 43
¢ "Time Navigator" on page 75.
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2.14.2 Mode and options

Mode and options (MyCase il
—Wisibility
[+ Mame Prefixes in Chart Legands

[+ Sequence number

[+ Madel name

[+ Material name

[T Upper limits in pipes

[T Lower limits in pipes

|7 Connect point outpuat in pipes

[ Made name in diagram when adding

¥ Component name in diagram when adding

—Location Axis

{+ ¥-Distarice {~ S-Distanice

—iComputation

{+ Engineeting Mode

{ Transient Mode

I_ Cawitation
[~ cantral
Pressure autput reference
Minirmurn I Saffit LI
Maxirnurn I Irvert LI
Tirne Series I Centreling LI
Ok Cancel | Help

This dialog allows you to select for this case the visibility of some properties and the
calculation mode of Wanda.

Default all boxes of the visibility properties in the upper part of this window are checked
and thus visible in the Property Window (or chart). By un-checking the boxes you can
make the properties invisible.

The “Upper limit pressure” and “Lower limit pressure” fields are only applicable for the
PIPE’s. if these fields are checked, the PIPE input properties are extended with extra
input fields and become visible in the pressure and head location charts.

With the field "connect point output in pipes" checked, the pipe output is extended with
the quantities in the begin and end H-node. The advantage is that the time series in
these points are available directly without specifying a value in the "location" field.

Adding a new H-component or H-node automatically the name of the new object is
displayed in the diagram (the display box in the property window is “checked”). This
display function during adding can be controlled by the two “.. when adding” boxes.
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The lower part of this window contains mode and options related to the computations.
The radio button allows you to switch between Engineering mode and Transient mode.
In Transient mode you can activate three options by checking the boxes.

If “Cavitation” is checked, cavitation is taken into account during the transient
calculation. See ""Theoretical and mathematical background" on page 145. If “Control”
is checked (must be part of your license), the control scheme is part of the transient
calculation. If not checked only the hydraulic components are calculated.

The “Pressure output reference” had to do with elevation reference is used for the

pressure computation. For more information about this subject see the PIPE
component: "PIPE" on page 323.

2.14.3 Property labels

The WANDA user-interface is in (UK)-English. For all output the English terms are
used, such as “cavitation volume” and “discharge”. This can be a problem when
reporting to non-English clients, or preferring other (US)-English words. To solve this
‘language problem’, the user can define another description for any component
property. The user definitions become part of the case and can be also saved in
template files to build your own “property library”. All output tables and figures can be
represented with property labels that best correspond to the hydraulic vocabulary of the
user or user-clients. To change back to the default value, delete the user specified one.

Froperty Labelz
20 SH sBE -
=

Cavitation volume Cavitation volume
Chamber area Chamber area
Characteristic Characteristic
Characteristic type | Characteristic type
Check cavitation Check cavitation [
Comment Comment
Courter wv. hori.offs. v Counter we. hori.offs wrt hinge
Courter . vert.offs.y Counter v, vert .offs wrt hinge _|
Courter wveight mass | Counter weight mass

Property Labelz
20 =H fBR|o
FS

Prezsure Drruik
Pressure 1 Druk bovenstrooms
Prezsure 2 Druk benedenstrooms
Prezsure att=01[=] |Drukopt=0][z] _|
Pressure drop Druk daling
Pressure head at t = 0|Drukhoogte op t = 0 [=] ﬂ
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FIPE P leiding [1/1]

20 /I0H BRI

|| oty |P1PE PUC leiding

Locstie 1000.00 (rm)
Wierkelike locstie 101650 (m)
Mededelingen

Druk 0.29585 [har)

Diruk daling 0.5260 (har)

Drukhoogte 565471 (m)

Drukhoogte verval 1.86211 (m) : _I
Debiet 1310 m3ky "
Snelheid 1 562 (mis) b Y

=wanda Time

File Template x-Axiz Caption: “iew ‘Window Help

D e, feeees

e

Druk (bar},

0.4

; . .
001 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 15 19 20
Tijd (s)

m—Cruk PYC leiding 1016 m

o The property labels window show all property labels which are available. It is
recommended to translate it once and store this translation in a property
template file.

e The next time you open a new case, you only have to read these labels from
file.

e The translated labels are stored in the case. If you have more than one case
open, the latetst case defines the current label setting, because the
userinterface can handle only one translation.

2.14.4 Change Log (Shift+F4)

For every case, a log-file is created in a rtf-file. This log-file can be modified via the
Model menu. The log-file also keeps track of the ‘save-as’-actions, such that the
complete history of the case can be seen. Upon closing the case, the user can make
some extra comments in this log-file.
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=, Change Log - Valve closure-1.rtf

2007 Mar 21 15148 - koo - Onginal - CiFrogram FilestWwandadshExamplesisewage_transientwd
2007 kar 21 1578 - koo - Changead

MHetwork estendead with vahqe located af treatement plant

2007 Agr18 1342 - kool - Save As - Diprojecs\MyProjectyabse closwre-1 wdi

this case camed out with closing bme of 30 sec
rasults: prassure within raquirements

2.14.5 Hydraulic input of your model

The hydraulic model consists of the diagram with its H-component and H-nodes.
Properties of these objects are specified using the property window.

To run steady and transient, the model requires some general data. This data is divided
in 5 parts:

e Description: enter a description of the current case

o Fluid: specify various physical properties of the fluid

e Physical constants

o Time Parameters: enter the time-step, simulations time, etc, necessary for the
computation of steady- and transient-state flow

e Accuracy

2.14.5.1 Description...

ﬂ
20 =H| BB

FS
Legend name SEWELE _|
Title Tutarial - typical sewage water system

Sevvage water iz pumped from two pumping stations to a zewage
treatement plant. Three pumps in the main pumping station deliver
Des=cription 11500 m3h. & zecond pumping station with one running pump
injectz about 300 m3h in the main pipeline. Inthiz caze complete
pump trip is calculated.

Chatt Footer Caze Path And Time Stamp » |
Iodified 2010 dec 22 11:44

Calculation 2010 Dec 22 11:44

H-componert count 18

Max. H-component count =0

MNetwark element size a2

Max. network element size  |2000 ﬂ
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The case name can contain certain information about a case simulation. However, the
length of the case name is too short to allow a general description. The description
window in the model menu can be used to describe the simulation in more detail. The
user may give an elaborate description of the system simulated, such as the piping
network, the flow process, the objective of the simulation, and the main results.

The “legend name” field is used in the chart legend (max 8 char. long). The “Title” field
(60 char. long) is used as header in charts and input and output reports. The
“Description” field (1000 char. long) is for additional comment. You create a new line
by pressing alt+enter (like Excel).

The “Chart Footer” field is used for printing an identification string in time and location
charts. There are several options for the content of this footer text varying from a full
path and case name including simulation date/time to only the case name. With option
“None” the footer text is empty.

2.14.5.2 Fluid...

Fluid {MyCase) A
20 SH LBB -
Liguid name weater
Rheology type Hewtonian ,ﬂ_
Denszity 1000 (kaim3)
Bulk moculus 2,100e9 (Mim2)
Mapour pressure 001707 (har.a)
kinematic vizcosty |1 ,000e-6 (m2/z)

In the fluid window the physical properties of the fluid are specified. The contents of this
property window depend on the mode you are working (Engineering/ Transient) and the
domains you are authorized for (Liquid, Heat, Gas). For instance, the “bulk modulus” is

applicable in transient mode only.

By default the values valid for water at ambient temperature are given in the table. The
fluid name is purely documentary and has no effects on the computation. In case other
fluids or water at a different pressure/temperature rating are simulated, the values in the
table have to be adapted accordingly.

Choosing Rheology type = Slurry (Optional licence feature) shows the required input
parameters for the Herschel Bulkley model.

In the Heat domain the fluid properties are temperature dependant. Therefore a table
has to be specified. A default table can be retrieved from the property templates
subdirectory (part of the Wanda program directory)
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2.14.5.3 Physical constants ...

Physical constants {(MyLCase) B |
20 =L & R

Atrmozpheric pressurel! 014 (har.a)
Gravitational accelerat 9 510 (mis2)

In the window above you can specify atmospheric pressure and gravitational
acceleration for your hydraulic model.

2.14.5.4 Time parameters...

Time parameters (MyCasea) @
20 I EE 2R

Time step 01000 (s}

Simulation time 20,00: (=)

Output increment 10

Time step count 201

Refresh Interval YY)

Restart Point Interval |0

Output file zize 0,1525 (MB)

The time parameter window is applicable in transient mode only.
Time parameters must be entered for each transient calculation.

The choice of the time-step demands careful consideration. A large time-step generally
saves computation time, but the accuracy in the computed results could be low.
Choosing a small time-step has the opposite effect. The choice should be based on the
dynamic process simulated and the properties of the pipes and the fluid in the system.

The size of the output file depends on the size of the network (number of elements) and
the number of time steps. The estimated size in mentioned in this window. Note that the
maximum file size is 2 GB. You will get a warning if this size will be exceeded.

You can reduce the size of the output file by setting the Output increment to a higher
value. Setting the Output increment to 10, for example, reduces your output file with a
factor 10. If you play Movies or view time series only every 10" time step is displayed.
The extreme values charts do remain correct (i.e. based on all simulated time steps).

It is possible to show the results during the simulation. The “Refresh Output Interval” is
the refresh rate in real seconds; all open charts en property output windows are
updated automatically with this interval. Looking to the progressing results, you can
interrupt the simulation when you find them unsatisfactory.

The Restart point interval controls how often a restart point is created during the
unsteady simulation. The Wanda simulation can be restarted from these points in the
simulation. This greatly reduces simulation times when the user changes an action
table in a large model. The restart point interval must be larger than the output
increment and must be a multiple of the output increment.
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2.14.5.5 Accuracy...

A
20 FBR -

]
Conyergence criterion|o 001 000 (-)

Min. iterations steady (5
Mazx. terations steady (100

These parameters are used for determining the end of the iteration process to solve the
non-linear hydraulic equations in the steady state and at the boundary conditions in the
unsteady state. If the relative difference for each element between the last solution
vector and the previous iteration is smaller than the convergence criterion, the solution
is assumed to be converged.

For steady state calculation it can be necessary to prescribed the minimum number of
iterations to get a satisfied and fully converged solution.

To prevent the program for looping if no convergence can be obtained, a maximum
number of iterations is introduced.

Normally the default values has not to be adapted.

2.14.6 Initial values
The PIPE component (Liquid module) use a table with local losses.

You can define your own default values for the local losses. These values will be used
as default settings for each pipe.

Initial values (MyCase)
20 2E ¥FB2R
Comment |axample intial values

Local loszes Xi TABLE [
Local los=es L_eq TABLE ..

o v+ S 4 BB e 4+ S BB
local lozzez Losz coef Xi lecal lozzes L_equiv #0
() (=) () =)

1 |Elbow 90 degr: R=1.5D 0.2000 1 |Elbow 90 degr: R=1.5D 15,00
2 |Elbow 45 degr; R=1.5D 0.1200 2 |Elbow 45 degr; R=1.5D 2.000
3 |Ballvalve 100% open 0.2500 3 |Ball vahke 100% open 16.00
4 | Diffusor 1:4 0.1000 4 | Diffusor 1:4 5.000
S |Tee, flow through run 0.3000 5 |Tee; flow through run 20.00
& |Tee, flow through branch 0.5000 6§ |Tee; flow through branch £0.00

Wanda is delivered with settings as given above. These settings are saved in a
template file “default.ptf’ in subdirectory “Initial values”. If these settings do not satisfy
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your company settings, change the contents and save it (using the save button) to the
default.ptf-file.

Each time a new case is opened, the contents of the default.pff file if copied to the
internal data structure of the case. Changing these case settings does not affect the
global settings in the template file.

Each time a Pipe with local losses is added to the diagram, the current case settings
are copied to the property data structure of the Pipe. Editing the Pipe properties does
not affect the case settings.

2.14.7 System characteristic chart

This option creates a chart containing several assembled pump characteristics and
several system characteristics
This is done in three steps:

e create an assembled pump characteristic

e create a system characteristic

e combine pump and system characteristics in one chart

These steps are carried out using the window as depicted below.

ﬁ System Characteristics - 0 pump(s) selected in case MyCase |Z||E|E|
Current Directory

S

Chart

Pumping stztion Wast v| f MNew.. |

Assembled Pump Characteristics Systern Characteristics

Comment Comment

{(*)QH (IQHE {iqHe ()QHEP

Coz= |[ hbew

By default the directory name of the current case is shown. It is possible to choose
another directory using the browse button.
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If you have never defined a chart before, you first have to specify a new one. Press the
New button and specify a chart title. The dropdown box shows all available chart titles
created before.

The two large list boxes show existing characteristics. If they are empty it means that no
curves have been generated yet.

All characteristics are stored in ASCI| files with fixed extension (.wpc for pump
characteristics and .wsc for system characteristics) These files are stored in a
subdirectory of the current case directory. This subdirectory name is specified by the
user and this name is used as title for the chart to be assembled.

2.14.7.1 Assembled pump characteristic

To create an assembled pump characteristic you first have to select one or more pumps
in the diagram. The caption of this window shows the number of selected pumps. Then
press the Create button in the assembled pump characteristic box and the program will
generate the assembled curve. To identify this curve you have to specify a unique label.
The program suggests a label based on the model name of selected pumps, which may
be changed by the user. In the chart this label will be used as legend text. The label is
also used as file name (filename.wpc in subdirectory case\chart label)

Current Directory
o1 proscsyProsc

Chart

| Pumping station West W | [ Mewi.., ]

Assambled Pump Characteristics Systern Characteristics

il 1 x POV_300a at 580.0 (rpm)

Wanda Syschar

Mew aszembled pump characteristic
2 pumplz] zelected

M arne
creste.. | [ | [24POV_300a at 580.0 (rpm) || Re-Calcutat

Comment [ ak ][ Cahcel ]

(*)QH ()QHE (gHe  (QHEP

View Chart ][ Cloge ] [ Help

To delete an existing curve, just select the curve label in the box and press the remove
button.
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2.14.7.2 System characteristic

The system characteristic describes the head as a function of discharge at a certain
location. To determine this function the H-component QSCHAR must be defined in the
diagram. The QSCHAR represents a set of pumps.

QSCHAR represents the
pump station
II,,, \\\\\
1 1
=: Qs :I EF—‘ :
\\\ 7 o Iy
N /'

O

Tip:
In systems in which PUMP’s are already defined in the scheme, use the ‘Disuse’
property to inactivate the pumps. The pumps are replaced by the QSCHAR component.

Pressing the Create button in the system characteristic box activates the calculation. In
fact this is a repeating calculation of Steady with different discharge steps. Steady takes
25 equidistant steps beginning with 0 m*/s until Quax M*/s. Qmay is an input property of
QSCHAR. To activate this calculation all input of the hydraulic network must be
complete and satisfy the validation rules. If the “Create” button is disabled, check the
input using the selection menu item “select first (all) invalid components”.

In contrast to the normal Steady calculation, it is not necessary to specify the status of
checkvalves (or other solution dependent properties of other H-components) in the right
way. During calculating the Q-range the checkvalve can change from “procedure
phase”. This change is automatically carried out.

See H-component QSCHAR for more information.

To identify this curve you have to specify a unique label. In the chart this label will be
used as legend text, so use a meaningful name. The label is also used as file name
(filename.wsc in subdirectory case\chart label).
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Current Directory

ooy prec

Chart
| Pumping station West b | [ Mewi.., ]

Aszsembled Pump Characteristics System Characteristics

|1 < POV_300a st 580.0 (rpm)
[]2x Pov_3008

Wanda Syschar

Mew syzten characteristic

M ame

|5m-:u:|th pipeling |

Creste.. [ Supply by GSCHAR Only | ok || cancel ]

Comment -

{(%)QH {IQHE {igHr  (IQHEP

| wiew Chart ][ Cose ||  hep

To delete an existing curve just select the curve in the box and press the remove
button.

2.14.7.3 Create combined chart

To create a chart with pump characteristics and system characteristics select the
applicable characteristics in the list boxes.
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Current Directory
D:\projects! My Project

Chart

| Pumping station West

Aszsembled Pump Characteristics

System Characteristics

Rough pipeline

1x POV_300= st 580.0 (rpm)
2 x POV_300= at 580.0 (rpm)

Smcoth pipeline

2 pumps running together at 580 rpm

Cresta... ” Remaowe ] [ Re-Calculate ] [ Crezte... ] [ Rermowe ] [ Re-Calculsts
Comment Comment
pipeline system with roughess k = 1 mm

COaqu (@®gue CqHe

{IQHEP

Help

J

Vizw Chart ] | Close

Then press the "View chart" button.
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Graph Server - Syschar

File Template View Window

Purnping =tation West

-100

(%) Aouaioy 3

I out e i
'
1
'
'
'
1
L
£ -
[

/

i
1

____________ e
1
1
L
I

b

4 000 6,000 8,000
Dizcharge (m3/h)

=l H 1 % POY_200a at 520.0 {rpm} —8@— E 1 x POV_300a at 520.0 {rpm)
. H 2 3 POYW_300a at S80.0 (rpm) == F 2 x POV_300a at 520.0 (rpm)
Rough pipeline Smooth pipeline

The chart appears in a separate window. To create another chart, first deselect the
items by clicking on them a second time and select a new set. Press the "View chart"
button again and a new window appears.

2.14.8 Calculating your model

2.14.8.1 Calculate steady

When a hydraulic model is completed and the hydraulic specifications are given, the
user tends to go immediately for a run of the steady-state and transient flow
computations. However, input errors are often inevitable. Causes for the errors can be
associated with the complexity of the system modelled, incidental errors made by the
user or lack of experience with WANDA. Therefore, it is useful to check the correctness
of the hydraulic model and the input hydraulic data before make any computation.

See also:
e "Select invalid components" on page 88
e "Reports Menu" on page 122
Calculate steady in WANDA is used to compute the steady-state flow in the pipeline

system. When you choose this option WANDA starts to calculate the steady state in a
separate console program:
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¢ I » INFORMATION Steady state solution found
At a.888a = PUHP Fi shaft power: 119.9 kU
efficiency: @A.788
CHECKU C1 starts in open phase
FUMFP P2 shaft power: 119.9 kU
efficiency: @.788
CHECKU C2 starts in open phase
PUMP P2 shaft power: 119.9 kU
efficiency: @.788
CHECKU C3 starts in open phase
PUMP P4 shaft power: a.a ku
efficiency: @._088
CHECEU C4 starts in closed phase
WEIR W starts in critical state
FUMFP PSS shaft power: 22_.2 kW
efficiency: @.578
CHECKU C5 starts in open phase
FUHMFP P6 shaft power: a.a kW
efficiency: 8.8680
CHECKU Cé& starts in closed phase

[

At #.8608a
At 8.0860680

o

At 8.086060
At 8.p866a

o

At 8.086060
At

o
k=3
3

[ ]

o

%]

The progress of the steady-state computation is displayed The computation is
successful when the message is Steady-state solution found is displayed:

M5
% Steady

Reading hydraulic system
Interpreting hydraunlic system
Reading hydraulic data Geometry
Reading hydraulic data H-component specifications
Pump specific speed = 76.7
Pump specific speed 76.7
Pump zpecific speed 6.7
Pump zpecific speed 6.7
Pump zpecific speed 58.5
Pump zpecific speed 58.5
Hydraulic steady state computation
MNew start vector for STEADYSOL

=y B PV ILY LY ]

1
¢ I > INWNFORMATION Steady state solution found

After computation these messages can be viewed using View steady messages... from
the Model menu.

Steady-state flow equations are non-linear equations, and are solved iteratively. A set
of initial values of the flow variables (a start vector) is used for the iteration. When no
convergence is found using one vector, the computation continues with a new start
vector. A total number of 9 start vectors are designed in the module. In case they are
exhausted and no convergence is found yet, WANDA terminates the computation and
issues an error message. Details about the mathematical model and numerical
methods used to solve non-linear equations can be found in the section Theory behind
WANDA 4 (General form of the equations).

Messages generated by the module can be classified into five categories. The
computation is aborted in case of a terminating error message. Certain categories of
messages can be suppressed in the display window using the message threshold in the
general computation data.
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2.14.8.2 Calculate steady all cases

It is possible to open several different cases. By choosing this option all open cases will
be calculated.

