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1 Introduction

IESVE is capable ohodelling the ColorcoaRenew®olar collectoy which is a form of flat plate
Transpired Solar Collector (TSC). TSCs are special building facades that comprise of a painted
and perforated steel plate, plenum cavity and an Alandling Unit (AHU). As solar radiation is
captured by the plate, it heats up and the AHU draws air through the perforations. Heat
transfer occurs between the plate and the incoming air and the heated air is passed into the
building through mechanical ventilatian

This document is a user guide for the-MS user that explains how to createsimple model,
import the Colorcoat Rene®component, assigaurfacedo a plenum create or import a HVAC
network and perform themal simulgions. The guide will also includgeneral hints for
tweaking and customisg the system to be modelled.

This guidds aimed at users that have little to mxperience using IB&. Therefore the guide
will also include some basic modelling methods tHiatm prerequisitesof setting up a
Colorcoat Rene® solar collectorAkey part of setting up the system is ti@olorcoat Rene®
navigator whichis a workflow tool thattemises the steps that are described below and also
includes shorcut links to speific menusof relevance This document will explain how
Colorcoat Rene®solar collectorsan be implemented without the navigat@where possible)
but many of these steps will be replicated in thavigator Comments regarding the navigator
can befound in section 3
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2 A quick look at modelling in IESE

2.1 Overview
IESVE is a software tool for the thermal modelling of buildings and infrastructure and comes
under the umbrella of Building Information Management (BIM) software. It is designed with a
focus on compliance with regulations, energy and thermal diagnostics and user versatility. The
underlying model is based on the laws of physics, with occasional use of empirical results from
the literature where relevant. The philosophy behind this appro&hthat each model
represents an experimental blatiox that can be customised as much as possible to describe
real buildings at a level of detail specified by the user. For example, a user may be happy to
make a quick model made up of a few cubsithpedrooms with default wall constructions and
a simple idealistic heating system. If more detail is required, a user may instead specify the
exact geometries of each room including occupancy, lighting, insulation, central heating
systems, ventilation, furnitre, glazing, etc.

The tools that allow these detailed specifications are split up into mini applications. The
applications that will be required for modelling solar collectors are outlined below.

ModellT¢ main modelling tool for specifying building geatmye
Componentg; interface for importing external objects

Apacheg main thermal modelling tool.

ApacheHVAG specification of HVAC networks and control systems.
VistaProg tool for querying output data.
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Other applications may be used; including TSCsnto@el should not conflict with any other
applications, such as Macroflo or Suncast. A user planning to model typical operation of a TSC
must have access to the ApacheHVAC application.

The solar collector data is intended to be visualised with VistaPratasdecommended that
this tool be used be used to query thermal model results rather than Vista.

2.2 The usefinterface
When IES/E is started, the screen shown in Fig. 1 will be displayed. In Fig. 1, each part of the
screen is split into coloured rectaegl that indicate the different panels. These are outlined as
follows:

1 Applications and navigators panel (reg)the applications tab is used to select the
current operating application and the navigators tab is used to browse and operate
navigators, whichare streamlined taskists for particular aspects of BIM modelling.
Clicking on the applications will change the contents of the viewport, the list browser
and the application toolbar to display the functions relevant for that particular
application. See section 3 below for details about the Colorcoat Re®eavigator.

9 List browser (greeng this is a list of all current rooms or components in the model,
which can be organised and displayed in different groupings. This is used to select



specific roomssurfaces or components to view and can also be used to set some
properties.

1 Main toolbar (blue)¢ the toolbar containing the main modelling functions that are
often used in multiple applications. This includes different viewing options and
standard funcions, such as those for opening and closing models.

1 Application toolbar (orangey the toolbar containing the functions specific for the
currently selected application.

1 Viewport (yellow); main visual display.
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Fig. 1: Main IES/E screen with coloured rectangles added to indicate the various parts of the user
interface. These parts are the applications and navigators panel (red), list browser (green), main toolbar
(blue), application toolbar (orange) and viewport (yellow).

2.3 Making aquick test model

The first task is to specify a building geometry. This is done using the ModellT application,
which is the default application open when {5 is started. It can be selected in the
applications tab.

Rooms can be added using the drawdtions on the application toolbar, which are shown in
Fig. 2. Hovering over the icons with the mouse for a short time will give dipablat specifies
the icon.
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Fig. 2: Draw functions displayed on the ModellT application toolbar. These are ug@etify the building geometry.
The draw functions are, from lefo-right: draw extruded shape, draw prism, draw pyramid, draw sphere, draw
hemisphere and draw cylinder.



