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1.

Introduction

This document is a comprehensive user guide for modelling Monodraught natural ventilation systems using
the new Performance Components feature, which is available as part of the IES-VE Pro 2012 release. The user
guide will feature a step-by-step breakdown of the processes involved with simulating in the VE using
Monodraught Windcatcher Performance Components, accompanied by the general rules of thumb and any
useful hints and tips that should be considered when designing a natural ventilation strategy that utilises
Monodraught’s systems.
The guide has subsequently been broken down into two key sections – firstly, what exactly are performance
components and instructions on how to use the new feature, and secondly, guidance on how best to integrate
Monodraught’s natural ventilation systems into a building in order to optimise the design of a natural
ventilation or hybrid strategy. This section also comes complete with guidance on how to manipulate the
Monodraught Performance Components to replicate the performance of the other natural ventilation systems
that are available from Monodraught’s product range.
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2.

IES Performance Components

Performance Components are an evolution of the original geometric components constructed within the
CompLib Component Modeller module. A typical component has no physical properties associated with it
other than its geometric form, which subsequently limits its use within the different modules available to the
user in the VE-Pro suite. With the introduction of Performance Components, however, users will now have
access to a library of pre-defined component replicas of Monodraught’s systems. Each Performance
Component not only replicates the geometry of the system it is portraying, it also incorporates the associated
construction properties, thermal templates and MacroFlo opening profiles that define the performance of that
system and its subsequent impact on the building.
Monodraught have championed the development of this feature using our Windcatcher natural ventilation
systems, and the launch of Performance Components now offers IES users a revolutionary new tool for
modelling natural ventilation and hybrid strategies within the virtual environment.

2.1

Monodraught Windcatcher Performance Components

Each of Monodraught’s Windcatcher performance components is a simplified geometric replica of the system
it is replicating. There are six ranges of Windcatcher systems currently available to the user in this feature, with
each range consisting of a number of different sized units, each of which is applicable for different
applications. For details on which systems are suitable for which applications, please refer to Section 3.3 of this
guide.
There are four elements to a Windcatcher performance component that define its performance within the VE
– the geometry of the component, the construction template, the thermal template and the MacroFlo opening
profiles assigned to the system.
Component Geometry

Louvre MacroFlo Opening

Thermal Template

Construction Template
Damper and Grille MacroFlo Opening

Figure 1 - Example Windcatcher Performance Component - GRP Windcatcher Heritage Square 155 System

The only variable that remains constant for all of these components is the thermal template assigned to each
system, which is an unconditioned space with no associated heat gains or air exchanges other than those
induced by the MacroFlo openings. All of the other variables are unique to each size and type of system.
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2.1.1

Component Geometry

Each Performance Component consists of eight zones – one zone
for each of the four quadrants (Q1-4) in the Windcatcher
terminal, and four zones within the duct of the Windcatcher that
align with the quadrants of the terminal. Each Windcatcher
quadrant has an external opening defined by a ‘door’, which
replicates the total louvered area of that quadrant. The underside
of each of the duct zones is also an opening defined by a door,
which is used to replicate the regulation of the air flow through
the system by the quantum dampers.

Figure 2 - Monodraught X-Air 140 Performance
Component viewed in Model Viewer and ModelIT

The geometry of the component that appears as green in ModelIT refers to the geometry of the component
that does not influence the performance of the system in the Virtual Environemnt, i.e. the capping, external
fins etc. It is therefore assigned as ‘local shading’ within ModelIT to simplify the number of thermally active
zones in the Apache simulations. The enhanced performance of the X-Air systems, which feature elements
such as the extended fins, is quantified in the MacroFlo opening profiles. The external geometry of the
component corresponds with the internal geometry of the actual system, i.e. the trunk size, not the external
geometry of the system in reality.

2.1.2

Construction Templates

There are three construction templates associated with the Windcatcher performance components - the
template for the GRP Classic systems, the template for the X-Air systems and the template for the Duct. All
elements of the GRP Classic terminals fabric are constructed from a glass reinforced plastic resin, thermal
properties of which are detailed in the Apache Constructions database when a Performance Component is
imported to a model. The fabric of the X-Air systems is constructed from extruded forms of highly UV resistant
plastic components. The duct zones of each system are assigned the properties of an insulated upstand,
consisting of a layer of plywood lined with insulation, which replicates both the pre-formed upstands that are
provided with all of our X-Air systems and the advised construction for the upstand of a Classic system.

2.1.3

Thermal Template

Each zone in all of the Windcatchers is assigned a generic Windcatcher/Duct thermal template. This template
is a completely unconditioned space with no associated heating or cooling load. There are no associated heat
gains or air exchanges with the zones as the air flow is determined by the MacroFlo opening profiles alone.

