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1. Introduction to IndusPro

IndusPro is a special view available in <VE> for creating three-dimensional duct
networks within the context of the building model. The menus and toolbars for
this view provide tools for manipulating duct networks and for performing Indus
duct sizing calculations.
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2. Program Description – Indus

2.1. Introduction

Indus is a fully interactive program for the sizing of air-duct networks. The
program can handle both supply and extract systems, and can size the ducts
according to several design procedures (constant friction, constant-velocity or
static-regain). The network can be made up from branches of any combination
of duct sectional shapes, and sizing limits can be imposed for each branch in
the network (fixed size, maximum depth, maximum velocity, etc.).

The program accounts for the effects of diversity in VAV systems, and for
supply systems automatically accounts for duct-heat pickup and the
consequential volume-flow changes through the system. The system can be
balanced using dampers only, or by resizing non-index runs. Dampers are
always placed to minimize the number required.

Output from the program includes the following:

 For each section of ductwork:

o Duct size (mm).

o Total k-factor based on input fitting codes.

o Total pressure loss in the duct (Pa).

o Pressure loss across balancing damper if damper is needed (Pa).

o Velocity (m/s).

o Temperatures (°C).

o Pressure-loss gradient (Pa/m).

 For the complete system:

o Fan total pressure (Pa).

o Fan static pressure (Pa).

o Fan flowrate (l/s).

o Fan air power (W).

o Installed mass of ductwork (kg).

o Identification of the index path.

o An optional list of parts.
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o The fan duty is given for the specified operating conditions and
for the standard conditions of air density of 1.2 kg/cu.m.

2.2. Filenames

Long filenames as used in Windows 95 may be used throughout. Therefore, for
instance, you may use several words separated by spaces to give a more
meaningful description for your project, e.g. My First Project.IPR

See the help provided in Windows 95 for further details of what is and is not
legal in a Windows 95 long filename.

You may use mapped network drive letters when referring to drives on other
machines in your network which you have previously mapped to a letter, e.g. if
drive d: of machine Fred has been mapped to drive letter f:, then to refer to file
\my projects\My First Project.IPR on that drive, use: f:\my projects\My First
Project.IPR

Whether or not you have mapped a network drive to a letter you may still refer
to it using the Universal Naming Convention (UNC), using \\, then the machine
name, then \, then the drive letter, then \ and the rest of the path, e.g. to refer
to the same file as in the above example, use: \\fred\d\my projects\My First
Project.IPR

2.3. Program Size Limits

The program allows the user to describe a network containing 2000 sections of
ductwork and with 2000 nodes in the system. There can be up to 10 duct
ranges in each system. There are inbuilt HVCA standard sizes for circular, flat-
oval and rectangular ductwork and an extended range of HVCA sizes using
CIBSE values.

The user can generate a duct size range which can have up to 50 different
circular sizes and an array of 50 by 50 rectangular sizes.
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2.4. Error Checking

When calculations are requested, the network data is checked, and possible
errors and warnings are flagged. Data flagged as an error must be changed;
data flagged as a warning must be checked and changed if necessary.

The program also checks the connectivity of the network to make sure the
following rules are obeyed:

 The fan node should have only one connection.

 No node should have more than three connections to other nodes.

 Each node should have at least one upstream connection.

 No connection between two nodes is duplicated.

 The specified fitting codes are part of the Indus library.

 Terminal nodes have a defined air flowrate.

2.5. Calculations

When all the network data is checked with no errors it is possible to perform
the calculations, we do this by selecting Duct Sizing from the calculations
menu.

When the main calculations are complete the program decides the pressure
levels in the system and suggests a set of margins based on these. The user
may accept these suggestions or edit them as required. The program uses
these margins to calculate the final results. The user is given the option of
viewing these results in the review menu.

Some of the component factors can be seen below:

 Diversity Factors

 Total Pressure-Loss Calculations

 Sizing Methods

 Constant-Friction Sizing

 Constant-Velocity Sizing

 Static-Regain Sizing
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 Available Sizes

 Size Selection - Circular, Rectangular or Flat-Oval

 Circular Sizes

 Rectangular Sizes

 Flat-Oval Sizes

2.6. Output

2.6.1. Detailed Network Output

When the network has been balanced, the answers can be displayed on the
terminal, and simultaneously written to a user-defined output file. The information
displayed falls into two major sections:

 Reiteration of the input data - this is for reference purposes, and as a check
that the data were as required.

 Calculated output, including the following information for each section of
ductwork:

o Calculated velocity-pressure k-factor.

o Duct size (mm).

o Duct total pressure loss (Pa).

o Damper total pressure loss (Pa).

o Air velocity (m/s).

o Temperature at node furthest from fan (°C).

o Pressure-loss gradient (Pa/m).

o Identification of index path.

The calculated damper pressure drops are checked to see if they are excessive (i.e.,
indicative of a poorly balanced system). If the required damper pressure drop is
equivalent to a velocity-pressure K-factor greater than 1.0, in terminal connections,
or 5.0 (approx half-open damper), in the rest of the system, the program flags a
warning.

The following summary information concerning the fan duty and system size is also
given:

 Fan total pressure (Pa). This is the algebraic difference between the mean
total pressure at the fan outlet and the mean total pressure at the fan outlet.
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 Fan static pressure (Pa). This is the difference between fan total pressure
and fan velocity pressure.

 Fan volumetric flowrate (l/s). This is the volume of air flowing through the fan
in one second.

 Air power (W). This is the power required to move the air round the system. It
does not allow for mechanical inefficiencies in the system.

Each of these items is given at the specified operating conditions, and at standard
air density of 1.2 kg/cu.m.

2.6.2. Fan Duty - Design Margins

After summarising the calculated fan duty, the program adds a series of percentage
margins to give a final design duty that should be used for fan selection. Percentage
figures are added:

 On flow for leakage and balancing.

 On pressure for the flow margin.

 On pressure for the calculation uncertainties.

Based on the fan static pressure and/or the velocity in the duct connected to the fan,
the program determines whether the system is low, medium or high pressure, and
determines appropriate margins. These are then offered to the user for confirmation
or alteration before applying the margins to give the final design fan duty.

2.6.3. List of Parts

Optionally, the user can choose to obtain a complete list of parts of the ducts and
fittings used in the network, i.e.:

 The total length of each duct shape and size required.

 The sizes and types of every fitting used in the system.

This option is not given if the duct sizes have been fixed manually.
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2.7. Further Analysis

After calculation, the duct sizes are written back into your network. This option
is provided so that you can, if required, make any minor adjustments to the
program-calculated sizes. If the analysis is rerun, the program automatically
picks up these pre-calculated sizes, and then allows you to modify any of the
sizes. The sizing limits are also stored in the network and can be optionally
kept even if the sizes have been deleted.

2.8. Reviewing Data

The user can review any section of data through the review menu.

The items available for review are:

 Input data (System, Duct-ranges, Duct-parameters, Network).

 Network (only available after bridge section).

 Errors and warnings (System, Duct-ranges, Duct-parameters, Network).

 Calculation results.

 Parts List.
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3. Getting Started with IndusPro

When you start the <VE>, open an existing ModelIT project file or create a new
one (ModelIT files end in *.mit).

Use the Application browser and buttons to switch from Building view to
IndusPro (on the Mechanical page).

The IndusPro view is now shown. The menus and toolbars are different from
those in Building view, providing tools specifically for placing and calculating
duct networks.

3.1. Editing General Network Data

Use the commands from the menu or the equivalent toolbar options to edit the
System Data, Duct Ranges or Parameters. Make sure that there are
predefined Parameter sets for choosing from when placing ducts (if there are
not you cannot place any ducts until you enter at least one such).

3.2. Importing Terminals from Model

The space placement tools allow you to add terminals (diffusers and grilles) in
any room and assign flowrates based on the required room or zone flowrates
calculated in APcalc. These terminals belong to the model, not to your project.
They may be imported into the project using the Import Terminals tool, so that
they become part of your ductwork project.

3.3. Placing Network Components

Use the tools to place network components (ducts, fittings, or terminals).
During placement, the cursor snaps to any existing component, no matter what
the locks are. Additional locks can be used if required, including locks to
elements in DXF overlays.

These tools use the placement settings on the first page of the Duct dialogue
bar.
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3.4. Placing Ducts

Ducts and flexible ducts may be placed using the tools provided (Draw Duct,
Draw Flexible Duct and Offset Duct).

These tools use the placement settings on the first page of the Duct dialogue
bar.

3.5. Placing Fittings and Terminals

Fittings (including terminals) may be placed in free space or at the ends of
ducts using the tools provided (Place Fitting and Place Terminal). Fittings may
also be inserted anywhere along the length of a duct using the Insert Fitting
command.

However, the easiest way to place fittings is just to continue drawing ducts.
The appropriate fittings will be added automatically at the junctions, based on
the default fittings pages.

Occasionally you may end up with the wrong fitting type, e.g. if you had a cross
and then deleted one of the ducts. Simply edit the fitting to change it.

Sometimes a non-symmetrical fitting may end up with the wrong orientation,
e.g. a dividing tee may be connected back-to-front, so that the flow would not
divide as intended. This is due to the way different fitting orientations are tried
and the first one that matches the ducts is used. To correct this behaviour, edit
the fitting to turn on the "Flip the fitting over..." button.

These tools use the placement settings on the first page of the Duct dialogue
bar.

3.6. Fitting Types

The separate Indus Tee and Bend types have been merged together into a
unified superset of Fitting types which include both tees (tees, crosses, take-
offs, shape changes and section changes) and bends. The list is stored in an
external text file (Fitting.dat) and can be modified or extended using the
Customise fittings dialogue box.

Note in some old Indus Projects (not originating from bridge files) each branch
had a particular Tee type AND any number of horizontal or vertical bends of a
particular Bend type. Such projects are not directly transferable into a new
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Indus project where there is a more real-world modelling approach. Whereas in
the old Indus a branch could represent several sections of duct from a tee,
joined by bends, in the new Indus each branch can represent only one section
of duct from a fitting (either a tee or a bend but not both). Therefore we will
have to think about how to deal with old projects with non-physical branches.

3.7. Selecting Components

In selection mode, click a component or drag a fence round one or more
components. Use the Ctrl key while clicking or dragging to toggle membership
of the selection set.

Selected components may be deleted with the Delete command or the Delete
key, or edited using the Edit Component command. If more than one item is
selected, each one in turn will be edited.

Note the dialogue boxes have a second tab showing derived items required for
the Indus calculation, such as tee and bend types.

Selected components may be moved or copied with the Move Selection or
Copy Selection commands, or rotated with the Rotate Selection command.

3.8. Calculations

Use the commands to perform calculations, review diagnostic messages and
results, and remove calculated sizes afterwards if required.

3.9. Customising Fittings

The Customise Fittings dialogue box allows you to customise the fitting type
definitions ("fittings"), including all details about the fitting (type, category,
description, user-editable dimensions, how it is drawn etc.) and about its
connections (connection offsets, allowed shapes, sizes, whether or not they
have to match orientation, shape and size to the connected ducts, etc.).
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3.10. Testing and Feedback

If you have any comments, suggestions or questions about this software, or
have found any bugs, please e-mail IES at support@iesve.com.

We want our software to be efficient, accurate and easy to use. Your feedback
is highly valued and helps us achieve this aim.

3.11. Advantages Over Standalone Indus

3.11.1. Features Which Are Already Available

 You can design ductwork in 3D space and view it from any angle.

 Sections of the network may easily be moved, copied and rotated (original or
copy).

 You can design ductwork in the context of your building model. However, you
may still enter a quick schematic design if you prefer.

 There is no longer any need to enter the tee and bend types, or the numbers
of horizontal and vertical bends, required by Indus, or to ensure consistency
of tee and bend types between two branches from the same fitting. You just
select fitting types and the Indus data is generated automatically.

 When placing ducts, the direction is constrained according to the fitting type
upstream.

 Ducts may be placed in either direction - i.e. the "from" end may be the end
nearer to or further from the fan. The directions are sorted out when the
calculations are performed.

 Fittings and terminals do not need to be placed explicitly - when placing a
duct a fitting of the default type is automatically added at the "from" end if
there is none already; and when calculations are performed a terminal of the
default type is automatically added to any ends of ducts that do not have a
fitting or terminal already.

 Shape and size dependencies between branches of fittings are respected.
E.g. both through branches of a tee may or may not have to be the same
shape and size, depending on the fitting type.

 Duct lengths are generated automatically from the geometry.

 Node numbers are generated automatically when you perform a calculation.

 More than one network may be designed in the same project file. Before
requesting a calculation, you simply select one of the networks by selecting
the appropriate fan.
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 You can see the calculated and sized ductwork in twin-line.

 You can output the ductwork as a DXF file in single-line or twin-line.

 Ducts may be drawn automatically offset by a specified distance from lines in
the DXF reference file or in the building model.

 Fitting type definitions are customisable.

 Flexible ducts.