Rooms can be created using any of these tools, so feel free to experiment. HoiwguaGtise

the most commonly used draw functions are the draw prism and draw extruded shape
functions, since they can be used to create cukslidped rooms, lobbies, porches, corridors,

etc. which form the majority of room geometries in real buildingsr &ur test purposes, a
AAYy3AfS NRB2Y RNIgYy dzAAy3d GKS GRNI 6 LINRAYE TFdzy Off

The room can be drawpy clicking ad dragging the surface area of the roorilowever, before

this step is madet is possible to changthe name of the room, the plane and the height/depth

of the room using the shape settings panel that pops up after clicking a drawing function item
on the application toolbar. These settings can be modified after the room is created using
geometrical toas.

The model can be visualised in a number of ways by using the views dropdown on the main
toolbar, as shown in Fig. 3. Switching to axonometric view will make it easy to see all surfaces

of the room.
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Fig. 3: The views dropdown on the main toolbar sheasous possible views for the current model. The default is
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If you created a single room using the draw prism function, you should have a model that looks
reminiscent of thatshown in Fig. 4. The dimensions are important for the solar collector
surface because the total surface area of the collector will dictate the flow rates needed by the
fan in the solar collector system. For now we will not worry about obtaining an eizagtbut

we can probe the surface area of an individual surface by clicking on it in the viewport or by
selecting it in the list browser.
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considered as differ viewing modes allowing selection of rooms or individual surfaces. To
traverse between different selection levels, click the arrows on the main toolbar (shown in Fig.

5). Doubleclicking on a room will also automatically traverse to the surface |eMatse levels

will also be traversed when clicking on rooms or surfaces in the list browser.

Another important feature is the site rotation feature. This icon is the third one from the right
on the main toolbar (see Fig. 5). The default site rotatietso North, but the entire model

can be pointed in a different direction using this icon. This will be important since solar
collector surfaces are typically installed on Sefabing walls.
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prompted to save the project if you open a different application using the applications tab. We
will now import the TSC component into our session.
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Fig. 4: A typical onmom model created using the draw prism functionMwodellT and displayed in axonometric

view.

Fig. 5: Icons at the far right of the main toolbar. These functions are, from left to right: move up one level, move
down one level, object list, site rotation, model viewer and refresh display.



3 The ColorcoaRenewRsolar collectors navigator

Navigators are a feature in the H¥& to allow guidance on particular workflows for setting up
particular systems. They also include shortd¢atieatures that areunique to those systems.

A Colorcoat Rene®solar colletors navigator can be found by accessing the Navigators panel
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the panel. Fig. 6 shows the Colorcoat Rer@solar collectors panel.
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By selecting different option& the Navigator, shortcuts to particular parts of the-NEScan be
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Import dialogue for Colorcoat Ren@solar collectors in the components module. Using &es
shortcuts is a good way of making sure that all of the required steps for implementing Colorcoat
Renev®solar collector systems are made and in the correct order. Furthermore, this panel is
used exclusively to assign additional surfaces to belong tarticplar TSC plenum (see section
5.3) and to import the Colorcoat Ren®tHVAC systems from the library for use in Apache

simulations (see section 7.4.3).

Note that some of the options will be greyed out until check marks are made on the boxes on
the right-hand side. This is to help ensure that necessary previous steps are made before
certain shortcuts are available. In addition, notes can be added regarding each step by clicking

the page icon by each entry.

LA 1 4 Navigators

Colorcoat Renew® solar collectors M2 =] !

T
TATA STEEL TATA

Colorcoat Renew ®
Active solar air heating solution

‘What is Colorcoat Renew®? o

Prepare building model ]

Import and assign Colorcoat Renew® solar collecto
Import the required systems from library 8]
Adjust Colorcoat Renew® global operating parameters (as necessary) [
Assign Colorcoat Renew® solar collectors to room

external walls in

Fig 6:The Colorcoat Renew® solesllectors navigator. The navigator contains information related to the TSC
systems and features a stdgy-step workflow to implement Colorcoat Renew® solar collector systems in the VE.
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4 Importing the Colorcoat Renew®omponent
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right-most icon in the list browser. These buttons are shown inFig.
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Fig.7: Listbrowser icons for common component operations. These operations are, from left to right, create new
component, copy current component, remove component and add component(s) fiooanyl.
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Colorcoat Rene®solar collectors navigator.