2.1.4

MacroFlo Opening Profiles

As previously described, there are two MacroFlo opening profiles assigned to each Windcatcher Performance
Component. The louvre profile dictates the airflow through the systems by means of the ‘discharge coefficient’
and ‘exposure type’ that is assigned to the opening. This discharge coefficient allows for the losses through the
entire system, i.e. the louvres, trunk, damper and grille assembly. This opening is not modulated, i.e. the
degree of opening is set to ‘On Continuously’.
The MacroFlo profile that is assigned to the opening that replicates the dampers is inputted as a standard
sharp edged orifice. All of the losses through the system are accounted for in the discharge coefficient
assigned to the louvre MacroFlo opening profile, therefore there is no need for a custom discharge coefficient
to be assigned here. This opening is modulated using a profile that replicates Monodraught’s iNVent control
system, which is based upon a four season calendar which incorporates summertime night time cooling as
standard. Additional features include temperature and CO2 sensors, manual override, an external rain sensor
and a heating system interlock to allow for programmed trickle ventilation during the winter heating season.
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2.2

IES Modelling Procedure

The following details a step-by-step guide to modelling with Windcatcher Performance Components in IES,
from navigating the new Performance Component catalogue through to the import process for placement of
the components within a building model.

2.2.1

Add Components from Library Tool

The Monodraught Performance Components are accessible through a new feature called ‘Add Components
From Library’. There is a new icon for this feature, which appears on the main toolbar in the ModelIT module
in the VE-Pro suite, see Figure 3 Screenshot 1.

Figure 3 – Screenshot 1: 'Add Components From Library' icon

2.2.2

Add Components From Library Window

Clicking the ‘Add Components From Library’ icon automatically opens a new window where the Monodraught
Performance Components are displayed in a catalogue format, see Figure 4 Screenshot 2. If the Monodraught
Windcatcher catalogue does not appear immediately, it can be accessed from the top-left dropdown in the
window.

Figure 4 - Screenshot 2: 'Add Components From Library' information tab
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There are six types of Monodraught Windcatcher systems currently available as Performance Components in
IES, each with up to seven different sizes of system available to choose from. The ‘Add Components From
Library’ catalogue lists each system type and the available sizes accordingly. The user can simply click on a
system size and the information tab will display an image and description of that product, see Figure 4
Screenshot 2. Each system also has an external html link to the respective product data sheet on the
Monodraught website, which will provide the user with any further technical information regarding that
particular system which may be required.
If the user wishes to preview the system, the ‘Preview’ tab will display a basic geometric line model of the
Performance Component available to view in Axonometric, Plan, Front, Back, Left and Right views, see Figure 5
Screenshot 3.

Figure 5 - Screenshot 3: 'Add Components From Library' preview tab

2.2.3

Import Performance Components to CompLib

To import a Windcatcher Performance Component, simply select the system you wish to import by using the
tick boxes next to each system size, then click ‘Import Checked Components’, see Figure 6 Screenshot 4. The
catalogue will allow the user to import multiple components at once by selecting the tick boxes for multiple
systems.

Figure 6 - Screenshot 4: 'Add Components From Library' Import Checked Components icon

The Performance Components that are imported are automatically located within the CompLib module, should
the user wish to further view a component prior to integrating it with the geometry of a building model.
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2.2.4

Accessing Performance Components in CompLib

When the user opens the CompLib module, a new component category called ‘Monodraught Ltd’ has been
created under the ‘Standard Components’ tree heading in the components list on the left of the screen, see
Figure 7 Screenshot 5.

Figure 7 - Screenshot 5: Accessing Performance Components in CompLib

Expanding the ‘Monodraught Ltd’ tree displays each type of Monodraught system and the sizes of each that
have been imported to the users IES file from the ‘Add Components From Library’ window’. Under each
individual system heading, the dropdowns are categorised into the eight zones that make up each individual
component, each of which is further categorised into the corresponding geometric surfaces and openings that
make up that zone, much the same as the tree structure found in ModelIT.

2.2.5

Modelling with Performance Components

Now that the Monodraught systems that the user wishes to simulate within their model have been imported
into the file, the next step is to place the Performance Component in the desired location with respect to the
geometry of the building model, and then merge the geometry of that performance component with the
geometry of the building.
The basics of the process will first be described in sections 2.2.5.1-2.2.5.2 using a simple model. Details of the
Apache simulation setup and a number of examples of the different applications where the Windcatcher
Performance Components can be placed will then follow in Sections 2.2.6-2.2.7.
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2.2.5.1 Placing Performance Components within a Model
The following example uses a basic room with a vaulted exposed ceiling arrangement, where the Windcatcher
Performance Component is to be mounted on the ridge of the roof. First select the room that is intended to be
served by the Windcatcher and move down one level to zone level, as indicated in Figure 8 Screenshot 6.

Figure 8 - Screenshot 6: Select room to be served by Windcatcher and move down one level to zone level

Now, using the ‘Select Display Mode’ dropdown, change from ‘Surface’ to ‘Component’, as indicated in Figure
9 Screenshot 7.

Figure 9 - Screenshot 7: Change 'Select Display Mode' from 'Surface' to 'Component'
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This automatically opens the ‘Place Component’ window. The dropdown at the top of this window is where
the imported Windcatcher Performance Components are located, see Figure 10 Screenshot 8.

Figure 10 - Screenshot 8: Place Component Window Performance Component Selection

Once the user has selected the Windcatcher system they wish to attach to the model, they then have the
option to adjust the plane height, i.e. the height at which the system will be positioned when placed in plan
view, the rotation of the system, and the length of the duct, see Figure 11 Screenshot 9. Do not adjust the X, Y
or Z scale values – they should always remain at 1.

