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1 Introduction

The DesignBuildersoftware is an advanced graphical user interface tisabden
specially developed to run EnergyPlus simulations. For WKRepublic of Ireland
users the DesignBuilder interface can also be used to mréthergy Performance
Certificates (EPCs) and to show compliance withBbéding Regulations.

Overview

This Training Manual will guide you through the basic of usimgiBnBuilder with a
view to promoting understanding of the software. It isndesl that you work your
way through the material from the beginning to the egdesetially because some of
the explanations and worked examples build on modedsezten earlier examples. It
is not intended to be an exhaustive source of informatmotie software. You should
refer to the program help atvw.designbuilder.com/helpvifor more
‘encyclopaedic’ documentation.

© DesignBuilder copyright 2008 1
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2 DesignBuilder Interface

2.1 Opening screen

The opening screen has three talbeeent Files Component Libraries and
Template Libraries.

Recent Files This tab lists the recently used files. Double-click or to open it.

Component Libraries: This tab lists the components available. Components
represent individual building elements such as constrigtglazing and materials
and can be referenced from other components, templatesdel data.

Template Libraries: Templates are used as a source of generic data tbndpiato
building models. For example, construction templatesigeodata on the
construction of external walls, roofs, floors, paotit$, roofs etc and air-tightness data.

Library ComponentsandTemplatesare loaded into the model at the time the file is
created and from then on they are associated spegificih the model and so are
known as Model components and templates. Any later chaage to the Library
components or templates do not affect existing buildindetsbecause they
reference their own set of components and templates.

In general, the contents of the templates, for examphstructions, loaded into the
model must be edited to represent the systems, stescttc for the actual building.
2

This is best done by first making a copy of the teteplsing the copy toc in the

tool bar, renaming it and then editing the content usiagetit tooB.
More information is given ofiemplatesandComponentslater.

Learning mode: In Learning mode, the right hand panel displays usefoitmation
and common task operations relevant to the currergrsclieis recommended that
new users leave learning mode on until they are familidr thve program at which
point it can be turned off by going to Tools > Program mgstio and deselecting
Learning.

Instructions in the training assume that you Hae@&rning mode switched on.

Tutorials: This appears in the right hand panel. Click on it teas the tutorial. It is
recommended that users view the tutorial before comirtetraining course. You
must be connected to the Internet to access the tstoria

Help: Use the toolbar Help to select one of the help optionpress F1 while in the
program to bring up relevant help. There is also a sdacdity in the index.

By default DesignBuilder uses théebHelp format, which requires an Internet
connection, but you change to usingaal help system in the Program options. You
will need an Internet connection to download the Ibedb the first time and
thereafter you can use the help without.

DesignBuilder Copyright © 2008 2
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3 Create Building Geometry

This chapter explains how to create a building geometrygubswing blocks.

Create a new project
Select File > New Project to add a new project. Thsns a new window with two
tabs:

Location tab

* Click in the Untitled box, and enter the project title.

» Click on the arrow by the default location box. Setéetlocation from the list
that appears.

» Set analysis type to EnergyPlus

Template tab

Shows a list of existing template models that can be asé¢loe basis for the new
project you are creating.

Leave defaulBlank for a completely new site, or select one of the tatepuildings
if you wish to base the new project on an existing m@tddbad an example building
for example).

Click OK. The file loads and opens in a split screesieMhe new tool bar.

Add a building

A building can be created with or without reference B drawing file created from
a CAD system or by scanning a plan of the buildingithree case, the building
geometry is defined by entering one or more blocks.

Click on theAdd building toolbar button or click oAdd building in the right hand
Info pane, to add a new building. A screen will appequireng data to be entered
under a number of headings.

Note that for théddd building buttons to be available, you must be in theSdp
level of the NavigatorSite option in Navigator on the left hand side of the screen

Provide the information required under each of the headingke Building tab.

* Model type: select the appropriate model type from the list irridiet hand
pane — this can be changed later

» Project details: The details required may vary from country to country.

» Assessor detailsEnter details as required, requirements may vary form
country to country

* Occupier details: enter occupier details here

DesignBuilder Copyright © 2008 3
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On the Default data tab you can select templates tsdé@ as an initial source of
default data to load into the new building. You do not needdke any settings here
as you can load data from template later.

Click on the OK button to add the building.

Note that the program automatically activates the DB&ek tool and thédrawing
Option panel appears in the lower right hand corner of theescrYou can start
drawing the first block in the building right away.

DesignBuilder Copyright © 2008 4
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4 Drawing Options

Use the Drawing Options panel in the lower left handsheoof the screen to set the
block type, form, height and wall thickness. It is impattthat the wall thickness is
set before drawing the block as it is used to calculaétkrnal dimensions used in
the calculations. However wall thickness can betrafter the block has been created
by first selecting the block from the navigation pane aed tioing to model options
which will automatically open in the block tab to allte wall thickness to be
changed. We are now ready to add a block using the drawihip tbe middle pane.

| Drawing Options |
v

Elock type 1-Building block. =
Form 1-Extruded

Height [m) 350

Wall thickness [m) 0.300
Auto-complete block,

Shape 1-Palygon -
Line type 1-Straight line *

There are threBlock types

Building Blocks are used to create the model.