 Automatic connection of terminals to ducts.

 Use of terminals placed in Construct/DXF etc.

 Selection of terminal flowrates based on the Apache results for the room
containing the terminal.

3.11.2. Features That May Be Available Later

 Construction lines.

 3D drawing mode (and DXF export).

 Placement and DXF export respecting active layer, colour etc.

 Adding reducers where appropriate after calculations.

 Horizontal and vertical fixes for ducts to determine which point of the duct
cross-section remains invariant during resizing.

 Links to PANDA so that ductwork acoustic properties can be calculated.
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4. The IndusPro Menus
The IndusPro menus are different from those in Building view:

Most of the menu options have an equivalent toolbar button.

4.1. The File Menu

Only some of the menu options that are specific to IndusPro have an
equivalent toolbar button.

4.1.1. Import Project - Imports an IndusPro Project from another folder

Toolbar: Model

Menu: File, Import version 11 Project

This allows you to read in an IndusPro project from another folder. This is useful if
you have created a ductwork network in another building which you would like to use
as a basis for the ductwork network you are about to create. A File Open dialogue
box will be shown, allowing you to browse and select an IndusPro project file. When
you press the Open button the project will be imported. Existing ductwork in your
model will not be deleted.

4.1.2. Import Version 11 - Imports a Version 10 or 11 Indus Project

Toolbar: Model

Menu: File, Import version 11 Project

This allows you to read in a project from the version 11 Indus program. This is only
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practical if this project was actually created using the graphical screen, so that the
ducts have non-zero coordinates.

4.1.3. Bridge From InterFacet - Reads in an Interfacet Ductwork Bridge File

Toolbar: Model

Menu: File, Bridge from InterFacet

This allows you to read in a bridge file from the IES Interfacet Ductwork software
running in MicroStation or from BSE running in AutoCAD.
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4.2. The Edit Menu

All these menu options have an equivalent toolbar button.

4.2.1. Undo - Undo the Last Change

Toolbar: Model

Menu: Edit, Undo

This allows you to retrieve the state of the network as it was before the last change
you made. Up to 10 actions can be undone.

4.2.2. Redo - Redo the Last Change

Toolbar: Model

Menu: Edit, Redo

This allows you to retrieve the state of the network as it was before the last Undo
action. Up to 10 actions can be redone.

4.2.3. Edit Parameters - Edits the Predefined Ductwork Parameter Sets

Toolbar: Model

Menu: Edit, Parameters

This displays the Parameters dialogue box, allowing you to edit the parameter sets
used in the network.

4.2.4. Edit System Data - Edits the General Network Design Data

Toolbar: Model

Menu: Edit, System Data
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This displays the System Data dialogue box, allowing you to edit the general data for
the whole network.

4.2.5. Edit Duct Ranges - Edits the Duct-Range Data

Toolbar: Model

Menu: Edit, Duct Ranges

This displays the Duct Ranges dialogue box, allowing you to edit the duct ranges
used in the network.

4.2.6. Edit Selected Components - Edits the Selected Components

Toolbar: Model

Menu: Edit, Selected Components

This allows you to edit all the network components that are currently selected, one
after the other.

4.2.7. Delete Selection - Deletes the Selected Components

Toolbar: Model

Menu: Edit, Delete Selection

This allows you to delete all the network components that are currently selected. You
will be asked to confirm before the deletion proceeds.

4.2.8. Find Node Number - Dialogue to Find a Particular Node Number

Toolbar: Model

Menu: Edit, Find node number

This allows you to search the network for the next component that has the required
node number.

4.2.9. Query Vertex Co-ordinate - As in Building View

Toolbar: Utilities

Menu: Edit, Query Vertex Co-ordinates

This works exactly as in the Building view.
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4.3. The View Menu

Only the last menu option (Refresh) has an equivalent toolbar button.

4.3.1. Duct Bar - Show or Hide the Ductwork Dialogue Bar

Toolbar: none

Menu: View, Duct Bar

This turns on or off the display of the ductwork dialogue bar at the bottom of the
screen.

4.3.2. Refresh - Redraws the View

Toolbar: Model

Menu: View, Refresh

This causes all the fitting orientations and duct offsets to be recalculated and the
view redrawn.
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4.4. The Settings Menu

Some of these menu options have an equivalent toolbar button.

4.4.1. The Settings > Measure Menu

Click on the options for more detailed help.

4.4.1.1. Measure Length - As in Building View

Toolbar: Utilities

Menu: Settings, Measure, Length

This works exactly as in the Building view.

4.4.1.2. Measure Angle - As in Building View

Toolbar: Utilities

Menu: Settings, Measure, Angle

This works exactly as in the Building view.

4.4.2. Grid Settings - As in Building View

Toolbar: Utilities

Menu: Settings, Grid

This works exactly as in the Building view.

4.4.3. Locks - As in Building View

Toolbar: Utilities

Menu: Settings, Locks

This works exactly as in the Building view, although of course the locks have
different effects here and are overridden by other considerations such as
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constraining ducts to orient to fitting connection branches.

4.4.4. Layers - As in Building View

Toolbar: Utilities

Menu: Settings, Layers

This works exactly as in the Building view.

4.5. The Draw Menu

All these menu options have an equivalent toolbar button.
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4.5.1. Draw Duct - Draw a Duct

Toolbar: Model

Menu: Draw, Draw Duct

This allows you to draw a duct. The first point you enter starts the duct, and the
second point finishes it. If there is no fitting at the start of the duct being placed, a
fitting from the default fitting pages will be added. This is why it is important to make
sure that you have already selected the default fitting types. During the dynamics of
placing the other end of the duct you will notice that the allowed orientations are
limited to allowed directions from the fitting, especially if the fitting already has other
ducts connected. So for instance, if there is already a duct with a fitting set to a 45
degree bend, any other duct placed from this fitting will be constrained to 4 possible
orientations - 45 degrees left, right, up or down. The selectable orientations will
depend on what view you are in.

Orientations of ducts may be adjusted slightly to connect with a second fitting,
provided the change of the duct end position is within a small tolerance (15mm).

This tool uses the placement settings on the first page of the Duct dialogue bar.

The Plane setting in the Placement Settings dialogue box indicates the view z-value
due to locks and snaps. The Height Change setting indicates the duct moving into or
out of the view plane. To override either of these values, use the Lock buttons.

The Stream... box in the Placement Settings dialogue box allows you to select
whether or not to continue placing ducts in a "streaming" mode, in which another
duct is automatically started at the end of the duct you have just placed, and so on,
until you cancel the command. This allows you to very quickly lay down a run of
ductwork, especially where most of the intervening fittings are of the same type (e.g.
90 degree bends).

4.5.2. Draw Flexible Duct - Draw a Flexible Duct

Toolbar: Model

Menu: Draw, Draw Flexible Duct

This allows you to draw a flexible duct. The first point you enter starts the duct, and
the second point finishes it. If there is no fitting at the start of the duct being placed, a
fitting from the default fitting pages will be added. This is why it is important to make
sure that you have already selected the default fitting types. Unlike an ordinary duct,
you will notice that you are free to move and place the second point so that the duct
takes any direction (because it is flexible). However, if you place the second point so
that the orientation is more than 45 degrees away from one of the allowed
orientations, the duct will not be orientated correctly and you will get a message to
that effect.

This tool uses the placement settings on the first page of the Duct dialogue bar.

The Plane setting in the Placement Settings dialogue box indicates the view z-value
due to locks and snaps. The Height Change setting indicates the duct moving into or
out of the view plane. To override either of these values, use the Lock buttons.
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4.5.3. Place Fitting - Place a Fitting

Toolbar: Model

Menu: Draw, Place Fitting

This allows you to place a fitting. During placement, the cursor snaps to any existing
component, no matter what the locks are. Additional locks can be used if required,
including locks to elements in DXF overlays.

This tool uses the placement settings on the first page of the Duct dialogue bar.

The Plane setting in the Placement Settings dialogue box indicates the view z-value
due to locks and snaps. To override this value, use the Lock button.

4.5.4. Import Terminals - Import Terminals from Model

Toolbar: Model

Menu: Draw, Import terminals

This tool allows you to import all of the terminals placed into the model using the
Object Placement dialogue box. A copy will be made in the project of each terminal
in the model, retaining its properties such as flowrate, rotation and dimensions.
However, if a terminal already exists at the same coordinates as one in the model,
this will not be overwritten.

4.5.5. Place Terminal - Place a Terminal

Toolbar: Model

Menu: Draw, Place terminal

This allows you to place a terminal. During placement, the cursor snaps to any
existing component, no matter what the locks are. Additional locks can be used if
required, including locks to elements in DXF overlays.

This tool uses the placement settings on the first page of the Duct dialogue bar.

The Plane setting in the Placement Settings dialogue box indicates the view z-value
due to locks and snaps. To override this value, use the Lock button.

4.5.6. Insert Fitting - Insert a Fitting Anywhere Along a Duct

Toolbar: Model

Menu: Draw, Insert fitting

Using this tool, you may select a duct, and then slide a fitting of the default type
along the duct until you place a second point to fix it. The duct is then broken in two
at that point and the new fitting inserted. If the fitting is very close to one end or the
other of the original duct, it is moved to the end and the second section of duct is not
created.
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This tool uses the placement settings on the first page of the Duct dialogue bar.

4.5.7. Connect Duct - Connect Fittings to Ducts

Toolbar: Model

Menu: Draw, Connect duct

This tool allows you to select a duct and a fitting (e.g. a terminal), and then
automatically connects the two.

This tool uses the placement settings on the first page of the Duct dialogue bar.

The Terminal Connection dialogue box should be used to set the tolerances and
other settings used in automatically connecting terminals to ducts.

4.5.8. Offset Duct - Draw a Duct at a Specified Offset from a Selected Line in a
DXF File or in the Model

Toolbar: Model

Menu: Draw, Offset duct

This tool allows you to select any line in the attached DXF file or in the building
model, which will be highlighted. You may then place the start and end point for a
duct drawn parallel to the line at a fixed horizontal offset.

This tool uses the placement settings on the first page of the Duct dialogue bar.

The Offset setting in the Placement Settings dialogue box is now enabled and
should be used to set the offset from the line in the horizontal plane.

The Plane setting in the Placement Settings dialogue box indicates the view z-value
due to locks and snaps. The Height Change setting indicates the duct moving into or
out of the view plane. To override either of these values, use the Lock buttons.

4.5.9. Heal Fittings – Toggle “healing” of fittings when ducts deleted

Toolbar: Model

Menu: Draw, Heal Fittings

When this is toggled on, and you delete a duct, the system attempts to replace the
fittings connected to the duct with the default fitting which has one branch less – e.g.
if a cross is connected to the duct, when the duct is deleted it will be replaced by the
default 3-branch fitting, usually a tee.

4.5.10. Move Selection - Move the Selected Components

Toolbar: Model

Menu: Draw, Move selection

This allows you to move the selected components by placing start and end points
defining the translation vector.
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4.5.11. Copy Selection - Copy the Selected Components

Toolbar: Model

Menu: Draw, Copy selection

This allows you to copy the selected components by placing start and end points
defining the translation vector.

4.5.12. Rotate Selection - Rotate the Selected Components

Toolbar: Model

Menu: Draw, Rotate selection

This allows you to rotate the selected components by placing a point defining the
rotation origin, and a second point defining the rotation of an imaginary x-axis
through that point. The Rotate Components dialogue box allows you to set the angle
increments and whether or not you wish to rotate the original or a copy.

4.5.13. Export DXF - Export Network to a DXF File

Toolbar: Model

Menu: Draw, Export DXF

This exports a DXF file containing the complete project, drawn using the same
drawing mode settings as currently displayed on screen.

4.5.14. Export XML - Export Network to an XML File

Toolbar: Model

Menu: Draw, Export XML

This tool extracts the network in a form that could be read by other building services
software. This link is still under development.

4.6. The Calculations Menu

All these menu options have an equivalent toolbar button.
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4.6.1. Calculations - Perform Ductwork-Sizing Calculations

Toolbar: Model

Menu: Calculations, Duct-sizing calculation

The calculations find the only fan, or the first selected fan, and process the network
from that point much as in InterFacet Ductwork. Ducts with no fittings or terminals
will have a terminal of the default properties added (currently only flowrate and
rotation). After several calculation dialogue boxes, the network will be redrawn to the
correct size if there were no errors. Note that at present it is not possible to
automatically insert reducers downstream of fittings where necessary due to
resizing.

Note other terminal types, plus special terminal types to represent duct caps or
plugs, may be available in future versions of IndusPro.

4.6.2. Review Calculation Diagnostics - Review Calculation Error and Warning
Messages

Toolbar: Model

Menu: Calculations, Calculation diagnostics

The diagnostics command shows all the errors and warnings flagged during the
calculation. Clicking on a diagnostic message will cause the offending duct to be
highlighted. In some cases the message refers to a node, in which case the nearest
duct will be highlighted. Sometimes the message is not specific to a duct or a node.
Double-clicking the message or pressing the Edit button is a shortcut to editing the
offending duct.