Figure 11 – Screenshot 9: Place Component Window

The ‘Plane Z (m)’ height at which a Windcatcher performance component is placed refers to the height of the
top of the duct zones and the underside of the Windcatcher quadrant zones. The wire frame image of the
performance component depicts the duct zones in red – this is because when placing a Windcatcher
component only the duct zone must intersect with the external geometry of the zone which the system is to
serve. The quadrant zones cannot intersect with the geometry of the building model.
Once you have specified the ‘Plane Z (m)’ height, the component can be placed on the model using the new
‘Place Component’ icon, highlighted in Figure 12 Screenshot 10.
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Figure 12 - Screenshot 10: Placing a component on the building model

If you wish to amend the length of the duct after the Windcatcher component has been placed, say if it is
protruding too far into a room, type ‘duct=**’ and the desired length into the command bar and the length will
be adjusted automatically.
2.2.5.2 Fixing Performance Components to a Model
Now that the component has been placed it appears within the model at component level, however, it is yet to
merge and form part of the geometry of the model such that it will influence the Apache dynamic thermal
simulations. To merge the geometry of the component with the geometry of the model there is another new
icon called ‘Fix Component’, see Figure 13 Screenshot 11.

Figure 13 - Screenshot 11: Fix component on building model
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Highlight the component and click ‘Fix Component’. This will automatically subtract the geometry of the
component that intersects with the room, and align this subtraction with the geometry of the component,
thereby merging the geometry of the component with the geometry of the building model. This action
automatically refers the user back to model level, where the Windcatcher system can now be seen extruding
into the geometry of the room, see Figure 14 Screenshot 12.

Figure 14- Screenshot 12: Windcatcher Performance Component merged with geometry of building model

The performance component will now no longer appear at component level when viewing the room at zone
level. It has formed part of the construction of the building model, and with this formation the thermal
template, constructions, MacroFlo opening profiles and textures have automatically been assigned to the new
Windcatcher/Duct zones of the model.

Figure 15 - Screenshot 13: Windcatcher Performance Component merged with building geometry in Model Viewer

With regards to the preparation of the model for an apache dynamic thermal simulation, with respect to the
zones that form the Windcatcher, there are no additional steps that need to be carried out.
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2.2.6

Apache Dynamic Thermal Simulation

When running an Apache dynamic thermal simulation for a building model that incorporates a Windcatcher
performance component, the user must ensure that the ‘MacroFlo link?’ and ‘Natural ventilation air
exchange?’ boxes are ticked prior to simulating, see Figure 16 Screenshot 14. This will ensure that the
performance of the Windcatcher is accounted for in the simulations, and the user can assess the conditions
within the room as a result of its installation.

Figure 16 - Screenshot 14: ApacheSim dynamic thermal simulation setup

2.2.7

Alternative Performance Component Applications

The Windcatcher performance components can be placed in a range of applications with regards to the
position of the Windcatcher terminal relative to the geometry of the building model, see Figure 17.
1

2

3

4

5

6

Figure 17 - Alternative Windcatcher Applications
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Examples 1-3 show examples of how the Windcatcher Performance Components can be installed in different
exposed ceiling applications. The tool allows the user to install the Windcatcher on any roof geometry.
Examples 4-6 show examples of how a Windcatcher can be installed ducting through a zone to the room it is
serving, for example a roof void or a floor above. When looking to place the Windcatcher in a position where it
is ducting through a zone, the performance component must be placed at the room level of the zone above,
i.e. the zone it is ducting through, not the room level of the zone it is to serve. The MacroFlo opening that
represents the dampers on the underside of the component must sit flush with the surface that separates the
two zones in order for the component to merge with the model correctly. Section 2.2.8 describes this process
in further detail.

2.2.8

Ducting through a Roof Void/Upper Floor

To duct through a roof/ceiling void, or through a floor above the zone which the Windcatcher Performance
Component is to serve, the process of placement is exactly the same, the only difference being that the zone in
which you place the Windcatcher must be the zone which the system is ducting through.
To demonstrate this, the same example is used, except in this case there is a suspended ceiling above which is
a roof void.

Figure 18 - Screenshot 15: Select zone that Windcatcher is to duct through and move down one level to zone level

To place the Windcatcher, the user first needs to select the ceiling/roof void zone and go down to zone level,
see Figure 18 Screenshot 15.

Using the same process detailed previously, change from surface level to component level of the
zone. This will automatically bring up the ‘Place Component’ window where the Performance
Components that have been imported to the model can be accessed, see Figure 19 Screenshot 16.
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Figure 19 - Screenshot 16: Change from Surface to Component Level

Figure 20: Screenshot 17: Define the plane and length of the duct

As previously detailed, here the user can define the ‘Plane Z (m) height, i.e. the height at which the
Windcatcher will be placed, and also the duct length. In this case the plane height is just above the height of
the ridge. The duct length then needs to be defined. Here, instead of the Windcatcher being part-extruded
into the zone, the duct zones need to be extruded through the entire height of the zone so that the dampers
sit flush with the floor of the zone. Note that the Plane Z (m) height matches the Duct Length (m) height, see
Figure 20 Screenshot 17. The Windcatcher can then be placed in the desired location.
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Checking the placement of the Windcatcher Performance Component in the ‘Front’ view, the user
can see that the underside of the duct has lined up exactly with the underside of the zone which it is
passing through, See Figure 21 Screenshot 18.

Figure 21 – Screenshot 18: Front view of zone once Windcatcher has been placed

As before, when the user is happy with the position of the Windcatcher, simply click on the ‘Finalize
Component’ icon and this will merge the geometry of the component with the geometry of the building
model.