Outline Blocks are used to help in the creation of the building andado n
affect the model.

Component Blocksare used to create visual and shading structures, ground
structures and neighbouring buildings.

Seehelp under block type for illustrations.

Block form

Extruded block form is probably the most useful. A general extrusion block
can be created by drawing a perimeter using a number oligireed shapes
and then extruding the perimeter by whatever distanezjisred. Extrusions

in both horizontal and vertical planes (or even apst planes) can be created
using the polygon perimeter shape.

Sloping walls block formis used to create blocks on horizontal planes with
uniformly sloping walls. Sloping wall blocks can be createing any
perimeter shape (polygon, rectangle or circle).

Pitched roof block form automatically generates a pitched roof from a
perimeter drawn on a horizontal plane. Pitched roof sl@an be created
using any perimeter shape (polygon, rectangle or circle):

The slope of the roof is defined using the Roof slope geittithe Drawing
options data panel. A pitched roof can be createdijth or gable ends using
the Gable Roofsetting:when a pitched roof is drawn on top of an existing

DesignBuilder Copyright © 2008 5
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block, the overhang or the depth of the roof eaves caethasing the Roof
overlap setting.

* Dome block formis used to create hemispherical blocks and can only be
created using the circular perimeter shape.

Block height — Defining block dimensions

Flat roof construction (sits on top of block)

™

Zone 2 Block height

w15t Floor block dimensions

e N

= Ground floor block dimensions

Internal floor construction - A
=== Zone surface dimensions

Zone volume (includes floor

| Internal wall construction thickness when
| ‘Include floor construction in zone
External wall
Block width
=
Zone 1

| Block height

s e b

1
i
i
1
\:\ volume' model option sel)
i
L
1
i
L
L}
1
L]
1
1
1
L]
i
L)
i
[]
]
i
i
1
i
)
1

Ground

The block height is the same as the floor-to-floaglhie also referred to as the zone
height. For the top floor, the block height is from tirelerside of the floor slab to the
underside of the ceiling or roof slab. For the ground ftherheight should be
measured for the ground surface to the underside of thesllm above as illustrated.

Block widths in DesignBuilder are from an outside swfatan outer wall to the
outside surface of another outer wall or to the mid¥poi an internal partition wall.
DesignBuilder uses the wall thickness to calculatermal dimensions and it is
therefore important that the correct wall thicknesspiecified before creating a block.

Enter the block height in the Height box in the DragvDptions panel. The height of
a block can be changed later using $ieetch or Drag Facetool.

DesignBuilder Copyright © 2008 6
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Wall thickness

The wall thickness is used to generate the geometckribss of the external wall
elements of a building block. It is a significant paranétecause zones are generated
from the internal dimensions of the block which arewdatifrom the external block
geometry and the block wall thickness. Therefore, theevaf wall thickness used
influences the size and shape of zones, especiallyomals (see tip below).

The default setting is automatically generated fronotlerall thickness of the
external wall construction set in the Construction Mald¢a panel but can be
overridden by typing in the required value. The construstibat determine the
thermal characteristics of the walls can be editeéienConstructions Model data
panel without changing the wall thickness used for det@énginternal dimensions.

The wall thickness is uniform for all surfaces in a ipatar block, though each block
can have a different wall thickness.

The wall thickness does not affect the thermal propertieshaf wall. Wall thermal
properties are based purely on the construction data isleftif the wall. The wall
thickness is also entered when converting an Outlin&k a Building block.

Tip: Enter a low value of wall thickness if:

The block is a roof with a low roof slope angle slopiogfrelements. Using a Wall
thickness 0f 0.01m (the lowest allowed) gige®d resultsas the roof zone covers
most of the block floor area

The block is mainly glazed. A small wall thickness gives tb a small corner
column, allowing the glazing to cover most of the wall.

You wish to work with internal block dimensions.

See examples inelp underWall thickness.

Perimeter

Blocks are generally created by drawing a perimeter amddmng it to the required
height or length.

* Polygonallows multi-sided blocks to be drawn and is the most ugefieral
form.

* Rectangleallows rectangle to be drawn with a click and dragpacti
» Circle allows circle to be drawn with a click and drag action.

Line type
There are two line types:

» Straight line — default straight line

» Arc — can specify sweep angle and number of segments to apptexan arc
with a series of straight lines.

Using the drawing tools

D3 HS W XAFRELL AL QI ROIDDOO|HE

DesignBuilder Copyright © 2008 7
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To add or create a new block, click on the Add new block td@AOd new block
tool is automatically activated, if a new building hag peen created. A block is
most easily created by drawing the base perimeter difldlo& using one of the
perimeter shapes such as a polygon.

The dimensions of the block are those measured fromutis&le, the height of the
block is the floor-to-floor height. Once the perimasecompleted by snapping on to
the start point, (a green square appears as shown lb®Wpck is automatically
generated. The block construction, glazing and HVAC willHzese set in the default
templates based on the age and type of building.