2.14.8.3 View steady messages...

File Edit “iew Inzert Format Help
D= SR s 4]lm] | B
This file contains auxiliary (test) output for module STEADY 1=
STEALDY started at 05:05:37 21-02-2002
I TNFORMATICON Feading hydraulic system
I INFORMATICON Interpreting hydraulic system
I TNFORMATICON Feading hydraulic data Geometry
I INFORMATICON Reading hydraulic data H-component specifications
ALt a.oooo = PUMF F1 Pump specific speed = 76.7
Lt o.oooo = PUNP F2 Pump specific speed = 76,7
ALt a.oooo = PUMF F3 Pump specific speed = 76.7
Lt o.oooo = PUNP FPd Pump specific speed = 76,7 —
ALt a.oooo = PUMF F5S Pump specific speed = 55.5
Lt o.oooo = PUNP F& Pump specific speed = 55.5
I TNFORMATICON Hydraulic steady state computation
I INFORMATICON New start wector for 3TEADYIOL
Nuber of H-iterations: &
I TNFORMATICON Steady state solution found
Lt o.oooo = CHECEV C1 3tarts in open phase
ALt a.oooo = CHECEW c2 Starts in open phase
Lt o.oooo = CHECEV C3 3tarts in open phase
ALt a.oooo = CHECEW ca Starts in closed phase
it o.oooo = WEIR wl 3tarts in critical state
ALt a.oooo = CHECEW [ Starts in open phase
Lt o.oooo = CHECEV Ch Ztarts in closed phase
:|
For Help, press F1 2

Above you see an example of the messages after a steady computation of your model.
WANDA 4 shows these messages in the Notepad. In this way it is very simple to save
the messages as a text document and use them for reporting purposes.

2.14.8.4 Calculate transient

Calculate transient in WANDA is used to compute the unsteady state in the pipeline
system.

The progress in the transient state computation is shown. Program messages are also
displayed.

Messages generated by the module can be classified into five categories. The
computation is aborted in case of a terminating error message. Certain categories of
messages can be suppressed in the display window using the message threshold in the
general computation data.

Calculate transient generates two files. One of the files has the extension " __R", and is
an interface file between the module STEADY and TRANSIENT The other file, with
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extension "_UM", is the message file where all messages generated by module
TRANSIENT and the component procedures are stored.

The computation can be stopped at any time and resumed later (see "Resume
transient" on page 117).

2.14.8.5 Stop transient

This option interrupts the transient calculation. Results of the simulation so far can be
analysed. The user may resume an interrupted transient calculation using the menu
option Resume transient.

2.14.8.6 Resume transient

This option continues the transient calculation.

2.14.8.7 Restart transient from

Allows the user to choose a restart point and restart the transient simulation from that
point.

2.14.8.8 Calculate transient all cases

It is possible to open several different cases in WANDA 4. By choosing this option, all
open case will be calculated. This option is useful if you want to calculate several large
models (e.g. by night). Verify that you have sufficient disk space available. You can
adjust the size of the output file without losing calculation accuracy by setting a time
output increment in the Time parameters window.
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2.14.8.9 View transient messages...

File Edit “iew |nzert Format Help
D|=|d| Sl Al |
Thiz file contains auxiliary (test) output for mwodule UNITELDY =
TMNSTELADY started at 09:02:21 21-02-2002
At 2.0500 = PUMP Pl Trips
At 2.0500 = PUMP P2 Trips
At 2.0500 = PUMP P3 Trips
At 2.0500 = PUMP PE Trips
At 2.5000 =2 CHECHKV 4 Opens
At 8.9000 =2 CHECHKV CE Opens
At 12 .5E50 =2 CHECHKV CE Closes=
At 12 .7E50 =2 CHECHKV CE Opens
At 1z .800 =2 CHECHKV CE Closes=
At 14,550 =2 CHECEWV CE Opens
At 17.450 =2 CHECEWV CE Closes= b
At 17.500 =2 CHECEWV CE Opens
At 17.5E50 =2 CHECEWV CE Closes=
At 17.950 =2 CHECEWV CE Opens
At 18.000 3 CHECEWV CE Closes
At 18.0E50 3 CHECEWV CE Opens
At 18,150 3 CHECEWV CE Closes
At 18,200 3 CHECEWV CE Opens
At 18.3E50 3 CHECEWV CE Closes
At 18.750 3 CHECEWV CE Opens
At 19, 600 = CHECEWV (093 Closes
At 19,700 = CHECEWV (093 Opens LI
For Help, press F1 2

Above you see an example of the messages after a transient computation of your
model. WANDA 4 shows these messages in Notepad. In this way it is very simple to
save the messages as a text document and use them for reporting purposes.

2.14.9 Run Parameter Script

2.14.9.1 Concept

In many projects, different scenarios (e.g. flow rate, operating pressure etc.) and
settings (water level in surge vessel, valve closure speeds etc.) need to be simulated.
Often it is useful to start from the same original (mother) case. The Parameter Script in
Wanda is the tool to use for this kind of projects.

The concept of the Parameter Script is that there is one (original) mother case, from
which several child cases are created and run. For every child case the user defines the
input which needs to be modified. To enable quick review of the results, extreme output
values for every child case can be saved in a CSV-file. For further details, the user can
open the child cases of interest. Since the Wanda 4.2 release, an Excel tool is included
to simplify the use of the Parameter Script. In this Excel file, all input values and
required output results are listed. The advantage of using this Excel file is that:
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1. It is easy to distinguish between different cases and manage a sensitivity

analysis.

2. ltis easy to open the different child cases, since for every child case a shortcut
is added.

3. All internal Excel functions can be used to create the values for the input
parameters.

Although the use of Excel is very convenient, the Parameter Script can also be used
with any text editor.

2.14.9.2 Main steps

In the Wanda example folder (“File -> Open Example -> Parameterscript’) an example
of the Parameter Script can be found (“Sewage_transient WPS.wdi”).

To use Parameter Script the following steps need to be taken:

e Create a mother case using the Wanda user interface.

e Create a Parameter Script file: “MyCase.wps”. This can be done with
help of the parameter Excel file, which can be found in Wanda4/tools
folder, or by manually creating a “Mycase.wps” file by using a text
editor like Notepad. Note: the name of the Parameter Script must be
equal to that of the mother case file.

e Start the Parameter Script via the pull-down menu in Wanda (Model
menu -> ‘Run Parameter Script’).

e Review the results in the CSV-file. Child case can be opened in the
Wanda user interface, when the option for saving the child cases is
selected.

2.14.9.3 WRPS file creation

The WPS file can be created via an Excel file. The Excel file consists of three sheets:
Cases, Output and Readme. The latter contains the same information as given here
and is added as quick reference. Below an explanation of the other two sheets is given.

Cases sheet

The Cases sheet contains all input information, like the parameters to change and the
value of these parameters.

The top three rows are the header rows. From row four downward, information for every
child case is given.

First column “Case number” and second column “Case description”: These rows can be
used to support organize the Parameter Script. Any text string or number can be used
but it can also be left empty.

Third column “Include”; It is used to select the case which should be (1) included in the
Parameter Script run and which not (0).

Deltares

User Interface - 119



User Manual

Wanda 4.3 June 2014

In column four “Name”, the mother case can be saved and the extension for every child
case is given (the child case name becomes: mothercase_childcase).

In the columns after the Name column, the input parameters are given. In the top row
the Name of the component (example “CHECKV C5”) or a Keyword is given. In the
second row the Property to change (“Initial state”) is given. This is the English Property
and case sensitive.

The set-up of the parameter Script excel file gives the user a lot of freedom for
extensions (and deletions). Almost all columns may be deleted, moved and copied.
However, the two columns “Include” and “Name” may not be deleted.

Please note the following:

1. All input value should be given in the unit system of the mother case.

2. ltis also possible to use Excel functions to calculated values or to get them from
different sheets (e.g. VLOOKUP function) if required.

3. Components can only be disused and not used. Meaning: all components which
are listed in the in- or output should be used in the mother case.

4. Be careful in using disuse, since this can cause the Wanda model to be invalid
and resulting into a crash of the calculations.

5. The length of a pipeline should not be changed, since this will result in
unexpected output and possibly a crash of Igrafix.

6. Using the keyword: GENERAL, the fluid and physical properties can be
assessed, just as the simulation time parameters, and the simulation accuracy
(see also: Model menu — Fluid Window / Physical Constants Window / Time
parameters Window / Accuracy Window).

7. Drop down list ( e.g. “Initial state”) can also be changed. The number of the item
in list requested should be given as input value (e.g. “4” should be used if the
valve should be set to initial discharge).

8. Tables (local ksi losses, pipe profile, action table, QHE-characteristics) can not
be adjusted with the ‘Parameter Script’.

9. To run Parameter Script again, check whether the result-file (csv) is closed.

Output sheet

The Output sheet contains three columns. The first column gives the name of the
component or Keyword (e.g. “PG1”) for which an output should be saved. The second
column contains the Property for which the output should be saved. The third row states
whether the minimum (“MIN”) or maximum (“MAX") should be saved. Next to this the
following SAVE keywords can be given:

e SAVECASE: for each child case the .wdi-, .wdo-, .wdx-, wdf-file is
saved. These child-cases can be opened with Wanda.

e SAVEMSG: for each child case the ._sm-file (see: Model menu —
View Steady Messages), and the ._um file (see: Model menu — View
Transient Messages) is saved.

e SAVEALL: combination of SAVECASE, SAVEMSG.

o REBUILD_CSV: The CSV file is rebuilt from the existing child cases.
This is useful when other output is required after the simulations have
been performed.
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Creation of the WPS file

After the Excel sheet is filled, click on the button “Create wps” in the Cases sheet.
Please note that macros need to be enabled. Follow the instructions. At the end a WPS
file is created. This files consists of 3 blocks:

¢ Input parameter definition: defining the parameters that the user wants to
change; via the Keywords of the objects and the Property description.

o Output results definition: defining the results of each individual child case
that the user wants to have saved; via the keywords of the objects and the
property description. Using the SAVE-keywords the child cases themselves
can be stored.

¢ Run definition: lists for each child case: The name of the child case and
the input values of the input parameters as defined in the Input parameter
definition.

Every group starts with the number of in-, outputs or cases which are given. The
example below shows this syntax.

The final step is starting the parameter script from the Wanda User interface (Model ->
Run Parameter Script) After the Parameter Script runs are finished, the csv-file with the
results is opened automatically. Depending on the chosen option for saving of
simulations, the child cases can be inspected (or not).

* Input definitions:

9

"GENERAL", "Simulation time"
"PG1","Initial setting"
"PGl","Initial speed"
"PG1","Initial discharge"
"PG2","Initial speed"

"CHECKV C5","Initial state"
"Signal ESD","Disuse"
"FPT","Disuse"

"MSP C1","Ramp 1"

* Output definitions:

6

"SAVEALL"

"PGLl", "Pump speed", "MAX"

"PS-1 to plant","Pressure", "MIN"
"PS-1 to plant","Pressure", "MAX"
"PS-2 to plant","Pressure", "MIN"
"PS-2 to plant","Pressure", "MAX"

* Case/run definitions:

6
'casel',20,1,580,0,735,1,0,1,0.01
'case2',20,4,580,3000,0,2,0,1,0.01
'case3',200,1,580,0,735,1,1,0,0.01
'case4',200,4,580,3000,0,2,1,0,0.01
'caseb5',20,1,580,0,735,1,1,0,0.1
'case6',20,4,580,3000,0,2,1,0,0.1
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2.15 Reports Menu

Input Selected Components
Input Al

Qutput Steady State
Cutput Extremes

The Reports Menu allows you to save and edit all input and output of your hydraulic
model, for the purpose of reporting.

After the hydraulic model has been created and the input data have been entered, the
user may need to have a full report of the input data. The report can be used either for
inspection of the numerical values of the input data, or for documentary purposes.

Likewise the user wants a summarized report of the output after a successful
calculation

WANDA generates the reports in a compact spreadsheet format (tab separated ASCII
file). After generating WANDA starts automatically the default spreadsheet program
associated with xIs extension. The spreadsheet output can be further arranged outside
the Wanda program.

The components are ordered by name. Each row contains all input or output
parameters. Because a cell can contain only scalars, the tables with input items are
displayed separately. A unique table identification is used for reference.

2.15.1 Input selected components

The input report contains only the input specifications of the components selected by
the user. This means, that if you want a report on a special group of components you
have to select them by using the selection builder (ALT+F7) or the selection menu.

All other input data such as fluid properties, network connectivity is ignored.

2.15.2 Input all

A full input report contains the following information:
e case descriptions
general computational data
fluid data
hydraulic properties of all components, including tables
network connectivity

This option provides an overview of the input of all data in the model. This report can be
used for backup purposes (printed hardcopy of your model input).
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icrosoft Excel - Sewage_transient wir

File

Edit iew Inzet Fomat Tools Data ‘Window Help Type aquestion for help [#f2 @ X
D52 - fe S0_500

A | B C | D | & H | [0 [ kK [ L [ ™A
| 68 |Pump User name Modified Model name Characteri: QHE_table | Rated speed  Initial settillnitial spee Polar morr Drive 1y
69| {rprm) {rpm) tkgm2)
| 70 [P1 Deltares 2008 Dec 30 9:27 | POY_300a QHE TABLE 4 580 Speed 580 30 Trip
| 71 |P2 Deltares 2008 Dec 30 9:27 | POY_300a GHE TABLE 4 560 Speed 5580 30 Trip
172 |P3 Deltares 2008 Dec 30 9:27 | POY_300a QHE TABLE 4 560 Speed 5580 30 Trip
| 73 |P4 Deltares 2008 Dec 30 927 | POY_300a QHE TABLE 4 580 Speed 1} 30 Steady J
| 74 [P Deltares 2008 Dec 30 9:27 | DWD#250 GHE TABLE S 735 Speed 735 9.16 Trip
| 75 |P6 Deltares 2008 Dec 30 9:27 | DMD#2E50 QHE TABLE S 735 Speed 0 9.16 Steady
76
| 77 |Checkvalve User name Modified Model name Inner diam Loss coefficie Initial state Keywords | Cormment
75| fmm) )
|79 |C1 Deltares 2008 Dec 30 927 |SD 500 0 0.01 Open
| 60 |C2 Deltares 2008 Dec 30 927 |SD_500 500 0.01 Open P51 to plant
|81 |C3 Deltares 2008 Dec 30 9:27 S0 500 500 0.01 Open
| 52 |C4 Deltares 2008 Dec 30 9:27 EJ a00 _| a00 0.01 Clased cloge
| 83 |C5 Deltares 2008 Dec 30 927 |SD_Z50 250 0.01 Open PS-2 to plant
| B4 |CB Deltares 2008 Dec 30 927 |SD_250 250 0.01 Closed close =l
|120| TABLE 4 QHE_tahle =]
|121|Discharge Pump head Efficiency power
1122 (m3h)  {m) (%) (k)
1123 1} 238 1} -
124/ 720 21.2 35 109.5
|125] 1440 17.5 B3 109
126 2160 15 75 17.7 =
M 4 ¥ ¥Sewage_transient / [+ L”J
Reeady i

2.15.3 Output steady state

This output report shows all calculated properties of all components of the steady state

computation.

Because the components are ordered by type, you get a compact table of standard
output (depends on the physical domain) and component specific output.

Because the component messages are text tables, they are displayed separately. If you
want a chronological list with messages, access the Steady messages report (model
menu).

-4 Microsoft Excel - Sewage_transient. wor

File Edit Miew Inset Fomat Tools  Data  Window Help Type a question for help 7]/ 2 @

DR SRy BB - o o8 =3 5 )0 -3,

Al - £ == "WANDA Transient 4.0.954
An] B8 | ¢ [ b | E [ F [ 6 [ W [ 1 | J [ K | L [ M [ N [ &

| 17 |Checkvalve Messages Discharge Discharge Head 1 Head 2 Pressure 1Pressure ZVelocity 1 %elocity 2 Head loss Pressure livolume
| 15 | (m3sh) (m3sh) (rm) (rm) (bar) (bar) (s} (rmifs) (rm) (har) (m3)
REN TABLE & 3769 3769 670384 663915 069N 0.6907 5.332 5.332) 0.0144853 0.001421 1]
| 20 |C2 TABLES 3769 FED 670364 BBOYTS 06921 0.6907 5.332 5,332 0.014483 0.001421 1}
| 21 |C3 TABLES p=] 69 670364 BBG91S 06921 0.63907 5.332 5,332 0.0144585 0.001421 0
| 22 |C4 TABLEG 0 0 -25 668215 -0.08867 08328 1] 0 -9.18915 -0.9015 0
| 23 |C5 TABLE & 330 330 12,8398 12.8351 1.409 1.409 1.867 1.867 0.001775 1.75E04 1]
| 24 |CE TABLEY 1} 0 -1.9 12.8381 -0.01962 1.426 1] 0 -14.7381 -1.446 1}

25
| 26 |Outlet weit Messages Discharge Head Pressure Volume  Fluid level Weir discharge
| 27 | (m3sh) (rm) (bar) (rn3) (rmy (rri3sh)
| 28 W1 TABLES -11640) 380908 0.05975 0 360906 11640

29
| 30 |Pipe (LiguiMessages Discharge Head Pressure Welo
| 31 | min max L rmin L max min max L min L max min max L min L max min
|32 {mdfy  (m3h () (rm) (m) (m) (m) {m) bar) tbar) {m) {m) {mis
|33 |P1 TABLES 11310 11310 0 0 482706 668315 1830 0 01533 1.154 1526 B10.2
| 34 |P2 TABLES 11640 11640 0 0 360906 4.82706 1120 0 0095202 2073 10171 94.897
| 35 |P3 TABLES 330 330 0 0 452706 128381 1665 o 02317 1.432) 15893 0 =l
| 59 | TABLE & Messages =
| BD Type Tirne Message
61 ) =
| 62 |Info 0 Starts in open phase

&) -
4 4 » v\ Sewage_transient ; K0 L[JJ
Ready i
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2.15.4 Output extremes

This output extremes report shows all minimum and maximum calculated properties of
all components after the simulation has been executed. Also the point of time when the
extreme value occurs, is included

Because the components are ordered by type, you get a compact table of standard
output (depends on the physical domain) and component specific output.

Because the component messages are text tables, they are displayed separately. If you
want a chronological list with messages, access the Transient messages report (model
menu).

Ed Microsoft Excel - Sewage_transient wor

File  Edit Yiew Insert Fomat Toolz Data  Window Help Type a question for help - - 8 X
DEEsx S8RV &E T - % = -2} B 4h o F0,
1 - #

A ' B [ ¢ [ o [ E [ F [ &6 [ H [ 0 T 9 T K [ L | ™ N[
| 1 |==WWANDA Transient 4.0.954 [ !
| 2 |Licenses:
| 3 |Pump Messages Discharge 1 Discharge 2 Head 1 I
| 4 | min max T min T max min max T min T max min mas T min T max t
| 5 | (midfh)  [(m3h)  (z) (] (3] [(m3t)  (5) (g) )] (rn) ] ] [
| 6 |P1 TABLE 1 1953 3763 1} 1} 1953 3769 1} 1} 25 25 0 0
| 7 |P2 TABLE 1 1953 37e3 0 0 1953 3769 0 0 -25 -25 1] 0
| 8§ |P3 TABLE 1 1963 3769 0 0 1983 3768 0 0 25 25 1] 0
| 8 |P4 TABLE 2 ] 1723 ab ab 1} 1723 56 56 25 25 0 0
| 10 |P5 TABLE 3 7726 330 0 0 i1.26 330 0 0 -19 -19 0 0
| 11 |P6 TABLE 4 ] a0.64 17.3 17.3 0 80.64 17.3 17.3 18 18 1] 0
12
EBnundH (res Discharge Head Pressure Wolume
| 14 | min ma T min T max min max T min T max min max T min T max min t
115 | {m3h)  [(m3h) (5] is) im) m) =) =) {bar) {bar) ] s} {m3) i
| 16 |B1 B918 11310 0 0 -25 -25 0 0 -0.06367 -0.08BG7 0 1] 0
| 17 |B3 7726 330 0 0 -1.9 -1.9 0 0 -0.01962 -0.01962 0 1] 0
18 |
| 41 |TABLE 1 Messages =
| 42 | Type Time Message
43 ® =
| 44 |Info 0 Pump specific speed = 76.7
| 45 |Info 2.1 tripping
|:154 » M|y Sewage_transient / KN | ﬂJJ

Ready

2.16 Tools+ menu

2.16.1 Knowledge management

Knowledge management is a hot topic. Disclosure of knowledge is of significance also
to the WANDA user. WANDA is often used by several engineers, all having their own

field of expertise. This expert knowledge of the use of WANDA or, in general, of

pipeline-hydrodynamics can now be saved directly in the WANDA environment. This
way it is available to everybody at all times. The new menu Tools+ make access

possible to all available (company) tools to link information to a specific (group of)
component(s). A tool can be a ‘simple’ text file in Word or HTML, but also a complete

spreadsheet in Excel or a program developed in-house. For example, an online

databank with information on material properties can be accessed from WANDA. This
way supporting information or input is easily found by another engineer. Furthermore,

with a small programming effort, it is possible to exchange data between WANDA and
external applications. Results from a home-made Excel spreadsheet, for example, can
form the input for WANDA, and vice versa.
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Via menu Tools+ you can open the Tools Window. In this window you can add certain
tools to certain (groups of) components. In the comment field you can, for example, give
an additional comment on the tool you have linked.