Figure 22 – Screenshot 19: Finalize Windcatcher Performance Component
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This automatically reverts the user back to building model level, where the Windcatcher can be seen forming
the geometry of the model, see Figure 23, Screenshot 20.

Figure 23 - Screenshot 20: Compoonent geometry merged with model geometry

To check that the Windcatcher is connected to the zone which it is intended to serve, the user can go down to
zone level to check that the dampers appear on the veiling level of the zone, see Figure 24 Screenshot 21.

Figure 24 - Screenshot 21: Dampers appear at ceiling level of room that Windcatcher is serving
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2.2.9

Removing/Altering the Location of Windcatcher Performance Components

Once the geometry of the Windcatcher Performance Component has been merged with the geometry of the
building model, it cannot simply be deleted as the geometry of the zone it is serving has been changed. Should
the user wish to remove/alter the location of the Windcatcher and ‘undo’ is not possible, then the next best
option is to use the ‘Merge’ option in the ‘Connect Spaces’ tool.
The geometry of the Windcatcher other than the ‘Duct’ zones can simply be deleted. The user can now select
the ‘Duct’ zones and ‘merge’ them into a single zone using the ‘Connect Spaces’ tool. Now that there is a single
zone intersecting with the original room, the user can edit the zone using ‘Edit Space’ in one of two ways editing the vertices down to the plane of the roof (Figure 25 Screenshot 22), or cutting the zone by selecting
cutting points on the roof to define a cutting plane (Figure 26 Screenshot 23). Further details of how to use
these tools are available in the IES ModelIT User Guide.

Figure 25 - Screenshot 22: Editing the Vertices of the Duct Zone

Figure 26 - Screenshot 23: Generating a cutting plane through the
geometry of the Duct zone

Once the surfaces of the Duct zone are flush with the surfaces of the room, the user can simply ‘merge’ these
two zones, thus restoring the geometry of the original room.
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3.

Modelling Natural Ventilation in the VE

The purpose of this section of the Performance Components User Guide is to provide the user with a
theoretical background of Monodraught’s Windcatcher natural ventilation systems and the working principles
that must be considered when integrating a Windcatcher into the design of a given building. This is further
supported by relevant hints, tips and ‘rules of thumb’ that one must consider when modelling with
Monodraught Performance Components in the VE to best replicate the performance of the systems as
accurately as possible.

3.1

The Monodraught Windcatcher

The principle of encapsulating the prevailing wind and using this natural resource as a form of ventilation
originated some 2,000 years ago in the Middle East, where "wind towers" were a common sight among
buildings, but this principle is still very much in use today.
The Windcatcher natural ventilation system, launched in 1995, was a development of the Monodraught
Balanced-Flue system, a boiler house ventilation system which is very common across the UK. The working
principles of a Windcatcher are much the same as the wind towers of old, however, the Windcatcher has been
adapted and modernised such that it can satisfy the thermal comfort requirements for occupants in new and
existing buildings.
Clean, fresh air, relatively free from contamination or traffic pollution, is carried down from roof level to the
floors below through internal ducts and a controlled damper arrangement. By maximising wind power the
need for air conditioning can subsequently be eliminated.

Figure 27 - Windcatcher Section & Plan View

Figure 27 details the basic airflow induced within a generic Windcatcher system. The sides of the terminal unit
facing the prevailing winds encapsulate the air as it travels across the external louvers. The natural force of the
wind channels the air through the ducting and into the room below. The airflow across the terminal unit
causes a subsequent drop in pressure on the leeward side(s) as a result of the flow separation experienced by
the air flow due to the shape of the terminal unit. This negative pressure encourages a flow of stagnant air up
from the room through the opposing sections of the terminal and out through the external louvers.
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The internal-external pressure difference provides a continuous air change rate, displacing the otherwise
stagnant, warm, stale air with fresh air entering the room. The occupants are subsequently provided with a
constant fresh air flow rate and heat gain and pollutant dissipation. The result of such an installation creates a
level of thermal comfort often considered superior to that of the equivalent mechanical air-conditioning
system. The cross-design of the partitions in the terminal unit means that the wind will continuously be
encapsulated, irrespective of the direction it is travelling from.

3.2

Why the Monodraught Windcatcher?

Natural ventilation has become a recognised means of reducing a building’s carbon footprint, and the
implementation of an effective strategy is proven to optimize internal air quality levels and create far more
pleasant conditions for occupants when compared with a conventional air conditioning system. The versatility
of the Monodraught Windcatcher means there is an extensive range of applications in which the different
systems can be installed, either as standalone systems that are the sole provider of natural ventilation to an
area, or in conjunction with other external openings in the building envelope such as windows or wall louvres.
The Windcatcher can be integrated as part of a new build or retrofitted to serve an existing space. A significant
feature of the Monodraught product range is the high level of Architectural design empathy achieved through
design flexibility. This enables designs to be visually appealing whilst still achieving an efficient and practical
contribution to the harnessing of our natural resources.

3.2.1

More than just a passive stack...