4.6.3. Review Results - Review Results

Toolbar: Model

Menu: Calculations, Calculation results

This option displays the calculation results in a scrolling dialogue box.

4.6.4. Parts List - Produce and Review a List of Parts

Toolbar: Model

Menu: Calculations, Parts list

This option displays a list of parts in a scrolling dialogue box.

4.6.5. CostPlan Output - Produce Quantity Output for Use in CostPlan

Toolbar: none

Menu: Calculations, Output for CostPlan
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This option exports the details of the project in a form suitable for use in the IES
CostPlan software.

4.6.6. Remove Calculated Sizes - Remove Sizes That Were Not Fixed but
Calculated

Toolbar: Model

Menu: Calculations, Remove calculated sizes

This option removes any calculated sizes from the network. Any sizes that were
fixed by the user, by using the fixed width, fixed depth, or fixed sizes options for a
duct, are unaffected.

You will be asked whether to remove calculated sizes from the whole network or just
from the selected ducts...

4.7. The Review Menu

All these menu options have an equivalent toolbar button.

4.7.1. Review System Data - Reviews the General Network Design Data

Toolbar: Model

Menu: Review, System data

4.7.2. Review Duct Ranges - Reviews the Duct-Range Data

Toolbar: Model

Menu: Review, Duct ranges

4.7.3. Review Parameters - Reviews the Predefined Ductwork Parameter Sets

Toolbar: Model
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Menu: Review, Parameters

4.7.4. Review Network Components - Reviews All the Components

Toolbar: Model

Menu: Review, Network components

This tool processes the network first, in the same way as for calculations, so that it
can display the details of the network. For that reason it may be necessary to select
a fan if there is more than one fan in the project.

4.7.5. Review Output - Review the Output File

Toolbar: Model

Menu: Review, Output file

4.8. The Help Menu

Only the first menu option (Help Topics) has an equivalent toolbar button.

4.8.1. Help Topics - Display Help File

Toolbar: Model

Menu: Help, Help Topics

This allows you to view the help file.

4.8.2. About IndusPro - Show the About IndusPro Dialogue Box

Toolbar: none

Menu: Help, About IndusPro

This displays the About IndusPro dialogue box. This is a useful way of checking the
version you are running.
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5. IndusPro Toolbars

Apart from the View toolbar (usually at the foot of the screen), the IndusPro
toolbars are different from those in Building view:

5.1. Model Toolbar

Click on the buttons for more detailed help.

Most of the menu options have an equivalent toolbar button. The buttons are
as follows:

 Save – save the project

 Undo - undo the last change.

 Redo - redo the last change.

 Import project – import an IndusPro project

 Import version 11 - imports a version 10 or 11 Indus project.

 Bridge in - reads in an Interfacet Ductwork bridge file.

 Select object - use for selecting/deselecting components.

 Draw duct - draw a duct.

 Draw flexible duct - draw a flexible duct.

 Place fitting - place a fitting.

 Import terminal - import terminals placed using Building view.

 Place terminal - place a terminal.

 Insert fitting - insert a fitting anywhere along a duct.

 Offset duct - draw a duct at a specified offset from a selected line in a
DXF file or in the model.

 Connect duct - connect fittings to ducts.

 Heal fittings – toggle whether fittings are “healed” after deleting
connected ducts

 Move selection - move the selected components.
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 Copy selection - copy the selected components.

 Rotate selection - rotate the selected components.

 Edit system data - edits the general network design data.

 Edit duct ranges - edits the duct-range data.

 Edit parameters - edits the predefined ductwork parameter sets.

 Edit component - edits the selected components.

 Calculations - perform ductwork-sizing calculations.

 Review calculation diagnostics - review calculation error and warning
messages.

 Review results - review results.

 Parts list - produce and review a list of parts.

 CostPlan – output to cost planning software

 Remove calculated sizes - remove sizes that were not fixed but
calculated.

 Delete selection - deletes the selected components.

 Find node number - dialogue to find a particular node number.

 Refresh - redraws the view.

 Model viewer - displays the 3D model viewer.

 Export DXF - export network to a DXF file.

 Help topics - display help file.
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5.2. Utilities Toolbar

Click on the buttons for more detailed help.

Most of the menu options have an equivalent toolbar button. The buttons are
as follows:

 Measure length - as in Building view.

 Measure angle - as in Building view.

 Grid settings - as in Building view.

 Set grid origin - as in Building view.

 Locks - as in Building view.

 Query vertex co-ordinate - as in Building view.

5.3. View Toolbar

This bar is similar to that in building view. The differences are:

 At Model level there is a choice of Model or Network mode. You need to
be in the appropriate mode to edit the model or the ductwork network.

 At Space level there is a Placement mode. In this mode a button is
enabled allowing the Object Placement dialogue box to be displayed,
where you may place grilles in the model and assign air flow rates from
the Apache calculations.
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6. IndusPro Dialogue Boxes

6.1. System Data Dialogue Box

System data is required before any other data, and comprises the basic
information required to run Indus. This includes the type of design procedure to
follow, and the design pressure-loss gradient/maximum design velocity,
whether the system is a supply or extract.

6.1.1. Design Process

One of the following design process options must be chosen:

 Constant Friction

 Static Regain (this method can only be used for supply systems)

 Constant Velocity

6.1.2. Maximum Design Velocity

Units: m/s Warning Limits: 2.5 - 20.0

Error Limits: 0.5 - 50.0

The maximum velocity limit must always be specified, but can be overridden on any
section of ductwork by using the Velocity Limit size code in the duct properties.
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6.1.3. Design Pressure-Loss Gradient

Units: Pa/m Warning Limits: 0.1 - 2.0

Error Limits: 0.1 - 9.9

The pressure-loss gradient is only required when the design process is constant
friction, when the value is used with the velocity limit to size the ductwork.

6.1.4. System Type (Air Properties)

This designates whether the system fan is supplying air to the network

"Supply System" or extracting from it "Extract System".

6.1.4.1. Ambient-Air Pressure

Units: Pa Warning Limits: 90000 - 120000

Default: 101325 Error Limits: 70000 - 150000

The system requirements are calculated for this pressure.

6.1.4.2. Default Ambient-Air Temperature

Units: °C Warning Limits: 10.0 - 30.0

Error Limits: -30.0 - 65.0

This is the surrounding air temperature which is assumed for all duct sections, unless
specified as another value for specific branches in the network. It is assumed that the mean
radiant temperature of the enclosure is the same as the air temperature.

6.1.4.3. Duct-Air Temperature

Units: °C Warning Limits: 6.0 - 35.0

Error Limits: 0.0 - 90.0

For a supply system, this is the temperature of the air that is leaving the air-handling unit
and for an extract system it is that of the air entering the system via the terminal grilles.

6.1.4.4. Duct-Air Moisture Content

Units: kg/kg Warning Limits: 0.002 - 0.03

Error Limits: 0.0005 - 0.15

This is the moisture content of the air entering the network, and with the duct temperature,
is used to calculate the density (kg/m

3
) and viscosity (Pa s) of the air.

6.1.5. Balancing Options

The network can be balanced either by placing dampers as required, or by resizing
non-index runs and using dampers for final adjustment. In this case the velocity
limits previously defined are kept.
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6.2. Duct Ranges Dialogue Box

Indus can size a ductwork system based on inbuilt standard ducts, and it can
also analyse existing systems where the ductwork is non-standard. It also
allows for user-defined ranges of circular and rectangular duct-sizes to be
created and reused.

6.2.1. Duct-Range

Select an option and take any necessary further action, as described below:

 Use the standard range of HVCA sizes - no further action is required.

 Use the extended range of duct sizes - no further action is required.

 Use a user-defined duct-range file - use the buttons to select or edit a
previously defined duct-range file, or to create a new one.

 Fix all duct sizes manually - this allows the user to enter a previously sized
network (e.g. an Imperially sized network converted to metric) and
manipulate it by changing some of the branch sizes, or adding additional
branches. No list of parts can be obtained with this option.

Use extra k-factors only

Default: Checked

When toggled on, it causes the k-factors the program uses for bends and
tees to be disregarded.

6.2.2. Browse

Use this button to browse for an existing user-defined duct-range file.

6.2.3. File Name

This shows the name of the file containing the definition of the new duct range. It
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would not normally be the name of an existing duct-range file unless you wish to
over-write it.

6.2.4. Edit

Use this button to edit the selected user-defined duct-range file, or to start a new one
from scratch. The User-Defined Duct Range dialogue box will appear:

The User-Defined Duct Range dialogue box (circular, single size)

The data file will contain user-defined circular and rectangular shapes, but always
uses extended flat-oval sizes. If no circular sizes are defined, then the British and
European sizes from the extended range will be used. Similarly, if no rectangular
sizes are defined, then the rectangular sizes from the extended range will be used.

6.2.4.1. Define Sizes

Select Circular or Rectangular to build a list of sizes for the appropriate shape.

6.2.4.2. Sizes

This list of sizes has the heading "Rectangular Sizes" or "Circular Sizes", depending on the
selection you made above. Up to 50 circular diameters or rectangular widths may be
defined which can be entered in any order.

6.2.4.3. Maximum Aspect Ratio

Warning Limits: 1 - 12

Default: 4 Error Limits: 1 - 12

This is only visible when you are entering rectangular sizes. It is the maximum aspect ratio
for the rectangular-duct sizes being defined. See the diagram below.
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The User-Defined Duct Range dialogue box (rectangular, range of sizes)

The program generates a list of rectangular-duct depths that are identical to the rectangular
widths being defined by the user here. The duct-sizes (width x depth) that are used in the
calculations are generated by calculating the aspect ratio r, for all the combinations of duct
widths and depths - the duct-sizes that are used are those for which the following holds:

1/Maximum Aspect Ratio <= r <= Maximum Aspect Ratio

6.2.4.4. Single Size

Select this to enter a single size to add to the list of sizes. The following text box appears:

Size

Units: mm Warning Limits: 50 - 5000

Error Limits: 5 - 9999

Up to 50 circular diameters or rectangular widths may be defined which can be entered in
any order.

6.2.4.5. Size Range

Select this to enter a range of sizes to add to the list of sizes. The following text boxes
appear (see the diagram above):

From

Units: mm Warning Limits: 50 - 5000

Error Limits: 5 - 9999

Enter the smallest circular diameter or rectangular width in the range of sizes to be defined.
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to

Units: mm Warning Limits: 50 - 5000

Error Limits: 5 - 9999

Enter the largest circular diameter or rectangular width in the range of sizes to be defined. It
must be larger than the value entered in the previous field.

in steps of

Units: mm Warning Limits: 50 - 5000

Error Limits: 5 - 9999

Enter the step in size to be used to generate the range of sizes.

6.2.4.6. Add

Press this button to add the single size or range of sizes to the list of sizes.

6.2.4.7. Remove

Press this button to remove the selected sizes from the list of sizes.

6.2.4.8. Save

Press this button to save the file.

6.2.4.9. Cancel

Press this button to cancel the edit operation.
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6.3. Parameters Dialogue Box

Using this dialogue box you may define up to ten different sets of predefined
duct parameter sets, based on the available duct sizes and shapes, in
combination with a shape code, a size code, and other physical properties.
These will be available in a list from which you may select the required
parameter set when you place any duct, so that the entry of duct properties is
made more efficient. However, the selected parameter set properties may be
overridden on any duct. The first parameter set in the list is taken as the default
range when placing ducts.

6.3.1. Parameter Set Number

This shows the index number of the parameter set being defined or edited. It
corresponds to the position of the set selected in the list below.

6.3.1.1. Description

This should be a description of this parameter set, of up to 20 characters.

6.3.1.2. Duct-Shape Code

The duct-shape code defines the shape to be used in the given range of standard sizes.

At present four codes are allowed:

1. British Circular Sizes

2. ISO Circular Sizes

3. Rectangular Sizes

4. Flat-Oval Sizes
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6.3.1.3. Duct U-Value

Units: W/m
2
C Warning Limits: 0.1 - 10.0

Default: 1.0 Error Limits: 0.01 - 99.0

Enter the U-value. (See Typical duct U-values.)

6.3.1.4. Duct Roughness

Units: mm Warning Limits: 0.001 - 5.0

Default: 0.15 Error Limits: 0.0001 - 15.0

Enter the roughness. (See Typical duct-surface roughness.)

6.3.1.5. Size Code

For each range of ductwork, a different size code can be specified to limit the sizes that can
be selected. One of the following codes must be chosen, and the limits needed to define
the size code should also be entered as applicable:

 No size code (this is the default) - No limits are needed.

 Maximum Depth - Fixing maximum depth is useful, for example, if the duct has to
pass through a restricted ceiling void. The depth in mm is needed. The specified
size must be greater than the minimum depth of the ducts in the range.