. Tools+ Window || =]
Pump catalog E:"Company WtiltitiesyPurp catalog.exe
valve catalog E:"ompany Wtiltitiestwalve catalog.exe
iZornmerk
Design rules For pipeline engineering ;I
H
Supported type(s) Use wildzards (71 and semicalurans ;) to specify rultiple bypes. E.g. *purnp®;*pipeth-node,
[~ Run for every selected diagram obiject seperately [ Copy data to clipboard befare run
IV Sort by name at clipboard [~ Paste data fram clipbaard after run
Add I Remove | Run I Ok | Cancel | Help |

In the field “Supported type(s)” you can specify a (group of) components to which this
tool is related.

. Tools+ Window !E

‘Bump catalog
wahre catalog E:"%Com,

Cormnrnent
Purnp catalog of company ABC-pumps d
Edition 2002
| -]
Supported bype(s) Use wildcards (*2) and semicalurns ;) bo specify mulkiple bypes, E.g. *pump®;*pipe*;: h-node.
JPump*
[~ Fun For every selected disgram object seperately ™ Copy data ta dipboard before run
[V Sort by mamne at clipbasrd [~ Paste data from clipboard after run
Add Remove Ry Ok Cancel Help
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In the diagram taskbar the available tools, dependant on the selected components, are
shown. With the displayed hot-key combination the tool is activated.

R == T 4 R I
4] ¢ Diagiam 4 Test £ o |

Toolz+ Pump catalog [Chrl+1]

The tool can also be accessed via the Tool+ menu

dodel Reports | Tools+ “indow  Help

PBipe data
Dezign rules
e e . Tools Window... Alt+FE
L
AN Y : : ’ ’ ’ ’

217 Pump Energy

2.17.1 Overview Pump Energy module

The Pump Energy Module is part of WANDA Engineering. With this module you can
calculate the most efficient use of pumps in a pumping station based on a specified
delivery pattern and the system characteristic. The program gives you the total energy
consumption in a specified period regarding the specified pump operation.

The Pump Energy module is not a separate window but is a combination of a few
components. These components are explained in detail in the Help on "Liquid
components" on page 185.

Hydraulics components that must/can be used in Pump Energy are:

PUMP the pump model
PUMPSCEN Pump scenario to specify the operation of
pumps

SYSCHAR System characteristic
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Q_FREQ
Q-PATTRN

Discharge Frequency

Discharge Pattern

One or more of these components are placed in the diagram. The module needs only
one SYSCHAR and one or more PUMPSCENs and PUMPs. The use of Q_FREQ and
Q_PATTRN is optional. These components define the time; without one of these
components no energy consumption can be calculated. The system characteristic is a
Q-H table defined by the user; it may be retrieved using the System Characteristic
module. In that case the curve data must be copied (using the clipboard) from the
system characteristic chart to the SYSCHAR input table.

2.17.2 Schematic aspects

The figure below shows an example of a diagram to perform a Pump Energy
computation.

&
]

[«2]

WE
VARV
i

(] H
L =t
RN a ,

T O > _.Q
Discharge pattem 1100a System characteristic
Ot
L1
@ 1300
N o5}
> @ L1 =
@@ 1800
>

Pump operation scenario

The group of pumps represents the pumping station; other components like valves,
checkvalves and pipes may occur in the system but doesn’t have any influence.

Only one (not-disused) SYSCHAR must be present; More than one PUMPSCEN is
allowed, so you can compare different scenarios at once. The connections between the
different components are not necessary; the PUMPSCEN component carries out the
computation based on the specified data of the active PUMP’s, SYSCHAR and
(optionally) Q_FREQ/QPATTRN. The computation will be done directly after an input is
done; that means that changing a parameter, the new results are directly available.

Inconsistency in the diagram or input is communicated by the message property of
PUMPSCEN.

The PumpEnergy components PUMPSCEN, Q_PATTRN, Q_FREQ and SYSCHAR are
ignored by the WANDA processes “Steady” and“Unsteady”

The dialog between user and program is done by the diagram: the pumps that must be
evaluated are located in the scheme. Only the input fields QHE table and rated speed
are necessary, the other values may remain empty.
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In the PUMPSCEN component a scenario of operation is defined. The scenario table
contains all (not disused) pumps.

x>+ G- sB@E|
@ from @to FUMP 1000 | PUMP _E00 |PUMP 11002 | PUMP 1300 | PUMP 1800
(m3h) (m3Mh; (rpm) (rpm) (rpm) (rpm) (rpm)
1 ] £650.0 0
2 £50.0 1400 ]
3 1400 1850 a
4 1850 3150 1500 a
5 3150 4252 1500 1500 0

The user has to specify in which discharge range a pump or group of pumps are in
operation. The pumps are speed controlled (a “0” is specified) or runs at a fixed speed
(the concerning speed is specified). In above example the first 3 stages are operated
with variable speed pumps, 1 different pump for each different case. The next stages
are operated with one or two pumps at fixed speed and one at variable speed.

The PumpEnergy module calculates for the whole range of discharges the efficiency
and power of each pump. In case of variable speed pumps, the necessary speed is
calculated to satisfy the duty point according the system characteristic. All important
pump properties, like discharge, head, speed, efficiency and power, can be visualised.

Example Q_freq - PUMPSCEN P1

/ /. prdd
/ prad
/

7
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Discharge (m3/h)

— PUMP _600 =— PUMP 1000 PUMP 1100a PUMP 1300 =— PUMP 1800
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Example Q_freq - PUMPSCEN P1

1600
1400
1200

1OOG

800
600

Power (kW)

_.-f-f"”ﬂfl_.-———‘"‘"r

400

200

"
_,...--"""
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Discharge (m3/h)

o

RIATLTEA

o

- PUMP _600 =— PUMP 1000 PUMP 1100a PUMP 1300 =— PUMP 1800
— Total

If we know how many hours the pumps operate, the energy consumption can be
determined.
The time aspect can be specified in two different ways:

e a histogram annotation that tell us how many hours a certain discharge is
delivered in a certain period (Q_FREQ)

420
4007
3804
360}
3404
320
300}

280}
260
2407
£ 220
£ 2007
= 180
1601
1407
1204
100 {g-o-
so{llall-
60+
404 I “III ------------
2R Tt LT ] -
0_3 Illl

1 000 1 500 2 000 2 500 3 000 3 500 4 000 4 500
Q from (m3/h)

1 Time

e adischarge pattern as function of time (Q_ PATTRN)
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The energy consumption is displayed in the scenario table and can be visualised in a

chart
PUMPSCEN P1 - Pump scenario
(et S EBRR|
2 fram @ to PUMP _EOO | PURP 1000 |PUMP 11005 | PUMP 1300 | PUMP 1300 |  Energy | Eneroy ratic
(m3h) (m3h] (rpm) (rpm] (rpm) (rpm) [rpm] (Rt (%]
1 0 G500 0 53.20 118
2 5500 1400 0 3543 7.58
3 1400 1850 o 516.0 115
4 1850 3150 0 a 2242 49 9
5 3150 4250 1] ] a 9519 4
E 4250 5000 0 1] 0 a 3671 817

More information about the individual Pump Energy components is explained in the
Help on "Liquid components" on page 185.
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2.18 Tips for WANDA 4 users

2.18.1 General tips
¢ Read the manual.

¢ Always make a (temporary) local copy of a Wanda case stored on a network
server or removable drive. Data is loaded dynamically so the access time
determines the speed of Wanda. The access time of a local drive is about 100
times faster.

e Use the context sensitive menu (right mouse click) in the diagram and property
window to get fast access to frequently used options.

e You can open a Wanda file from a file manager by double clicking the wdi-file
or dragging a wdx-file into the Wanda diagram window.

e You also can drag a file to the windows taskbar. Keep the mouse button down
until Wanda becomes visible and move the dragged file in the diagram
window.

e You can use your favourite text editor (Messages, Reports) by associating the
txt-extension to your favourite text editor. ('View.Options.File types' menu item
in the windows file explorer).

o Use the same model name for components that share the same specifications
(properties).
o Use keywords to group a set of Components.

¢ The information in every window reflects the current situation. You don't have
to re-open windows to update them.

e |f you are not interested in the output at every single time step check the
'Show Extremes' option in the Model menu.

e Press F11 to switch the focus between the property window and the diagram
window.

e \Wanda works best at a resolution of 1280x1024 and a 19" monitor or better.

e Sometimes the diagram doesn’t become visible when you click the taskbar.
Right click the Wanda button at the taskbar and choose restore.

e You can resume transient with a different output increment.
e Make property templates with fluids that you use frequently.

¢ You can delete the wdo-files of cases to create more disk space. When you
delete the wdo file of a case only the output is deleted. If you send a case by
mail create a zip file with the wdi, wdf and wdx file. These three files are the
only files needed.

e Learning the keyboard and mouse shortcuts will save time when you are using
Wanda frequently.

e If you have additional tips lets us know.

2.18.2 Shape libraries
e You can customise the Wanda Hydraulic and Wanda Control shape library.
¢ You can add extra custom shape libraries.

e DON'T DRAG WANDA COMPONENTS FROM THE DIAGRAM TO THE
SHAPE LIBRARY.

e You can copy shapes from one shape library to another. Use the right mouse
button to cut/paste.
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2.18.3

Copy shapes between shape libraries one by one. If you don't, Wanda will
crash due a bug in iGrafx.

It's easier to collapse the gallery than closing the gallery. Use the button ">' left
from the X'

You can resize the buttons in the gallery (shape libraries) by moving the right-
down corner of a single button.

Diagram general

The mouse cursor indicates what happens when you click (Selecting, Moving,
Dragging a line, Inserting a new component).

Hold the SHIFT-key down while clicking a object to extend a selection by a
single object.

Hold the SHIFT-key down while clicking a selected object to shrink the
selection by a single object.

You can drag a selection rectangle to select multiple objects at once.

You can extend a selection by multiple objects at once by dragging a rectangle
while the SHIFT-key is down.

If you change the line style / weight / colour while no objects are selected the
style is applied for new lines and shapes.

You can visualise a property in the diagram by clicking its checkbox in the
property window.

If you toggle the menu item 'show extremes' the output properties in the
diagram are also changed (delay 3 seconds).

If you move the slider in the time navigator the output properties in the
diagram are also changed (delay 3 seconds).

Use a postscript printer driver when the diagram or chart is not printed
correctly. (HP delivers also a postscript driver for all it's laser printers).

Right click at a component or connection to popup extra property windows.
Deselect all objects before printing to prevent red circles behind objects.
Before you copy the diagram selection to another application (e.g. MS Word)
first press the 'A' button in the property window. This prevents that a red circle
behind a component is also copied.

Some NVidea video drivers don’t work properly when using iGrafx
professional. Wanda crashes during starting or directly after adding a
component. Download the newest video driver from the Internet. It’s still
possible that background pictures hide the diagram partly. Use a separate
layer for the pictures and hide this layer during editing.

By pressing CTRL+F6 you can quickly switch between open diagrams.

To navigate in large scheme’s, use the split window mode. The upper part is
used for navigation, the lower part is used for editing.

2.18.4 Diagram editing

If you are dragging a selection you can cancel this operation by pressing the
escape button before releasing the mouse button.

Hold the CTRL-key down if you want to copy a selection instead of moving a
selection.
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2.18.5

You can draw components like vectors (Wanda 2 functionality). Select from
the shape library the component type you want to draw. Press the shift key
and keep it down. Right click the diagram background to switch to the line
draw mode. Draw a line. The selected component in the shape library is now
automatically inserted in the middle of the new line. The H-nodes (connection
lines) at both sides (only upstream side in case of a supplier type) are
automatically generated. When you are finished with vector drawings you can
release the shift button.

You can hide/unhide the grid dots with the sub menu "Grid" in the "Arrange"
menu.

Editing is easier when you first 'snap to grid' all components. If you convert a
Wanda 2 case the diagram size is reduced with 25 percent. Due to this
reducing the objects are not ‘snapped to grid’.

If you want to connect a connection line in the middle of another connection
line which is very short (less than 1 cm), the green blinking connect point
snaps automatically to the end points. Accept this location while the WANDA
program moves it to the centre of the line.

If you want to move a text (e.g. name) of a component/node first select the tab
"Text" in the diagram window.

Don't move a selection to another document.
Copy the selection first and delete the original selection afterwards.

You can align components by using the blue rectangle. When you move a
component across another component this component is marked with a blue
rectangle. Keep the mouse button down and move the component to the
wanted location. When you release the mouse button the component is
snapped to the position that's exactly aligned with the blue marked
component.

You can shift + right-mouse-click at the diagram background instead of
pressing the line tool button. Press twice to toggle between direct line and right
angle line

You can ctrl + right-mouse-click at the diagram background instead of pressing
the last selected shape at the shape library.

By adding extra vertexes to a connection line you can route the line to another
path. You can add extra vertexes to connection lines by pressing the right-
mouse button while you hold the SHIFT-key down.

If the diagram isn't displayed correctly or the selection isn't the same as in the
property window press F5 (Refresh) while the diagram is active.

Diagram layers

Use a separate layer for pictures (backgrounds). You can quickly hide this
layer to increase the scroll/’zoom speed and reduce flickering (layer manager,
activated by right click at layer tab). The background must be the first in the list
(use move up button), otherwise the components are not visible.

Move (a group of) disused components to a different layer. You can toggle the
printable option when you right-click the tab. When the option is unchecked
the layer is not visible when you print the diagram.

If you want to edit multiple layers choose edit all layers and lock the layers you
don't want to edit.

Right click at a layer tab to see a context menu. With this menu it is easy,
among other things, to hide and unhide layers. It's important that the layer-tab
that you want to hide is not active.
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2.18.6 Diagram routes

2.18.7

A route is an unambiguous and continues sequence of H-components; this
route can be specified with a keyword.

You don’'t have to select all the component in your route one by one. Select
the first component in your route. Now select the last component in your route
while holding the Ctrl and Shift key down. The other components and
connections in the route are now automatically added to the selection. It's
important that the components are connected before you select the route.

If the route Wanda chooses isn't the way you had in mind you can select extra
components before you select the last component by Ctrl+Shift+Click. Now
Wanda is forced to choose a certain path. Keep the Shift key down while you
select the extra components.

Use the 'align route' menu option or (CTRL+ALT+A) to align a route in a fast
way to another direction. First move component A to the wanted position, then
move component Z to the wanted position. Choose 'align route' to redirect all
components between A and Z in a straight way.

Property windows

If you select multiple components/nodes you can inspect multiple properties by
pressing the "range” or “spreadsheet" button in the property window.

To select/deselect properties in a property window, press the space bar, click
at the description or drag the mouse in the input field.

You can drag/drop selected properties from one property window to another
property window.

Every component/node also has hidden properties. With the hidden properties
you can see the connectivity used by steady and transient. To unhide the
invisible properties press the pause key while a property window is active
(may be useful in case of 'strange’ problems).

If you are editing a text property you can insert a line break by pressing
ALT+ENTER (same way as in Excel).

You can quickly move to a property in the property window by pressing
CTRL+ALT+"First character property name".

If you want to edit a part of a property value first press F2 or enter to become
in edit mode.

You can open a table or chart window by pressing enter at the particular
property.

Use the menu items 'Add keyword to selection' and 'Remove keyword from
selection' to update the keyword list when you have a multiple selection.
Export your frequently used properties of components to property templates.
Now you can easily reuse components between cases (or colleagues).

You can load a property template file from the file manager by dragging the file
into the info/unit section of a property window (I-button must be pressed).

You can see the Wanda help while editing the properties by setting the online
help 'always on top'.
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2.18.8 Tables and tabular views

e To show a tabular view, select one or more properties (marked as blue) in the
property window and press the "spreadsheet” button.

e You can print a table or tabular view by a right double click at the grid. An
Excel like window appears. Choose 'Page setup.' in the file menu to fit the
print to n by m pages (landscape or portrait).

e While you are defining the pipe profiles of the pipes in a route you can open
the Head chart to see the profile of the complete route. This chart is updated
while you are changing a pipe profile in the route.

e The contents of the spreadsheet can be copied to Excel using the clipboard.

o If copying data between Wanda and Excel fails, check the regional settings.
The decimal symbol must be set to “.” (dot).

e You can open multiple spreadsheets at the same or at different cases.
e To change rows and columns, press the rotate button.

o  When you press CTRL+F4 the window closes and the focus returns to the
property window.

2.18.9 Charts
e Use the most recent printer driver when charts are not printed correctly.

¢ You can drag/drop chart-series buttons (also from different cases) to a single
chart window (also when a movie is playing).

e Use an applicable short name if you have a multiple case chart. The short
name is added between brackets to the series title. You can change the short
name of a case in the description window.

e Make you own chart templates if you are not satisfied with the default graph
settings.

e There are four groups of templates: Time series templates, Location
templates, table templates and system characteristic templates. Templates
can be shared or copied to another group by copying a local template to a
global template.

e Before saving a chart template first check the 'captions.absolute' menu item.
You see now the quotes that are not converted to keywords. These quotes are
saved absolute to the template. You can choose 'Reset to default' to remove
all absolute quotes.

¢ You can see multiple location series at once (Route) when clicking a chart
button. First make a multiple selection of pipes. All the pipes in a selection
must have the same flow direction. Also select components between selected
pipes.

¢ You can see multiple time chart series lines at once when you click a chart
button. First make a multiple selection of components with the time series you
want to see.

¢ Fill the location property if you want to see pipe time chart series instead of
pipe location chart series.

e Use the right mouse click to open a “selection chart window”. This is a global
window wherein each selected property chart is drawn.
The advantage is that now only one chart window is used for all time series
and one for all location series.

¢ You can drag a chart button to a chart that already has that location property.
This location series is frozen at the active time step. Also frozen series are
automatically updated when you run steady/transient again.
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2.18.10

2.18.11

You can quickly zoom into a chart by dragging a rectangle from left to right.
You can quickly undo zoom by dragging from right to left.

You can scroll the chart down/up and left/right by moving the mouse while the
right mouse button is pressed.

Line patterns don't work fine if the series points are close together.

Time navigator

You can open multiple charts and multiple property windows when you are
using the time navigator.

The time navigator controls every open case/document, so you can easily
compare cases with respect to the time.

When you activate the time slider you can use the arrow keys to change the
active time step.

You don't have to stop the movie to move the time slider.

You can select a continuous playing loop by holding the CTRL-key down while
moving the time slider.

You can deselect a continuous playing loop by clicking the time slider while
the ALT-key is down.

If you don't want to miss any time step while playing a movie, decrease the
speed until you see '0%' below the speed slider.

You can increase the width of the time navigator to increase the accuracy of
the time slider.

Selection builder

If you don't specify a value and using the '=' operator Wanda searches for
empty/missing values.

If you specify a ™' as value and using the 'like' or '=' operator Wanda searches
for every value.

You can use the hidden colour property to select all objects with the same
colour.
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2.19 Frequently asked questions

2.19.1 Manage files
Questions

Which files are necessary for backup
purposes

| can not save my WANDA case

2.19.2 Gallery/Shape library
Questions

The gallery is not visible

One of the shape libraries is not
available in the gallery Hydraulic (no
tab visible)

The component tooltip text is partially
not visible, it disappears behind the
property window

2.19.3 Route
Questions

How can | create routes?

Answers

All input of the case is stored in the wdi, wdf and
wdx file; all other files can be generated again
performing the calculation.

You are probably viewing a WANDA case with
components that are not part of your license. You
can only save cases that can be build with your
license.

Press F10 to select the unlicensed components.

Answers

Go to menu “view” and mark “Gallery” as visible, or
activate the right mouse click menu and check
“shape gallery”

At the gallery tabs, click the right mouse button;
choose “open palette” and select form the group
“Wanda components” the required subject

The property window is always “on top”. Move the
gallery window to the left side of the diagram.