Early naturally ventilated buildings relied purely on a passive stack approach to act like a conventional chimney
stack. The limitation of such an arrangement is that to work effectively, the temperature in the passive stack
has to be some 10°C above the ambient temperature in the room, which in summer months may lead to
overheating. The Windcatcher systems overcome this problem by incorporating wind driven air intakes to
generate a positive pressure in the room below, which, combined with the temperature differential, assists the
passive stack element to exhaust the stale air whilst also providing a fresh air flow rate. IES replicates this bulk
airflow movement in accordance with the wind speed and direction dictated by the weather file, see Figure 28.

Figure 28 - VistaPro bulk airflow analysis through Windcatcher X-Air 140 system
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3.2.2

Precise Control

Monodraught’s iNVent controls provide a highly sophisticated control system that enables the user to easily
control the flow of fresh air depending on internal temperature or CO2. This control strategy is predefined in a
MacroFlo opening profile which is assigned to the quantum dampers on the underside of each system, which
replicates the annual control strategy in the VE.

3.2.3

Night Cooling

Windcatcher natural ventilation systems provide the benefit of night‑time cooling, which is considered to be
one of the most important aspects of the Windcatcher natural ventilation strategy. During summer months,
the volume control dampers are programmed to open fully at night time to encapsulate the cool night air. Any
prevailing wind, combined with the temperature differential, purges the building below with fresh air, thus
removing the building of the stagnant stale air from the previous day. The cleansing effect of this downwash of
cold air leaves the building interior feeling fresh and clean for the benefit of the occupants arriving in the
morning, an effect which can be demonstrated in the VE when analysing the temperatures, carbon dioxide
concentration, and humidity levels in areas being served by Monodraught systems.
Utilising Monodraught’s Windcatcher systems in a building which features a heavyweight high thermal mass
construction can enhance the means by which the fabric of a building is cooled at night, thereby prolonging
the period it takes for a building to warm up during the day. Such strategies can significantly improve the
thermal comfort levels in buildings, offering compelling financial and energy savings over the respective
lifetime of a building when compared with mechanical alternatives.
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3.3

Windcatcher Selection

Selecting the right Windcatcher for your design depends on a number of different aspects of the building and
the room which it is to serve. The larger the Windcatcher, the greater the area it can serve and the higher the
heat gains it is able to dissipate, however, factors such as the geometry of a room may dictate which sizes are
suitable for certain areas.
Generally, the larger the system the greater the floor to ceiling height must be to accommodate it. While it
may seem somewhat nonsensical, it is often better to use two smaller systems to serve an area with a low
floor-ceiling height than one larger system. The primary reason for this is to avoid “cold dumping”. A system
with a large free area will provide a large volume of air from a single source, which may make it uncomfortable
for any occupants situated directly below the system. Multiple smaller systems can provide an equivalent flow
rate which is distributed over a greater area, thus maximising the comfort for the occupants.
The table below displays a generalised guide to the geometry and applications that each system is typically
installed within. Please note that there will be instances when the systems listed are appropriate for other
applications - the other factor that determines system selection is also the heat gain intensity within a space,
which will always vary depending on the type and use of a room.

Size

Minimum
Floor-Ceiling
Height

Maximum
Floor-Ceiling
Height

Floor Area /
System

Example Applications

Meeting Rooms
Small Offices
Small Classrooms
Learning Spaces
Circulation Areas

110

-

3m

0-60 m2

140

2m

4m

60-80 m2

Medium Offices
Classrooms
Large Circulation Areas

80-100 m2

Large Offices
Large Classrooms
IT Classrooms
Medium-Large Offices
Small Halls
Small Atriums

100+ m2

Medium-Large Halls
Sports Halls
Dining Halls
Atriums
Warehouses/Factories
Supermarkets

X-Air

Windcatcher
Model

170

200

3m

4m

4+ m

5+ m
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Windcatcher
Model

Size

GRP Square Classic / Heritage

95

Minimum
Floor-Ceiling
Height

-

Maximum
Floor-Ceiling
Height

3m

Floor Area /
System

Example Applications

0-50 m2

Meeting Rooms
Small Offices
Small Classrooms
Learning Spaces
Circulation Areas

115

-

4m

0-60 m2

Large Meeting Rooms
Small-Medium Offices
Small Classrooms
Learning Spaces
Circulation Areas

125

-

4m

40-70 m2

Medium Offices
Classrooms
Large Circulation Areas

5m

2

50-80 m

Large Classrooms
IT Classrooms
Medium-Large Offices
Large Circulation Areas

60-90 m2

Large Offices
Large Classrooms
IT Classrooms
Medium-Large Offices
Small Halls
Small Atriums

100-150 m2

Medium-Large Halls
Sports Halls
Dining Halls
Atriums
Warehouses/Factories
Supermarkets

150+ m2

Large Halls
Sports Halls
Dining Halls
Atriums
Warehouses/Factories
Supermarkets

145

155

185

225

3m

3m

4m

5m

6m

6+ m

6+ m
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Windcatcher
Model

Size

Minimum
Floor-Ceiling
Height

Maximum
Floor-Ceiling
Height

Floor Area /
System

95

-

3m

0-40 m2

Small Meeting Rooms
Circulation Areas

0-50 m2

Meeting Rooms
Small Offices
Small Classrooms
Learning Spaces
Circulation Areas

GRP Circular Classic

115

125

145

155

185

225

-

-

3m

3m

4m

5m

4m

4m

40-60 m2

5m

2

5m

5+ m

6+ m
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50-70 m

Example Applications

Large Meeting Rooms
Small-Medium Offices
Small Classrooms
Learning Spaces
Circulation Areas