 Maximum Width - Fixing maximum width is useful, for example, if the duct has to
run down a corridor or within a service duct. The width in mm is needed. The
specified size must be greater than the minimum width of the ducts in the range.

 Fixed Depth - The depth in mm is needed.

 Fixed Width (Note this is not allowed for flat-oval duct work) - The width in mm is
needed.

 Fixed dimension - This option is useful for checking the performance of an installed
system, extending an existing system, or fixing fan or terminal-connection sizes.
Diameter or width dimensions are needed in mm. The specified size must be
available in the range.

 Velocity Limit - Fixing a velocity limit can be useful for noise considerations. The
velocity limit in m/s is required. The velocity must be greater than 0.0 and less than
the system velocity limit already defined.

 Same size - Fixing a duct at the same size as the duct to which it connects may be
useful on a length of main that has several branch take-offs. The main size would
be prevented from changing too frequently. No limits are needed. The shape codes
must be the same for the two ducts, the duct must not be the fan connection.

Size Limit 1:

Units: mm Warning Limits: 50 - 5000

Error Limits: 5 - 9999

The value entered here depends on the Size Code selected.

Size Limit 2:
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Units: mm Warning Limits: 50 - 5000

Error Limits: 5 - 9999

The value entered here depends on the Size Code selected.

Velocity Limit:

Units: m/s Warning Limits: 0.0 - System Velocity Limit

Error Limits: 0.0 - System Velocity Limit

The value entered here depends on the Size Code selected.

6.3.2. Parameter Sets

This is the list of parameter sets. The data for the highlighted parameter set is shown
above for you to edit.

Up to 10 parameter sets to be added or edited. Use the buttons described below to
update the list.

6.3.2.1. Update

Press this button to update the highlighted parameter set in the list with the modifications
you have made.

6.3.2.2. Reset

Press this button to reset the highlighted parameter set in the list to effectively undo the
modifications you have made.

6.3.2.3. Add New

Press this button to add a new parameter set to the list.

6.3.2.4. Delete

Press this button to delete the highlighted parameter set from the list.

6.3.2.5. Close

Press this button to close the dialogue box.
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7. Editing Components
Components fall into several categories. The major distinction is between ducts
and all other fittings. Fittings are further sub-divided into fittings and terminals.
When components are edited, the appropriate property sheet is displayed for
each category:

 The Duct property sheet for editing ducts.

 The Fitting property sheet for editing fittings.

 The Terminal property sheet for editing terminals.

Note that each property sheet has a general page and a page for the derived
data used in the Indus calculations.

7.1. Duct Property Sheet

The Duct Property Sheet has three property pages:

The Duct Data property page is for fundamental physical properties of the duct:

7.1.1. Duct Parameters

Warning Limits: 1 - 10

Default: 1 Error Limits: 1 - 10

The default parameter set is the first one specified in the Parameters dialogue box. If
the default parameter set is not required, select another parameter set specified in
the Parameters dialogue box.
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7.1.2. Size Code

Default: The code defined for the current duct parameter set.

For each range of ductwork, a different size code can be specified to limit the sizes
that can be selected. One of the following codes must be chosen:

 No size code (this is the default) - No size limit needed.

 Maximum Depth - Fixing maximum depth is useful, for example, if the duct
has to pass through a restricted ceiling void. The depth in mm is required.
The specified size must be greater than the minimum depth of the ducts in
the range.

 Maximum Width - Fixing maximum width is useful, for example, if the duct
has to run down a corridor or within a service duct. The width in mm is
required. The specified size must be greater than the minimum width of the
ducts in the range.

 Fixed Depth - The depth in mm is required.

 Fixed Width - The width in mm is required.

 Fixed dimension - This option is useful for checking the performance of an
installed system, extending an existing system, or fixing fan or terminal-
connection sizes. The Fixed Size 1 and Fixed Size 2 values should be
provided.

 Velocity Limit - Fixing a velocity limit can be useful for noise considerations.
The Velocity Limit value should be provided.

 Same size - Fixing a duct at the same size as the duct to which it connects
may be useful on a length of main that has several branch take-offs. The
main size would be prevented from changing too frequently. No limits are
required. The shape codes must be the same for the two ducts, and the duct
must not be the fan connection.

7.1.2.1. Size Limit

Default: That already defined for the current duct parameter set

Enter the size or size limit appropriate to shape codes Maximum Depth, Maximum Width,
Fixed Depth and Fixed Width.

7.1.2.2. Branch Velocity Limit

Default: That already defined for the current duct parameter set

Enter the velocity limit appropriate to the shape code Maximum Velocity:

The velocity in m/s is required. The velocity must be greater than 0.0 and less than
the system velocity limit already defined.

7.1.2.3. Fixed Sizes

Enter the sizes appropriate to the Fixed Dimensions option:

Fixed Size 1:
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Units: mm Warning Limits: 50 - 5000

Default: see below Error Limits: 5 - 9999

A value should only be entered when using fixed sizes. The default (if there is one) is that
already defined for the duct parameter set.

This is the fixed width if using rectangular or flat-oval ductwork, or the fixed diameter if
using circular ductwork.

Fixed Size 2:

Units: mm Warning Limits: 50 - 5000

Default: see below Error Limits: 5 - 9999

A value should only be entered when using fixed sizes. The default (if there is one) is that
already defined for the duct parameter set.

This is the fixed depth if using rectangular or flat-oval ductwork.

7.1.3. Fixed Pressure Losses

Units: Pa Warning Limits: 0.0 - 250.0

Default: 0.0 Error Limits: 0.0 - 9999.0

This is for velocity-independent losses and allows for in-line items such as heater-
battery coils, filters etc. included in the network.

7.1.4. Ambient-Air Temperature

Units: °C Warning Limits: 10.0 - 30.0

Default: see below Error Limits: -30.0 - 65.0

This value is only required if the ambient-air temperature for the branch differs from
the default temperature defined in the System Design Data.

7.1.5. Extra k-factor

Warning Limits: 0.0 - 5.0

Default: 0.0 Error Limits: 0.0 - 50.0

This allows for the inclusion of any velocity-pressure factors not accounted for by the
fitting codes (different bend types, inlet/outlet louvres, flat-oval installation struts
etc.).

Also, if the user selects a type-99 tee, then the program uses this extra k-factor to
calculate the pressure loss due to the fitting.

7.1.6. Flow Diversity Factor

Warning Limits: 0.5 - 1.0

Default: 1.0 Error Limits: 0.25 - 1.0
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It is assumed that there is no diversity in the system unless a factor is given for
specific branches. This option is of particular importance in VAV systems,
where the maximum fan flowrate is likely to be significantly less than the sum of all
the maximum terminal duties.

7.1.7. Processed data

This shows read-only data derived from processing the network during the
calculations.

7.1.8. Make Default Button

When you press this button, the data defined in this property sheet becomes the
default data for any further ducts you will place. This is useful for speeding up the
placement of the network when you have several ducts with similar properties.

The Branch Data property page contains read-only derived properties of the duct as
determined when processing the network during the IndusPro calculations:

7.1.9. Start and end coordinates

These read-only items are sometimes useful when you are draughting ductwork.

7.1.10. Node numbers

Warning Limits: 1 - 9999

Error Limits: 1 - 9999

The node numbers are allocated automatically.

7.1.11. Duct Length

Units: m Warning Limits: 0.3 - 25.0

Error Limits: 0.01 - 999.0
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This is the length of the duct branch between the two node numbers. It is assigned
automatically based on the coordinates of the ends of the duct.

The General Data page is for adding information to identify the duct in the manufacturer’s
catalogue, and for assigning it to a layer. It is identical to those for fittings and for terminals.
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7.2. Fitting Property Sheet

The Fitting Property Sheet has two property pages:

The Fitting Data property page is for fundamental physical properties of the fitting:

7.2.1. Fitting Type

Select the fitting type from the list.

7.2.2. Editable parameters

These are only available if the fitting type has dimension names listed in the Editable
dimensions list in the Customise Fittings dialogue box. In that case, you may enter
dimensions for this fitting. These will be used in drawing the fitting.

7.2.3. Node number

This is a read-only item displaying the node number as determined when the
network was processed for the calculations..

7.2.4. Rotation

Units: degrees

This is only available if the fitting type has Rotation fixed by user toggled on in the
Customise Fittings dialogue box. In that case, you may enter a rotation for this fitting
about the real-world z-axis.

7.2.5. Position coordinates

This read-only item is sometimes useful when you are draughting ductwork.
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7.2.6. Flip

Select this if the fitting type represents a non-symmetrical fitting and the default
orientation assigned to it by the program needs to be mirrored.

The General Data page is for adding information to identify the fitting in the
manufacturer’s catalogue, and for assigning it to a layer. It is identical to those
for ducts and for terminals.

7.3. Terminal Property Sheet

The Terminal Property Sheet has three property pages:

The Terminal Data property page is for items applicable only to terminals.
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7.3.1. Flow

Units: l/s Warning Limits: 0.0 to 1000.0

Default: 0.0 Error Limits: 0.0 to 9999.0

The program automatically adds up all the terminal flows back through the system,
accounting for diversity effects where appropriate.

7.3.2. Pressure Drop

Units: Pa Warning Limits: 0.0 to 250.0

Default: 0.0 Error Limits: 0.0 to 9999.0

This is for defining a minimum static pressure that might be required at a terminal
unit.

The Node Data property page is for fundamental physical properties of the
terminal that are common to all fittings: It is identical to the Fitting Property
Sheet for fittings.
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The General Data page is for adding information to identify the terminal in the
manufacturer’s catalogue, and for assigning it to a layer. It is identical to those for
fittings and for terminals.
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7.4. Default Components Property Sheet

Before placing any component, especially a duct, use this property sheet to
select the default components to be placed. Note that there are several pages
of default ducts and fittings, used in different situations. These are identical to
the pages used for editing ducts, fittings and terminals, except that some
pages or items are omitted as being irrelevant when editing defaults.

7.4.1. The Default Duct Pages

Note that these are the same pages as you get when you edit any duct.
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7.4.2. The Default Flexible Duct Pages

Note that these are the same pages as you get when you edit any flexible duct.
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7.4.3. The Default Fitting Pages

Note that these are the same pages as you get when you edit any fitting.

They allow you to select any fitting type. The fitting type is used whenever possible
when a fitting is required - whether you are placing a fitting, inserting a fitting, or
drawing a duct from a point where no fitting exists already (in which case a fitting is
automatically added at that point). However, if the default fitting does not have
enough branches to connect to all of the ducts at the point where it is being placed,
the appropriate fitting from the 2-Branch, 3-Branch or 4-Branch page is used.
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7.4.4. The Default 2-Branch Pages

Note that these are the same pages as you get when you edit any fitting, but only the
2-branch fittings are available.

They allow you to select from any 2-branch fittings such as bends, shape changes
and section changes. The fitting type is used when the Default Fitting has less than
two branches, but at least two branches are required (either continuing a duct from
the end of another duct, or inserting a fitting in a duct).



Page 58 of 139

7.4.5. The Default 3-Branch Pages

Note that these are the same pages as you get when you edit any fitting, but only the
3-branch fittings are available.

They allow you to select from any 3-branch fittings such as tees and twin bends. The
fitting type is used when the Default Fitting has less than three branches, but at least
three branches are required (continuing a duct from a point where two ducts already
meet).
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7.4.6. The Default 4-Branch Pages

Note that these are the same pages as you get when you edit any fitting, but only the
4-branch fittings are available.

They allow you to select from any 4-branch fittings (crosses). The fitting type is used
when the Default Fitting has less than four branches, but at least four branches are
required (continuing a duct from a point where three ducts already meet).



Page 60 of 139

7.4.7. The Default Terminal Pages

Note that these are the same pages as you get when you edit any terminal.
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7.5. Global Edits Dialogue Box

This dialogue box automatically comes up if you edit when more than one
component is selected. The pages presented depend on whether or not you
have any ducts, fittings or terminals in the selection. Here there are items from
all 3 categories:

The pages contain the same elements as for ordinary editing, except that some
items have been omitted because they make no sense in this scenario (e.g.
coordinates), and an extra “Change” tick box has been added for every item.
So, if you just wish to change the ambient temperature around some ducts,
you would select just the ducts concerned (though it does not matter if other
non-duct items are also selected), press F2 to edit, then just tick the relevant
“Change” tick box and enter a new value:
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7.6. Terminal Connection Dialogue Box

Use this box to set the tolerances for connecting terminals automatically to
ducts.

7.6.1. Minimum Fitting Clearance

This specifies the minimum distance between the fitting inserted into the original duct
and the fitting at the end of the same duct. If the fitting would need to be inserted at a
lesser distance than that, the fitting is not inserted, and the fitting at the end of the
duct is used instead (changing its number of branches if necessary).

7.6.2. Always Use a Single Flexible Duct

Selecting this option overrides the placement of ducts, so that a single flexible duct is
always used between the fitting in the original duct and the terminal.