Answers

There are several ways to select a route (a route is
a concatenation of 2 or more H-components). A
very fast way is click first H-component followed by
CTRL-click of last required H-component. WANDA
selects the shortest route. If a particular H-
component must be part of the route, add them to
the selection before creating the route.

See also: "Select route between selected
components" on page 89 or use the short cut
menu
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2.19.4 Diagram / Layers
Questions

It is not possible to move the text labels
in the diagram.

How can | put a map as wallpaper to
my diagram?

How can | rotate or flip a component

| want to draw a H-component in
another direction than from left to right.
Is that possible without using the
flip/rotate?

Can | change the connection line type
afterwards?

2.19.5 Property window

Questions

What is the difference between the
properties “Model name”, “Comment”
and “Keyword”?

Answers

The model is built in different layers. Choose the
“text” layer tab at the bottom of your WANDA
window to change the position/font/size of the text.

On the Arrange menu, point to Layers, and click
Add Layer.

The new layer is added in front of the current layer
and becomes the new current layer. The wallpaper
layer must be moved up to the top

On the Insert menu, point to Picture and specify a
bitmap picture from file

Resize the picture to the desired size

Press the right mouse button in the diagram and
choose “Arrange”, or use the “Arrange” option from
the menu bar. Flip and rotate buttons can be made
visible via “view/toolbars” menu, check the draw
toolbar.

In vector line mode you can draw a H-component
including its connection lines (H-nodes) in one
movement. From the diagram short cut menu
choose “Vector drawing”. Draw a line and the
active H-component is placed in the centre of the
line. Press Esc-key to leave the vector mode or
choose from the short cut menu another mode.
Another way to draw a component in a other
(straight) connection is as follows:

Draw the new component starting at an existing
component by dragging the mouse. The new
component is automatically arranged in the
direction of the connection line drawn.

Yes, a direct line can be changed to right angle line
or just the other way round.

A curved line can changed in a direct line or right
angle line only

Answers

In fact all of them are additional strings to describe
the H-component. Model name and Keyword have
particular intentions.

Model name is introduced to define a particular
identification of the H-component, e.g.: serial
number, product ID, manufacturer name. In the
next WANDA version this name will be used as
default name for the property template file, when
properties are exported or imported.

Cases built with WANDA 1 and 2 uses the so-
called common spec labels. These labels (used for
data sharing) are replaced by a more generic data
sharing concept; see also "Properties of a
Component" on page 43. Common labels are
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assigned to the property “Model name”.

The “Comment” field has no special meaning; use
this for additional remarks.

The “Keywords” field is used for quick selection. A
H-component may have more than 1 keyword.
Keywords are added and removed using the
“Selection” menu; see "How to use the Selection
Builder" on page 62.

Use keywords for Route definitions, groups of
components (Pump station, High Pressure System
etc); see "How to use the Selection Builder" on

page 62.

2.19.6 Charts

Questions Answers

How can | show more time series of the Select first the wanted components (or H-nodes),

same quantity in 1 chart? then push the chart button of the wanted quantity.
All series of the selected components are drawn in
1time

If you want to add new series, press the chart
button and drag it into the existing chart. Release
the mouse button and the new series will be added
into the chart.

Is it possible to show more series of Yes, create a new chart by pressing the chart

different quantities in 1 chart? button. This property quantity is drawn at the left
axis. Drag the chart button of the second quantity
into the chart. This quantity is drawn at the right
axis.

It is not possible to have more than 2 different
quantities in 1 chart.

Is it possible to show more series of Yes, create a new chart by pressing the chart

different calculations? button in case 1. Open case 2 and select the
wanted component. Drag the chart button of the
wanted property into the chart. To distinguish both
series, use “legend name” from the menu
“model/description window”

How can | remove or change format Choose from the model menu “Description window’
from the footer text from the chart (in Select form field “Chart footer” the required display
the footer text the case file and edit/run text

time is displayed)

How can | change the layout of the Double click in the chart or choose menu “file/chart

chart? properties”. You become in the edit window at
which all elements of the chart can be changed.
The changed settings can be changed. See next

question.
How can | save the changed layout To store these settings you must save it into a
settings of a chart? template. Choose from the Chart menu
“Template”.followed by Save, Save As. or Save As
Default.

Using this Template menu you can switch between
several layouts
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2.20 Important keys and shortcuts

2.20.1 Windows general

2.20.1.1 Keyboard

Ctrl + F4 Close document window
Ctrl + F6 Next document window
Alt + F4 Exit application

Ctrl + N New

Ctrl + O Open

Ctrl + S Save

F12 Save as

Ctrl + P Print

Ctrl + A Select all

Ctrl + X Cut

Ctrl +C Copy

Ctrl +V Paste

Ctrl+Z Undo

Ctrl+Y Redo

F2 Edit Text

Shift + F10 Popup context menu (right click menu)

You can also the special button between the right alt and ctrl keys

2.20.1.2 Mouse

Ctrl + drag Copy

Shift + drag Select and keep old selection
rectangle

Click Select

Shift + click Select and keep old selection
Right Click Popup Context Sensitive Menu
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2.20.2 |Grafx Diagram

2.20.2.1 Keyboard

Ctrl + Shift + 4
Ctrl + Shift + 6
Ctrl + Shift + 8
Ctrl + Shift + 3
Ctrl + Shift + 5
Ctrl + Shift + 7
Shift + F4

F5

F2

F4

F6

F7

F9

Ctrl+U

Ctrl +1

Ctrl +B
Ctrl+D

Ctrl + F9

Ctrl + F10

Align Top

Align Middle

Align Bottom

Align Left

Align Center

Align Right

Best Fit Selection

Redraw diagram

Start (editing) text

Focus window on the currently selected object
Note window

Spelling

Open shape library

Underline

Italic

Bold

Format text

Move (selected objects) back one layer
Move (selected objects) forward one layer

2.20.2.2 Mouse (click at background, not at object)

Click
Ctrl + right click
Shift + right click

Shift + line draw
Right click

Drag rectangle

Shift + Drag
rectangle

Alt + Drag rectangle

Alt + Right click

Deselect all objects
Activate shape insert mode

Activate connect line insert mode. Change connect line mode (direct,
rectangle) when line mode is already active

Add active shape including 2 connect lines (keep down while drawing a line).
This is called vector-based schematisation.

Scroll / Zoom In. Scroll to click point and restore last zoom percentage when
diagram is zoomed out

Main Panel: Select objects in rectangle
Quick Zoom Panel: Zoom to rectangle

Select objects in rectangle and keep selection

Zoom to selection
Best fit all (Zoom out)
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2.20.3 Wanda diagram specific

2.20.3.1 Keyboard

F10

Tab
Ctrl+ M
Ctrl+T
Shift + F9

Shift + Tab
Shift + F11

Alt + F3

Alt + F5

Alt + F7
Alt+F9
Ctrl+Shift+F10
Ctrl+Shift+L
Ctrl + Alt + A
Ctrl + Alt+ F
Ctrl + Alt + |
Ctrl+ Alt+T
Ctrl + Alt + F9

Select first invalid component

Toggle focus between diagram and selection property window
Activate mode / option window

Activate time navigator

Run steady

Hide/unhide selection property window

Activate description window

Show system characteristics dialog
Activate selection builder window

Run transient (and steady when required)
Select all components with warnings or errors
Activate Property Labels Window

Align route

Flip positive flow definition

Show initial values window

Activate time parameters window

Stop / resume transient

2.20.3.2 Mouse (click at shape/line)

Drag rectangle

Ctrl + Shift + click

Right click

Main Diagram Panel: Select objects in rectangle
Quick Zoom Panel: Zoom to objects in rectangle

Select shape and select route between selected shapes
Activate relevant menu options

2.20.4 Property window

2.20.4.1 Keyboard

F10

F11

Ctrl+S

Ctrl+ O
Ctrl+C

Ctrl +V

Ctrl +R

Ctrl +1

Ctrl + Shift + 1
Ctrl + Shift + O
Ctrl + Shift + S

Select first invalid component

Toggle focus between diagram and selection property window
Save selected properties to file

Open properties file

Copy selected properties to clipboard

Paste selected properties from clipboard

Toggle Overall view of selection

Show/Hide Info/Unit Pane

Show/Hide Input

Show/Hide Output

Activate Spreadsheet Window
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Ctrl + Enter
Page Down

Page Up

F4

Space

Shift + arrow down
Alt + Ctrl + letter
Letter

F2/enter

Enter

Esc

Alt + enter
Esc

+/*

Pause

2.20.4.2 Mouse
Double click

Click at property
name

Drag rectangle
Drag button
Right click

Synchronise button
Jump to next selected component in selection/route

Jump to previous selected component in selection/route

Drop down yellow selection list box

Select/deselect property

Select/deselect property

Quick search for a property name (starting with specified letter)

Start editing property (overwrite existing value). Dropdown list and jump to value
starting with specified letter

Start editing property (change text instead of overwrite text) / Open a table / Open a
chart / Dropdown value list

Stop editing a (text) property / Apply dropdown value
Cancel editing a property

Insert manual line break when editing a text property
Hide special property window (e.g. Fluid)

Arithmetic operation with active cell

Show/Hide invisible properties

Edit / Open table / Open chart
Select / deselect property

Select / deselect properties /checkboxes in rectangle
You can drag a chart button to an existing chart to add series
Activate relevant menu options

2.20.5 Table Windows

2.20.5.1 Keyboard

Ctrl + Enter
Ctrl + Delete
+*/

Ctrl + P

Ctrl + G

Ctrl + E
Ctrl+T

Ctrl + Space
Shift + Space
Ctrl + A

Esc

Shift + Arrow keys

Insert Row

Delete Row

Arithmetic operation with selected cells
Popup print menu

Show/Hide chart

Chart Setting

Chart templates

Select column

Select row

Select All / Deselect All

Close table window
Cancel editing a cell

Select cells
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F2

2.20.5.2 Mouse

Double click
Drag rectangle
Right click

Edit cell

Edit cell / Open table / Open chart
Select cells
Activate relevant menu options

2.20.6 Spreadsheet windows

2.20.6.1 Keyboard

Ctrl +R
Enter

+*/

Ctrl + P

Ctrl + Space
Shift + Space
Ctrl + A

Esc

Shift + Arrow keys
F2

2.20.6.2 Mouse
Double click

Drag rectangle
Right click

Transpose, Swap rows and columns
Open table / Open chart

Arithmetic operation with selected cells
Popup print menu

Select column

Select row

Select All / Deselect All

Close spreadsheet window
Cancel editing a cell

Select cells
Edit cell

Edit cell / Open table / Open chart
Select cells

Activate relevant menu options
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3. Theoretical and mathematical background

31

3.1.1
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Definitions

Nomenclature

cross-sectional area

wave propagation speed

inner diameter of the pipe

Young's modulus
wall thickness
friction factor

frequency

gravitational acceleration

Total head

head loss across the valve

elevation of the pipe

fluid bulk modulus

pipe length, element length

mass of the pipe, valve

pressure
discharge

inner radius of the pipe

hydraulic radius

co-ordinate along the pipe

time

radial displacement of pipe wall

mean fluid velocity
elevation angle
Poisson's ratio
loss coefficient
density

stress

hoop stress

Superscripts

time step

[m?]

[m/s]
[m]
IN/m?]
[m]

[]
[HZ]
[m/sz]
[m]
[m]
[m]
[N/m?]
[m]
[kal
[N/m?]
m%s]
[m]
[m]
[m]

[s]

[m]
[m/s]
[rad]
[-]

[l
[kg/m?]
[N/m?]
[N/m?]
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3.1.1.2  Subscripts

atm = atmosphere
f,F = fluid

| = place indicator
0, 00 = steady state

t = (pipe), tube

\% = valve

3.1.2 Bernoulli’'s theorem

An important formula to understand the energy terms is Bernoulli's theorem: it states
that the total energy of each particle of a body of fluid is the same provided that no
energy enters or leaves the system at a point. The division of this energy between
potential, pressure and kinetic energy may vary, but the total remains constant.

Total head = potential head + pressure head + velocity head

In symbols:

2
H=z+2 42 (3.1)
pg 28

In the figure below these terms are explained illustratively (elevation head = potential head) :

\‘\
------~______\~\~j - Velocity head
I"-\.__‘__‘-‘-‘
Total energy head
(Head) Hydraulic Energy grade line
head ) )
Pressure head Hydraulic grade line
___________ N
Centreline
< .
— Pipeline
elevation H-node elevation
Elevation head
Reference plane
S SEN S S ¥ S (eg MSL) __
Figure 3.1
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3.1.3 General definitions
Some definitions are necessary in order to understand the functionality of WANDA.
These definitions are used throughout this document and are also important for a
proper use of the program.
First we give a summary of general definitions. The general definitions are explained by
some examples, which already reveal some of the functionality.
BRANCHED PIPE SYSTEM:
A system consisting of pipes and components connected in an arbitrary way.
HYDRAULIC SYSTEM (H-system):
The pipe system with respect to the hydraulic components and pipes.
HYDRAULIC MODEL (H-model):
Mathematical model of an H-component with respect to its hydraulic features.
HYDRAULIC NODE (H-node):
Node that connects H-components via the connect points. The H-node height is the
reference level for the pressure in the H-node.
HYDRAULIC COMPONENT (H-component):
Component defined by its hydraulic properties.
PIPE:
Pipe defined by constant hydraulic properties. The fluid in the pipe is considered as
compressible. The pipe is in fact a fall type with internal watterhamer nodes.
FALL TYPE:
Type of H-component, which can be represented by a 2-connect point H-model. The
fluid in the fall type component is considered as incompressible.
SUPPLIER TYPE:
Type of H-component, which can be represented by a 1-connect point H-model. The
fluid in the supplier type component is considered as incompressible.
A H-node is represented by one or more connection lines in the diagram. A connection
line connects two H-components or a H-component with another connection line.
WATERHAMMER NODE (W-NODE):
Node in a pipe (not on the extremities). Calculation point of pressure and discharge.
NODAL SET:
Clusters of H-components (fall types and supplier types) at the extremities of the pipes.
WATER LEVEL NODE (S-NODE):
Even node (0, 2,..) in a free surface pipe in which the water levels are calculated in the
staggered grid of the free surface algorithm.
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VELOCITY NODE (U-NODE):

Odd node (1, 3,..) in a free surface pipe in which the fluid velocities are calculated in the
staggered grid of the free surface algorithm.

3.1.4 Examples of systems

In figure 3.2.1 a schematic representation of a pipe system is given. Such a pipe
system is often called a 'branched pipe system'. Several pipes are connected to the
same H-node.

RSYOIR o
H

PIPE 1 VALVE 1

= | RsyoR = RSYOIR b
H H

PUYP PIPE 2 VALYE 2

RSYOIR ¢
H

PIPE 3 VALYE 3

Figure 3.2.1: Schematic representation of a pipe system

In figure 3.2.2 a symbolic representation of a simple H-system is given. The system has
four H-components: two reservoirs, a pump and a check valve, and one pipe. The H-
nodes are emphasised by small squares in the figure.

% 7

Figure 3.2.2: Schematic representation of a simple pipe system, the H-system

The two reservoirs are supplier types. They are connected to H-node 1 and to H-node
4. The pump and checkvalve are fall types. They are located between H-node 1 and 2,
respectively H-node 2 and 3. The difference between supplier and fall types is clear.
The supplier types provide the H-system with fluid. The fall types cause a pressure fall
between the H-nodes.

The pipe has constant hydraulic properties (constant diameter and friction coefficient).
There is only one pipe in this system and there are two nodal sets. The first nodal set
contains three H-components. The H-nodes 1, 2 and 3 all belong to this nodal set. The
second nodal set contains only one H-component and one H-node.

To be able to perform a transient analysis on the H-system the pipe must be divided
into elements. Suppose we divide the pipe into five elements (figure 3.2.3).

% 7

Figure 3.2.3: Schematic representation of the H-system including the W-nodes

Then four W-nodes are introduced. Note that the nodes at the extremities of the pipe
are H-nodes. Once the W-nodes are defined the H-system is completely specified.

If the proper data are provided we can perform a transient analysis (steady state and
unsteady state).
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3.2 Modelling aspects

3.2.1  WANDA Architecture
WANDA is designed such that different domains are covered by one computational
core. The architecture is schematically represented in figure 3.3:

e Liquid domain for isothermal fluid flow

¢ Heat domain for fluid flows with difference in temperature

e Gas domain for gas flow through pipelines

¢ Also other domains such as multi-phase flow and mechanics are possible

Numerical Core
Liquid
Heat

Figure 3.3: WANDA architecture

User Interface

Throughout the following chapters the main focus will be on the Liquid-domain, because
the other domains in general show much resemblance to Liquid.

3.2.2 Hydraulic components

The symbols in the WANDA diagram are called hydraulic components. The
components contain hydraulic models (H-models) which are expressed in mathematical
equations. The H-models define how the variables are related. The number of
equations in each H-model depends on the number of connected nodes and the
number of core variables in the actual WANDA domain.

For each WANDA domain there is a library of components that can be applied to build
the H-model. Some components in different domains are very similar, such as the pipe
or valve in the Liquid or Heat domain. For each domain this manual contains a separate
chapter where you can find an extensive physical description of the components.

Each domain contains some components that can be used to define a boundary
condition. The component BOUNDH and BOUNDQ (Liquid) represent a prescribed head
and discharge, whilst the BOUND PT and BOUND MT represent a prescribed and
temperature-related pressure and mass flow rate (Heat).

3.2.3 Connect point variables

Each Hydraulic component has one or more connect points. For each connect point the
main variables (also called the core variables) are calculated. These main variables
differs for each domain. Therefore each domain has his own colour of connect point,
see the figure below.
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Liquid Heat Gas
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Figure 3.4: Similarity between domains

The main variables depends on the actual WANDA domain:
Liquid:

H (head) [m];
e Q (discharge) [m%/s];
Heat:
e p (pressure) [N/m?;
e M (mass flow) [kg/s];
o T (temperature) [°C];

Gas:
p (pressure) [N/m?];
v (velocity) [m/s];

e p (density) [kg/m’]
T (temperature) [°C];

WANDA uses the main variables to calculate the flow in the pipeline system. Other
variables (like for instance fluid velocity or pressure in Liquid models) are derived
indirectly from the main variables after the calculation has finished.

The calculations are performed internally in Sl-units, but the user can chose the units to
use in the Graphical User Interface. WANDA converts the units to S| before calculation
and converts it back to the unit system chosen by the user afterwards.

3.2.4 Component phases

Every component can have more than one phase (‘component phase’ or ‘state’). To
clarify this concept we take the ideal check valve as an example.

The check valve is a fall type component. It can be in open phase (1st phase) and in
closed phase (2nd phase). Both phases are governed by different equations:

phase 1: check valve is open; . H, = H
Q>0 /i ! ?
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[ 0= 0,
phase 2: check valve is closed; R =
H1 < H2 S 9
for 0= 0,

As a result, depending on the component phase, different equations are needed to
describe the flow through the check valve. This might seem very trivial, but it is not from
the viewpoint of programming, because we do not know a priori when the check valve
will close.

The number of phases can be 3, 4 or more depending on the model of the specific
component. A pump, for instance, can be in the states: initialisation, running, tripping,
starting, turbining etc.

3.2.5 Time dependant actions and control

Some components are active. This means that such components can be activated by
the user or by control components. For instance one can close a valve or have a pump
trip. One could think that a check valve is also active. This is not true. A check valve
closes due to the fluid flow in transient conditions, it can not be activated by the user in
an ‘operative’ sense.

Access to the action tables is only possible in Transient Mode. In a action table the
behaviour of that particular component is prescribed in time by the user, e.g. the level in
a reservoir, the position of a valve.

With WANDA Control it is possible to simulate operational control loops. As WANDA
Control consists of more than 30 logical controllers and numerical functions, there is
almost no limitation to the Control circuits in WANDA models.

3.2.6 Calculation types

A distinction can be made between several hydraulic aspects considering time scales.
Some component equations have a different form for the steady state and the unsteady
state. Therefore, we will distinguish the steady state and the unsteady state.

3.2.6.1  Steady state

Steady state calculations assume that there are no changes in time and all variables
are constant. The fluid is considered incompressible. This is the case for instance with
computing the appropriate diameter of a pipeline for a given design discharge.

In Engineering Mode WANDA uses only steady state computations.

3.2.6.2  Unsteady state

Unsteady state calculations can be only done in the Transient mode. To start with an
unsteady state computation, a correct steady state calculation must be performed thirst.