Medium Offices
Classrooms
Large Circulation Areas

60-80 m

Large Classrooms
IT Classrooms
Medium-Large Offices
Large Circulation Areas

100-150 m2

Large Offices
Large Classrooms
IT Classrooms
Medium-Large Offices
Small Halls
Small Atriums

150+ m2

Medium-Large Halls
Sports Halls
Dining Halls
Atriums
Warehouses/Factories
Supermarkets

2
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Windcatcher
Model

Size

GRP Oval

1200x700

1350x800

1700x1000

2000x1200

GRP Rectangular

700x500

800x600

Minimum
Floor-Ceiling
Height

3m

3m

4m

5m

-

-

Maximum
Floor-Ceiling
Height

5m

5+ m

6+ m

6+ m

3 m

4m

Floor Area /
System

60-90 m2

Example Applications
Large Meeting Rooms
Small-Medium Offices
Small Classrooms
Learning Spaces
Circulation Areas

70-100 m

Large Classrooms
IT Classrooms
Medium-Large Offices
Large Circulation Areas

100+ m2

Sports Halls
Dining Halls
Atriums
Warehouses/Factories
Supermarkets

150+ m2

Large Halls
Sports Halls
Atriums
Warehouses/Factories
Supermarkets

0-50 m2

Meeting Rooms
Small Offices
Small Classrooms
Learning Spaces
Circulation Areas

0-60 m2

Large Meeting Rooms
Small-Medium Offices
Small Classrooms
Learning Spaces
Circulation Areas

2

1000x600

-

4m

40-70 m2

Large Meeting Rooms
Small-Medium Offices
Small Classrooms
Learning Spaces
Circulation Areas

1000x800

2m

5m

50-80 m2

Medium Offices
Classrooms
Large Circulation Areas

100-150 m2

Large Offices
Large Classrooms
IT Classrooms
Medium-Large Offices
Small Halls
Small Atriums

1200x1000

2m

6+ m
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3.4

Modelling with Monodraught Windcatchers

3.4.1

Windcatcher Placement

The placement of a Windcatcher is largely dependent on the natural ventilation strategy employed within the
space. A Windcatcher can work as the primary source of natural ventilation alone, or it can work in conjunction
with an additional opening in the building envelope, such as Monodraught’s VENTSAIR Wall Louvres or an
opening window, details of which are covered in the following two sections. If the Windcatcher is the primary
source of natural ventilation then ideally it should be positioned in a location that is central to the zone which
the system is serving.
3.4.1.1 Placement in Conjunction with External Windows
To optimise the natural ventilation strategy such that it can provide increased levels of heat gain dissipation
during peak summer conditions, opening windows can be used in conjunction with a Windcatcher system to
enhance cross ventilation within a space. For example, positioning the system to the rear of a room with
external opening windows will induce an increased fresh air flow rate through the windows as a result of the
warm stale air exiting the room through the natural stack of the Windcatcher. The further towards the rear of
the room that the Windcatcher is located, the deeper the fresh air supply from the external windows will
permeate within the space, thus providing better levels of air quality throughout.
3.4.1.2 Placement in Accordance with Ceiling Profile
The profile of the ceiling in the room that a Windcatcher system is serving will also determine is optimum
location. One of the fundamentals of Windcatcher operation is determined by the stack effect, whereby the
warm buoyant air rises and is expelled by the Windcatcher terminal. The Windcatcher should therefore always
be located at the highest point on the profile of the ceiling, if possible. This will avoid a build up of warm stale
air above the level at which the system protrudes into the room, which it would subsequently not be able to
dissipate as effectively.
3.4.1.3 Placement of Multiple Windcatcher Systems
If the natural ventilation scheme is utilising more than one Windcatcher system, then the user must also
consider the location of each system with respect to the other. Ideally, the units should be as far apart as
possible to minimise the disruption of the airflow across the unit, whilst also considering the location of each
unit with respect to the geometry of the room they are serving. The minimum acceptable distance between
units is 1500mm between opposing louvered faces, however, units should only be spaced at these distances if
there is no alternative layout available.

3.4.2

Simulating Windcatcher and Opening Windows

To optimise a natural ventilation strategy that utilises Monodraught’s Windcatcher systems, the systems can
be designed to work in conjunction with additional sources of natural ventilation, typically opening windows or
wall louvre systems. External windows can be manually opened or automatically controlled as part of a BMS
system. An example of how to replicate manual operation would be to assume that if the internal air
temperature in the room exceeds say 24˚C, the occupants of the room will instinctively open the windows to
ventilate and cool the space. This can be replicated in a MacroFlo opening profile for an opening window with
the simple control function of (ta>24), where ta is the internal temperature. More complex adaptations of this
approach can be used to further replicate the behaviour of occupants, for instance introducing a CO2 control
function, should the designer wish.
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Figure 29 - Windcatcher Operation with and without Opening Windows