The building model is built up by adding blocks. These caadoed using the
drawing tool as above but there are other tools whictbearsed to speed up the
process.

Direction snaps
In the Drawing Options panel, open the dialog box for @& Snaps.

H-awiz snap
Y-aiz shap
Z-aviz snap
] Parallel snap
Mormal snap

The axis snap check boxes are displayed under Directigrs $méhe Drawing
Options data panel when the various drawing commandstwe.al he axis snap is
used to draw lines parallel with the major axes of tteve@ drawing plane.

As you move the cursor around to draw a line, the linegdém.colour to that of the
axis to which it is parallel and stick slightly.

See help omaxis snapfor a full description of all the features.

DesignBuilder Copyright © 2008 8
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Point snaps
In the Drawing Options panel, open the dialog box for Pemaps.

Etd-poinit shap
bid-point snap
Edge shap
D=<F =nap

O Increment snap

End point snapsnaps lines to the end-point of an existing edge. A grebcator is
displayed when the mouse cursor is within the snap rainge end-point.

Mid-point snap snaps lines to the mid-point of an existing edge. A liyne
indicator is displayed when the mouse cursor is withensnap range of an end-point.

Edge snapsnaps to any point on the edge of an existing object. dde hap can be
used in conjunction with the increment snap to enaplair to be located along an
edge by moving it in defined increments. A red indicatorgpldyed when the mouse
cursor is within the snap range of an edge and distanmatocs are also displayed to
help in locating a point a specific distance from eidaa of the edge.

DXF snap only applies wheXF snap has been imported from an external file. The
DXF snap snaps to the end-points of DXF lines.

Increment snapapplies to any process that involves moving a point or acuim a
particular direction. Such processes include drawing blodkipas or perimeter

lines which have an activdirection snap or dragging the surface of a block normal
to the original surface position. The increment snap s\avgoint in a particular
direction by defined increments. You can think of the im&Bt snap as acting in the
same way as a conventional CAD drawing grid. In fagbif were just to use the axis
snaps it would have the same effect, however the inecriesnep is more powerful in
that it provides this type of incremental snap along anpeefvector not just the axis
vectors.

Drawing guides
In the Drawing Options panel, open the dialog box for Dngwsuides.

*-awiz drawing guides
“-amiz drawing quides

The X- and Y-axes drawing guides are best left selexgsetey help to complete
rectangular blocks by showing a construction line partdlahn axis to place the final
wall so that it connects with the starting point.

Cloning tool

BEEEEMNET L LENIEL | YA ISELEIPE

* Go to the building level in the navigation menu and thécséhe block to be
cloned by clicking on it — it turns pink.
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» Select the clone tool.
The Drawing options menu appears.

* Check that the point snaps are turned on.

e Hover the cross hairs over a convenient cornereabtiitom of the selected
block until the green snap indicator appears, then click.

* Move the cross hair to the top corner and hover untdrgemap appears, then
click.
A clone of the selected block is added on top of the teslddock.

In this way a multi storey building can be quickly buwift, but note that if storeys
have similar internal partitions it would save tirdrtsert the partitions in the lower
storey.

The Clone tool can also be used to copy other objectsasuiciernal partitions,
courtyards and surface openings.

See help undenove

Stretch tool

IREEEENEE A LRI L I VA ISFEEEEE

Building, outline and component blocks can be stretchesc@ed) at the building
level. To stretch a block:

Select the block.

» Click on the Stretch tool or select Stretch fromrigét-click menu.
Only one block can be stretched at a time. When thécBtreol is activated, a
wire frame is displayed around the extent of the bloxkas the cursor is
moved across the faces of this frame, each face tiginged in the colour of
the axis to which the face is normal.

» Click on one of these highlighted faces, to stretchbtbek along the axis
normal to the face. If the increment snap is switahgdhe block can be
stretched in increments. This is useful for re-settiggheight of a block that
has been cloned, and for stretching a circular blockantelliptical one.

See help undestretch.

Drag face

REEEEINEY & Lo WP L YA IS

The topology of a block can be edited using the Dragtfamlevhich allows you to
select a block surface and drag it along an axis, nornthétsurface. To edit a block
topology:

» Select the block to modify.

e setincrement snap to 0.1m

» Click on the Drag face tool.
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* Move the mouse cursor to the surface to be moved.
As the cursor is moved across the block surfaces, eafgts is highlighted
to help in selecting the required surface.

* When the mouse cursor is over the required surface,tolistart dragging it:

» Drag the surface using the mouse and click again or ke idishance to shift
the surface by the required amount.

See help undatrag face

Cut block along plane

REEEEINEY & L B2 L YA S s

Blocks can be cut using the Cutting Tool. Blocks are divideagusiplane which is
defined using one of two methods:

» Draw plane — the plane is defined by clicking on 3 points.

* Select plane — the plane is defined by selecting an exiglame in the model.
Seehelp undercut block for comprehensive instructions.
This tool is particularly useful for creating compl@of geometries where different
roof shapes intersect. As the geometry is complesx@commended thattline
blocks are used witlpolygon selected as the perimeter. Theline block can be
converted to duilding block when the cutting process is complete. In some
circumstances, resulting blocks may not be able to beectwu/to building blocks

due to geometrical limitations. In this case, the bloaksplayed in a sepia colour to
indicate that it cannot be converted.