Deltares

Theoretical and mathematical background - 151



User Manual Wanda 4.3 June 2014
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Figure 3.5: Schematically layout of the WANDA modelling process

Quasi-steady / extended time simulations

Quasi-steady calculations can be considered as a number of independent steady state
calculations, which happen to be following each other time. Although the conditions
may change with time (e.g. different discharge patterns or valve positions for each time
step), each calculation is independent from earlier solutions. For instance engineering
tools like Epanet use the quasi-steady approach to determine the water levels and
residence time in reservoirs during a certain period of time (day or week).

WANDA uses the quasi-steady approach to calculate the pipe friction at the new time
step. WANDA Control uses the quasi-steady approach as it ‘measures’ at the old time
step to determine the control-actions at the new time step.

Pressure waves

Due to abrupt changes in the flow conditions (valve closure, filling of pipeline or
reservoir) pressure waves develop, which travel through the pipeline (surges). As the
fluid and containing pipeline are compressible, the pressure wave needs time to travel
from one end of the pipeline to the other end. These pressure waves are very quick
phenomena (transients) with wave speeds up to over 1000 m/s.

In Transient mode WANDA calculates the pressure waves in all waterhammer pipes.
The fluid in non-waterhammer pipes is considered incompressible, resulting in an
infinite wave speed.

Cavitation

Pressure waves and abrupt variations in the pipe profile (e.g. a partially closed valve)
can result in substantial changes in pressure. When the fluid pressure drops below the
fluid vapour pressure, cavitation can occur. Liquid becomes gas and as gas is more
compressible than liquid, the amount of gas in the pipeline changes the flow conditions.

In WANDA the effect of cavitation is included as it recalculates the flow conditions at
each time step depending on the pressure and fluid properties.
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3.2.7 Solution procedure

The WANDA calculation starts with initialisation and validation of the input. Once the
input is validated (e.g. position of check valve is correct), the steady calculation can
start (engineering). After the steady calculation has obtained convergence, an unsteady
calculation can be performed (transient). All calculations are performed in Sl-units. Post
processing and conversion to the unit system chosen by the user are part of the
Grafical User Interface (GUI) and take place after the calculation of steady
(engineering) or the last time step of unsteady (transient). The different steps in the
solution procedure of WANDA calculations are schematically depicted in figure 3.6

below.
Steady Unsteady
/ \ / ¢ Time-looﬁ
Initialisation Control evaluation
Validation Pipe equations
Start vector Component dynamics
Iteration Iteration
Linearisation Linearisation
Solve Solve
Yes Yes
Post processing Post processing

A L =/

Figure 3.6: Schematically layout of WANDA Steady and Unsteady solution procedures

In steady state (engineering mode) a start vector is build to start the iteration process.
The start vector contains values of the core variables estimated from the input. The
friction in all pipes is updated at each iteration.

In unsteady state (transient mode) WANDA uses the solution of the old time step to
speed up the calculation process. Dynamic friction and control values are based on the
quantities of the core variables at the old time step (quasi-steady).

From a computational point of view the main difference between Engineering and
Transient mode is the compressibility of the fluid. As no time-effects are included in
Engineering mode, the fluid is considered incompressible and the complete hydraulic
set is solved as one big system of equations.

In Transient mode however there is a time-effect due to travel times in the pipes. The
non-pipe components (nodal sets) are decoupled, as the wave needs time to travel
through the pipe. The decoupled nodal sets are solved as independent systems of
equations.
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3.2.7.1  Pipe equations

Waterhammer pipes are essential components in WANDA. Due to the combined
compressibility of the water and containing pipe, there is a delay in exchange of
information between the extremities of the pipe. WANDA uses the method of
characteristics (see section "Pipes: Method Of Characteristics" on page 157) to
calculate the (pressure) waves in the waterhammer pipes. The waterhammer pipes
contain internal nodes (W-nodes) where the values of core variables is calculated at
each time step.

The total hydraulic set is solved for each time step in the following way. First all
waterhammer and free surface pipes are handled such that in every internal node the
core variables are computed at t=t+At. This results in new values of the core variables
at the pipe extremities.

Then all other components are handled as one system of equations. Also ‘rigid column
pipes’ are computed here, as the incompressibility causes the information at the
extremities to be exchanged instantaneously.

3.2.7.2  System of equations

All equations and variables can be considered together as one system of equations,
based on the scheme as build by the modeller. Each component (equation) is therefore
related with other components (equations). The model can be represented
mathematically by a matrix representing all coefficients of all equations involved.
WANDA solves this system of equations for the core variables. This requires the
system to have exactly the same number of equations as variables. The components
and nodes supply the equations:

¢ Node equations:

e Mass balance

e Energy balance

e Momentum balance

e Additional (ideal gas law)

¢ Component equations

e Boundary conditions

o Energy loss

¢ Wauve translation (pipe characteristics)

Since most equations are non-linear (head loss for instance is generally quadratically
related to discharge), the equations are linearised in order to solve the system of
equations.

3.2.7.3  Number of unknown variables versus number of equations, an example

Suppose we have the following Q-H system:
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E&E

The number of unknown variables is 8: Qs1, Q1, Q2, Q, Qs2, Hy, Ha, Hs

The number of equations is 8: 2 * 1 boundary condition + 1 * 2 fall eq. + 1 pipe eq. + 3
cont. eq.

The number of unknowns equals the number of equations. Hence, the hydraulic set is
completely defined.

3.3 Implementation

Throughout the following the main focus will be on the Liquid-domain, because the
other domains in general show much resemblance to Liquid. The core variables are
therefore H (head) and Q (discharge).

In steady state the hydraulic set is different in form than in unsteady state. This is
caused by the fact that the method of characteristics (MOC) is used to solve the pipe
equations, cancelling the direct exchange of information between the extremities of the

pipe.

3.3.1 Steady state

3.3.1.1  Supplier type boundary conditions

The basic equation, which governs the steady state of a boundary condition (supplier
type) has the general form:

f(H Q) =20 (3.2)

H

Figure 3.6: Definition of variables for supplier type components, *flow into the system is positive, flow out of
the system is negative

H is the head in the node to which the boundary condition is attached. The discharge Q
is the discharge that is supplied to the system. The sign convention is: flow into the
system is positive, flow out of the system is negative. Most suppliers (air vessel, surge
tank) do not supply discharge in steady state. In that case the equation is simply Q = 0.
A BOUNDH is a supplier that may supply fluid in steady state as well. The basic equation
in steady state is:

H = constant (3.3)
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A supplier type may be non-linear, but in steady state the basic equation is usually
linear.

3.3.1.2  Fall type

The basic equations, which govern the steady state flow through a fall type have the
general form (here as an example for a 2-node component):

f, (H., H,, 0, Q,)=0 (3.4)
f, (H, H) O, Q,)=0 (3.5)

H; and H, are the pressure heads at the extremities of the 2-node component (see
figure 3.7).

H
1 [ 2
E!I L E}?’

Figure 3.7: Definition of variables for 2-node fall type components

Here we give the valve as an example:
fio Hi - H: = ¢ Q)]0 (3.6)
fro 0, =0,

Qq is the discharge in the upstream part of the fall type, Q is the discharge in the down-
stream part of the fall type. Note that the equations for the valve are non-linear in Q.

Fall type components are usually non-linear. The sign-convention is depending on the
symbol representing the component in the WANDA diagram. An arrow, generally from
left to right, indicates the positive direction.

3.3.1.3  Pipes: special form of 2-node component

Due to the incompressible behaviour of the fluid in steady state, the discharge is
constant along the pipe component. The basic equations, which govern the steady state
flow through a pipe are therefore given by the same equations as the other fall-type
components. Besides the constant discharge (inflow = outflow) the following equation
for the head loss holds:

fL ool _ @7)

H, - H> - D 2g.4

The general form of this equation is denoted by:
S (H, H), OQ)=20 (3.8)

Q is the discharge through the pipe. Note that Eq. (3.8) is non-linear in Q.

H; and H, are the heads at the H-nodes of the pipe (see figure 3.8). The Darcy-
Weisbach friction factor fin 3.7 above is given by the friction model depending on the
flow velocity and properties of the fluid (Newtonian or non-Newtonian), the pipe
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(diameter, wall roughness). See "Friction models" on page 164 for more information on
the friction models in WANDA

H,

B >
Q

Figure 3.8: Definition of variables for pipes

XL

P

3.3.1.4  Nodes: Continuity equations

To complete the total hydraulic set, the continuity equations, one for each H-node, are
added. Hence:

Z Q =0 (3.9)

VH —node

It is obvious that these equations are linear. The sign convention is the same as for the
boundary conditions. Flow into the H-node is positive, flow out of the H-node is
negative.

3.3.2 Unsteady state

Boundary conditions are needed to solve the pipe equations using the Method Of
Characteristics (MOC). The boundary conditions have to be prescribed at the
extremities of each pipe. These boundary conditions are formed by all models in the
nodal sets. Therefore, it is necessary to distinguish the equations of the pipes and the
so-called nodal set equations.

3.3.2.1  Pipes: Method Of Characteristics

The basic equations, which govern the unsteady state flow through a pipe are usually
called the characteristic equations. These equations result from the MOC. A
characteristic equation has the general form:

Ch H+ Cy O = Cc (3.10)

and is valid along a characteristic line with either an angle of 1/c; (C+) or -1/¢; (C-) in the
s,t-plane (c; is the propagation speed of the pressure waves).

Internal waterhammer nodes

If a pipe is divided into 6 elements, the pipe has 5 W-nodes. The computational grid of
the pipe in the s,t- plane is shown in figure 3.9.
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Figure 3.9: Computational grid in transient calculations for a pipe divided into 6 elements. The elements
have a constant length As = cf - At. The characteristic lines cross at nodes denoted with x.

This pipe is described by a total of 12 characteristic equations, one equation for every
line. The characteristic lines cross at nodes x. These nodes are neither W-nodes nor
H-nodes but must be seen as assistance nodes. Suppose that the hydraulic state (H,Q)
is known at t=t in every node. First the new H and Q are calculated in the assistance
nodes at t=t+(1/2)At. Once this is done the new H and Q are calculated in the W-nodes
W1 - W5 at t=t+At.

As mentioned before, it is not possible to calculate the H and Q at t=t+At in H; and H,
by only using the characteristic equations from the specific lines. We also have to know
the boundary conditions at H; and H,. These boundary conditions are given by the
H-models in the nodal sets. The characteristic equations, which belong to the
characteristic lines to the end points of a pipe will be part of the nodal set equations.

The use of assistance nodes is necessary to avoid uncoupled characteristic lines. Such a

grid is known as 'leap frog'. The coefficients for a C* equation are:
CH=1 (3.11)
cQ=R

CC:HQI + R Qi - SQ1|Q,|

and for a C” equation:
CH=1 (3.12)
CcQ=-R

CC= H:’+1 - R Q:—] + S Q?+]|Q1"l+]|

The upper index denotes time, the lower index denotes place.

3.3.2.2  Other components: Nodal set equations

Every nodal set yields so-called nodal set equations. The nodal set equations consists

of:

1. Equations for the fall type components in the nodal set;

2. Equations for the supplier type components in the nodal set;

3. Continuity equations for every H-node in the nodal set;

4, Characteristic equations corresponding to the characteristic lines of pipes

adjacent to the nodal set.
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Alr vessel
Pipe 1 PUMP Valve Pipe 2
H
H 1 2 H 3

Figure 3.10: An example of a nodal set configuration

In figure 3.10 an example of a nodal set is given. The nodal set consists of two fall
types (pump, valve), one supplier (air vessel) and 3 H-nodes. This nodal set is
described by the following equations:

e one characteristic equation for pipe 1

e one characteristic equation for pipe 2

e two equations for the pump

e two equations for the valve

e one equation for the air vessel

o three continuity equations.

Hence the nodal set is governed by 10 equations. Of course the total number of
unknown variables is 10 as well:

e discharge of pipe 1

e discharge of pipe 2

e two discharges of the pump

e two discharges of the valve

e one discharge of the airvessel
e three heads at H4, Hy, and Hs.

As a result the hydraulic behaviour in the nodal set is completely determined. We will
discuss now the general forms of all equations except the pipe equations, which we
have discussed already.

Fall types

The basic equations, which govern the unsteady state flow through a fall type have the
general form (an example for a 2-node component is given):

f, (H, H,, 0, 0,,t)=20 (3.13)
fz (H[; H>, Q[: QZ’ t) =0

H,; and H, are the heads at the extremities of the fall type. The discharge Q, is defined
upstream in the fall type, Q, is the discharge downstream in the fall type. The parameter
t denotes that other variables in the equation can be a function of time. Here we give an
open valve as an example:
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fio Hi - Hy = ¢t Q)0 (3.14)
S, 0, =0,

The parameter c(t) is a measure of the discharge coefficient of the valve. This
coefficient varies in time when the valve is closed or opened. Note that the equations
for the valve are non-linear in Q4. The fall types are usually non-linear.

Supplier types
The basic equation, which governs the unsteady state condition of a supplier type has
the general form:
S(H Q t)=0 (3.15)

H is the head in the H-node to which the supplier is attached. Q is the discharge that is
supplied to the system. The sign convention is: flow into the system is positive, flow out
of the system is negative.

Most suppliers (air vessel, surge tank) supply discharge in unsteady state. A fixed surge
tank is governed by the following differential equation:
dH (3.16)
= AS _
0 C o
in which Ag; denotes the area of the surge tank. Such an equation can not be solved
straightforward, it must be discretised as:

i (3.17)
O(1+a1) = 4, HEAD AL

in which At is the time step. This equation is linear in the unknown variables Q and H at
t=t+At. Hat t = tis known. In general a supplier type can be non-linear as well.

Continuity equations

To complete the nodal point equations the continuity equations must be added for every
H-node in the nodal point. Hence:

ZQ:{] (3.18)

It is obvious that these equations are linear. The sign convention is the same as for the
suppliers. Flow into the H-node is positive, flow out of the H-node is negative.

3.3.3 Start Vector

3.3.3.1  Steady state

To compute the steady state of the hydraulic set, all equations of the appropriate
component are assembled in one big matrix and one big right hand side vector.

To start the iteration a so-called start vector must be created by the processor and/or
components.
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The minimum and maximum number of iterations are defined in the user interface
dialogue window “Accuracy window”.

If after the maximum number of iterations the solution has still not been obtained
something is badly wrong.

3.3.3.2  Unsteady state

Suppose we have to calculate the first time step. In this case the steady state solution is
used as start vector. To solve the next time step we can use the old values of the
former time step as start vector. However to speed up the convergence, the procedure
after the first time step is slightly different.

In unsteady stat the start vector is filled with new values obtained by extrapolation of the
values of the two former time steps, thus for every H-node in the nodal set:

H(t+At) = H(t)_ft(t'm) At + H(t) - H(t+At) = 2H(t)-H(t-At) (31
and for every discharge in the nodal point:
Q(t+Ar) = Qm'g"m) At + O(t) > Q(t+At) = 20(t)-O(t-At) (820

In this way the start vector for all nodal sets is built.

3.3.4 Linearisation of H-models

During the discussion of the hydraulic set, it appeared that some of the component-
models could be non-linear. A summary of the models with respect to their linear or
non-linear character is given in table 3.3. Again the steady state and unsteady state are
distinguished.

Component Steady state Unsteady state
Pipe non-linear linear

Fall-type non-linear/linear non-linear/linear
Supplier-type non-linear/linear non-linear/linear

Table 3.3: H-models classified to linearity

The problem with non-linear equations is that they can not be solved by a
straightforward algorithm. There are no 'solvers' for non-linear equations. That is why
non-linear equations have to be linearised.

As we can see the component-model of the pipe in steady state is always non-linear,
whilst in unsteady state the model is always linear. Fall and supplier types can be linear
or non-linear. The linearisation of non-linear equations is carried out with the
Newton-Raphson method.

3.3.4.1  Linearisation of pipes in steady state

The general form is given by: f(Hl,HZ,Q) = 0. Linearisation of this equation results
in:
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i i i (3.21)
S st L a2 agy o

fH (HlszaQ):fl(HlaHZaQ)+6_I_Il 8H2 aQ

in which:
e« AH, = H'-H;
e« AH, = HY-H
. A Qi — Qi+1_Qi

In this equation i denotes the iteration step. The values subscripted by i are known
while the values subscripted by i+1 are to be calculated. Eq. (3.21) can be written in
matrix notation in the following way.

Denote:
s;} = DHi » ;Ii = DH:, S—g = DQ o
Then Eq. (3.21) can be written as:
H, i+1 (3.23)
[ DHi DH. DQ ' |H2| =[ DHiH:+DH.H,+DQQ-f |'
Q
This equation can be written more conveniently by writing the right hand side as CON:
ool (3.24)
| pH, DH, DO |"|H.| =[ CON]
Q

This linear equation is actually to be solved by the computer. Because of the
linearisation an iterative procedure is applied. This procedure is called the hydraulic
iteration (H-iteration).

In unsteady state the pipe equations do not have to be linearised. The characteristic
equations are already linear. The solution procedure of these equations is completely
different from the nodal set equations.

3.3.4.2 Linearisation of fall-types

The linearisation of the fall-type equations is the same in steady and unsteady state.
The general form is given by:

f, (H, H,, 0, 0,,t)=20 (3.25)
fz (H]; H:, Q,, QZ: t) =0

Linearisation of these equations results in:
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" i (3.26)
f[ ](HJ; H., 0, 0O, t) = f1 ( H, H>, 0, 0,, t) +
Uipgp+ VLo pnggy + —afIAQj v oL AQ, =0
6H1 aHZ 8Q] aQZ
And
(3.27)

fziﬂ (H, H, Q, 0, 1) = fzi (Hi, H» O, 0,,1) +

afZAH§+ afZAHE"' afZAQ;"' afz
OH,; 0H; 00, 00,

Using the same convention for the notation as for the pipe, the linearised equations can
be written as:

AQ, =0

L (3.28)
Hi
DIH, DIH, DIQ, DIQ, i H- B CONli
D2H, D2H, D2Q, D2Q2] Q _{CONJ
[ Q:
in which:
DIH, = ﬁali , DIH, = aa}fliz D1Q, = 68_31 etc.
and:

CON, = DIH, Hi + DIH, H) + D1Q, Qi + DI1Q, le -

CON, = D2H, H, + D2H, H; + D2Q, Q + D2Q, Q. - f,

The linear equation (3.27) is actually to be solved by the computer. Because of the
linearisation the equations are part of the hydraulic iteration (H-iteration).

3.3.4.3 Linearisation of supplier-types

The linearisation of the supplier-types is the same in steady and unsteady state. The
general formis givenby f (H, Q, t ) = 0. Linearisation results in:
af[

i+l — gl vJ i a_f i
ST(H Q1) f(H,Q,t)+aHAH+aQAQ 0

(3.29)

In matrix notation Eq. (3.29) reads:
(3.30)

[ DH DQ]iE Tz[CON |’
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in which:
DH = 8_f , DQ = 8_f
. oH 0Q
, CON=DHH +DQQ - f

The linear equation (3.29) is actually to be solved by the computer. The equations are
updated during the hydraulic iteration (H-iteration).

3.4 Friction models

Several correlations exist for the modelling of the turbulent wall friction. Each correlation
has its own background in a particular field. WANDA 4 supports a wide range of
turbulent wall friction correlations for both Newtonian and non-Newtonian fluids. The
Newtonian fluid is defined by a constant kinematic viscosity. For laminar wall friction a
theoretical wall friction function can be derived: the well-known Poiseulle equation.
WANDA supports the following wall friction correlations:

e Theoretical friction according to Darcy-Weisbach

o for Newtonian fluids: Colebrook-White

o for non-Newtonian fluids: Herschel-Bulkley

e Empirical models

o Hazen-Williams

e Chezy-Manning

3.4.1 Theoretical friction models (Darcy-Weisbach)

The steady state pressure drop over a pipe is computed with the Darcy-Weisbach
equation and is a function of the pipe dimensions (L and D), velocity U and wall friction
f

I fL Q|Q| (3.31)
T D 2ed?
The user has the flexibility to specify a set of local losses (& or n*D values) and the
number of fittings for each tabulated local loss. These local losses are included in the
hydraulic grade line:
Q|Q| (3.32)
HZ ( Zg J 2 Az
I f(L+nD) 0|0 (3-33)
2 1 D ZgA?
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in which:
Q = fluid discharge m%s]
At = fluid cross-sectional area [m2]
D = internal diameter of the pipe [m]
Hjy = upstream head [m]
H> = downstream head [m]
f = Darcy-Weisbach friction factor [sZ/ms]
o] = gravitational acceleration [m/s2]
n = Equivalent length local loss specification [-]
& = Local loss coefficient i [-]
3.4.1.1  Newtonian fluids: Colebrook-White

The friction Darcy-Weisbach factor fis dependent of the wall roughness k and the
Reynolds number Re and is computed with one of the following equations:

S =064, . 0 <Re <100,
_64
Re for 100 < Re < 2000,

and for turbulent flow, when Re > 4000, with the Colebrook-White equation:

L, [k/DJr 2.51j
 — oo L2
N %37 "Reys
in which:
Re= QD __Q
vAy vrD

with:
e v=kinematic viscosity [m?/s]

For 2000 < Re < 4000 fis calculated with a linear interpolation between f calculated
with (3.35) for Re=2000 and f calculated with (3.36) and Re=4000.