Combining a Windcatcher with opening windows enhances the fresh air flow rate experienced in a room, both
with and without the influence of wind. In still conditions the Windcatcher acts as a natural stack, whereby the
warm buoyant air rises and exits the Windcatcher terminal. This depressurises the room, naturally encouraging
a fresh air flow rate into the room through the opening windows. In the presence of a prevailing wind this
effect is enhanced by the provision of fresh air from the Windcatcher and an increased flow rate through the
open windows, see Figure 29.
Figure 30 details two
VistaPro bulk air flow analysis
screenshots of a Windcatcher
operating with and without
opening windows. These
screenshots emulate the
airflow patterns detailed in
Figure 29. Alone, the
Windcatcher provides a fresh
air flow rate and extracts the
warm stale air through the
downwind quadrants. With
open windows operating,
here (ta>24), the fresh air
supply is primarily from the
opening windows, with the
natural stack from the
Windcatcher causing the
system to primarily exhaust
the air. This higher air change
rate increases the heat gain
dissipation capabilities of the
system, which subsequently
Opening Windows
decreases
the
internal
temperatures in the room in
warm conditions.
Figure 30 - Monodraught Windcatcher operating with and without opening windows
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Figure 31 - Example Temperature and Flow Rate Profiles for Windcatcher operating with and without opening windows
---- = Windcatcher operating without opening windows
---- = Windcatcher operating with opening windows

When we compare the temperature plots between the two cases, the increase in flow rate as a result of
incorporating opening windows with the operation of the Windcatcher produces a higher air change rate in
the space. This means that more of the heat gains are dissipated and therefore the internal temperatures are
lower.
It is important to note that the Windcatcher alone would satisfy the thermal comfort criteria for the space this example simply demonstrates the enhanced levels of thermal comfort that can be achieved through
incorporating the systems with external openings.

3.4.3

Simulating Windcatchers and VENTSAIR Natural Ventilation Louvres

Monodraught’s VENTSAIR natural ventilation wall louvre systems are designed to suit a variety of different
building facade applications to provide controlled fresh air during the day and secure night time cooling via
cross flow and stack ventilation. The system can be fitted within most conventional glazing frames or flange
mounted to suit a wall opening, see Figure 32.

Figure 32 - Monodraught VENSAIR Natural Ventilation Wall Louvre Systems

The working principles are much the same as incorporating opening windows into a design, however, the
advantage of incorporating Monodraught’s VENTSAIR wall louvres is that the systems can be automatically
controlled using Monodraught’s iNVent control system. As previously explained, the iNVent controls regulate
the air flow as a function of the temperature and carbon dioxide levels in a room. The VENTSAIR and
Windcatcher systems can subsequently be controlled in unison, to further optimise the comfort levels in a
space without the dependency on manual operation from the occupants.
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A VENTSAIR wall louvre system can be constructed in IES using elements of the predefined data that are
imported to a model when selecting a Windcatcher Performance Component. The systems use the same
iNVent control strategy, available in the Apache profiles database once imported, and the system also features
the same quantum damper arrangement as the Windcatcher systems, which is imported with a Performance
Component as an Apache construction.
To construct a VENTSAIR wall louvre system in IES, the user simply needs to define an opening at surface level
using a ‘door’. The VENTSAIR systems can be manufactured in almost any size, but are typically specified to the
nearest 100mm with regards to the cross-sectional dimensions of the opening, for example 1000mm wide x
500m high.
The construction of the VENTSAIR ‘Door’ can be assigned the same construction as the Quantum Damper,
which is imported with each performance component. The MacroFlo opening profile should be defined using
the setup in Figure 33 Screenshot 17.

Figure 33 - Screenshot 24: VENTSAIR Wall Louvre MacroFlo Opening Profile

The VENTSAIR wall louvres should be assigned as a louvre which is 100% openable. The discharge coefficient is
0.15 and the modulating profile is the annual Monodraught iNVent controls profile, which is available in the
Apache Profiles Database once a Windcatcher Performance Component has been imported to the user’s
model.
To maximise the flow rate that is induced through a room when employing VENTSAIR louvres to work in
conjunction with a Windcatcher system, the systems should be positioned at low level to take advantage of
the natural stack present within a space, see Figure 34. Alternatively, the systems can be used on opposing
walls to create a cross ventilation strategy.
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Monodraught VENTSAIR
Wall Louvres

Figure 34 - Monodraught Windcatcher operating with VENTSAIR Wall Louvres

3.4.4

Modelling the SOLA-BOOST Natural Ventilation System

The SOLA-BOOST natural ventilation system is an evolution of
the original Windcatcher natural ventilation system. The
system houses an internal fan that is directly powered by a
solar panel situated in the capping of the terminal unit, see
Figure 35. This fan provides an additional fresh air flow rate to
the room, which can increase the air change rate and
therefore the heat gain dissipation capabilities of the system.
The theory is simple – the solar panel produces more power
when there are high levels of solar radiation incident on the
building. This coincides directly with the warmer temperatures
that are experienced in a room, therefore the higher flow rates
occur when they are most required.
To replicate the flow rate from the solar powered fan, an
‘Auxiliary Ventilation’ flow rate of 200l/s can be assigned to
the thermal template of the room that the system is serving.
This can be assigned the following modular profile, which will
control the flow rate in accordance with the solar radiation
incident on site.