See alsdJsing outline blocksbelow.

Draw void perimeter (courtyard tool)

EEE MG Y Y2 SR

To create an external courtyard within a block:

» Go to the required block by clicking on the navigator entrgauble-clicking
the block in the Edit screen.

» Click on the Draw void perimeter tool.

The perimeter shape and required wall thickness ara t#& Drawing Options data
panel.

Adding roof block

The four different forms of blocks are listed in earlieor other than flat roofs, it may
be convenient to use either the sloping wall block forithe pitched roof block form
to add a roof block. In each case the roof is automatigalherated from a perimeter
drawn on a horizontal plane. The roof space may be at@wid therefore assume to
be conditioned or it may be unoccupied and therefanenas to be unconditioned.

When the pitched roof form is selected in the drawingoopthere is an option to tick
the box for ‘Roofspace occupied’ or to leave this blankafounoccupied space.
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Note that this option is only used at the point the bledkst created. To change the
nature (heated/unheated) of an existing block use the Zpealtjya on the Activity
tab of the block.

If the sloping wall block form is selected it will beagssary to open the activity tab
and set the zone type to ‘Standard’ for an occupied rocespato ‘Semi exterior
unconditioned’ for an unoccupied roof space.

Tip: In some cases when drawing roof blocks it is bestttavakthickness to
0.01m.

Using outline blocks

An outline block is created and edited in exactly the same way addirtgublock
but is just a 3-D shape without associated building eksr®ich as walls, floors,
roofs, etc.

Because outline blocks are not part of the model theytappear in the Navigator
panel and in visualisations.

Outline blocks are very useful in the creation of more complidat®dels especially
complex roof geometries. Because they are relatsiatple objects, they are much
faster to create, copy, move, etc. than conventiamédibg blocks and can be
manipulated freely without worrying aboatersections Once the required geometry
has been established, outline blocks can be convertedvergmnal blocks. You can
remove all outline blocks from a model by selecting RenadMeutlines from the

Edit menu.

For detailed guidance on how to use outline block to create oomplex geometries
seehelp under Outline blocks.

Using component blocks
There are 3 types of component block:

» Standard - used for shading, reflection and visualisation.

» Ground - used for setting ground adjacency, shading, refleeitiain
visualisation. Ground component blocks can be used as arentvway to
set the adjacency of any building block surfaces as lagljagent to ground.
Particularly useful where part of a building may be Wedwound level

» Adiabatic - used for setting adiabatic adjacency, shading, refleeind
visualisation. Adiabatic component blocks can be usedcasivenient way to
set the adjacency of any building block surfaces tobadiz. Adiabatic
surfaces do not transfer heat beyond their outer suafadt@re often used for
modeling boundaries with other spaces that can be coedittebe at roughly
the same temperature as the zone. For example avartyetween the
building being modeled and an adjoining occupied building.

For more details on component blocks ke under Component blocks.
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Construction lines

REFEEPINEE S YV 2L YA SRRt

Construction lines have numerous applications in formengpbrary attachment
points during the creation of precise geometry. To draanatruction line, click on
the 'Place construction line' tool and start drawinditeeline by clicking anywhere

in the active drawing plane then move the mouse cursbclank to place the line
end-point, you can use point snaps, direction snaps, myawides and the protractor
to help with alignment. Continue placing constructiothis way. If at any time you
want to cancel the last line that you placed, you cars phesESC key or select 'Undo
last point' from the right-click menu.

Seehelp under Drawing Construction Lines for more details

Measure length and angle
O23HE& LN TVES AW L LOAROCODO O|E E]

Select the measure tool and set the quantity to be neelisuthe drawing options
box. The measure tool allows you measure distance,saagteareas on single planes
in the model:

+ Distance - Click twice on a plane to define the length betwthe 2 points.

« Angle - Click three times on a plane to define the aetaveen the 2 lines.

« Distance - Draw an enclosed polygon by clicking withrtimise on a single
plane.

The requested data is displayed highlighted in the Dra@pigpns panel on the left
of the screen.

Import 2-D Drawing file

DesignBuilder allows the building geometry to be loadethf2-D drawing files as
DXF files created by CAD systems or scanned images &myrother source of
building plans. Most common formats are supported. Allihegquired is the
building outline and internal partitions. It is thenefsecommended that where
possible DXF files are simplified in the CAD environmégtturning off unwanted
layers before exporting the DXF file. Block heights atso required so the Energy
Assessor may find it useful to mark these on the CAD ithgvar a print of the 2-D
drawing file to refer to when drawing the building blocks.

* Do not click on add building.
» Click on import 2-D drawing file and select file type fralmop down menu

* Find the file in the Design Builder Data folder using bhewse button ...
It is recommended that 2-D drawing files are saved infoftder as this is the
default folder accessed by DesignBuilder, but the broseseibe used to load
files from any folder.

» For DXF files the units need to be set independentlysEanned images see
scaling instructions below

¢ Click on Next.
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* Turn off unwanted layers in DXF file — be sure to keepvalls — unwanted
details can be removed later.

e Click on Finish.