(3.34)

(3.35)

(3.36)

(3.37)
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Figure 3.11: Moody-Diagram

Since the Reynolds number is dependent on the fluid discharge, which is to be
computed by solving equation (3.33), in which fis present, which in its turn is
dependent on the Reynolds number, cyclic dependency occurs. To solve this implicit
problem the solution procedure has to be iterative.

The Reynolds numbers of the pipes for which k has been specified (the k-pipes) will
initially be computed by substituting the estimated discharges Q (in the start vector) in
the Colebrook-White equation (3.36). Subsequently the f~values of those pipes can be
computed by solving equation (3.34), (3.35) or (3.36). Then the steady state
computation can be carried out, solving equation (3.33) for all pipes (together with the
equations describing the mathematical models of the other H-components and the
continuity equations for all H-nodes).

After the computation of the steady state, the Reynolds numbers of all k-pipes are re-
computed based on the updated discharges Q and new f-values are computed. The f-
values of the pipes for which f has been specified by the user (the f-pipes) are left
unaffected. The steady state computation is then repeated with the current solution
vector used as start vector. This procedure is repeated until convergence is obtained.

The f- and k-values of all pipes are output.

3.4.1.2  Wall roughness k-pipes

The k-values are user specified and are generally in the order of 0.1 to 10 mm. They
are dependent of material and age of the pipe. A database of k-values belonging to pipe
materials may be created.

When the option “Dynamic Friction” is set to “Quasi-steady”, the friction factor fis
recalculated for every time step in all calculation points. This calculation is based on the
local flow velocity of the previous time step and the input concerning the wall roughness
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of the pipe. For k-pipes with “Dynamic Friction” set to “none” the f~value and for the
other friction models is left unaffected as is the case with f~pipes.

3.4.1.3  Friction factor f-pipes

The friction factor fis user-specified. After finding a converged steady state solution, the
k-values of the f-pipes are computed with the following equation:

k=37 D (10[2;];5\/%}
R

(3.38)

Caution should be taken when using f-pipes, because the f~value depends on the flow
and cannot be known beforehand. Other pipe models where fis taken constant during
unsteady calculations (k-pipe without dynamic friction and the empirical models) are
limited in a similar way. Large values for the wall roughness k are an indication of
erroneous application of the friction model. The user is advised to apply another friction
model.

3.4.2 Non-Newtonian Fluids

WANDA supports wall friction factors for all homogeneous non-Newtonian fluids with
time-independent behaviour. Non-Newtonian fluids are categorized as having time-
independent, time-dependent or visco-elastic rheological behaviour. The non-
Newtonian fluids with time-independent rheology include:

o dilatant, shear thickening, fluids like sand or a starch suspension,

e pseudoplastic, shear thinning, fluids like polymer solutions, many colloidal
suspensions, paper pulp,

¢ Bingham plastics with a yield stress, like tooth paste or drilling muds and
e Herschel-Bulkley fluid or Generalised Bingham Plastic (GBP), like some mine

tailings.
. . du )
Dilatant, shear thickening T, = K| — > 1 (3.39)
'y
. . du)
Pseudoplastic, shear thinning 7, =K|— ,n<l (3.40)
)y
_ _ du
Bingham plastic T,=7,+ K| — (3.41)
dy
du )
Herschel-Bulkley 7,=7,+K| — ,n>0 (3.42)
) 'y
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Equations (39) to (41) show that the Herschel-Bulkley rheological definition generalizes
the other non-Newtonian fluids and even Newtonian fluids (n = 1, K = 1, 7, = 0).
Therefore, the Herschel-Bulkley rheological model is made available in WANDA. The
fluid properties that characterise the non-Newtonian fluid (slurry) are specified in the
fluid window:

Yield stress, 1,
Viscosity coefficient, K

Exponent, n

The following steady state relation for the laminar flow regime can be derived

analytically:
1/n
3 1-—
07D (4 \(n[i=x] (- x—box—cox'] (3.43)
32 \3n+1 K
where
X:T} = 4T'V
v pep
PE dx
1
a:2n+1 (3.44)
o
(n+1)(2n+1)
c=n-b

The laminar friction factor of a Herschel-Bulkley fluid can be derived analytically as well,
using the effective viscosity concept:

64

f;,lam - Res
v-D

Re, -, (3.45)

eq

-1 ~1/n
_gDdH( 4n 7, [1-x] , -

T4 (3n+1 K [1marwmbo =o'

The laminar friction factor does not exceed 6400 for reasons of numerical stability.

If the slurry Reynolds number is greater than 1000, then both the laminar and turbulent
friction factor are determined and the maximum of both friction factors is applied. The
turbulent wall friction of a Herschel-Bulkley fluid is based on the secant viscosity at the
wall and the approach from Wilson and Thomas (1985). Since Wilson and Thomas’
approach is based on a comparison with an equivalent Newtonian fluid, we will use
subscripts s for slurry and n for Newtonian properties. The following computations are
performed to obtain the turbulent friction factor of non-Newtonian fluids f; .
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0.5 0.5
{fi] - [iJ +11.6(a-1)-25na -0 (3.46)

Where f,,; denotes the turbulent friction factor of a Newtonian fluid at the same wall
shear stress. Hence the following relation holds between the non-Newtonian and
Newtonian friction factors and pipe velocities:

n

Tw,s = Tw,n < f‘s ’ V‘f = f;1 ’ vz (347)

The two friction factors are computed from the Colebrook-White correlation (see
"Theoretical friction models (Darcy-Weisbach)" on page 164) at the wall viscosity u,
and Reynolds numbers.

1/n
Tw,s K
= =7 s _—
H dv(r)jdr| " (TW —Ty]

S

Re, = pv,D (3.48)
lLlW

R n = pvnD
H,,

The variable o in equation (46) is the ratio of viscous sublayers of the non-Newtonian
and equivalent Newtonian fluid. The variable €2 models the effect of plug flow in the
core, due to a non-trivial yield stress 7,. Since the shear stress drops linearly towards
the pipe centreline for any fluid, the local shear stress always becomes smaller than the
yield stress 7, (>0) within a certain core region.

(1+n-x)
(1+n) (3.49)
Q=-25In(1-x)-2.5x(1+0.5x)

a=2

Since the variables x, ¢, £, 1, are all functions of the wall shear stress 7, s and thus
functions of the resulting slurry friction factor, an iterative procedure is required to
compute the slurry friction factor. The iterative procedure stops if the relative error in the
friction factor has dropped to 1e-6.

As opposed to Newtonian fluids, there is no transition region between the laminar and
turbulent flow regime, because in a non-Newtonian fluid the viscous sublayer is
relatively thick at the beginning of the turbulent flow regime (Wilson, Thomas 1985).
Therefore, the friction factor at these turbulent flows is relatively small, which explains
the absence of the transition region. The applicable friction factor is simply the
maximum of the laminar and turbulent friction factor:

fo=max{f, . /.| (3.50)

If the user has specified a non-trivial yield stress 1,, then a hydraulic gradient may be
present in a pipe without any flow. This situation occurs if the following condition is
satisfied:
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4
i (3.51)

pgD

dH
— <
dx

The fluid remains static until the hydraulic gradient exceeds this yield stress criterion.

During a transient event, flow reversal may occur locally in a pipe. The flow reversal
may lead to fluid stiffening and activation of the yield stress, if the hydraulic gradient
satisfies the yield stress criterion.

3.4.3 Empirical models

The implicit expression of the Darcy-Weisbach friction factor requires an extensive
iterative calculation. Therefore empirical expressions such as the Hazen-Williams and
Chezy-Manning formulae have become very popular. However the lack of theoretical
basis restricts the validity. In WANDA they are included mainly because of their wide
application in engineering practice. As the Darcy-Weisbach model is generally
considered more accurate and the fast iteration in WANDA cancels its main drawback
of implicitness, it is advised to use the Darcy-Weisbach model instead of these
empirical models. The Darcy-Weisbach model is valid for all flow regimes and liquids.

The Hazen-Williams formula is the most commonly used headloss formula in the US. It
cannot be used for liquids other than water and was originally developed for turbulent
flow only.

The Chezy-Manning formula is more commonly used for open channel flow. Each
formula uses a different pipe roughness coefficient that must be determined empirically.
Table 3.2 lists general ranges of these coefficients for different types of new pipe
materials. Be aware that a pipe’s roughness coefficient can change considerably with

age.

Material Hazen-Williams C (unitless) Manning's n (unitless)
Cast Iron 130 - 140 0.012-0.015

Concrete orConcrete Lined 120 - 140 0.012-0.017
Galvanized Iron 120 0.015-0.017

Plastic 140 - 150 0.011-0.015

Steel 140 - 150 0.015-0.017

Vitrified Clay 110 0.013-0.015

3.4.3.1 Hazen-Williams

The Hazen-Williams constants are based on “normal” conditions with flow velocities of
approximately 1 m/s. This method is only valid for water at ordinary temperatures (4 to
25 °C) and turbulent flow with Reynolds numbers above 10°.

4.727LQ1‘852 (3.52)
H,-H = W
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3.4.3.2  Chezy-Manning

The Chezy-Manning friction model was mainly derived for uniform steady state flow
(open channel flow) and therefore the validity for pipe systems is limited.

4.66L0 (3.53)

3.5 Wave propagation speed

The velocity of the pressure wave in the pipeline depends on the compressibility of the
fluid and pipeline itself. The general form of the equation for propagation speed can be
written as:

l 1 (3.54)

T, red
'DK A dp

In which the bulk modulus of the liquid, K, is related to the density change of the liquid
by:

Ap (3.55)
Ap/p

3.5.1 Circular cross-section

For thin-wall pipes of internal diameter D and wall thickness e (i.e. D/e > 10), the
propagation speed can be calculated from:
(3.56)

The Young’s Modulus of Elasticity, E, depends on the material of the pipe wall. Here,
the expression is given for an idealised case where the restraint factor is taken as unity,
assuming the Young’s modulus to be large.

3.5.2 Rectangular cross-section

For non-circular cross sections theoretical wave speeds can be derived from equation 3.57
if an expression can be found for the last term in the denominator. For a rectangular cross-
section with width w and height h this term can be written as (ref. E.B. Wylie and V.L.
Streeter, Fluid Transients, 1978, McGraw-Hill inc.):

oA W w4R (3.57)
—_—— +
Adp eE 15¢’Eh

Deltares

Theoretical and mathematical background - 171



User Manual Wanda 4.3 June 2014

In (3.55) the first term is the contribution of extension of the pipe wall. The second term
is the contribution of the bending of the pipe wall. The ‘rectangular factor’, R, is given by

B 5 2 (3.58)
R=° 5“#(&) 6_5a(ﬁj
2 2lw h

(3.59)

with
3
e 1+(h/w)
1+h/w

In practise, however, rectangular pipes may contain fillets (filled corners) to increase the
strength and flow properties. In WANDA it is possible to include the effect of these fillets
in the wave speed by indicating the size of the fillet (distance to wall). For the bending
contribution the width w and height h will be reduced with this fillet-size in the equations
above. The fillets are also included in calculation of the velocity via the reduction of the
cross-sectional area and wet perimeter. As the fillets will only reduce the flexibility (the
fillets themselves are also flexible), the reduction of h and w will not be 100% of the fillet
size. Therefore, it is possible to specify the structural contribution of the fillets as a
percentage of this h/w reduction. The influence of the fillets on the wave speed can be
reduced by lowering the structural contribution.

3.5.3 Reduction of wave speed due to free gas

If there is homogenous distributed free gas in the pipeline, the wave speed is reduced
because the bulk modulus is reduced. Equation is then written as:

1

CcC=
I-aa « 1 04
Pu| 7 Tt
K py Aodp
Where a is the volume fraction of gas, y is the polytropic coefficient of the mixture, and
p is the absolute pressure of the gas. pn, is the density of the mixture, which is:

P =ap, +(1-a)p,

Where p, and py are the liquid and gas densities, respectively.

Although the effect of the free gas can be significant, the free gas is not taken into
account in Wanda. In practice the flow velocity in most systems is not high enough to
keep the air evenly distributed. The air bubbles will usually collapse into larger air
pockets, which cause different behaviour (multiphase flow).

It should be noted that this only concerns “free” gas in the liquid. Dissolved gas doesn’t
influence the wave speed. Due to sudden changes in the pressure, dissolved gas can
come out of solution (becomes “free” gas) after a certain incubation period. However,
the passage time of the pressure surge is much smaller than the incubation period,
which ensures that the pressure surge has passed before the gas can affect the wave
speed.
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3.5.4 Number of pipe elements

The number of elements in the pipe, n, is calculated by the following equation:
L (3.60)

n=—-—
cAt

Where L is the length of the pipeline, c is the wave speed and At is the time step. If the
wave speed is lowered, the number of pipe elements rises.

Entering too low a Young's modulus can cause the number of pipe elements to exceed
the maximum number of pipe elements and Wanda will not allow you to run any
computations when this happens. Increasing the time step or the Young’'s modulus may
remedy this.
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3.6 Cavitation

3.6.1  Conceptual Model

The standard water hammer equations are used during the calculation. The absolute
pressure P, may not drop below the vapour pressure P,. The vapour pressure is
dependent on the fluid and the temperature. However, during a computation it is kept
constant.

When cavitation occurs at some point in the pipe, the point becomes a boundary
condition for the water hammer equations in the adjacent parts of the pipe. In the spatial
distribution of the discharges a discontinuity exists at this boundary. The vapour volume
enters in the continuity equation. When this volume again becomes zero, the cavity
collapses and the boundary condition vanishes.

3.6.2 Algorithmic Implementation

The water hammer computation is executed in all internal computational points in the
pipes (the so-called W-nodes). Sets of two equations in the unknown Hp and Qp in point
P (see figure below). In the equations the Ha, Qa, Hg and Qg in points A and B
respectively are known. The coefficients R and S are determined by pipe and fluid
(liquid) properties.

1.

1 P

A B —

Figure 3.12: Sets of two equations in point P

The equations are:
3.61
H,-H, + R(0,~0,)+50,0,] = 0 eon

(3.62)
Hy-Hy = R(Qp - 05) -S04 0,] = 0
with:
R cr A (3.63)
gA;’ 2gD A7
and:
1 (3.64)

Cc, =
f (l D)
| —=+—=
Pk ™ Ee

The following variables are used:
Ar =  fluid cross-sectional area [m2]

D = internal diameter of the pipe [m]
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E = Young's modulus of the pipe [N/mz]
H =  head [m]

K = fluid bulk modulus IN/m?]
Q = fluid discharge [m3/s]

Cr =  water hammer wave speed [m/s]

e =  pipe wall thickness [m]

g =  gravitational acceleration [m/sz]
At = computational time step [s]

A =  Darcy-Weisbach friction factor [sZ/mS]
P =  fluid mass density [kg/m33]

When at a computational point, H is calculated to be less than H,, it is simply set equal
to H,. This leads to the following boundary condition:

H= H, (3.65)
where:
(3.66)
2
g =ttt VL,
prg 28

is the relative vapour head.
e h = height of computational point relative to the horizontal reference plane
e v = velocity in computational point
e P,y = atmospheric pressure

Condition (3.63) and the two equations (3.61) and (3.62) now constitute an
undetermined system of three equations in the two unknown variables Hp and Qp.
Instead of introducing the void fraction as the third unknown variable, the fluid velocity is
assumed to be discontinuous at the computational point. The unknown Qp is replaced
by two differing discharges Q4 and Q, up- and downstream of the "cavitating"
computational point. A cavity is now formed, the volume of which is governed by:

ov (3.67)

?ZQz'Q1

or, when numerically integrated:

Vo) =V(i-A)+((0,(0- 0,1t (3.68)

The cavity disappears when its volume is calculated to be negative. Then, to satisfy the
mass balance, the last positive cavity volume is filled with liquid, according to

0,1 - 0,() = @ (3.69)

which is equation (3.68) with V(f) = 0.

In the following figure examples are given for the naming and dependencies of two grid-
points: one with cavitation (P) and one without cavitation (Q).
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f Cavitating
point

A C B D s
——
Figure 3.13: Point with (P) and without cavitation (Q).

The system of (uncoupled) equations to be solved in grid-point P is:

(3.70)
H,-H, + R(0,-0,)+50,/0,] = 0

(3.71)
H,-Hy, - R(0,,-0,)-50,|0,] = 0

The system of equations to be solved in grid-point Q is:

(3.72)
Hy-H. + R(QQ - ch)"’ SQC2‘ ch‘ =0

(3.73)

Hy-H, - R(0,~0,)-50,]0,] = 0

Characteristic equations in nodal sets

As long as point P in the above example is an (internal) W-node there are no problems.
However, when P is at a pipe extremity (end points) it is an H-node. H and Q in these
H-nodes are solved in the systems of nodal set equations. After solution of the nodal
set equations it may turn out (e.g. in calculation phase 4) that condition (3.65) is not
fulfilled. This may be regarded as a change in "procedure phase" of the characteristic
equation of the adjacent pipe. The characteristic equation is replaced by: H = H, thus
decoupling the pipe from the nodal set. The Q into that pipe is then separately
computed. The cavitation volume V at the H-node must of course being kept track of.
The pipe ends are thus regarded as H-procedures with procedure phases "not-
cavitating" and "cavitating".

3.6.3 Software Implementation

The vapour pressure P, is user specified. The cavitation volume V is component
specific output, so it can be selected and plotted. When cavitation occurs within a pipe,
the complete vector of cavitation volumes from that pipe is output, so that an animation
of the cavitation volumes as function from a route can be produced.

176 - Theoretical and mathematical background Deltares



User Manual Wanda 4.3 June 2014
3.7 Pipe models
3.7.1  Pressurised pipe
Compressible fluid: continuity equation is now more complicated for pipes. Fluid in other
components is still assumed incompressible as the length scale is much smaller.
Waterhammer pipes are essential components in WANDA. Therefore we give a full
description of the theory and solution methods.
For the description of an isothermal fluid flow through a pipe two equations are of
importance:
e Momentum equation
e Continuity equation.
In water hammer theory both equations are applied on the mean flow. In other words,
the flow is considered as one-dimensional.
Derivation of these one-dimensional equations can be found in any textbook on
transient flow [1, 2, 3].
5
L 4
[ 3
2R=D
1
datum
Figure 3.14: Definition of variables
The equations are (see also figure 3.14)
(3.74)
oo I,
Momentum: Of Os 2D
(3.75)
Pr gG_H_{_a_V_{_i@uR:O
Continuity: Ky ot Os R ot
in which:
\% = mean velocity [m/s]
H = head [m]
S = axial coordinate (along the pipe) [m]
g =  gravitational acceleration [m/sz]
f = friction factor [-]
D=2R = internal diameter of the pipe [m]
ot = fluid density [kg/m?]
K = fluid bulk modulus [N/m?]
UR = radial displacement of pipe wall [m]
The head H is defined as:
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P (3.76)

In which P denotes the mean fluid pressure and h the elevation of the centreline of the
pipe relative to an arbitrary datum.

\

)
ﬁ\“--_.\ Velocity head

Total energy head
(Head)

Hydraulic Energy grade line

head

Pressure head Hydraulic grade line

Centreline

Pipeline
elevation H-node elevation

Elevation head

Reference plane

e, 2 U I = g S
Figure 3.15: Hydraulic gradient, pipe elevation, Head and pressure.

Assumptions

e The third term in the momentum equation accounts for the friction between
fluid and pipe wall. The friction is modelled the same as if the velocity were
steady. This is usually done in transient flow calculations and works out well.

¢ Inthe equations (3.74) and (3.75) convective terms like VoV /os are
neglected.
This is allowed only when V is much smaller then the wave speed of the
pressure waves. This assumption is known in literature as the acoustic
approximation.