7.6.3. If Possible, Use a Horizontal Duct Followed by a Bend Facing Down and
Then a Flexible Duct

Selecting this option will cause flexible duct to be used only if it is impossible to
make the connection using an ordinary duct, bend, and flexible duct.

7.6.4. Minimum Vertical Drop

This specifies the minimum vertical separation between the duct and the terminal
connection point, where this vertical part of the connection will be made using a
vertical duct, and a bend. If the separation is below this minimum value, the
connection will be made by adjusting the end of the existing connection duct so that
it slopes slightly.
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7.7. Placement Settings

The placement settings used in various drawing tools are shown on the
Drawing settings page of the Duct dialogue bar.

They allow you to specify the height at which the ducts, fittings or terminals are
placed and the height change for ducts. This height normally represents the
coordinate value along the axis normal to the view (i.e. Z for Plan view, -Y for
Front view, Y for Back view, -X for Left view, X for Right view). The exception is
that it represents true Z values in Axonometric view.

The Plane and Height Change boxes show the effects of locks and snapping to
other components on the view z-value. The Plane setting affects all
placements, and the Height Change setting affects the second point used in
duct placement only. To override either of these values, use the Lock buttons.

The Offset... box allows you to edit the offset used in the Offset Duct tool.

The Stream... box allows you to select whether or not to continue placing ducts
in a "streaming" mode, in which another duct is automatically started at the end
of the duct you have just placed, and so on, until you cancel the command.
This allows you to very quickly lay down a run of ductwork, especially where
most of the intervening fittings are of the same type (e.g. 90 degree bends).

Before placing any component, especially a duct, press the Default
Components button to bring up the Default Components property sheet where
you need to select the default components to be placed.

Before connecting terminals to ducts, press the Terminal Connection button to
bring up the Terminal Connection dialogue box where you need to set the
tolerances and rules for connecting terminals automatically to ducts.

7.7.1. Drawing Mode Settings

The drawing mode settings also appear on the Drawing settings page of the Duct
dialogue bar. They determine only how ducts, fittings and terminals are displayed -
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they do not affect how the data is stored. The mode may be changed at any stage by
selecting the Pencil icon or the Draw, Drawing Mode option. The mode also affects
how the network is exported to DXF file. Select from Single-Line, Twin-Line, and 3D.
You may also choose whether or not you wish to display node numbers and duct
sizes. The Text Size button opens the Text Size dialogue box, allowing you to edit
the size of text to be used.

Single-Line mode displays each fitting or terminal as a blob at its origin and each
duct as a single line.

Twin-Line mode is the default. Each fitting or terminal is displayed with a 2d outline
representation. An attempt is first made to orientate each fitting so that it lines up
with as many as possible of the connected ducts, and the sizes of the branches are
matched if possible to the connected ducts. Then the fitting is drawn parametrically
(i.e. taking into account the branch sizes). Each duct is shown with the appropriate
twin line representation (2 lines for rectangular, 2 lines plus centre-line for circular,
and 2 lines plus centre-line plus two tram-lines for flat-oval). These lines are trimmed
back to the point where they enter the fitting (instead of going right through to the
origin as in Single-Line mode).

3D mode shows a basic 3d view of the network. Fittings and terminals are usually
displayed by extrusion, unless specific 3d drawing instructions have been given in
the csutomise Fittings dialogue box.

7.7.1.1. Display Node Numbers

Choose whether or not you wish to display node numbers. This also affects how the
network is exported to DXF file.

7.7.1.2. Display Duct Sizes

Choose whether or not you wish to display duct sizes. This also affects how the network is
exported to DXF file.

7.7.1.3. Text Size

This button opens the Text Size dialogue box, allowing you to edit the size of text to be
used.

Enter the text height in metres (i.e. in real world coordinates).
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7.7.2. Customise Fittings Dialogue Box

This allows you to customise (edit) the definitions of each fitting type used in the
network, including all details about the fitting (type, category, description, user-
editable dimensions, how it is drawn etc.) and about its connections (connection
offsets, allowed shapes, sizes, whether or not they have to match orientation, shape
and size to the connected ducts, etc.).

The Fitting type list allows you to select a fitting, which may then be edited using the
other controls.

The Insert button may be used to insert a copy of the selected fitting at the same
point in the list. You would normally then edit it to make some changes.

The Append button may be used to add a copy of the selected fitting at the end of
the list. You would normally then edit it to make some changes.

The Remove button may be used to delete the selected fitting from the list. You will
be asked to confirm this action.

The Up and Down buttons may be used to adjust the position of a fitting in the list.
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This will affect the order in which they appear in the fitting and terminal property
pages.

The Update button may be used to save the changes you have made to the selected
fitting. If you select a different fitting, after having made changes, without using the
Update button, you will be asked whether you wish to save the changes.

The Description allows you to change what appears for the fitting in the lists in the
property pages.

The Category (Fitting or Terminal) must be correctly selected in order to allow the
program to correctly distinguish between general fittings and terminals, which have
their own special placement tools etc.

The Type number must be unique. Every fitting must have a different type number
so that the correct type definition for each fitting in a project can be unambiguously
located. Having a separate type number for each fitting instead of relying on its
position in the list allows fittings to be inserted or removed without breaking this
mapping.

Note it is highly recommended that you do not change type numbers of existing
fittings because that would cause fittings in existing projects to be mapped to the
wrong type definitions.

The Indus types (tee and bend types) are important in the Indus calculations and
when importing old Indus projects or bridging in. Therefore it is necessary when
adding a new fitting (apart from terminals) to set these to the most appropriate Indus
tee type or bend type. Because Indus distinguished between "bends" (any bend
fittings) and "tees" (any other fitting) it is also essential to correctly identify this using
the Indus type is a bend toggle button.

The Editable Dimensions allows you to add up to 4 user-editable dimensions by
name. These will then appear on the property page for the fitting when a fitting of the
same type is edited. The dimension names may be used in the drawing instructions
to provide parameterised drawing instructions. Use the Add, Update and Remove
buttons to set up the list.

Rotation fixed by user is usually toggled off. If it is on, it means that the fitting is not
free to orientate itself to align with the connected ducts, but must have a user-
defined rotation. In this case its property page has a box where its rotation angle
may be set, but only in the X-Y plane (i.e. around the Z-axis).

Branches must align with ducts is usually toggled on, to force the fitting when placed
to automatically attempt to orient itself to all the connected ducts. If the previous
toggle button is also toggled on, this means that the fitting must have the defined
rotation but also align with ducts. This therefore will limit the available orientations of
connected ducts. Rarely it is toggled off, to indicate a fitting that can have ducts
coming in at any angle. If it is off, Rotation fixed by user must be toggled on.

Shapes and sizes must match is also usually toggled on, to force the fitting when
placed to automatically attempt to change all its branches to match the shapes and
sizes of all the connected ducts. Rarely it is toggled off, to indicate a fitting that has
branches that do not match the shape and sizes of the connected ducts (e.g.
terminals which are sized independently). It must be off if the previous toggle button
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is off. If it is off, the fitting branches have independent dimensions. In this case its
property page has a box or boxes where the dimensions may be set.

The Number of branches should be entered as the maximum number of ducts that
can be connected to this fitting at one time, up to a limit of 4. If there is no maximum,
turn on the Unlimited toggle button. This limit is used in categorising the fittings
according to the number of allowed branches, and for ensuring that a fitting does not
have too many connections.

Note if you set this number to a smaller number, you are effectively deleting the
details for one or more branches.

The Update button may be used to save the changes you have made to the selected
branch. If you select a different branch, after having made changes, without using
the Update button, you will be asked whether you wish to save the changes.

The Selected branch spin button allows you to select one of the branches, up to the
limit set above, for editing.

The Rotation about Z-axis is the angle, in degrees anticlockwise about the Z-axis,
through which a line along the positive X-axis would have to be rotated in order to
line up along the branch.

The Rotation about Y-axis is the FURTHER elevation angle, in degrees
anticlockwise about the NEW Y-axis, through which the line would have to be rotated
in order to line up along the branch. It is assumed that the rotation about the Z-axis
has already occurred. This elevation angle is required in the rare cases where the
branch is not lying entirely in the XY-plane.

The Allowed shapes allow you to set which shapes can legitimately be assumed by
this branch when attempting to match the shape of the connected duct. If only 1
shape is chosen, this is effectively the same as fixing the shape. Chose one or more
allowed shapes from either British circular, ISO circular, Rectangular and Flat-oval.

The Independent shape index is critically important to understand. The cross-section
shape of any one branch is chosen from among the allowed shapes for that branch
(see above) when attempting to match it to the shape of the connected duct.
However, the shape of two or more branches may have to be the same for a certain
fitting, e.g. for both the "through" branches of a tee. This means that the number of
independent shape choices may be less than the number of branches. This index
allows each branch to specify which of the independent shape choices it must use.

An example may make it clearer. All branches of a certain tee may be rectangular or
circular, but the "through" branches (branches 1 and 2) must have the same shape,
and the side branch (branch 3) may take a different shape, Therefore the
independent shape index is 1 for branch 1, 1 for branch 2, and 2 for branch 3. If the
tee is connected to a rectangular duct at one of the through branches, then both
through branches must be rectangular. However the side branch may still connect to
either a rectangular or circular duct.

The Independent size index is very similar to the independent shape index described
above. This time the index refers to the independent size.
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Again an example may help. For the same tee as above, the independent size index
is 1 for branch 1, 1 for branch 2, and 2 for branch 3, meaning that branches 1 and 2
must have the same size but branch 3 may have a different size.

The Offset co-ordinates are evaluated at run-time to a set of three real numbers
representing the displacement from the origin (of the unrotated fitting) in metres to
the point along this branch where the connected duct would attach. If these co-
ordinates are not given, the connected duct will be drawn right through to the origin
of the fitting. See below for information on how to enter legitimate expressions.

The 2D and 3D drawing instructions are a series of instructions, each on a separate
line, which are evaluated at run-time and used for drawing the fitting in 2D or 3D.
The effect of the drawing instructions is shown in the drawing below the instructions.
In creating this drawing, certain values have been assumed for the widths and
depths of each of the 4 branches:

 Branch 1 is 500 x 250 mm.

 Branch 2 is 400 x 200 mm.

 Branch 3 is 300 x 150 mm.

 Branch 4 is 200 x 100 mm.

Also certain values have been assumed for any user-editable dimensions:

 First one is 500 mm.

 Second one is 400 mm.

 Third one is 300 mm.

 Fourth one is 200 mm.

The rules for these instructions are given below. Generally they fall into two
categories, assignments and commands.

Assignments: these generally have the form variable = expression

where variable is any name and expression is any arithmetical combination of
variables and numbers.

Assignments can include any of the following:

 The equals sign = for assignment, e.g. D=0.7.

 Any numeric value, e.g. 0.7 in the example above.

 Any variable whose name is being defined, e.g. the variable name R in
R=3*D.
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 Any variable whose name and value is already defined, e.g. the variable
name D in the example above.

 The arithmetic operators plus +, minus -, multiply * and divide /, e.g. A=3*D-
R.

 The operator for raising a number to a power (^), e.g. 3^0.5 for the square
root of 3.

 Parentheses for grouping ( and ) (these can also be nested), e.g. D =
(1+R/(2*W1)).

 The absolute value function abs(), e.g. A2=abs(A1) + 90.

 The standard trigonometric functions sin(), cos(), tan(), asin(), acos(), and
atan(), e.g. A1=atan(D/R) (NB angles are expected to be in degrees, not
radians).

Note that some variables are predefined for you: W1, W2, W3, W4, D1, D2, D3, and
D4 represent the widths and depths of up to 4 fitting branches. Using these in your
expressions allows you to create drawings that automatically resize themselves to
the current sizes of the fitting branches. See any of the fittings for examples of how
these are used.

The user-editable dimensions may be used in your expressions, to allow you to
create drawings that automatically resize themselves to the current values of these
dimensions. See the diffusers for examples of how these are used.

Setting the special variables STYLE, WEIGHT or COLOUR automatically issues the
appropriate command to set the style, weight or colour of the lines to be drawn
subsequently.

Commands: these are MOVETO, LINETO, ANGLEARC and END:

Apart from END, these commands require certain variables to be set
beforehand: they all require X and Y (position coordinates) to be set, and
ANGLEARC also requires R (radius), A1 and A2 (start and end angles).

MOVETO will move the current position to (X,Y).

LINETO will draw a line from the current position to (X,Y) and make that the
new current position.

ANGLEARC will draw an arc of a circle of radius R about the centre position
(X,Y) anticlockwise starting at angle A1 and ending at angle A2.

END is required as the last instruction.

Also, for 3D only, there are the VERTEX, STARTPOLY and ENDPOLY instructions:

STARTPOLY on a line by itself starts the definition of a polygon

VERTEX defines a vertex on that polygon, using the current values of X, Y
and Z.