It will generally be necessary to align scanned imagdstive XY axes. Seledit >
Set axis for imported Bitmap. In plan view, click on both ends of a line that skoul
be parallel to the X axis. The plan is then automdyicalentated to be parallel to the
X-axis.

Now selectEdit >Scale bitmapfloor plan. Click on both end of a major dimension in

the plan. A blue line appears with a dimension. If theakmdimension is different
simply type in the known dimension and press enter.pldre is automatically scaled.

Now click Add building or Add block
To add a block trace around the 2-D outline:

» Use the central wheel on the mouse for zoom and orbit

* Use pan control to move around building

* Leave point snaps and direction snaps for DXF filesaially. There are no
snap points for scanned images

When the perimeter is complete, the block is generatehatically. If there are
small external details on the DXF plan which are mgificant, turn off the DXF
snap in order to be able to trace across them.

Tip: It can be easier to switch off DXF snap, especialtgmwdrawing
partitions because it ensures that the partition linesrapping to the block
perimeter and not just to a DXF line close to it.

It is advisable to use the measure tool to check thatithensions have been properly
defined. For example, to check that the measurememt #re same units as on the
original drawing.
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5 Model Options

DesignBuilder models can be configured in many differea¢saand all of the
settings related to the level of detail plus many cateu, display and drawing tool
options can be found and changed on the Model optiafsgdiThe model options,
including the project details referred to above, can bewed and edited at any time
by clicking on the model option icon (the spanner).

Click on the spanner icon to view the Building model apgio

DEeHS &2

The data tab

Allows the amount of detail in various aspect oftiedel to be set using a series of
slider controls — see below.

Scope Whole building

Y #nalyse the whale building.

T T
Zone Zone+shading Ewilding

Construction and glazing data General construction templates
- Construction default data is selected from a list.
r T
Pre-design Gereral

Floor/slab/ceiling representation 1-Combined -

Intermnal floor constructions not subtracted from zone volume

Ground floor construction is below ground and iz not subtracted from zone volume

External floor constiuctions not subtracted from zone volume

Gains Data

Gains data Early gains

Intemnal gains are separated into wanous categories (2.9.
occupancy, lighting, computing etc.)

r 1
Lurmped Early Deetailed

Timing ¥

Schedules

Timing is defined using the schedules and profiles mechanism which

allows each day of the week to have a ditferert profile.

Timing
: ¥
Typical workday ohedules

[ HWAL + natural ventilation operates with occupancy

[ Intemal gains operate with occupancy

HVAC Simple HVAC
- HWAC systemns are defined using plant seazonal efficiency data
T 1 and are modelled outside EnergyPlus
Simple Cornpact

HWAL sizing Fdutosize -

Matural ventilation

Hatural ventilation Scheduled ventilation
— “ertilation is defined as an air-change rate modified by an operation
¥ | schedule and controlled using 3 set-point temperature.
Scheduled Calculated

Scope controlcan be used to switch between ‘whole building' andlésaane’
modes.

The Construction and glazingmodel option controls the way construction templates
are loaded on the construction model data tab. Whemtienas set tdPre-design

you can load construction templates using the InsulatmohThermal mass slider
controls. When set tGeneral, templates are loaded by selection from a list in the
usual way.
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Gains options:

Lumped - all internal gains including occupancy, computer, offipeigment,
miscellaneous, catering process and lighting gains are @itogether into a
single value. Solar gains are still calculated in theabsway. Note that with
Lumped gains you cannot generate Temperature distributio@@mdéort
simulation output data.

Early - gains can be defined separately under various cateeeeabove).
Detailed - gains are specified by defining each individual itemopfigment
in each zone on the Equipment tab. If you selectojhin then
DesignBuilder will automatically set the Timing modetiop to Schedules.
Note that this option was developed for creating very lgetanodels of
existing buildings based on survey data. Entering thisfdatalarge building
is very time-consuming and in most cases you will heebserved by the
Early gains option above.

Timing options

Typical workday - the timing is defined by a start time, end time, working
days per week and seasonal variation. This approachnsl@ddor easy early
stage modelling of non-domestic buildings.

Schedules- where Schedules can either be defined for each dag efeek
and each month of the year using daily Profiles or hygu€iompact Schedule
format. Schedules are more flexible and can be usetthén projects but they
take longer to set up.

HVAC options

Simple - the heating/cooling system is modelled using basutsl@alculation
algorithms. For convective heating systems and all egalystems the
EnergyPlus 'Purchased air' system is used to caldwdateng and cooling
loads. 'Purchased air' supplies hot/cold air at predeferegdrature and
humidity for heating and cooling. See topics on Heatirdg@ooling for more
on defining the condition of the supply air. Mechaniaaitdation loads are
calculated locally for each zone. When using Radiantective the heating
system type the EnergyPlus 'High Temp Radiant Systgstem type is used
to calculate heating loads.