Once this is clicked a new window will pop with the currently available components to add.
This is shown inid 8. If it is not already selected, tl&olorcoatRenew®solar collectorgan be
selected from the dropdown menu.The four entries correspond to foudifferent kinds of
system (or gariants).
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summarised as follows:

Variant A: TSC system with variable flow rate fan and controller

Variant B: TSC system with constant flow rate controller and recirculation

Variant C: client BMS driven TSC system with multiple operatirtgs

Variant D: TSC system with constant flow rate controller, recirculation and additional
boost heating

= =4 =4 =4
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geometry will not be updated to contain this schematio, i is mainly for visual display
purposes only.
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2 Add Components From Library

[ Colorcoat Renew® solar collectors

MName

Colorcoat Renew & - Variant A
Colorcoat Renew® - Variant B
Colorcoat Renew® - Variant C
Colorcoat Renew® - Variant D

ooo@m o

Information | Preview

TATA STEEL

Colorcoat Renew® - Variant A
Schematic -

Key to variant schematic:

Ambient temp.
Solar Radiation temp.

TSC skin temp.
P SUMMER DAMPER
MOTORISED VCO

—B

TSC Relative Humidity
TSC air delivery temp.

Cavity temp. \
avity temp. J—
Velocity/flow rate sensor

Damper actuators
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COLORCOAT RENEW SC

Supply air pressure

10, Supply fan air flow

11, Supply temp. &
12, Room temp. 0
Description

This configuration comprises a variable speed fan; no recirculation air: no integrated heating or cocling. This system works in parallel
to other conventional space heating equipment, hence is commonly employed in retrofit applications or new build where the
geography between main plant and the collector is not suitable for integration.

For more information, visit http://www.colorcoat-online.com/en/products/renew,

m?'l Product Data Sheet
4uzl  Click to view: Product Brochure
You will need Adobe Reader, free from Adobe, to open the document,

Import Checked Components

Fig.8: Add component(s) from library window. The drop down in thelefphand corner can be used to select the
component to add. Various information is then displayed for that particular compon&he component is then

imported by clicking the tickox on the leftK | y R
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build may include additional options in this dialogue, associated with control network variants or mdoedape
information in the righthand panel.
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which is to assignusfaces of the model to behg to TSC plenums. The component library will
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need to be saved before traversing back to the ModellT application (or can be saved at a
prompt when switching applications).
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5 Plenums

5.1 Colorcoat Rene®Mode
After importing the ColorcoaRenevidcomponent, thelist browser (in the application ModellT)
willnowcontd y | y S E GolicoatRediewsdlaf cotiectors ® {StSOGAY3a (KAA
Y2 RSt @obic@at Rened®2 RS¢ G KIF G I f f QofoioatrRerewelsleMSy (i 2 F
to the model. For each qggn, aplenumis created.

A plenum is a unique entity in ModellT that represents the cavity behind the collectorgpidie
together with the plenum cavity layer in the construction (see section 6.3), triggers the Apache
thermal simulation to take into actint the physics associated with heat exchange in the
plenum cavity Each Colorcoat Renew® system has a single plenum, which has imoee
surfaces assigned to it; TSCs are typically installed on exterior surfaces, so it is common for
plenum cavities t@xtend across the external walls of several rooms.

In Colorcoat Renew®ode TSCwvill be displayed, but none have yet been assigned to the
Y2RSt o I fAad 2F NBR2Ya ¢A0GK aaArdaySR ¢{/a ol
be found in the lisbrowser.

5.2 Assigninga Colorcoat Renew®ystemto the model

To assign a room to containGolorcoat Renew®SGystem, click a room that you would like to

contain the air inlet and then click the second icon from the left in thedlist® 6 & SNJ 6 NJ a! &
aSt SOGSR NR2Ya (2 NR2Y CAddatRéEev@ode i¢ adwa inFig. & G 06 NJ
9. Any rooms thahave not been assigned plenums v@llS f A 4GSR dzy RTBJI ab2i
served room should have external walls so that some ofStathfacing surfaceswill

automatically be assigned to be collector surfacdhe served room is used to identify any

particular plenum and in most cases will represent the final destination of the incoming air

stream. However, sing HVAC networks, we can assign exactly where the air stregoinig

and this air stream may go to a different room if required.

EEE %3 | Colorcoat Renew® solar collectors vl

= % Model
/] Colorcoat Renew® - Variant B (0)
----- |l Colorcoat Renew® - Variant C (0)
|l Colorcoat Renew® - Variant D (0)
7|l Colorcoat Renew® - Variant A (0)

=8| Mot served (1)
_.-@ Rooml

-8 Floor
1% Ceiling
- wall
b Wall

-0 Wall
v

- Wall



Fig.9: List bravser panel withColorcoat Renew® 2 RS Syl 6f SR o0& &St SsOlérkoflegtorsr / 2 f 2 NDO2 |
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A small dialogue box will appear to ask which group to astig room to. Assign it to a

G/ 2t 2NO2&F GIAINBgRIs I YR ('MSy ¢cQS620NB2YKSA062EY206 085
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These are automatically assigned to Sefating walls and are indicated by the shaded
surfaces.