ENDPOLY ends the polygon definition.
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Note all variable names, function names and commands are case sensitive, i.e. it
matters whether or not you use uppercase letters. Variable names must use the
same case as when they were first defined. The special variables X, Y, Z, R, A1, and
A2 which are expected to be set before issuing the commands MOVETO, LINETO,
ANGLEARC and VERTEX, must always be uppercase. Function names must be
lowercase and command names must be uppercase.

The OK button may be used to save all the changes you have made to the fitting
type definitions. They will be saved in the file "Fitting.dat" local to your project, i.e.
not in the folder where the default Fitting.dat is installed. When searching for fitting
type definitions, the program will always look local to the project first, and if it cannot
find a Fitting.dat there it will use the default one. Therefore the changes you make
will only be visible to projects in the same folder, unless you manually copy this file
over the default one. If you choose to do this, it is advisable to rename the original
file to "Fitting.bak".

The Cancel button will exit the dialogue box without saving any of the changes you
have made.

7.8. Object Placement Dialogue Box

This dialogue box is available when you are in Placement mode at Space level.
If it has been closed it may be redisplayed by pressing the button on the view
bar. It allows you to place objects (grilles or diffusers) into the building model
within the selected space. It has two pages:

1. Ceiling Grid page

2. Grilles page

7.8.1. Ceiling Grid Page

This allows you to specify the origin and dimensions of the ceiling grid within the
space.
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7.8.2. Grilles Page

This allows you to place grilles or diffusers either singly or as an array.

7.9. Diffuser/grille Settings Dialogue Box

This allows you to edit the default diffuser or the currently selected diffuser,
depending on which button you pressed to invoke it.
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7.10. Diffuser Array Dialogue Box

This allows you to place an array of diffusers. Specify the number in X and Y,
and whether or not you wish to remove any existing diffusers.

7.11. Assign Air Flows Dialogue Box

This allows you to assign air flows to the selected grille or grilles, based on the
air flow rates that have been calculated in Apache for the room. The Apache
Heat Gain calculations must have already been performed and the air flow
rates calculated (currently done on a per-room basis with a fixed temperature
difference). The remaining air flow requirement for the room, after subtracting
the air flow rates already assigned, is divided between the selected grilles.

7.12. Find Node Number Dialogue Box

The Find Node Number dialogue box is useful when you wish to find a node
number referred to by one of the diagnostics messages or in the output.

7.12.1. Search for Node Number

Enter the number for which you wish to search.
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7.12.2. Find Next

This button will search the network for the next component that has a node number
matching the value you typed. If there are no further matches, it asks you if you wish
to start again at the beginning. When a match is found, the component is highlighted
and, if it is not visible in the current view, the view is panned so that it is centred
about the component.

Hint: It is a good idea to set the view zoom level beforehand, to such a magnification
that you can see details of individual ducts and fittings. The same zoom level is
maintained when the node is found and displayed.

7.12.3. Edit

This button enables you to edit the currently located component, if any.

7.12.4. Close

This button closes the dialogue box.

7.13. Rotate Components Dialogue Box

This dialogue box allows you to specify the rotation increments to be used in
the Rotate Selection tool.

7.13.1. Angular Increment

Units: degrees

Enter the value of the angle steps to be used when rotating the selected
components. This does not specify the actual rotation that will be applied, only the
angular steps to which this rotation will be locked when you move the cursor.

7.13.2. Rotate a Copy of the Selection

Since the Rotate Selection tool is not provided as separate Rotate Copy or Rotate
Move tools, this button is provided for you to select the copy or move action.
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7.14. Tool Bars Dialogue Box

This dialogue box allows you to select which tool bars are displayed.

7.15. Duct Bar

This has two property pages:

 The first page contains three buttons for editing the Duct parameters,
the System data, and the Duct ranges.

 The second page (described in detail elsewhere) contains the drawing
settings, the display settings, and three buttons for displaying the
Default Components property sheet, the Customise Fittings dialogue
box and the Terminal Connection dialogue box.
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7.16. Keyin Bar

This has:

 A keyin window accepting the standard key-in commands. Note that you
do not need to set the focus to this window first (e.g. by clicking it) – any
text you type will be shown here, no matter where the focus is.

 5 colour buttons enabling you to select the display colours for
highlighted items, fittings, supply ducts, extract ducts and index run
respectively.

 A prompt area where text prompts are shown during command
operations.
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7.17. Standard Sizes

The following tables give the details of the standard sizes stored within the
program. Note all sizes are in millimetres (mm):

7.17.1. Standard Circular Sizes

British Standard British Extended ISO Standard ISO Extended

64 64 63 63

76 76 80 71

89 89 90 80

102 102 100 90

127 127 125 100

152 133 160 112

203 152 200 125

254 178 250 140

305 203 315 160

356 229 355 180

406 254 400 200

456 279 450 224

508 305 500 250

559 330 560 280

610 356 630 315

711 381 710 355

813 406 800 400

914 432 900 450

1016 456 1000 500

1118 508 1120 560

1270 559 1250 630

- 610 - 710

- 660 - 800

- 711 - 900
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- 762 - 1000

- 864 - 1120

- 914 - 1250

- 965 - 1320

- 1016 - 1400

- 1118 - 1600

- 1219 - -

- 1270 - -

- 1321 - -

- 1372 - -

- 1422 - -

- 1524 - -
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7.17.2. Standard Rectangular Sizes

Available Widths Available Depths

Standard Extended Standard Extended

150 100 100 75

200 125 150 100

250 150 200 125

300 175 250 150

400 200 300 175

500 225 400 200

600 250 500 225

800 300 600 250

1000 350 800 300

1200 400 1000 350

1400 450 1200 400

1600 500 - 450

800 550 - 500

2000 600 - 550

- 650 - 600

- 700 - 650

- 750 - 700

- 800 - 750

- 850 - 800

- 900 - 850

- 950 - 900

- 1000 - 950

- 1050 - 1000

- 1100 - 1050

- 1150 - 1100

- 1200 - 1150
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- 1250 - 1200

- 1300 - 1250

- 1400 - 1300

- 1500 - 1400

- 1600 - 1500

- 1700 - 1600

- 1800 - 1700

- 1900 - 1800

- 2000 - 1900

- 2100 - 2000

- 2200 - 2100

- 2300 - 2200

- 2400 - 2300

- 2500 - 2400

- - - 2500

The maximum duct aspect ratio allowed is 4.0 in the standard HVCA range and 8.0
in the extended range.
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7.17.3. Standard Flat-Oval Sizes

Depth of duct (values in table give width in mm)

75 100 125 150 200 250 300 350 400 450 500

320 - - - - - - - - - -

360 350 330 320 - - - - - - -

400 390 370 360 - - - - - - -

440 430 410 400 - - - - - - -

480 470 450 440 - - - - - - -

520 505 490 480 - - - - - - -

- 545 530 520 - - - - - - -

- - - 555 525 - - - - - -

- - - 635 605 580 - - - - -

- - - 715 690 660 630 - - - -

- - - 800 770 740 710 685 655 - -

- - - 880 845 825 790 765 735 705 680

- - - 960 930 900 875 845 815 785 755

- - - 1040 1010 985 955 925 895 865 835

- - - 1120 1090 1065 1035 1005 975 945 915

- - - 1200 1170 1145 1115 1085 1055 1025 1000

- - - - 1335 1305 1275 1245 1215 1190 1160

- - - - - 1465 1435 1405 1375 1350 1320

- - - - - 1625 1595 1570 1540 1510 1480

- - - - - 1785 1760 1730 1700 1670 1640
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7.18. Typical Duct U-Values

The following graphs indicate duct U-values for a range of typical levels of
insulation, for surfaces of both high and low emissivity.

Uninsulated ductwork will have a U-value in the range 6 to 10 W/sq.m deg C.

7.18.1. High Emissivity (ε=0.9)
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7.18.2. Low Emissivity (ε=0.05)

7.19. Typical Duct Roughness

The following table gives average absolute surface roughness for a range of
duct materials:

Duct Material Absolute Roughness (mm)

Non-ferrous drawn tubing(inc. plastics) 0.0015

Aluminium Sheet 0.05

Galvanized Sheet 0.15

Cement or Plaster 0.25

Fibre Glass 0.90

Flexible Duct (wire covered with fabric) 0.90

Fair-faced Brick or Concrete 1.30

Flexible Duct (wire exposed) 3.05

Rough Brickwork 5.00



Page 84 of 139

8. Indus Fitting Types
The following pages list the available fittings in the program library of pressure-
loss data, and indicate the codes to be used to identify those fittings. These are
generated automatically by Indus from the network data when the calculations
are requested:

8.1. Tee Types

Code Description

0 Fan Connection - This can only be used once in the system, the "from node" for
this line must correspond to the Fan Node Number given in the system data-sheet

1 Section Change Contract/Enlarge - Abrupt

2 Section Change Contract/Enlarge - 10° angle

3 Section Change Contract/Enlarge - 20° angle

4 Section Change Contract/Enlarge - 30° angle

5 Section Change Contract/Enlarge - 40° angle

6 Section Change Contract/Enlarge - 50° angle

7 Shape Change (Contract/Enlarge)

10 Rectangular Dividing Tee Through Connection

11 Rectangular Dividing Tee Side Take-off Connection

12 Rectangular Dividing Tee Top Take-off Connection

20 Rectangular Dividing Shoed Tee Through Connection

21 Rectangular Dividing Shoed Tee Side Take-off Connection

22 Rectangular Dividing Shoed Tee Top Take-off Connection

30 Circular Conical Dividing Tee Through Connection

31 Circular Conical Dividing Tee Side Take-off Connection

32 Circular Conical Dividing Tee Top Take-off Connection

40 Circular 45° Branch Through Connection

41 Circular 45° Branch Side Take-off Connection

42 Circular 45° Branch Top Take-off Connection

50 Rectangular 90° Take-off Through Connection

51 Rectangular 90° Take-off Side Take-off Connection
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52 Rectangular 90° Take-off Top Take-off Connection

60 Rectangular or Circular Straight Dividing Tee Through Connection

61 Rectangular or Circular Straight Dividing Tee Side Take-off Connection

62 Rectangular or Circular Straight Dividing Tee Top Take-off Connection

65 90° Cross Tee Through Connection

66 90° Cross Tee Side Take-Off Connection

67 90° Cross Tee Top/Bottom Take-Off Connection

70 Twin Bend Combining or dividing Tee Radius D/2

80 Twin Bend Combining or dividing Tee Radius D

90 Twin Bend Combining or dividing Tee Radius 3D/2

99 Special Tee. The supplied Extra K-Factor totally Defines the Properties of the Tee.
This Tee Type can have up to 9 Connections. It useful for adding special fittings,
such as plenum chambers, to the network.

8.1.1. Tee Type 0

Section Change (Contraction or Enlargement) – Abrupt

8.1.2. Tee Type 1

Section Change (Contraction or Enlargement) - Gradual

Angle Tee Type

10 2

20 3

30 4

40 5
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50 6

8.1.3. Tee Type 7

Shape Change (Contraction or Enlargement)

8.1.4. Tee Type 10 - Rectangular Dividing Tee

Supply/Extract

Connection Tee Type

Through 10

Side take-off 11

Top take-off 12

8.1.5. Tee Type 20 - Rectangular Dividing Shoed Tee

Supply/Extract

Connection Tee Type

Through 20

Side take-off 21

Top take-off 22
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8.1.6. Tee Type 30 - Circular or Flat-Oval Conical Dividing Tee

Supply/Extract

Connection Tee Type

Through 30

Side take-off 31

Top take-off 32

8.1.7. Tee Type 40 - Circular or Flat-Oval 45-degree Branch

Supply/Extract

Connection Tee Type

Through 40

Side take-off 41

Top take-off 42
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8.1.8. Tee Type 50 - Rectangular 90-degree Take-off

Supply/Extract

Connection Tee Type

Through 50

Side take-off 51

Top take-off 52

8.1.9. Tee Type 60 (Combining or Dividing) - Rectangular or Circular Straight
Dividing Tee

Supply/Extract

Connection Tee Type

Through 60

Side take-off 61

Top take-off 62
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8.1.10. Tee-Type Series 65 (Combining or Dividing) - Cross Tee

Supply/Extract

Connection Tee Type

Through 65

Side take-off 66

Top/Bottom take-off 67

8.1.11. Tee-Type Series 70, 80, 90 (Combining or Dividing) - Twin Bend

Supply/Extract

Throat Radius Tee Type

D/2 70

D 80

3D/2 90
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8.2. Bend Types

Code Description

0 No Bends

1 Swept bend - 30° angle throat radius D/2

2 Swept bend - 45° angle throat radius D/2

3 Swept bend - 60° angle throat radius D/2

4 Swept bend - 90° angle throat radius D/2

5 Swept bend - 30° angle throat radius D

6 Swept bend - 45° angle throat radius D

7 Swept bend - 60° angle throat radius D

8 Swept bend - 90° angle throat radius D

9 Swept bend - 30° angle throat radius 3D/2

10 Swept bend - 45° angle throat radius 3D/2

11 Swept bend - 60° angle throat radius 3D/2

12 Swept bend - 90° angle throat radius 3D/2

13 Rectangular Bend - with splitters

14 Single-skinned Rectangular Bend with turning vanes

15 Double-skinned Rectangular Bend with turning vanes

16 Lobster back - 3 piece radius D/2

17 Lobster back - 5 piece radius D/2

18 Lobster back - 3 piece radius D

19 Lobster back - 5 piece radius D

20 Lobster back - 3 piece radius 3D/2

21 Lobster back - 5 piece radius 3D/2

Notes for Bends 1 to 12:

1. The same code is used for circular, rectangular or flat oval.

2. If the duct dimension is less than or equal to 250mm in the plane of the
bend, the program assumes the bend has a fixed throat radius of
100mm.
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8.2.1. Bend Types 1-12 - Swept Bends (circular or rectangular or flat-oval)

Angle Throat radius

(°) D/2 D 3D/2

30 1 5 9

45 2 6 10

60 3 7 11

90 4 8 12

Note if the duct dimension is less than or equal to 250 mm in the plane of the bend,
the program assumes the bend has a fixed throat radius of 100 mm.