Compact - the heating/cooling systems are defined in DesignBuidmg
Compact HVAC descriptions but modelled in detail in EnerggPI

In both cases heat generator (boiler) and chillerdaetgy consumption is calculated
from loads as a post-process using efficiency factors.
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Natural ventilation

» Scheduled- the ventilation rates are predefined using a maximuchainge
rate modified by operation schedules.

» Calculated - the ventilation rates are calculated using wind angdoy-
driven pressure, opening sizes and operation, crack szes et

You should generally use tigehedulednatural ventilation model option because it is
quicker and easier to enter the related model data anthedsause the simulations run
more quickly. However if you need to calculate natuealtilation rates which can be
achieved with a particular configuration then you shouldthiséCalculated' option.

Advanced tab - Lumping and Merging

Simulations can be simplified and speeded up (sometimessigritiéicantly) by
lumping zones, walls and windows. The following optioresarailable:

* Merge zones of same activity

* Merge zones connected by holes

* Lump similar windows on surface

* Lump similar cracks

* Lump walls and windows (developer option)

See DesignBuilder help function for more details osehend the other options on
this tab.

Heating Design tab

Key parameters set here are:

Temperature control
* Air temperature
* Operational temperature
* Other

See also Simulation tab.

Design Margin

The Heating Design Safety factor is used to multigligalated steady state heating
loads in each zone to give a recommended heating $tantlt accounts for the
additional heat required to bring the building up to temperatuaeeasonably short
preheat period and allows comfort conditions to be miamdain all but the most
extreme winter conditions.
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Cooling Design tab

The data on this tab can also be accessed on the Cdesign calculation options
dialog.

Summer design dayis set up by selectingay, month andday of week

Calculation options

Heating and cooling systems control internal temperatioreneet the setpoint
temperatures specified on the Activity tab. These setpemperatures can be
interpreted as air, operative or some other radiantidraand DesignBuilder provides
corresponding options to allow HVAC systems to be radied by:

« 1-Air temperature - control the room mean air temperature to the heatolg
cooling setpoint temperatures specified on the Activity tab.

« 2-Operative temperature- control the room temperature using 0.5 radiant
fraction. This is an advanced option - see notes of operative temperature
control under help if you plan to use this option.

« 3-Other- you can enter the radiant temperature control fractio

System Sizing

Design margin:the Cooling Design margin is a 'safety factor' usechtltiply
calculated cooling loads in each zone to give a recommendgitnum cooling
equipment capacity. It accounts for the additional ogolequired to cool the
building down in a reasonably short precool period and allgau to be confident
that comfort conditions will be maintained in all bug timost extreme summer
conditions (risk depends on the Summer Design Weatht&x @ptions selected at site
level)

Sizing methods available are:

+ 1-ASHRAE - standard Heat Balance method implemented in EnergyPlu

« 2-Unitary DX - calculations are made through a detailed EnergyPlus
simulation using Unitary DX equipment.

+ 3-VAV - detailed EnergyPlus simulation using VAV equipment.

+ 4-Fan coil- detailed EnergyPlus simulation using Fan coil equipment.

Tip: You should use the default ASHRAE option unless you haperence with
Compact HVAC and understand the configuration of thedesys/pes.

Solar options
Solar Options allow you to control aspects of the moelated to solar gains.

The standard wall, floor, roof surfaces defining the curperiding provide shading
but by default the other buildings on the site are excldéidad the analysis. Check
box Include all buildings in shading calcgto include other buildings on the site as
shading obstructions.
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Model reflections

If using reflections, the program calculates beam andslay radiation that is
reflected from exterior surfaces and then strikedbthieling. These reflecting
surfaces fall into 3 categories described in the helptifumc

For Advanced Calculation options and Output optiondhege

Simulation tab

Simulation Period

Select the start and end days for the simulation,lectsa typical period using the
links on the Info panel.

* Annual simulation - all 365 days of the year.

* Summer design week a week identified by the weather data translator as
being the hottest of the year.

* Summer typical week- a week identified by the weather data translator as
being typical of the summer.

» All summer - simulate the whole summer (as identified by the weathta
translator).

* Winter design week- a week identified by the weather data translator as
being the coldest of the year.

* Winter typical week - a week identified by the weather data translator as
being typical of the winter.

* Allwinter - simulate the whole winter (as identified by the aeatdata
translator).

Calculation options

Time steps per hour:though many buildings can be successfully simulated imMth
2 time steps per hour, EnergyPlus suggest 4 for non-HVAGIaiions and 6 for
simulations with HVAC.

Temperature control: select from

» Air temperature - control the room mean air temperature to the heatna
cooling setpoint temperatures specified on the Activity tab.

» Operative temperature - control the room temperature using 0.5 radiant
fraction. See notes of operative temperature controlbgélyou plan to use
this advanced option.

» Other- you can enter the radiant temperature control racti

For Advanced Calculationoptions anatontrolling output data generatedfrom
simulations andCompact HVAC autosizing see help

Display tab

Check boxes to control what is displayed on screenmawidualisation.
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Drawing tools tab

Check boxes to turn on direction snaps, point snapgjrdyaguides, set rotation
increment and protractor as required

Block tab

This tab is only available at block level and is used amgh the wall thickness or
change roof-wall transition angle if different fratafault of 70 degrees.