5.3 Assigningcollector surfaces
There are two ways to assign further surfaces. The first method is to set the room group
property of the room dialog box when rooms are being drawn. The new rooms which are
created will then automatically be assigned to that room group and will have collector surfaces
assigned automatically.

Using the method above, a new plenum instance will be cre&edach new room drawn.

However, asingle plenum can have multiple solar collector surfaces and these surfaces need

y24 0SS GK2aS 2F (GKS aSNWSR NR2YO® ¢tKS ARSI 0S¢
containing the air inlet and the plenunavity, which is determined bfjtting a steel plate across

an external area of the building and can overlap across the external walls of several rooms.

To assign existing surfaces to belong to a single pleselectan existingsurface you would

like to assign (the lisbrowser is useful for this) Yy R a4 St SOG (KS 2LIiA2Yy @G9E
Renev®a 2 f  NJ O2f £ SOG2NJ | ONER & ain tBeEnav)Mar A hew gvindow & Ay 2
will pop up, which is used to assign the surface to the plenum. Thisowrsin Fig. 10. The

upper-right portion lists the surface and whether it is assigned to a plenum and the logher

panel gives a list of available plenums to assign. To assign the plenum, click the plenum on the
lower list and click replace.

@ Assign Plenums [ESRET ™

[Excternal wal -

D Assigned Plenums Type

Plenum Type: Al Plenum Types -

D Replacement Plenums Type

No Plenum Assigned

& 2@ = =
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the room group with the intended variant.



Fig. 10:Assign plenums window. The uppéght portion lists surfaces and their assigned plenums and the lower
right panel gives a list of available plenums to assign.

The window shown in Fig. 10 can also be opened up if a whole room is selected. This i useful

you wish to assign all surfaces that are currently assigned to a specific plenum to another one or
to remove all assignments, but it is generally more convenient to assign individual surfaces to
plenums om by one at the surface level.

Note that the pael can also be used to remove previous assignations. Therefgrneossible
to chooseany number oWertical, externakurfaces to belog to the TSC system

5.4 Considerations fosolar collector surface assignments
A plenum is a cavity that belongs to iagle TSC system and each TSC system in ModellT is
identified by its served roomBYy assigning surfaces to belong to a particular TSC system, those
surfaces will be used to identify the dimensions of thderlyingplenum cavity. However, in
order to give realistic and meaningful results, one should consider $aaters thatwill affect
the reliability of the underlying thermal model

Collector surfaces will automaticalhave their assignments removetiany modiications are

made to the assigned surface. This is to ensure that any transformations that split, merge or
otherwise modify the surface geometry do not create unusual plenum assignments. Therefore,
for convenience, assigning collector surfaces to plessmould be performed after the model
geometry is complete.

Only external walls can be assigned to be part of a plenRmofs cannot be directly assigned
but external walls that are slopechn still be assigned Since theunderlyingthermal physics
model assumes that the collector is verticalny results for output air conditionwill not be
representative of a roof collector and it is recommended that surfadoesmade as close to
vertical as possible

It is possible for a user to add surfaces to a siménum that are separated from each other.
This is implemented to ensure that a udeas the freedom tomodel slightly nonruniform
plenum geometries, but a degree of common sense must be employed to ensure that each
plenum forms a single body. In addit, the underlying thermal model assumes that the
plenum hasa cuboid structure andvill subsequently approximate mon-uniform geometryas

such. That is, the thermal model assumes that the plenum has a rectangular plan area and that
the plenum depth dos not vary much with height. Large deviations from this geometry may
give unrealistic results.

Any windows or doors on a surface assigned to form part of a plenum will not contribute to the
internal plenum volume or the solar collector area. Air flowothgh a plenuntavity does not

take into account obstructions of this kind and the plenum will instead be treated as a regular
plenum with a smaller plan area, internal volume and collector surface area.



5.5 Editing solarcollector properties

The ability fo a solar collector to operate depends on many factors, such as air flow rate, pitch,
hole diameter, hole configuration, absorptivity, etc. Roughly, these factors can be sptivinto
types:those that depend on the building fabric and those that depemdthe HVAC rtevork.