8.2.2. Bend Type 13 - Rectangular Bend with Splitters

8.2.3. Bend Type 14-15 - Rectangular Bend with Turning Vanes

Skin Bend Type

Single 14

Double 15
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8.2.4. Bend Type 16-21 - Lobster Back

Radius 3-piece 5-piece

D/2 16 17

D 18 19

3D/2 20 21
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9. Calculation Procedures

9.1. Diversity Factors

The diversity factor of a piece of duct is the ratio between the connected and
the actual load over a specified period. For any branch in the system the
maximum possible diversity is given by:

DIVi = Σn
i(Qj x DIVj) / Qi

where:

DIVi is the diversity factor for branch i

Qi is the flow in branch i, assuming no diversity

n is the number of branches connected to branch i, in the direction away from
the fan

The minimum diversity factor that is possible is given by:

DIVi = MAX (Qj x DIVj) / Qi

9.2. Sizing Methods

The duct-sizing procedure falls into two major sections:

1. Calculation of circular-equivalent size according to defined sizing
criteria.

2. "Rounding" the circular-equivalent size to an appropriate value based on
the duct shape and the dimensions available in the range of standard
sizes.

This section describes the methods used to evaluate the ideal circular
equivalent size for each duct in the network. The Selection of standard sizes
section describes how these values are then converted to the appropriate
standard sizes.

9.2.1. Constant-Friction Sizing

This method uses two separate design criteria:

1. Maximum velocity in branch.

2. Maximum frictional loss in branch.
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The first stage is to calculate the duct size that gives the design velocity limit in the
duct. This calculation is based on the known volumetric flowrate and the assumed
circular section. The program then uses the Colebrooke-White formula to calculate
the friction gradient in the duct based on the diameter calculated previously. If this
value is less than the design value, this diameter is used. Conversely if the design
friction gradient is exceeded the program iterates to determine the duct size at which
the design friction gradient is met. This two-stage procedure ensures that the chosen
duct size is always based on the controlling design parameter.

9.2.2. Constant-Velocity Sizing

This is the simplest of the sizing methods. The calculation is based simply on the
known flow quantity, the defined velocity limit, and the assumed circular cross-
section. The use of this method is likely to be restricted to systems where particle
settlement may occur.

9.2.3. Static-Regain Sizing

The aim of the method of static regain is to maintain a constant static pressure
through the duct network. This is achieved by converting velocity pressure to static
pressure at each duct take-off. Thus there is a drop in total pressure equivalent to
the drop in velocity pressure.

Along any branch the energy losses can be divided into several components:

 Frictional-energy losses.

 Dynamic losses at the upstream connection (i.e. the 'tee').

 Dynamic losses at bends or any other fittings in the branch.

Each of these pressure losses is a function of flowrate and diameter. Thus for a
given system, the energy losses are purely a function of diameter. The velocity
pressure is also a function of flowrate and diameter. This implies that the expression
relating to a change in velocity pressure across a take-off with energy losses in the
downstream duct, can be reduced to a complex function of duct size alone. This
function is solved by an iterative procedure to identify the ideal duct diameter at
which the change in velocity pressure exactly matches the total energy losses in the
downstream duct. It will be noted that the user does not specify a regain factor. The
regain factor concept is irrelevant if an accurate estimate of the pressure-loss
characteristics of the take-off is known. Using the detailed information available in
the program library of fitting pressure loss data, the program is effectively able to
derive a regain factor appropriate to each fitting.

The method outlined above applies to sizing ducts downstream of take-offs. Clearly
another method has to be applied to the fan connection itself. This is sized on a
simple velocity criterion based on the defined system velocity limit.

Experience has shown that if every duct is sized according to the method of static
regain, the terminal connections tend to become unnecessarily large. To avoid this
weakness, a slight modification to the basic method has been used in the program.
The regain method is always used for ducts downstream of a take-off if the duct is
on the through part of the run. The branch connection is sized to provide the same
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friction gradient as exists in the combined flow connection upstream of the take-off.
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9.3. Selection of Standard Sizes

The selection of the appropriate size depends to a certain extent on the
shapes of the duct in question and those adjacent to it. This applies in
particular to rectangular and flat-oval ductwork, where economies of fittings
demand that certain inter-relationships should apply to changes in size across
a fitting. Two ranges of standard sizes can be automatically accessed by the
program, the HVCA standard, and an extended range of HVCA sizes. You can
also prepare your own range of sizes if desired.

9.3.1. Selection of Standard Circular Sizes

The start point of the selection of standard size is always the ideal circular-equivalent
size derived in the previous section of the program. The program compares the ideal
size with those available in the range of standards, and chooses two standard sizes
for further consideration, one slightly smaller, one slightly larger. The program then
calculates the pressure drops that would exist in each of the three ducts in question,
and chooses the size that gives the pressure drop closest to that of the "ideal size".

The standard size chosen in this way may contravene the branch size limits already
defined. The program compares the chosen size against the size limits and, if
necessary, makes an appropriate decision that may override the system-design
criteria.

9.3.2. Selection of Standard Rectangular Sizes

The basic solution procedure is as for circular ducts specified above. However,
certain additional restrictions apply. The most economical shape for a rectangular
duct is square, since this provides a minimum pressure loss per unit surface area of
duct. Therefore, when choosing the first rectangular duct in a series of ducts, the
program always chooses a square cross-section. This selection is made for the fan
connection, for branch connections off a main, and for the first duct following a
shape change.

Additional restraints are imposed by the sizes of adjoining ductwork. For the through
connection of the main, the change in size is restricted so that the dimension
changes in one plane only (i.e. width or depth). The program starts from the size of
the combined flow connection, and chooses four possible ducts from which the final
selection will be made. Two sizes are chosen based on changes in width only, and
two on changes in depth only. Using the pressure-loss criteria, the choice of duct is
reduced to one from each of the two dimension-change possibilities. If the circular
equivalent sizes of these two options are within 10 percent of each other, the
program will automatically choose the squarer duct. If the equivalent sizes are
significantly different, the program chooses the more appropriate standard size. If
resizing is being carried out to dissipate excess pressure in the system, the program
also takes account of the downstream connections to ensure that the dimensions are
not reduced below that of these downstream sizes.

For the branch connection, the program will always try to choose a square duct.
However, this choice will be restricted by the dimension of the main because the
maximum depth of the branch will be the controlling dimension of the main (depth for
a side take-off, width for a top/bottom take-off). It is for this reason that in the tee-
type description, the user can decide whether the branch comes off the side or the
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top or bottom of the main.

Having chosen the best standard size, the program again checks that the branch
sizing limits have not been exceeded. If a velocity limit is contravened, the program
will always expand the width in preference to the depth.

9.3.3. Selection of Standard Flat-Oval Sizes

The problem with flat-oval ductwork is that it tends to have a large aspect ratio, and
is therefore a hydraulically inefficient shape. Because of this the program endeavors
to minimise the duct aspect ratio by choosing the maximum possible depth in any
given situation. The maximum depth can be controlled by three different parameters:

1. The availability of sizes in the range of standards.

2. A specific depth limitation applied to the branch.

3. If the branch is a take-off from a main, then the limiting depth is given by the
controlling dimension of the main (i.e. depth for a side take-off, width for a top
or bottom take-off).

With these basic constraints in mind, the selection of the appropriate standard size
proceeds in a similar manner to that described in the previous sections. The only
other difference of any significance is if the size selected results in a velocity limit
being exceeded. In this case the program will first attempt to expand the depth, to
minimize the aspect ratio.

9.4. Total Pressure-Loss Calculations

Having established an appropriate size for every duct in the network, the
program calculates the pressure drops through the system. The pressure
losses due to fittings are a very important part of ductwork energy losses. The
program has a library of basic fittings, and their associated pressure losses.
This library is based on information contained in the BSRIA publication
"Pressure-Loss Data for Ducting", Information Circular No.26, 1973. The
fittings available in this library are shown in the Indus fitting types section,
along with the numeric codes used to identify the fittings to the program.

The pressure-loss information is stored within the program in terms of velocity-
pressure factors as functions of velocity ratio and area ratio for tees, and
functions of radius ratio and turning angle for bends. Based on the known duct
dimensions and flow quantities, the program is able to calculate an overall
pressure-loss coefficient for every branch of ductwork. Allowance is made
within the data input to include an additional pressure-loss factor over and
above that derived for the fittings. This may be used for any special fittings not
catered for in the library. An additional allowance for flow-independent
pressure losses is also provided in the data input. This may also be used to
define losses due to special fittings or items of equipment (fire dampers, heater
batteries, etc.), or for defining a minimum terminal static pressure required for
flow stability reasons.

It should be noted that the program makes an automatic allowance for terminal
pressure losses. If the system is a supply system, then at each terminal unit,
the program adds a total pressure-loss coefficient of 1.0 to the fitting pressure
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losses calculated for the branch. For extract systems the program adds a
pressure-loss coefficient of 0.5. In this way, allowances for exit and entrance
losses are automatically catered for.

The program then calculates the overall total energy loss for each branch. This
energy loss is composed of three basic components:

1. Frictional losses.

2. Fitting losses.

3. Flow-independent losses.

Because the program uses the total-energy concept, the changes between
static and velocity pressures are automatically accounted for within the
calculations. It should be noted that the pressure drops quoted in the program
output are total pressure losses, not static pressure losses. The program then
sums the branch energy losses back through the system, starting from each
terminal and working back to the fan. In this way, the index path can be
identified, and the amount of excess pressure that needs to be dissipated in
each branch to balance the system can be calculated. The user is given the
option of dissipating this excess pressure by dampers only, or by resizing
where possible. If the resizing option is selected, then the same size-selection
procedures as outlined in the Sizing methods section are used. Thus although
a branch may need to dissipate a certain amount of excess pressure, the
program may not always choose to resize it because it cannot choose an
appropriate logical size.
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10. Installed Mass of Ductwork
The installed mass of the ductwork is a useful guide to the capital cost of the
ductwork system. The program bases this on the following:

 The duct material being sheet steel.

 The duct-wall thickness being a function of construction method and
system type (see below).

 Fixed percentage allowances (see below) are made for waste, laps and
joints, supports etc.

The first major decision about the system is to define whether it is a high or low
velocity/pressure system. The change-over criteria are if:

 The velocity in the fan connection is greater than 10 m/s.

 The fan static pressure is greater than 500 Pa.

The program also differentiates between spirally wound and seamed-
construction methods, mainly in terms of the fixed allowances for stiffeners,
supports, laps and joints, and waste. The circular and flat-oval ducts are
assumed to be spirally wound, whilst the rectangular ducts are taken as
seamed.

The sheet-metal thicknesses used in the program are to a standard, which is
related to, but slightly heavier than, the HVCA recommendations.

10.1. Circular (all cases)

Diameter (mm) 203 457 1016 1219

Thickness (mm) 0.6 0.8 1.0 1.2

10.2. Rectangular - Low Velocity

Width (mm) 305 610 835 1060 1525 1830 3000

Thickness (mm) 0.8 1.0 1.0 1.2 1.6 1.6 1.6

10.3. Rectangular - High Velocity

Width (mm) 305 610 1150 1320 1525 3000

Thickness (mm) 0.8 1.0 1.2 1.2 1.6 1.6

10.4. Flat-oval (all cases)

Area per unit length (sq.m/m) less than 2 more than 2

Thickness (mm) 0.8 1.0
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The density of metal is assumed to be 7800 kg/cu.m.