¢ The one-dimensional description of the fluid flow is only valid for pressure
waves with low frequency. One can imagine that if the wavelength of the
pressure waves is of the same magnitude as the diameter of the pipe, radial
fluid inertia becomes of importance. In transient flow long wavelengths are
dominant and a one-dimensional approach is valid. This assumption is known
in literature as the long wavelength approximation [4].

Continuity equation

The continuity equation (3.75) can be transformed in a more convenient form. Therefore
we use the stress-strain relations for the pipe:

w1 (3.77)

R —E(w- vV o)
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Ou 1
= — (o, -V o4)
Os E ¢
or.
__F Ou, 4y UR (3.78)
o.= —4s 2R
Y o1-y? 0s R
_ E Ur aUS
Oy Sl TV
1- 1% R 0s
in which:
E Young’s modulus [N/m2]
v Poisson’s ratio [
Os axial pipe stress [N/m?]
N = hoop stress [N/m?]

By means of the stress-strain relations the continuity equation can be written as:
pr OH 10V 2 0oy 2v 0o _ ©79)
K: Ot g Os
This equation can be simplified by applying again the long wavelength approximation.
This approximation states that the radial inertia of the pipe wall can be neglected. If this
approximation is applied one can derive an important equation:
PR (3.80)

O-¢=_
e

In fact this equation states that forces in radial direction are always in equilibrium. There
are no dynamic effects involved.
Substitution of equation (3.78) in (3.79) yields:
p; OH 1 oV 2R 0P 2v 0o, _ 0 (3.81)

L St T S - . == Z¥s =
K Ot g O0s

The pressure P can be expressed in terms of H by means of equation (3.76):
P=p g (H-h)

Hence:
P _ (a_H_@]
P WPTIPY

In this equation we will neglect the influence of 64 /0t on OP /ot . This can be done if
we consider displacements of the pipe small compared to its diameter.

So it appears:

oP OH (3.82)
o &

Substitution of (3.82) in (3.81) yields the continuity equation:
Lo 1oV 2vie _, (353)
c; Ot g Os gE ot
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With:
C% _ & [1 _,_%j_l (3.84)
P Ee
where:
Cr = Wave propagation speed [m/s]
K = Fluid compressibility [N/mz]
or = Fluid density [kg/m?]
D = Internal pipe diameter [m]
E = Young’s modulus (pipe elasticity) [N/mz]
e = Pipe wall thickness [m]

Of course V can be replaced by Q/A; again to yield the equations in terms of discharge
Q and head H. The last term in the continuity equation accounts for the Poisson effect.
This term as well as all inertia effects (radial and axial) of the pipe wall is omitted in
classical water hammer theory.

Summary

The two basic equations, which describe the compressible flow in a pipe are (in terms
of Q and H):

Momentum:
LR
Continuity:
1 8H+ 1 0Q _ 0

¢ ot gA; Os

with:

-1
Cg:&[HDKfj
P Ee

¢t represents the propagation speed of the pressure waves through the pipe, as we will
see.

The method of characteristics (MOC)

If we consider H and Q as the dependent variables, the basic equations for the pipe
form a set of hyperbolic partial differential equations. This hyperbolic set can be
transformed into two sets of ordinary differential equations, which we will denote as C*
and C" equations:

(3.85)
d_H+ Cf d_Q+ fer QQ| = 0}C+
dt gA; dt  2gDA?
ds (3.86)

= =+ ¢
dt !
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e Q. fa g0 g)e oo
dt gAs dt 2 gD A
ds (3.88)
I cr
These equations are usually called the compatibility equations. It must be stated that
every solution of this set will be a solution of the original set.
No mathematical approximations have been made.
Finite Difference Equations
To derive the finite difference equations, a "pipe" is divided into equal reaches of ds in
length. The time step is chosen equal to dr = ds / ¢ .
The equations (3.86) and (3.88) can be represented by straight lines as shown in figure
3.16.
.I.
=
n+1
+ =
C C
t
A B
S : n
-1 i+ 1
5
Figure 3.16: The s-t plane with its characteristic lines C+ and C-
If Hand Q are known at point A and B, we can integrate the equations (3.85) and (3.87)
along the characteristic lines to point P. After integration the unknowns H and Q in point
P can be solved in principle.
Integration yields:
dH d f (3.89)
p gy e p Ay fo Sap i lh QIQId=0
dt g Af dt 2 gDA
dH C d fe (3.90)
ci St Slar o L1 Q1QIdt=0
gA:r dt 2gDA
The first two terms in the equations can easily be integrated. However, in the last term
Q is not known a priori. For this friction term a first order approximation is used.
Integration yields (upper index time, lower index place):
HIY - HL RO -0 )5 01100 1=0 1 ¢ @on
H- 1RO -01,)-5 00,100, 1=0 ) ¢ 652)
in which:
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R = cr . S = fer At
gAr 2gD Af
Then g,/ 1 can be expressed in terms of all other variables. Hence:
+ nt + (3.93)
H' = Ccu-RQ" JcC
- wt ) (3.94)
H; = Cu t R Qi /C
in which:
n n n n (3.95)
Ci-l = Hi-l + R Q,‘.] - S Qi.[ |Q[.1|
(3.96)

Cis1 = Hi - R Q:l+1 + S8 Q:'1+1 |Q7+1|

C..; and C;.¢ both are functions of variables at time f,.

3.7.2 Free surface flow conduit

The free surface conduit is capable of simulating the behaviour of free surface
phenomena. The application of this component is useful for simulation of slow filling and
draining procedures.

The free surface conduit is capable of handling arbitrary cross sections defined by a
table. The cross section table may have a real width (greater than 0) at the top. In this
case it is assumed that the cross section is extended with the last entered width.

Waterhammer is not calculated in this component. Consequently the entered time step
equals the free surface time step. The grid length of this component is calculated
directly from this time step.

3.97
Axps = 2 -Ax=5gh At 397

A free Surface Conduit pipe may be modelled with a closed cross section; a circular
cross section for example. This is handled by the free surface algorithm by adding a slot
with a width equal to 0.001 times the cross section height and length equal to the grid
length. The storage of this slot is used to relate the pressure fluctuation to the flow
fluctuation in the completely filled open free surface pipe nodes. Hence the slot storage
area of the open free surface pipe is NOT related to the waterhammer wave
propagation velocity. Therefore the application of this open free surface pipe in a
system with completely filled parts is limited. One should be aware of the way the
pressure fluctuations in the completely filled parts are modelled.

The dynamic behaviour of a free surface pipe is described by the continuity and
momentum equation.

(3.98)
0A({ ) 0O
2 7+ - (V4 =0
= a))
(3.99)
o ) oH AV |V
— (4V )+ — 7 )+ gd—+ =
8t( )6‘x(AV)g8ng2R
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in which the Chézy coefficient is related to the pipe friction factor.
8
c- %
A

It is assumed that the gas (air) above the free surface in this pipe or channel can enter
or leave the pipe freely without causing pressure surges.

(3.100)

The applied numerical algorithm to solve the free surface behaviour, described by
equations (3.98) and (3.99), handles all possible free surface flow regimes: sub-critical,
super-critical and transitions between both flow types. The numerical algorithm is based
on a staggered grid with an upwind computation scheme. The staggered grid has been
explicitly implemented in WANDA: the algorithm calculates heads in the even S-nodes
and velocities in the odd U-nodes. The remaining heads, discharges and other
dependent variables are interpolated values. The upwind condition in the numerical
scheme guarantees a robust solution, which simulates transitions between sub-critical
and super-critical flow regimes.

Slope

The applicability of the continuity and momentum equations for free-surface flow (Saint-
Venant equations) is limited to slopes of 1:7 (8 degrees or 14%).

wa+4)—bgﬂSOJ4

FS

where b(i+1), and b(i) denote the bottom in water level nodes i+1, and i. This criterion is
checked in the water level calculation nodes; the boundaries and the even internal
calculation nodes are water level nodes.

Slope change

In addition to the maximum slope, the slope change in two consecutive free surface
elements is limited. The maximum slope change should be less than 0.14. Formally:

Ib(i +1) = 2b(i) + b(i — 1)|
A')CFS

<0.14

where b(i+1), b(i) resp. b(i-1) denote the bottom in water level nodes i+1, i and i-1. This
criterion implies that after an element with maximum slope, the slope in the following
element may not be negative. This criterion is checked in the water level calculation
nodes.

Element length

The element length of free surface pipes is calculated from the time step. However in
Engineering mode the time step is not present. Therefore the user should specify
explicitly a maximum element length, which is used in Engineering mode. It is
recommended to set this property to 200*D (diameter) or less. In Transient mode the
element length is calculated from the time step and it is checked whether the calculated

Deltares

Theoretical and mathematical background - 183



User Manual Wanda 4.3 June 2014

element length is less than the maximum element length. It is recommended to set the
maximum element length to 200*D or less, in order to obtain sufficient accuracy.
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4. WANDA Liquid
41 Liquid components and nodes
In this part of the Help documentation all available hydraulic-components and nodes for
the liquid domain are described. Each class description of the H-component contains
the symbol, the list of types and the mathematical model. Each type description
consists of the input list (with descriptions, dimensions and ranges), the H-component
specific output list, the H-actions list and a list of error messages and explanations.
Please note that not all classes and types have to be present in your version of WANDA
since some of them are optional.
With the introduction of Wanda 4 there are several types of liquid nodes available. They
are explained in this chapter as well.
Note:
The general annotation H-component and H-node must be read as Liquid component
and Liquid node.
4.2 Overview of Liquid components
Currently, the following components as listed below are available in WANDA. Your
license specifies if you are authorised to use them.
Class Type Short description
Air Valve In/outlet See Vent, Air valve.
AIRVha (class) Airvessel horizontal Horizontally positioned, cylindrical, vented air
vented vessel
AIRVhn (class) Airvessel horizontal Horizontally positioned, cylindrical, non-vented
non-vented air vessel
AIRVva (class) Airvessel vertical Vertically positioned, prismatic (constant area),
vented vented air vessel
AIRVvn (class) Airvessel vertical non- Vertically positioned, prismatic (constant area),
vented non-vented air vessel
Inclined Air Inclined Air Vessel Air vessel with a cylindrical volume oriented at
Vessel an angle with horizontal plane
BOUNDH BOUNDH (reservoir) Constant or time dependent head
(class)
BOUNDQ BOUNDAQ (reservoir) Constant or time dependent discharge
(class)
Channel Channel Short open channel with constant slope
(class)
CHECKV Checkvalve (ideal) ideal check valve;
(class) closes if Q < 0.0, opens if H1 > H2
Checkvalve (deltaP for ideal check valve;
reopen) closes if Q < 0.0, opens if P1-P2 > AP
CHECKYV - Check valve using the undamped dynamic
undamped characteristic (with dimensions)
CHECKYV - Check valve using the undamped dynamic
undamped characteristic, dimensionless
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Class Type Short description
(dimensionless)
Collector Collector Short open channel with constant slope and
(class) lateral inflow
Conduit Conduit Pipe with free surface flow (atmospherical) and
pressurised flow without waterhammer
Control valve FCV Flow control valve
PdCV Pressure control valve downstream sid
Pressure control valve upstream side
PuCVv

Damper,
Surge vessel

Damper, Surge vessel

Vertically positioned, bladder or piston type
damper

INFPIP (class)

Infinit Pipe (H-bound)

Infinite pipe with initial pressure head

Infinit Pipe (Q-bound)

Infinite pipe with initial discharge

Junctions T-JUNCTION 3-node resistance junction, 90 degree
Y-JUNCTION 3-node resistance junction, sharp angle
X-JUNCTION 4-node resistance junction, 90 degree

Merger Merger 3 node junction which merges 2 separate

branch flows into a combined flow

ORIFICE Orifice plate Orifice plate complying with ISO 5167-2:2003

(class)

PIPE Pressurised pipe Pressurized pipe with different friction models

PIPE FFP Fast filling pipe The fast filling pipe can be used to simulate the

(class) fast filling of a single pipeline

PRV (class) PRV (simplified char.) This PRV monitors the system pressure and

opens upon exceedance of a set pressure.

The opening pressure, as well as the full lift
pressure and discharge, must be specified.
(accumulation is taken into account). Opening
time, friction, choking flow and valve dynamics
are not taken into account.

PRV (Ideal)

This PRV monitors the system pressure and
opens upon exceedance of a set pressure.
Opening time, friction, accumulation, choking
flow and valve dynamics are not taken into
account.

PUMP (class)

Pump

Complete pump model with various data and
drives; positive and negative speed.

Pump Energy

PUMPSCEN (Pump
Scenario)

To calculate the energy consumption of a
pumping station, (belongs to module
PumpEnergy)

Q_PATTRN
(discharge pattern)

Discharge pattern in a certain period, to
calculate the energy consumption of a pumping
station, (belongs to module PumpEnergy)

Q_FREQ (discharge

Discharge frequency in a certain period, to

frequency) calculate the energy consumption of a pumping
station, (belongs to module PumpEnergy)

SYSCHAR (System System characteristic to calculate the duty point

characteristic) of pump(s) in a pump scenario; (belongs to

module PumpEnergy)
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Class Type Short description

PUMPSS PUMPSS (Piston Single cylinder, single-acting pump with

(class) Pump) mechanically driven piston

QSCHAR QSCHAR (BoundQ for Varying discharge to determine the system

(Class) system characteristic) characteristic

RSVOIR RSVOIR (reservoir) Reservoir with initial level and finite size,

(class) constant or variable area

RESIST Resist quadr. xi Dimensionless ¢-value from loss equation AH =

(class) Ev|v|/2g

Resist quadr. C C-value from loss equation
AH=CQ|Q]|

Resist linear C C-value from loss equation
AH=CQ

Resist quadr. Initial Q Initial Q is specified, C from loss equation AH =
C Q| Q| is computed

Resist 2-way quadr.xi Dimensionless &-value from loss equation AH =
Ev|v|/2g
&-value depends on flow direction

Resistance polynomial Resistance according user defined polynomial

Shaft Shaft Shaft with inflow

Splitter Splitter 3-node junction which splits up a combined flow
into 2 separate branch flows

SURGTW Surgetower constant Storage area is independent of liquid height

(class) area (pressure head)

Surgetower height Storage area is a function of liquid height
dep. area (pressure head)

TANK (class) TANK (constant Pressurised tank with initial pressure and finite

pressure) size

TAP (class) Tap return flow Calculated constant resistance based on deliv-
ery rate and downstream pressure. If system
head drops below downstream head, TAP
supplies back to system

Tap non-return flow Calculated constant resistance based on deliv-
ery rate and downstream pressure. If system
head drops below downstream head, TAP does
not supply back to system

Tap non-return flow If system pressure drops below downstream

with DP reopen pressure, TAP does not supply back to system.
Supply to system (re)starts when a minimum
required pressure is exceeded.

Turbine Turbine Turbine whose speed is controlled by its vane
position, absorbed power and up/downstream
conditions

VALVE VALVE Control or block valve with choice out of four
predefined Deltares standard head loss
characteristics or user characteristics (Cv Ky,
Xi)

VENT (class) VENT (discharge Vent with the possibility of air in/outlet, air inlet

coeff.) only or air outlet only.

Capacity specified with discharge coefficients

VENT (inflow/outflow Vent with the possibility of air in/outlet, air inlet

char.) only or air outlet only.
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Class Type Short description
Capacity specified by inflow/outflow
characteristics

VENT2LEG Filling pipe section Vent with the possibility of air in/outlet, air inlet

(class) with airvalve only or air outlet only. Has two connections
points, models the filling of the pipeline
accurately

Venturi (class) Venturi_open Venturi for discharge measurement in open
channel

V-weir (class) Vee notch Weir Thin plate weir with one or more triangular

shaped notches

WEIR (class) WEIR (two way) Sharp edged weir, capable of simulating
discharge in positive and negative direction.
Storage must be modelled separately.

WEIR_S Outlet WEIR (incl. Sharp edged weir, only be used for boundary

(class) storage) conditions. Only capable of simulating discharge
in positive direction. Upstream storage is
included.
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4.3 Modular concept of H-component properties

In the property window all input and output properties are displayed. The property
window can be divided in 5 parts:

General input data Name, comment, keywords etc

Component specific input Type dependent

data

Action table Type dependent for active types only (H-
actions)

General output data Messages, Pressure, Head, Discharge and
Velocity

Component specific output Type dependent

data

The visibility of some properties can be managed using the checkboxes in the upper
part of the Mode & Options window in the “Model”’| menu.

The type dependent properties are described separately for each component type.
Some details about the action table are described in next chapter.

4.3.1 Specify actions

Hydraulic transients in a piping system are caused by changes in the flow conditions.
These changes are initiated by manoeuvring H-components in the system, called
actions. Not all components in a pipeline system can be activated. A component is
categorised as either an active or a passive component, depending on its abilities.

An action is described using a control parameter specified as a function of time. The
controlable parameter varies by component. g198

Notes

1. The interpretation of an action into an action table is illustrated below using the
example of a control valve. Note that values of the control parameter at times between
two successive points in the action table are obtained using linear interpolation.

- action table

= .
e [+ S FBBR 2 - 1 f ;
Time Position open Zoad . :
=) & § : :
1 0 1.000 § 0e 1 ! : :
2 1,000 1,000 g0 : :
3 5000 ] Sozy : : :
4 10.00 0 1 ; T i
5 D T T T T T T T T T T T
12.00 0.5000 i 2 4 & 8 0 12 14 16 18 @0
& 16.00 1,000 Time (=)
7 20.00 1.000 == Position open

The valve is fully open att =0's;
e it begins to close at a constant rate;
e the closure is complete after 5 s;
e jtremains closed untilt=10s;
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It turns open again
o the opening rate is slower betweent=12sandt=16s;
o the valve is fully open after 16 s;
e the valve remains open until the end of the computation;

2. Sudden actions can be modelled by reducing the time steps in the action table to one
calculation time step. If necessary the calculation time step should be reduced.

Example

The following action table describes that the valve is open att = 0 s. It is suddenly
closed att= 1.0 s, remains closed for 5 seconds, then suddenly opens and remains
open until t = 20.0 s.

o | L
e+ (S 4 RA| |- 1= —
Time Position open Zosd : ; H
=) o) - L
oed . . :
1 0 1.000 et I C
2 0.9900 1.000 S04g . . :
= . . :
3 1.000 0 o023 ' f ]
4 B.000 i 04 - 3 ]
s010 1.000 i 2 4 B & 10 12 14 16 18 20
B 20,00 1.0 Time (=)
— Position open

Theoretically, a mathematical step-function can be used to describe an instantaneous
action, for example, the instantaneous closure of a valve. However, such an action is
unrealistic as it always takes some time in practice. The approximation above is more
realistic than a mathematical step-function.

3. The last point in the action table is not necessarily the end time of the computation.
WANDA uses the last entry in the table and assumes it does not change until the end of
computation. Consequently the last entry in the table above may be removed.
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44 Hydraulic nodes

441 General

An H-node connects two or more H-components which each other. In the diagram this
H-node is represented by a connection line, connected to the hydraulic connect point of
a H-component (blue dot). In case more than two connect points have to be connected
the H-node is compounded of a master and one or more slave connection lines, thus
forming a tree. For more information about the connection line, see "Connecting
components" on page 34.

4.4.2 Pressure definition for H-node

In the H-node the main variable H (Head) is calculated from a set of equations as
explained in "Implementation" on page 155. The pressure P is derived from this head
according Bernouilli (see "Bernoulli’s theorem" on page 146).

The total pressure is derived from this total head, according to:
P =pgH-2)
In which
Prot = total pressure [N/m?]
0 = density of fluid [kg/m?]
g = gravitational acceleration [m/s?]
H = total head [m]

z = elevation of H-node [m]

The pressure in the connect points of the adjacent H-components are derived from the
pressure of the H-node. If the adjacent H-component has a diameter property (e.g:
VALVE, PIPE), the velocity v can be determined and thus, the velocity head can be
taken into account, according:

2

v
P=pg(H-z——)
2g

Because the diameters of the adjacent H-components may differ or the elevation of the
centreline (in case of PIPE) may differ, the local pressure in the individual connect
points may differ. From a mathematical view the connect points and the H-node is the
same location.

The H-node model knows the elevation and diameters of the adjacent H-components.
For all adjacent components the lowest pressure is computed at the soffit.

The pressure shown for the H-node is the lowest connect point pressure.
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Example:

In the system below the discharge Q = 884 m*/h. In the Mode & Options menu the
pressure output reference (only used for PIPE output) is set to “centreline”.