Those that are related to the HVAC system (such as the flow rate control) are specified in
section 7. For those that involve the building fabric, there are two types of properties:
component properties and construction properties.

Component properties are properties related to the plenum, the perforations in the collector
surface or other surface parameters. They can be edited by-clgiking on a group labelled

G/ 2t 2NO2F G wSySgtéx F2N Fye @ NEI yAOILINR (IS NITKASS
Construction properties are discussed in section 6.



6 Constructions

6.1 Overview
The ability for a solar collector to operate depends on many factors, such as air flow rate, pitch,
hole diameter, hole configuration, absorptivity, etc. Rougktgse factors can be split into
those that depend on the building fabric and those that depend on the HVAC network. First we
will configure the properties associated with the building fabric, which are collectively grouped
Fa WO2y ai NUzO s 2arg stddedt in thé Rpgchdichdictidn database (sometimes
abbreviated to APcdb) and can be added, edited or removed using this tool.

6.2 Assigning constructions
Constructions can be assigned using the ModellT or Apache applications, but there are icons in
the Apache application to also query room properties and open the Apache construction
database. SelectaroonyaR Of A O] 202 yBKNIOHARNVHAE AO02y Ay (K
(the left-most icon in Fig. 9; note the small arrow at the top of thenjomhich distinguishes it
from the icon that opens the Apache construction database). A new window will appear that
works in exactly the same way as the assign plenums window, which can be used to assign
different constructions to surfaces. Note that aefdult construction will be applied
automatically to every surface in the model and this can be changed here.

6.3 Creating new constructions
C2NJ a2t NJ O2ff SO0G2N) adaNFI 0Sa GKS RSFlLdA G O2y.
characteristics of any catructions such as this one, we need to use the Apache construction
database. This can be opened either by clicking the APcdb button at the bottom of the assign
constructions window or by clicking the Apache construction database manager icon on the
Apactle application toolbar. This is shown in Fig. 11.

Ho k| 6R% 0% @ ko | o

% B @ o

Fig. 11: Toolbar icons for the Apache application. These functions are, from left to right: save project files, export
room data, select object (mode), assign constructions, edit group attributes, assign thermal template to
selection set, edit layer properties, edit selection set attributes, fuels data, Apache profile database manager, Apache
construction database manager, Apache weather/location database manager, query, tabular room data, Apache
sysems, Apache tabular systems, renewables and edit multiple adjacencies.

The Apache construction database is used to add, edit or remove constructions from the
database of materials. The list of defaults is rather sparse, so if the model is being geterated
mimic an existing building, new constructions will need to be generated. Luckily there is a large
array of materials to choose from to customise your own constructions. In this quick guide we
will add one new construction that will represent the sotmllector, the back wall and the
plenum cavity.

The Apache construction database window shows a list of all constructions and defaults to the
tab showing assigned thermal constructions. This is shown in Fig. 12. Various tabs that



categorise each of thee constructions are found at the bottom of the screen and are used as

filters to display particular types of construction. TSC constructions are listed under their own
OFrGS3a2NE ac¢{/ 2l ftfa¢go ¢ 2 -cliokNiBe éb(i@tingl-TSQ/\Sail 02y a
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can then be edited by replacing values in the relevant boxes in the new windovpdpatup

The majority of the functionand parameters that can be edited the new windoware self

explanatory.
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@ Project constructions = |8 H
File Edit View Settings Calculations Actions Tools Help
(=N ¢n
Export construction data ] D Category Description Data source “L,‘V;;IE%
™ Export all to file... [71| STD_CEIL  Intemal Ceiing/Floor 2013 Intemal Ceiling/Floor Generic 1.0866
Eg Copyall to dipboard [C1| STD_DOCR  Door ~ 2013 Door Generic 21997
Eg Copy selected to clipboard [T1| STD_EXTW  Bxdemal Window ~ 2013 Bxdemal Window Generic 1.6000
Import construction data [F]| STO_FLOT  Ground/Exposed Floor  + 2013 Exposed Foor Generic 0.2200
2 [T STO_INTW  Intemal Window 2013 Intemal Window Generic 3.8462
B rtfi file...
: A [C]| STO_PART Intemal Parttion ~ 2013 Intemal Parttion Generic 17888
Paste fi lipboard
0 (o []| STORFLT  Roof Light ~ 2013 Rooficht Generic 23000
Actions [F1| STD_ROOF  Roof ~ 2013 Roof Generic 0.1800
o Sl [C]| STD_WAL1  Extemal Wal ~ 2013 Edemal Wall Generic 0.2599
o Add RS ]| TSCWALL  TSCWal ~ TSCWall Geneiic 10579