Project details tab

Use this tab to edit project detalils.
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6 Introduction to Model Data

This section takes an introductory look at the data in the Activity,tCmtisn,
Openings, Lighting and HVAC tabs. The data on these Model data tabs is further
explored in subsequent sections.

| Layaut |.-'1‘-.|:ti~witj,I || Constuction " Qpenings || Lighting " HaC |

Activities
This section explains how to partition the building intmes according to the

activities (usage) in the building such as office, mgetodom, toilet or plant room.
Each activity has the following categories of data aased with it:

» Zone Type (block and zone level only)
* Occupancy

* Metabolic rates

* Holidays (building level only)
* Domestic Hot Water (DHW)
* Environmental control

* Computer gains

» Office equipment gains

* Miscellaneous gains

» Catering gains

* Process gains

For convenience this data is usually loaded from a predefoiaityatemplate.
DesignBuilder contains a large number of activity tetgsldrom the UK NCM and
ASHRAE. Some other libraries relevant to different paiftthe world are also
available from local agents. Also users can add their templates to the library if
necessary.

Most of theActivity data is associated with eitHeternal gains or Environmental
control.

Internal gains
There are 7 categories of internal gains in DesignBuilder

* Occupancy

* Computer gains

» Office equipment gains

* Miscellaneous gains

» Catering gains

* Process gains

» Lighting (data set on the Lighting tab)
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You can define the time varying levels of sensible gaidsf@nOccupancy, Catering
and Process also latent gains. This is done by settimxamum gain and applying a
schedule to define the way the gains vary with time. daualso set the radiant
fraction, i.e. the fraction of the heat emitted tisatadiant heat.

(&
an
Gain (Vim2) 16500 %

T T T Y T T T T T T 1

1} il 10 15 20 i} 3ID 3‘5 40 45 a0 fiti} Lill)
ﬁ'__?] Schedule Office_Open0ff_Equip
R adiant fraction 0.200

The screenshot above shows the data for Office ewgnp Here the maximum office
equipment gain is set to 15 W/m2 using a slider and the schisdigea standard
‘open plan office equipment operation’ schedule as spddify the UK NCM. You
can change the schedule by making a selection frommaf [sedefined schedules.
You can also add your own schedules and this process ish@eskater.

Environmental control
User comfort requirements associated with the actvatybe set:

* Heating setpoint and setback temperatures

» Cooling setpoint and setback temperatures

* Natural ventilation setpoint temperatures

* Mechanical ventilation setpoint temperatures
* Minimum fresh air requirements

* Minimum lighting levels required

This data is explored further in subsequent examples.

The NCM zoning process

The object of the zoning process is to divide the buildingntgpareas of similar
activity uniquely defined by activity type plus the HVAC arghting services, using
as few zones as possible.

» Divide the floor into separate physical areas, bounded bygqatysiundaries
such as structural walls or other permanent internds \(@drtitions).

* Ifany part of an Area is serviced by a significantlyetént HVAC or lighting
system, create a separate Area bounded by the extiaisefservices. This
may require the use of virtual partitions (see belowgdimeate area that have
different access to daylight or where a large open dpas@erimeter heating
with a different heating/cooling system in the cereaale.

» Attribute just one Activity (defined by the dataset abdweedach resulting
Area. If the building is speculative and the activity fudlly defined, select the
appropriate Speculative Activity for the relevant buildiyge i.e. the activity
it is expected to be used for.

* Combine any contiguous Areas which are served by the sam&€Hvid
lighting systems, and which have the same Activity withem, (unless there
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is good reason not to). For example a number of celtdfices may be treated
as one zone (see also hanging partitions and thernsas bédow).

» Small unconditioned spaces like store cupboards, risés,cktc., can be
absorbed into the adjacent conditioned spaces. Theirdl®a is added to that
of the adjacent conditioned space. Larger areas sbetuleated as indirectly
conditioned spaces. See Defining indirectly conditionedespa

* If any resulting Zones overlap, use discretion to atetae overlap to one of
the Zones.

Dividing the building into zones by drawing partiti ons

After all blocks have been added and edited, blocks shoud/ided up according to
the activities and zoning rules.

. Selectlir:"lr and then position the pencil on the drawing screenaveall until
the red snap indicator appears (if snap indicator daesppear check snap
options)

* Click and draw in the partition in the required position.

* Click where that internal wall ends and continue drgviunther internal walls
until the partition connects to another wall, when tloeleh automatically
updates by adding the partition.

Alternatively trace over DXF internal walls.

It is best not to create unnecessary zones — see zorasg Wihere a number of zones
have the same activity, HVAC, lighting and access tdiglat, they can be regarded
as one zone as lllustrated below for modular offieksvever, if the internal

partitions are not added the internal thermal massedbuiiding will be under
represented. This is unlikely to have a significant efbecthe calculations, but
DesignBuilder offers two ways of defining additionaleimtal thermal mass:

» Drawing hanging partitions (i.e. partitions which do not ihzgker walls at
both ends and hence do not create zones), or

* Entering a non-zero internal thermal mass exposedoaré@e Construction
tab under the Internal Thermal Mass header at zoeé lev

The thermal mass defined using these methods is lumpedeodmtieach zone and
modelled in a non-geometric way. In both cases, thetoaction is defined under the
Internal Thermal Mass header on the Construction tab.