B C
z:5(m) z:5(m)
H: 11.36 (m) H: 11.17 (m)
p: 0.4866 (bar) p: 0.4678 (bar)
pt: 0.6239 (bar) pt: 0.6052 (bar)
'® ‘M of ov}e
Pump Pipe
H 2: 11.3602 (m) Valve D: 353.5 (mm)
p 2: 0.6239 (bar) D: 250 (mm) H 1:11.1689 (m)

p 1: 0.5739 (bar)
v 1:2.502 (m/s)

H 1:11.3602 (m
H2:11.1689 (m
p 1: 0.4988 (bar
p 2: 0.4801 (bar
v 2: 5.002 (m/s)

= 2 o

Consider H-node C and adjacent H-components:
The energy head (or total head) = 11.17 m.

Elevation of H-node and elevation begin of pipe =5 m

ve 5x5
Velocity head of Valve: — = =1.27m
2g  2x9.81
2
Velocity head in Pipe: Y - M =0.32m
2g  2x9.81

Pressure downstream side Valve: P =1000x9.81x(11.17-5.00—1.27) = 0.480 barg

Pressure upstream side Pipe at C.: P =1000x9.81x(11.17-5.00-0.32) =0.574
barg

Total Pressure in H-node C: P =1000x9.81x(11.17—-5.00) = 0.605

Lowest pressure in H-node C based on soffit location: Valve:
P =1000%x9.81x(11.17-5.00—1.27-0.125) = 0.468 barg

Pipe: P =1000x9.81x(11.17-5.00—-0.32-0.177) = 0.556 barg

Lowest pressure at Valve is shown in the property window

4.4.3 Cavitation in H-node

If the pressure drops below the vapour pressure, cavitation occurs(see "Cavitation" on
page 174). Cavitation in an H-node is only taken into account if the H-node is
connected to a PIPE.

The H-node model knows the elevation and diameters of the adjacent H-components.
For all adjacent components the lowest pressure is computed at the soffit. If this lowest
pressure drops below the vapour pressure, cavitation occurs.

192 - WANDA Liquid Deltares



User Manual Wanda 4.3 June 2014

The lowest pressure in an H-node is computed according:

2

V.
F, = MINl (pg(H - Zso]ﬁti - Z)

lowest

In wich

Piowest = lowest pressure [N/m?]

o = density of fluid [kg/m°]

g = gravitational acceleration [m/s?]

H = total head [m]

Zsomti = soffit of “diameter-defined” H-component; [m]

Vi = velocity at begin or end of of H-component;[m/s]

The void fraction is expressed as the cavitation vapour volume divided by the sum of
the half-element volumes of the adjacent pipes.

4.4.4 Standard output of H-node types
Standard output for each type of H-node is:
e Head [m]
e Pressure [N/m?] (the lowest pressure of the connected H-components)

Node specific output for the H-node is:
e Total Pressure [N/m?]
e Void fraction [-]

445 Available H-node types

The following types of H-nodes are available and are described in next sections:
e H-node
e H-node with initial head
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446 H-node

This H-node is the standard hydraulic node, by default generated after connecting of
two H-components.

The output (H and P) can be calculated if the H-node is part of a fully connected
(“open”) hydraulic network with one or more a boundary conditions for the Head (e.g.
BOUNDH, TANK). “Open” means that each H-component has a certain relation
between head and discharge and that there is at least one component prescribing the
head or pressure.

Input properties

Description Input unit remarks

Elevation Real [m]

Messages

Message Message Explanation

Cavitation in steady state not error The lowest pressure in the H-node is less than
allowed the vapour pressure

Pressure < Pvapour; warning In this H-node there is no PIPE component
Cavitation not supported for connected. The cavitation model needs at least
H-node without PIPE 1 PIPE to compute the vapour volume.
connections This warning is only given the first time the

pressure condition is true; the rest of the
simulation is physically invalid.

Cavitates informative H-node starts cavitating; that means that the
lowest pressure becomes less than the vapour
pressure

Cavitation collapses informative Void fraction becomes 0

Change Type to Hydraulic error H-node is part of an isolated part of the network

node with initial head in which no information is available for the head;
the user must define the head in this part of the
model.

See "H-node with initial head" on page 194.

4.4.7 H-node with initial head

If the H-node is part of a “closed” or “’isolated” hydraulic network, there is no connection
with a boundary condition like a BOUNDH and the actual head in the steady state
computation can not be determined.

“w

This is explained in the figure below: the head in the H-nodes U1, U2 and U3 can not
be calculated.
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It is therefore necessary to define the head for this area in one of the H-nodes. It is up
to the user which H-node head will be prescribed (changed into the type: H-node with
initial head).

Note: if this “isolated network” occurs during the transient computation, the head of the

previous time step will be used.

The type of the H-node can be changed via the property window (drop down list in

“Type” field)

Input properties

Description Input unit remarks

Elevation Real [m]

Initial head Real [m]

Messages

Message Message Explanation

Cavitation in steady state not error The lowest pressure in the H-node is less than

allowed the vapour pressure

Pressure < Pvapour; Cavitation warning In this H-node there is no PIPE component

not supported for H-node without connected. The cavitation model needs at least

PIPE connections 1 PIPE to compute the vapour volume.

This warning is only given the first time the
pressure condition is true; the rest of the
simulation is physically invalid.

Cavitates informative H-node starts cavitating; that means that the
lowest pressure becomes less than the vapour
pressure

Cavitation collapses informative Void fraction becomes 0
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4.5 Air Vessel

451 AIRVha (class)

o

l

Horizontal vented air vessel

Supplier type

Type label Description active
Airvessel horizontal Horizontally positioned, cylindrical, No
vented vented air vessel

4.5.1.1 Mathematical model

A horizontal air vessel or air chamber with air inlet (vented air chamber) can be
modelled by the same equations as the air vessel without air inlet (see "AIRVhn (class)"
on page 198) as long as the fluid level is higher than the air inlet level. When the fluid
level is below the air inlet level the air vessel behaves like the 'surge tower' and the air
pressure remains atmospheric.

As long as the fluid level is above the air inlet level the governing equations are:

PVt =C (1)
and:
O =dv/dt (2)
in which:
P =  absolute air [N/mz]
pressure
Vv = air volume [m3]
k = Laplace coefficient [-]
C =  constant [Nm]ifk =1

The Laplace coefficient depends on the thermodynamic behaviour of the air. Isothermal
expansion is described by k = 1. Adiabatic expansion is described by k = 1.4.

If the fluid level is below the air inlet level the behaviour is governed by equation (2)
solely. In steady state the air vessel does not supply fluid. The governing equation then
is:

Q=20 (3)
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4.5.2 Airvessel horizontal vented
4.56.2.1  Hydraulic specifications
description input unit range default remarks
top level real [m]
diameter real [-] (0-100]
length real [m] (0-100] See
remarks
air inlet level real [m] See
remarks
Laplace Real [-1 [1-1.4]
coefficient
See also: "Mathematical model" on page 196.
Remarks
"Top level” and “air inlet level” are related to the horizontal reference plane.
The air inlet level depicts the level where the air inlet enters the airvessel.
An airvessel in WANDA is modelled with a straight instead of rounded sides. The
volume of the real airvessel and the WANDA airvessel should be the same. The length
used for input should therefore be smaller than the length of the real airvessel,
depending on its shape.
7 1 a )
Shape real / k
& horizontal airvessel I Shape WaAND A airvessel '.
with wolume % Air inlet level with the same volume 4 1
I e !
1 \ #
AN ] h Wi
! Lencgh ot ' L b Lsed
real sirvessel _— — fo?’l-ilﬁt[l_,rtus —
4.5.2.2  Component specific output
Fluid level [m]
Air pressure (absolute) [N/m?.abs]
4.5.2.3  H-actions
None
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4.5.2.4 Component messages

Message Type Explanation

Air inlet level not in Error The air inlet level must be in between the top and
between top and bottom bottom level, in order to have a defined amount of air in
level of air chamber the vessel.

Empty air chamber Error The fluid level has dropped below the bottom. The

storage area becomes zero and further calculations can
not be carried out.

Air inlet closes Info The fluid level has risen above the air inlet level. Air
compression starts to be taken into account.
Air inlet opens Info The fluid level has dropped below the air inlet level. Air
decompression is no longer taken into account.
Air inlet is closed Steady The initial fluid level is above the air inlet level.
state
Air inlet is open Steady The initial fluid level is below the air inlet level.
state

4.5.3 AIRVhn (class)

-,

l

Horizontal non-vented air vessel

Supplier type

type label description active

Airvessel horizontal non-vented Horizontally positioned, cylindrical, No
non-vented air vessel

4.5.3.1 Mathematical model

A horizontal air vessel or air chamber without air inlet can be modelled by two equations
just as the vertical chamber.

The first equation describes the behaviour of the enclosed air:

PVk = C (1)

in which:

Y
1]

absolute air pressure [N/m2]

air volume [m3]

<
I
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k = Laplace coefficient [
C = constant [Nm]ifk =1

The Laplace coefficient depends on the thermodynamic behaviour of the air. Isothermal
expansion is described by k = 1. Adiabatic expansion is described by k= 1.4.

The second equation governs the amount of supplying discharge Q:
0= —dv,/dt (2)

in which V; denotes the fluid volume. Note that this equation is different from the
equation (2) for vertical chambers. This is due to the fact the storage surface of a
horizontal chamber is not constant.

The minus sign indicates that the chamber supplies fluid to the system when the fluid
level is decreasing in time.

Equation (2) can also be formulated as:
O = dv/dt (3)

where variable V refers to the air volume. In steady state the air vessel does not supply
fluid. Hence in steady state the governing equation is:

0=0 4)

4.5.4 Airvessel horizontal non-vented

4.56.4.1  Hydraulic specifications

description Input unit range default remarks
top level real [m]
diameter real [m] (0 100]
length real [m] (0-100] See remarks
air quantity by Fluid Level/ See remarks
Air volume/
Constant C
initial fluid level real [m] If “air
quantity by”
= Fluid Level
initial air volume real [m3] If “air
quantity by”
= Air volume
initial C in P*V =C real [J] If “air
quantity by”
= Constant C
Laplace coefficient real [ [1-1.4]

See also: "Mathematical model" on page 198
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Remarks
"Top level” and “air inlet level” are related to the horizontal reference plane.

The air volume and the fluid level in the airvessel are determined by either the initial
fluid level, the initial air volume or the initial constant C. One quantity has to be given by
the user, the other two quantities are calculated by Wanda. Isothermal behaviour is
assumed during the steady state computation.

An airvessel in WANDA is modelled with a straight instead of rounded sides. The
volume of the real airvessel and the WANDA airvessel should be the same. The length
used for input should therefore be smaller than the length of the real airvessel,
depending on its shape.

- N
| Shape real '\
hor zontal airvessel I Shape WAND & airvessel
| wdth walm e W ! with the same valume W '!
!l ¥
E TErG o7 '
real sitvessel T — 'f-DE;"iﬁtphm'-‘SEd —_—
4.5.4.2 Component specific output
Fluid level [m]
Air pressure (absolute) [N/m?.abs]
Air volume [m?]
4.5.4.3  H-actions
None
4.5.4.4 Component messages
Message Type Explanation
Initial fluid level not in between Error This is an input error.
top and bottom level of air
chamber
Empty air chamber Error The fluid level has dropped
below the bottom. The storage
area becomes zero and further
calculations can not be carried
out.
Accuracy not obtained in Warning

computing fluid level as
function of volume with
bisection method
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455 AlIRVva (class)

Vertical vented air vessel

Supplier type

type label description active

Airvessel vertical vented Vertically positioned, prismatic (constant No
area), vented air vessel

4.5.5.1 Mathematical model

A vertical air vessel or air chamber with air inlet (vented air chamber) can be modelled
by the same equations as the air vessel without air inlet (see "AIRVhn (class)" on page
198) as long as the fluid level is higher than the air inlet level. However when the fluid
level is below the air inlet level the air vessel behaves like the 'surge tower' and the air
pressure remains atmospheric.

As long as the fluid is above the air inlet level the governing equations are:

PVk = C (1 )
in which:
P = absolute air pressure [N/mz]
Vv = air volume [m3]
k = Laplace coefficient [-1
C = constant [Nm]ifk=1
and:
0 g (2)

_AV_
™ dr

in which A,, denotes the storage surface and x; the fluid level in the air chamber with
respect to the global co-ordinate system. The minus sign indicates that the chamber
supplies fluid to the system when the fluid level is decreasing in time.

When the fluid level is below the air inlet level the governing equation is simply:

Q = 'Aav(/i,_lj (3)
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For steady state calculations the air vessel does not supply fluid and hence the
equation for steady state is simply:

0=10 (4)

4.5.6 Airvessel vertical vented

4.5.6.1  Hydraulic specifications

description Input unit range default remarks

top level real [m] See
remarks

bottom level real [m] See
remarks

air inlet level real [m] See
remarks

chamber area real [mz] (0-100]

Laplace coefficient real [ [1-1.4]

See also "Mathematical model" on page 201

Remarks

The “Bottom level” is used to check if the vessel becomes empty during the simulation;
that means that “Bottom level” is the allowed minimum fluid level.

The meaning depends on the constructive design of the vessel; see pictures below

)

. . Initial
Initial Inrtl_al Fluid
Fluid | frop  Fluid Top level | [Top

lewel e lEvel e

Fipe evel

ll s lenvel E—-—-—
TP Fihe hinim iy inlmunk\__‘_/ Pipe
] el evel lewel] | ]

The air inlet level depicts the level where the air inlet enters the airvessel.

An airvessel in WANDA is modelled with a straight instead of a rounded top and

bottom. The volume of the real airvessel and the WANDA airvessel should be the

same. The top and bottom level should therefore be taken respectively lower and higher
than the level of the real airvessel. How much lower and higher depends on the shape
of the real airvessel.
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N

Shape real
vertical ainvessel
with wolume %

N—

Top level of real airvessel

-
Top level used for input

Shape WVWANMNDA

airvessel
Airinlet level with the same
——

volurme s

Eottom level used fl:urinpuht

Bottorn lewvel of real airvessel

Meaning of Pressure in property window Airvessel:

Head = Head in H-node of airvessel

Pressure P (H-node) = rho * g * (H-z) (relative to

atmosphere)

z = height specified by particular H-node

Air pressure (absolute) =rho * g * (H-h) + Patm

h = fluid level

Component specific output

Fluid level [m]

Air pressure (absolute) [N/m?.abs]

H-actions

None

4.56.6.2  Component messages

h = fluid level

z=level H-node

Horizontal reference plane

Message Type Explanation

Air inlet level not in between Error The air inlet level must be in between the top
top and bottom level of air and bottom level, in order to have a defined
chamber amount of air in the vessel.

In computation of initial fluid Error has been violated somehow.
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level. Check input data

Empty airchamber Warning Computation can continue, since storage area is
constant independent of the height. The results
will not be physically correct, but may assist in
the further design of the air vessel.

Air inlet closes Info The fluid level has risen above the air inlet level.
Air compression starts to be taken into account.

Air inlet opens Info The fluid level has dropped below the air inlet
level. Air decompression is no longer taken into
account.

4.5.7 AIRVvn (class)

Vertical non-vented air vessel

Supplier type

Type label description active
Airvessel vertical non-vented Vertically positioned, prismatic No
(constant area), non-vented air
vessel

4.5.7.1 Mathematical model

A vertical air vessel or air chamber without air inlet can be modelled by two equations.
The first equation describes the behaviour of the enclosed air:

ot (1)

in which:

P = absolute air pressure [N/mz]

\% = air volume [m3]

k = Laplace coefficient [-]

C = constant [Nm]ifk=1

The Laplace coefficient depends on the thermodynamic behaviour of the air. Isothermal
expansion is described by k = 1. Adiabatic expansion is described by k= 1.4.

The second equation governs the amount of supplying discharge Q:

dxe 2)

Q = 'Aav dt
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in which A,, denotes the storage surface and x; the fluid level in the air chamber with
respect to the global co-ordinate system. The minus sign indicates that the chamber
supplies fluid to the system when the fluid level is decreasing in time.

In steady state the air vessel does not supply fluid. Hence in steady state the governing
equation is:

Q=20 (3)

4.5.8 Airvessel vertical non-vented

4.5.8.1  Hydraulic specifications

description Input unit range default remarks
top level real [m] See remarks
bottom level real [m] See remarks
chamber area real [mz] (0-100]
air quantity by Fluid Level/ See remarks
Air volume/
Constant C
initial fluid level real [m] If "air
quantity by”
= Fluid Level
initial air volume real [m3] If “air
quantity by”
= Air volume
initial C in P*V =C real [J] If “air
quantity by”
= Constant C
Laplace coefficient real [ [1-1.4]

See also "Mathematical model" on page 204.

Remarks

)
)

o : r
o " Initial
Initial Itz Fluid
Fluid | |rop Fhid Top lewvel | [Top
level | lewel level Pipe el el
lewvel

————
PG |peJ [I‘-.ﬂlnlmum |n|mun'l\h_‘__’/' Pipe
e

lewel
Horizontal reference plan

The air volume and the fluid level in the airvessel are determined by either the initial
fluid level, the initial air volume or the initial constant C. One quantity has to be given by
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the user, the other two quantities are calculated by Wanda. Isothermal behaviour is
assumed during the steady state computation.

An airvessel in WANDA is modelled with a straight instead of a rounded top and

bottom. The volume of the real airvessel and the WANDA airvessel should be the

same. The top and bottom level should therefore be taken respectively lower and higher
than the level of the real airvessel. How much lower and higher depends on the shape
of the real airvessel.

/,— \1\ Top level of real airvessel .
Top level used for input
Shape real Shape VWANDA
vertical airvessel airvessel
with valume v with the same
volume Y
v Bottom level used for inpuht
A= Bottom level of real airvessel
Meaning of Pressure in property window Airvessel:
Head = Head in H-node of airvessel
Pressure P (H-node) = rho * g * (H-z) (relative to P oaz

atmosphere)
z = height specified by particular H-node

Air pressure (absolute) =rho * g * (H-h) + Patm ?

h = fluid level E 5 b= fluid lewel

z = level H-node

Hotizontal reference plane

4.5.8.2  Component specific output
Fluid level [m]
Air pressure (absolute) [N/m?.abs]

Air volume [m?]

4.5.8.3 H-actions

None
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4.5.8.4 Component messages
Message Type Explanation
Top level below bottom level Error This is obviously an input error.
Initial fluid level not in between top Error This is an input error.
and bottom level of air chamber
Empty airchamber Warning Computation can continue, since storage
area is constant independent of the height.
The results will not be physically correct, but
may assist in the further design of the air
vessel.
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4.6 Inclined Air Vessel

4.6.1 Inclined air vessel (class)

Inclined air vessel

Supplier type

type label description active
Inclined air Air vessel with a cylindrical volume oriented at an No
vessel angle with the horizontal plane

4.6.1.1  Mathematical model
An inclined air vessel or air chamber without air inlet can be modelled by two equations.

The first equation describes the behaviour of the enclosed air:

PVt =cC (1)
in which:
P = absolute air pressure [N/mz]
"4 = air volume [m3]
k = Laplace coefficient [-]
C = constant [Nm]ifk =1

The Laplace coefficient depends on the thermodynamic behaviour of the air. Isothermal
expansion is described by k = 1. Adiabatic expansion is described by k = 1.4.

The second equation governs the amount of supplying discharge Q:

0= —av,/d (2)

in which V; denotes the fluid volume. Note that this equation is different from the
equation (2) for vertical chambers. This is due to the fact the storage surface of an
inclined chamber is not constant (it's a function of the fluid level).

The minus sign indicates that the chamber supplies fluid to the system when the fluid
level is decreasing in time.

Equation (2) can also be formulated as:
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0 = av /e (3)

where variable V refers to the air volume. In steady state the air vessel does not supply
fluid. Hence in steady state the governing equation is:

0=0 4)

Note: for an inclination angle of O degr, the model coincides with the horizontal non-
vented airvessel; for an inclination angle of 90 degr, the model coincides with the
vertical non-vented airvessel.

4.6.2 Airvessel inclined non-vented

4.6.2.1  Hydraulic specifications

description Input unit range default remarks
Bottom level real [m]
Inner diameter real [m] (0 100)
Inner length real [m] (0-100) See remarks
Relative head depth real [] (0-1) See remarks
Inclination real [°] (0-90)
Number of vessels integer [ (1-10) See remarks
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