* Duplicate construction

* Copy construction(s}

* Paste construction(s)
* Delete construction(s)
* Edit construction

*  Purge unused project
construetions

< mn | 2

Assigned (thermal) | Assigned (non-thermal) | External Wal | T5C wall | Internal Partition | GroundExposed Floor | Roof
Internal Ceiling/Floor | Door | Glazed | Costs/LCA ‘ UK PartL | Hard landscape | Soft landscape | Shade ‘ Misc |

Edit construction HEN*ISO U values 'H Lifecycle database ” Condensation ]

10 constructions (30 hidden by ﬁltermgj 2 filters active

Fig. 12: Apache comaction database window. The default tab lists assigned constructions in the model.
Constructions are in general sorted into categories and can be viewed by looking at the tab for the category of
AYGSNBads adzOK Fa a¢{/ 21Iftfé&d

The only quirk that is spéic for TSC constructions (as opposed to other types of construction)
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thermal model will use this layer as a trigger to split the wall into two separate, dthesby

correctly modelling the cavity space. The cavity depth can be changed by changing the
thickness of this layer. Different constructions can be applied to different surfaces that belong

to a particular plenumwhich is useful, for example, for 8 where the back wall materials

differ for different room adjacencies.
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7 The HVAC system and controls

7.1 Overview
A thermal model can be run straight away as it stands. However, the flow rate demand for the
solar collector surface will be zero and the sotmllector will operate permanently i
opassivé mode of operation, i.e. it will only undergo background heat transfer processes and
not operate as an active Systepn ¢2 +Fft2¢ | y2N¥YIFf aF OGA@Se 2
system must be defined and th#@enum, as defined in the building model by its served room,
must be linked to the TSC system in the HVAC network. This is achithartby importing
one of the premade variants (accessible through the navigator) or by creating a new one from
scratch. In this guide we wilstart by creating one from scratch in order to build a very simple
system that will demonstrate the minimum criteria for ensuring an operational TSC and also
introduce some of the basics of the HVAC functionality for more detailettamf air flow and
temperature.

7.2HVAC basics
The ApachéiVAC module is available in the applications tab and, when clicked, will load up a
square grid for placing HVAC components. Sometime${theC network may not be centred
in the viewport so the viewcan be centrecbydza Ay 3 GKS aFAG (2 @GASséE €
toolbar and is shown in Fig. 13.
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Fig. 13: Zoom functions on the main toolbar. The functions are, from left to right, fit view, zoom window, zoom in,
zoom out and pan.

The module toolbawill now contain icons that can be used to add components and controllers
to the HVAC network, which are connected together using the grey connector icons. These
components can be added either by clicking the components in the module toolbar or by using
the Components or Controllers menus at the top of the screen.

A simple H¥C network will typically contain an air inlet, an air outlet, a fan {lgfike), an air

flow rate controller (independent time switch) and a room. An example network using this
configuration is shown in Fig. 14 (Kif&nd panel). The time switch hasdmeconfigured to set

the volume flow rate to 50 litres per second, on continuously, and the room has been set to be

the room in the model. This link ensures that the heat balance calculation in the room takes
AyiGz2 F002dzyi GKS | * lofhe igafisiThe ddthp@rients@e onfigdved tgi A 2 Y
double-clicking them and changing parameters in the panel that appears (see Fig. 14amght

panel, for an example panel for configuring the flow rate controller).



Time Switch

Reference: Flow rate controller for TSC

Controlled variable: Flow Rate hd
Max signal variation: Constant -
@& Flow rate at Maximum Signal (Ifs): 50,00
Time Switch Profile
on continuousky U&/ Select
AND Connections
_| D Reference Multiplex ID

D OR. Connections

D Reference Multiplex ID
‘ ] V] Allow OR inputs to override time switch? Remove
Multiple: Edit OK Cancel

Fig. 14: A simple HVAC network f@mtilation of a room (left) and an example configuration panel for the time
switch controller (right). The HVAC system contains an air inlet (green arrow icon), air outlet (red arrow icon), supply
fan (grey icon), a time switch controller (green icontwémall fan symbol) and the room (white square with blue
border).

When the thermal model is run, this HVAC network will bring air in from outside at the flow rate
set by the controller, add some heat contribution from the fan to the air and dump it irgo th
room. Air in the room will mix and the air movements for the room will be calculated, taking
into account open windows, doors, cracks and other openings. The conservation of mass
calculation will determine an air flow through the exhaust vent to theatlet.