Figure 35 - SOLA-BOOST Natural Ventilation System
Section

SOLA-BOOST Fan Daily Formula Profile:
00:00-24:00:

if((igh>600)&(to<28),1,if(igh>550&(to<28),0.9,if(igh>500&(to<28),0.8,if(igh>450&(to<28),0.7,if(igh>400&
(to<28),0.6,if(igh>300&(to<28),0.5,0))))))
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Figures 36 and 37 are sample extracts of data from a SOLA-BOOST system that has been modelled in IES using
the SOLA-BOOST fan profile as an auxillary ventilation rate. Figure 36 displays how the solar radiation incident
on the site dictates the flow rate provided by the fan. Figure 37 shows a comparative plot of the internal
temperatures in a room served by a Windcatcher and the equivalent SOLA-BOOST system. The additional flow
rate from the fan increases the heat gain dissipation in the room, thereby reducing the internal temperature.

Figure 36 – Example SOLA-BOOST Fan Flow Rate in Accordance with Solar Radiation
---- = SOLA-BOOST Fan Flow Rate
---- = Global Radiation

Figure 37 - Example Internal Temperature Profiles for Windcatcher and SOLA-BOOST systems
---- = Internal Temperature with Windcatcher System
---- = Internal Temperature with SOLA-BOOST System
---- = External Temperature
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The SOLA-BOOST systems are not currently available within the Performance Components catalogue as an
alternative import to the Windcatcher systems, however, each Windcatcher system that is listed in the
catalogue can be manufactured as a SOLA-BOOST system. With regards to the aesthetics of the systems,
please note that some of the SOLA-BOOST systems differ slightly to the Windcatcher systems as they have
alternative capping arrangements that incorporate the photovoltaic panel, refer to Figure 35 for an example.
The SOLA-BOOST systems can be manufactured with the traditional Windcatcher capping, however the solar
panel will have to be remote mounted. For more information please visit www.monodraught.com.

3.4.5

Accounting for Stratification

When modelling a natural ventilation scheme within
the VE, it is important to consider the effects of
stratification within a space that features a large
floor-ceiling height. As previously explained, a
dynamic thermal simulation in IES assumes that the
conditions within a single zone are uniform, therefore
there is no variance in temperature or any other
parameter that impacts on thermal comfort. This is a
reasonable assumption for single storey rooms with a
conventional floor-ceiling height, say 2-3m, however,
for areas with a large floor-ceiling height it is
understood that the conditions in a zone will vary
because of the convectional air currents induced by
the buoyancy of the internal air.

Figure 38 - Sports Hall Model with and without Stratification Layer

The following example uses a Sports Hall with a large double height space to explain the differences in
simulation output data when incorporating a stratification layer into a building model. The Sports Hall is being
served by four Windcatcher X-Air 200 systems. Figure 38 details two Sports Hall models of identical geometry the only difference being the Sports Hall on the right has been split into an upper and lower zone to account
for the stratification within the space.
There are two key heat gains associated with the Sports Halls – the occupant heat gain and lighting heat gain.
These are both assigned to the single zone Sports Hall, but for the split zone Sports Hall the lighting is assigned
to the upper zone and the occupants to the lower zone, as would be the case in reality. It is down to the user
to interpret how the gains are distributed within a space when using this approach. The results are detailed in
Figures 39 and 40 on the following page.
Figure 39 indicates that the internal temperature in the lower zone of the Sports Hall that incorporates the
stratification layer remains consistently lower than the internal temperature of the single zone Sports Hall. This
is because Apache simulates the bulk movement of warm, buoyant air from the lower zone to the upper
stratification layer, as a result of the higher concentration of heat gains from the occupants in this lower zone.
This difference in temperature can be analysed in more detail when assessing the frequency of hours that
exceed the internal air temperature increments in Figure 40. Here, the difference in temperatures appears
even more apparent, as, particularly for the lower temperatures, there is a significant difference in the number
of hours that exceed each temperature increment. This method not only simulates more accurate conditions,
but the difference in values can dictate the compliance with the associated thermal comfort criteria for the
naturally ventilated space.
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Figure 40 - Example Internal Air Temperature Profile for single zone Sports
Hall and split-zone Sports Hall
---- = Single Zone Sports Hall ---- = Split Zone Sports Hall

3.5

Split-Zone Sports Hall

Figure 39 - Frequency of internal air temperatures for single
zone Sports Hall and split-zone Sports Hall

Results You Can Trust

When using Monodraught’s Windcatcher systems as part of the natural
ventilation design for a building, it is important to understand that the
performance defining values associated with each of the Performance
Components have been quantified using data collected from
experimental and computational fluid dynamic studies, see Figure 41 for
example, to accurately replicate the performance of the systems within
the VE. The dynamic thermal simulation results for buildings that feature
Windcatcher Performance Components are therefore intrinsic to the
performance of those systems alone, and users cannot expect to
replicate the same conditions in reality if an alternative system is
specified.
Monodraught have an in-house pressure test rig, see Figure 42,
originally developed by the University of Nottingham, with which the
systems have been tested in order to determine the air flow losses that
are experienced through them. Using this data and the CFD studies that
our
experts
have
carried out during the
development of our
systems, Monodraught
have worked closely
with IES to ensure that
Figure 41 - CFD Study Carried out on
the input parameters
Monodraught X-Air System
that
define
the
performance of the systems in the Virtual Environment truly
reflect the performance of the systems in reality. Ultimately,
this will give users of the VE-Pro suite confidence in
Monodraught’s systems, but also confidence in the complete
design of their natural ventilation strategies.
Figure 42 - Monodraught Pressure Test Rig
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