10.5. Percentage Allowances

stiffeners 20

laps 20

waste 10

Circular/flat-oval

support 15

stiffeners 15

laps 10

waste 10

Rectangular

support 15
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11. Duct Heat Pick-up
As the air flows from the central plant to the individual terminal units, heat will be
transferred from the system air to the ambient air through which the ducts are
running. The rate of transfer will be a function of the temperature difference, and
the surface area and U-value of the ductwork walls. In addition, the temperature
rise (or fall) of the air will be a function of the mean residence time of the air
within the section of duct. This temperature change is calculated by a simple
energy balance over the section as shown below:

The energy balance gives:

m Cp (T2 - T1 ) = UA(Ta - ((T1 + T2 )/2))

where:

m is the mass flowrate (kg/s)

Cp is the heat capacity (J/kg)

T1 is the temperature of air entering the duct (K)

T2 is the temperature of air leaving the duct (K)

Ta is the ambient temperature (K)

U is the U-value of the ductwork (W/m2 K)

A is the surface area of the ductwork (m2)

Most of the data items are take from the input data, but the air temperature T1,
entering the duct section has been calculated from a similar calculation on the
preceding section in the system. The above expression can be rearranged to
solve for T2. The new temperatures through the system are then used to
recalculate the air densities and volume flowrates, and the consequent effect on
the system pressure losses and balancing requirements.
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12. Variable Air-Volume System
A Variable Air-Volume System is one that controls space temperature by
varying the volumetric flowrate through the terminal units.
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13. Worked Example
See the following pages for a simple worked example of the use of IndusPro.

13.1. Creating a New ModelIT File

The ModelIT building view after opening a new ModelIT file named
ductviewexample.mit:
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13.2. Attaching the DXF File

The menu option in ModelIT for attaching the DXF reference file:

Selecting tut_grd.dxf:
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The ModelIT building view after attaching tut_grd.dxf:
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13.3. Switching to IndusPro

The application browser tab and buttons for selecting IndusPro (you will be
prompted to save the changes in the model):
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After selecting IndusPro and zooming in:

Note that the prompt area tells you that a new ductwork project has been
created. You now have several options for building up a ductwork network:

 Start adding components to the new ductwork project. It will
automatically be given the same name as the model file with a different
extension (*.ipr),

 Use File, Import Project to read in an existing version IndusPro project
(*.ipr),

 Use File, Import Version 11 to read in an existing version 11 Indus
project (*.ijf),

 Use File, Bridge In to bridge in an existing bridge file from InterFacet
(*.dbi),
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13.4. Predefined Parameter Sets

Some ductwork parameter sets have been predefined for you, but you may
wish to check or edit these before proceeding. The Parameters dialogue box
allows you to predefine ductwork parameter sets, or use the Add some basic
sets button to add some useful default sets:

13.5. Placement Settings

The placement settings are on the first page of the ductwork dialogue bar:

They allow you to specify the height at which the ducts, fittings or terminals are
placed and the height change for ducts. This height normally represents the
coordinate value along the axis normal to the view (i.e. Z for Plan view, -Y for
Front view, Y for Back view, -X for Left view, X for Right view). The exception is
that it represents true Z values in Axonometric view.

It also allows you to specify the offset for the Offset duct tool.

Press the Default components button (or the equivalent tool on the toolbar or
menu) to display a property sheet with pages for editing each type of default
component.
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13.6. Default Components

13.6.1. The Default Duct Pages

Select the rectangular parameter set:

This cause the following message box, asking you if you want the default fittings to
be changed to match rectangular ducts:

You may also edit the manufacturer details and layer number on page 2 if you wish.
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13.6.2. The Default Fitting Pages

Select the Fitting page and select the fitting type “FA:

You may also edit the manufacturer details and layer number on page 2 if you wish.

13.6.3. The 2-Branch Pages

This is used when at least two branches are required and the default fitting has less.
Check that fitting type “B/R/90/S” is selected:

You may also edit the manufacturer details and layer number on page 2 if you wish.
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13.6.4. The 3-Branch Pages

This is used when at least three branches are required and the default fitting has
less. Select the fitting type “T/R/90”:

You may also edit the manufacturer details and layer number on page 2 if you wish.

13.6.5. The 4-Branch Pages

This is used when at least four branches are required and the default fitting has less.
Select fitting type “X/R/90/4”:

You may also edit the manufacturer details and layer number on page 2 if you wish.
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13.6.6. The Default Terminal Pages

This is used as the default terminal whenever a termina is being placed. Enter a
flowrate on page 1:

Check that fitting type “DRH” is selected on page 2:

You may also edit the manufacturer details and layer number on page 3 if you wish.
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13.7. Placing the First Duct, Offset From a Wall

Make sure you are in Network mode, not Model mode:

Select the Offset duct tool:

Edit the placement settings so that the duct will be at 3m high with no height
change, and offset 1m from the selected line, with streaming mode turned off:

A line representing a wall in the DXF file or the building model must now be
selected with the mouse. After the line has been selected, the start point must
be entered:
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The start point has been entered. Now the end point must be entered:

Now the first duct has been placed. Note that a fan has been automatically put on its
"from"
end:
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13.8. Placing the Second Duct

The second duct has been placed, this time using the Draw duct tool. Ducts
snap automatically to the nearest fitting or duct end during placement, if the
height lock allows this. Note that a bend was automatically added. A bend was
added because that is the default 2-branch fitting and the default fitting has
less than two branches. Note also that, because of the bend, only certain duct
directions were allowed:
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13.9. Placing the Third Duct

The third duct has been placed and the fitting was automatically changed to
the default 3-branch fitting, a tee, because the default fitting has less than 3
branches:
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13.10. Placing the Fourth Duct

The fourth duct has been placed and another bend was automatically added:
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13.11. Placing the Fifth Duct

The fifth duct has been placed and again the bend was automatically changed
to a tee:
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13.12. Inserting Fittings

Now the Insert fitting tool has been used to insert a tee in one duct and a cross
in another duct (before inserting, the default fitting had to be changed to the
required tee or cross to prevent the default 2-branch fitting (a bend) from being
inserted):

13.13. Placing Spur Ducts

The place duct tool was used again to add extra ducts at these new fittings.
These could have been created as 1 metre long ducts using the key-ins
DX=0,1 or DX=0,-1 as appropriate. But here we just rely on the grid lock. Note
that although the tee originally faced up the screen, it would have rotated if
necessary to allow the new duct to face down the screen:
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13.14. Preparing for Calculations

Before the calculations, we should edit the system data to be sure the default
data are as required...

We should also check the duct range data because this determines the sizes
that can be calculated:
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13.15. Calculations

The Calculations tool (Σ) may now be used because the duct parameters have
already been edited. Note that we did not place any terminals although we
could have done. These are added automatically using the default terminal
data. Also there is no need to select the fan as there is only one. This box asks
you to confirm whether it is a supply or extract network:

(If any ducts do not match the selected supply/extract type you will be asked
whether to change them automatically or cancel the calculation.)

This message box tells you how many ducts were processed from the fan
outwards:

Now you may review the calculated conditions and select an appropriate over-
sizing margin:
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The calculations then proceed and the results window is displayed.
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13.16. Reviewing Results

This scrolling dialogue box allows you to review the results, add them to the
output file, or print them:

After scrolling down a little:
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And more:

Finally:
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13.17. Resized Network

After the calculations the new sizes are shown. Tees and crosses are drawn
parametrically, i.e. the size of each branch is taken into account in the drawing.
Note the terminals which have been added automatically (no reducers have
been added as this is not yet possible). Note also that the index run has now
been highlighted in the index run colour (you can change this using the
rightmost colour button on the keyin bar):
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13.18. Reviewing Messages

If there are any error or warning messages you may view them in this dialogue
box using the Messages tool. Messages can be clicked (or highlighted and the
Edit button pressed) to edit the relevant duct (in this case there are no
messages):

13.19. Changing View Orientation

At any stage you may view the network in any view orientation, just as in
ModelIT:
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13.20. Changing Drawing Mode

The drawing mode settings allow you to change between single-line, twin-line
and 3D views of the network. This is also reflected in the drawing output to
DXF using the Export DXF tool:
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They also allow you to select whether or not to show node numbers and duct
sizes as text on the drawing:
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13.21. Getting a List of Parts

Output from the Parts list tool - this gives a breakdown of all the lengths of duct
and the fittings used in the network:
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13.22. Reviewing the Output File

The Review output file tool allows you to review, print, clear or save the output
file as a different name. It is a good idea to clear the output file before
requesting the calculation on your finalised network:

13.23. Removing Calculated Sizes

Using the Remove calculated sizes tool. This will remove any sizes which have
been calculated by the program, apart from those which have been fixed by
editing a duct and setting the Fixed Size option. This option should be used
before repeating a calculation unless you want the calculated sizes to remain
in force. You will be asked whether to remove calculated sizes from the whole
network or just from the selected ducts. Afterwards you will receive a
confirmation of how many sizes were removed.
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13.24. Saving the Project

You can save the project at any time. If it needs saving when you leave
IndusPro, you will be prompted to save it anyway.

13.25. Extending the Network

After selecting the entire network and using the Copy selection tool. This could
have been done using key-ins for accuracy, i.e. X=0,0 for the source point and
DX=6,0 for the destination point. But here it is easier to use the grid lock:

Inserting new tees in the ducts using grid lock to aid in accurate placement.
The default fitting has been changed to a tee:
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The new tees have been connected up with a new duct. The second fan and
its duct have been deleted, and the tee (highlighted) automatically changed to
a swept bend because “healing” is toggled on:

13.26. Repeating the Calculation

After switching to Axonometric view:

First, we will select all the network components and press F2 to edit. Because more
than one item is selected, we automatically go into Global Edit mode. We want to
change the flow rates on the terminals so that the resizing is more dramatic, so



Page 135 of 139

select the Terminals page, tick the Flowrate box and enter 35 l/s:
:

Now, after repeating the calculation, we get some larger duct sizes:

13.27. Using ConstructDXF

The Construct/DXF utility has been used to extract a building model from the
DXF reference file. The DXF file was then detached (this stage could of course
have been performed right at the beginning instead of at this point):
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After going back into IndusPro, we can now see the ductwork in the context of
the building (the colours have been changed to make this easier to see):
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14. Version History

14.1. Versions 12.4.0 to 12.6.5.0

 New global editing dialogue box, automatically enabled if you edit when more
than one item is selected. This required changes in the layout of all the editing
dialogue boxes.

 Cleaner dynamics (what you see when moving stuff around on screen).

 Rudimentary 3D commands for fitting types in the Customised Fittings dialogue
box.

 Simpler access to the Apache calculated air flow rates.

 New projects already contain some default duct parameter sets.

 Other interface changes.

14.2. Version 12.4.0.0

 New framework interface - application browser is now across the top with tabs
for application groups and buttons for each application.

14.3. Version 12.3.0.0

 The new framework replaces the <VE> Bar. All <VE> applications are now
available from the Application tab in the Workspace Browser. The tool-bars and
the dialog bar at the bottom of the screen are application-specific. At the room
level of decomposition you may now place diffusers.

 To run this you must obtain a new software key for version 4 of Indus.

 You can now use Ctrl+left-mouse-click to cycle selection between items at the
same point.

 Fixed problem with axis lock in rotated view

 Clarified dialogue for connecting terminals and improved functionality.

 Tolerance increased to 50mm when selecting items.

 Coordinates are now displayed on the dialogue box when an item is edited.

 When a duct is edited you can change it to and from flexible duct.

 The Offset Duct command can now locate a line in the network as well as lines in
the DXF file or model.

 Each duct now has a flag to say whether it is a supply or extract duct, for the
purposes of the calculations.

 Fitting types are now short character strings instead of integers. Older projects
will be updated automatically.

 The Undo/Redo commands now show the action to be undone/redone, and
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restore the current file-saved status correctly.

 Several other bug fixes.
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14.4. Version 12.2.2.0

 Each fitting that has user-editable dimensions may now have a default value
stored for each dimension, simply by adding "=<value>" to the dimension label in
the Customise Fittings dialogue box (substitute the numerical value of the
dimension in mm for "<value>"). This default value is used whenever a fitting
type is changed.

 When a new duct is placed without a duct parameter set having been selected
for the default duct, the first parameter set is now selected

 The view now refreshes automatically after editing any components, so that the
new sizes etc. will be shown

 The locks in the Placement Settings dialogue box now no longer get reset if a
command is reselected without first clicking in the view

 The tolerances used in locating fittings are now consistent, so that when the
location cursor changes to a cross-hair you know that the fitting is definitely
located

 Some of the general tools (Query Coordinates, Measure Length and Measure
Angle) now obey the endpoint lock for ducts and fittings as well as for model
vertices

 The label on the lock plane in the Placement Settings dialogue box now changes
correctly when the view orientation is changed

 A straight connector has been added to the fitting types

 The "Selected items: n" text has been moved to the status bar so that it does not
overwrite other prompts

 The icons for some of the command buttons have been simplified

 If a different duct parameter set is selected, the current size is now reselected if it
is still available in the new duct range, which may be different

14.5. Before version 12.2.2.0

 History is unavailable for the beta versions.
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