7.3 Linking a plenunwith the TSGn HVAC

To implement the solar collector into the network, we just replace the air inlet icon with a solar
collector icon (although the air leaves the TSC on the top side of the icon rather than the right
hand side). The icon for selecting the solar collector lies immediately to the left of the fans in
the module toolbar. The icon and the final completed network are shown in Fig. 15. The air
inlet icon is removed by selecting it and pressing the delete key.

The sadr collector must be agged to a particular plenunn the model. This is done by
doubleclicking on the component and identifying it by its served room ID. Note that although
the served room is used to identify the solar collector, the room that alstugiceives the
preheated air is determined purely by the HVAC network (i.e. the room assigned to the white
square with the blue border around it in Fig. 14 and 15). Therefore, it is possible to experiment
with different HYAC networks that divert flow tiher rooms.
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Fig. 15: A simple HVAC network that has a TSC instead of a standard air inlet. The red arrow indicates the icon on the
module toolbar that is used to place a solar collector into the network. The HVAC system contains an air inlet (green
arrow icon), air outlet (red arrow icon), supply fan (grey icon), a time switch controller (green icon with small fan
symbol) and the room (white square with blue border).

When the thermal model runs the volume flow rate at the TSC (which in this caseddydéet

by the flow rate controller) is compared to the minimum flow rate, which is an intrinsic
property of the TSC. If the flow rate is below the minimum flow rate the TSC operates in
GLI 3aABS Y2RS¢® Ly LI aairg@dsS YwaRwth disindl atdudt 0 SKI ¢
of ventilation and its purpose is to correctly model how a TSC should behave when the supply
fan is turned off or very low. In this mode, heat pickup from the solar collector is negligibly
small and the ventilation in the space talculated using natural convection laws based on
pressure differences between outside air and the plenum cavity. Passive mode is also used if no
solar collector is added to the HVAC network (the collector is only treated in the building fabric
model) a if ASHRAE loads are being calculated (which do not consider TSCs). CIBSE loads do
not implementany TS@r plenumphysics and instead treat the collector surface atamdard
construction with an additionaunperforated steel plate with a Malue set ly the TSC
constructionusing the usual layer properties

If the flow rate exceeds the minimum volume flow rate, the TSC is in active mode, which is the
typical operating mode of the TSC. In this mode the heat pickup across the collector is
calculated usil  Ydzi 8 OKSND& KSI{d SEOKIy3aSN) (KS2NR T2
convective heat transfer cofifient calculations for TSCs.

A rule of thumb toset a typical volume flow rate for a collecisrto use the formula below:
© p TN QO

where wis the volume flow rate in litres per secondis the volume flow rate using Sl units
(i.e. nils), Ais the surface area of the solar collector (if)rand & is a velocity coefficient



related to the suction velocity of theragéntering the TSC. Thapplicablerange ofkis 10¢ 40.

For example, ik=25, which can be regarded as typical performance, the volume flow rate for a
100 nt collector would be 2.5 fits (or 2500 litres per second). The air intake in this example
calculation has a volumetrituik of 90 n/hr/m 2. Increasing the volumetric flux has the effect of
increasing the collector efficiency. However, decreasing the volumetric flux increases the TSC
air temperature lift over ambient temperature.

7.4 More realistic control systems
So far the NAC system has been set up such that the flow rate through the TSC is a constant
value of 50 litres per second. It will operate at this flow rate day and night. Typically, solar
collectors are only operated during the day and involve controls that tvikakflow rate in
order to achieve a desired output temperature. In this subsection, setting a time schetilile
implementing recirculation.

7.4.1 Setting a time schedule (profile)
We can set an operating time schedule for the TSC by setting the flow contmolefer to a
profile. We can create a profile by clicking the ApPro icon, which is a small sine wave icon in the
Apache or ApacheHVAC module toolbar. The icon is shown in Fig. 16.

Fig. 16: The ApPro icon, which used to access a tool for managingrafiies.

ApPro will load into the VE with a list of existing profiles. Profiles in VE are split into five
categories: daily profiles, weekly profiles, yearly profiles, -freen profiles and compact
profiles. In our case we shall keep things simple iamalement a daily profile and a weekly
profile.
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panel for defining a new daily profile. The panel with an example of a new profile is shown in
Fig. 17.
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Fig. 17Panel for defining new daily profiles. The profile is defined by adding new points using the insert button and
manually changing each time and value accordingly. For a device that only turns on or off, such as a TSC, the only
values we will need are 0 dnl in a modulating profile. This figure shows a new profile that will signal the TSC to
turn on at 8am and off at 8pm.

The profile is defined by adding points using the insert button and changing the values in the
table to correspond the times when youawt the TSC to turn on or off. In Fig. 17 the profile
has been defined such that the TSC will operate (i.e. be in active mode) from 8am to 8pm and
will be turned off (i.e. in passive mode) at all other times.

A weekly profile can be created, but this ieatl uses daily profiles as its input. This panel is
shown in Fig. 18.
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Fig. 18: Panel for defining new weekly profiles. The profile is defined by choosing daily profiles for each day of the
week. It is also possible to set daily profiles for natioridays, sah as bank holidays, ChristmaayDand Boxing
Day

Once you have created the weekly profile, the profile can be assigned to the flow rate
controller. This can be set by selecting the time switch profile in the configuration panel for the
controller (see Fig. 14, rigitand panel).

7.4.2 Setting up recirculation and temperature control
We will outline here how to set up a system that includes recirculation sumgply air
temperature control. The first thing to do is to add a mixing damper set to form the
recirculation channel. The connectors currently lying in the spot where the damper
components will sit will need to be deleted and the damper set can theplaced usig the
two icons immediately to the right of the fan icons (see also Fig. 19, where the icons are
indicated by the arrow). The damper set must be positioned so that each component of the set
lies in a vertical line for it to operate correctly. The damgplkould be configured to have a
minimum flow rate lower than the flow rate set by the flow rate controller.

Once the mixing damper set is placed and configured, an additional independent time switch
controller should be placed after the damper to set a &r¢gemperature. This is done by
double clicking the temperature control and setting the Dofb temperature {C) to the target



temperature. The damper set will then modulate automatically during the thermal simulation
to mix recirculation air and TSQ i achieve the target temperature.

Once the components are added and configured, the final network should look something like
the one in Fig. 19.
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Fig. 19: A HVAC network with a recirculation duct and a mixing damper set. The red arrow indicat@sstbe ithe
module toolbar for adding thenixing damper set components.

The HVAC system contains an additional temperature controller which is used to tell the
damper which set point to use. The damper will mix air from the TSC and the recirculation air in
order to achieve as close as possible the set point of the temperature controller. It is possible
to set a minimum flow rate for the mixing damper set by double clicking the top part of the set.

7.4.3 Importing aColorcoat Rene®@HVAC network
Variants AD of the Colorcoat Rene®systemshave been providedor use in Apache HVAC
These networks allow a user to model specific Colorcoat R@nsystems byuse HVAC
networks thatfollow as close as possible the control logic afsisystems. The control logic
for these systems maximises energy delivered into the served room by comparing the space
temperature setpoint with the air temperature in the TSC plenum and the ambient air, rather
than simply aim to achieve a pspecified supply temperatureFurthermore, vaant C can be
used as a subetwork to implement TSCs as part of a large BMS system with 3 different
operating modes.



To incude one of these networks 32 (2 GKS yI @A TolardwatReng®Ro Of A O
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file or save it asa new file. Createa new fileor edit a current oneand then go back to the
ApacheHVAC application. Open the file to take a lookairttported network. The particular

variant imported will depend on which room group the plenum was placed when the plenum

was created. An example of this network is shown in Fig. 20 for the case of variant D.

The network components will be set default rpmeters, but more often than not these
parameters will not beoptimal to your model. A user can either set all of the parameters
manually or use an import parameter panel that can be used to set parameters relevant to the
variant. This panel is accesdgddoubleclicking the grey title bar of the netwodnd selecting

G/ 2t 2NO2FG wSySgtand iy shiawilin Fig.l2NJ THE paSeNIEtg the various
parameters that are used and, once the parameters are set, the parameters are placed in all
relevant components.

The import parameters panel is a convenience panel to help users get a feel for what
parameters are important to each variant and to help a user perform settings adjustments
without having to manually set each component. However, it isy agsigned to set
parameters and any manual tweaks made to the components will not change the contents of
the paraneters in the panel. Furthermoréhe parameters are set according to prefixes in the
description of each componensiich asTSC_MAX or TSCH, so it is not recommended to
delete these prefixes in the description unless you wish an existing component to ignore the
import parameters panel. Generally the best course of action is to initially set the parameters
using the import parameters panshown in Fig. 21 and then manually tweak all of the various
components in order to make correction€omponentscan also be added or removed from the
network as required.
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Fig. 21: Import parameters panel for setting component properties in the HVAC network. This panel is only used to
set parameters as a whole and any manual changes to the HVAC katifonot be replicated in this panel. The
flow rates are converted into two sets of units automatically using the known collector surface area.



