Hanging partitions are created in the same way as ordinary partitions tistnQraw
partition tool, but are finished by pressing <Enter> (oi&hd partition stream
command from the right click menu) to define the end pdiréition stream. They are
shown in blue in the illustration below. These hangingitiens do not need to be
accurately positioned, as it does not matter wherehtrenal mass is added in the
zone; it is only the total mass that matters and shresitomatically calculated from the
area and construction of the hanging partitions. Optigggires the user to enter the
exposed area of the internal thermal mass. The hoeddsbe left as zero if the
hanging partition option is used.

SeeHelp underinternal Thermal Mass.
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Virtual partitions allow zones to be subdivided without putting a physical intd
the space. Such partitions can be used to divide a spacetivierare different
services such as lighting or HVAC within an open spaczdate activityyones with
different services but which are not separated by a pdysieindaryFor example to
delineate area that have different access to dayligithere a large open space has
perimeter heating with a different heating/cooling egsin the central zone.

Daylighting modelling - offsetting electric light with daylight

DesignBuilder uses the EnergyPlus detailed daylight ndetihonodel the control of
electric lighting according to daylight illuminationvigs.

Placing Light Sensors

In the Lighting tab, when zone Lighting Control is, @ light sensor will be displayed
as a blue rectangle with the number '1' inside it inohgdLight sensor 1'. By default
Light sensor 1 is positioned in the geometric centré®izbne.

If you now switch on the Second Lighting Area, a seclght sensor will be
displayed with a number 2" inside it:

The lighting control types available are:

e Linear
e Linear/off
» Stepped

These tools allow the benefits of daylight controlsfiisetting electric light where
daylight is available to be modelle¥irtual partitions can be used to create separate
zones where lighting in areas adjacent to windowsheaswitched independently of
lighting in the central zone

Zoning large buildings or blocks

By default, DesignBuilder automatically generates z@aseggartitions are drawn. This
can be time consuming in large blocks with many zonesinEbeckAutomatic
Block Zoning:
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* Go to Model Option > Advanced > Miscellaneous Edit and urictiex
box. Partitions are then shown in blue and referred twtine partitions.
Outline partitions do not create new zones and are trgatee same way as
hanging partitions.

» After drawing all the partition for the block, convertitline partitions to
standard partitions and rezone the block usindgRémeone blockcommand
accessed from the Tools menu.

» Outline partitions that do not connect at both ehdsging partitions, remain
in blue even after the Rezone block command.

Alternatively, use th&®ebuild command from the tools menu, to convert all outline
partitions in the building to standard partitions and heazene the whole building.
This takes longer to process than Rezone blockcommand as it recalculates the
surface and adjacency geometry as well as rezoning.

Data inheritance at block, zone and surface level

Once all the blocks and zones making up the building made been defined, it is
necessary to assign Activities, Constructions, HVA@hting and HVAC to each.
DesignBuilder uses inheritance rules to make this progegtesand efficient.
DesignBuilder models are organised in a hierarchy:

“Buidng |

Block

[?I

( Surface

[ Opening '

Default data is inherited from the level above in tregdrichy, so block data is
inherited from building level, zone data is inherited frootkldata and surface data
from zone data. This arrangement allows you to makengstét building level which
becomes active throughout the whole building; or makings at block level to
change data for all zones/surfaces in the block. Sextample, if the External wall
construction is set to 'Wall 1" at building level, rittais will be the default External
wall for all blocks in the building. It is possible toasige the inherited defaults in any
of these blocks by selecting a block and making a user def&lection (say 'Wall 2")
to ‘hard set’ the data at this level. All the zonethis block will then have external
wall construction set to 'Wall 2' as the default.

The construction and opening defaults are inherited dowuarface level where the
data is actually used in the calculations. For examhdethe External wall
construction model data inherited at the surface levebidgfnes the actual
construction used for that external wall. The Extewell model data set at zone,
block and building level has no effect on the model (otte@n by providing the
default data for the level below in the hierarchy).
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A further significance of making a user defined selecttcen @articular level is that
the data remains ‘hard set’ at that level and below &d&en changes are made to the
level above.

To assist in identifying where data is inherited from DeBigjlder uses a colour
code. Data set at building level or user defined data ‘bat’ at any level below will
appear in red. All data inherited at levels below wilirbélue. The simplest way of
determining where data is inherited from is to start@fdivest level, a surface or
opening, and go up through the levels (<F2> key is useful ®yr uhtil the data turns
red. This then is the level from which the data has l@gerited.

To undo user defined ‘hard set’ data use the Editear to default menu option and
selectAll data or Custom openingsand specify level (block, zone or surface) down
to which the data is to be cleared.

Zone type

The zone type can be set at block or zone level oAcdteity tab and can be one of:

« Standard - considered to be occupied and heated or cooled.

« Semi-exterior unconditioned- is an unoccupied zone in the building which is
neither heated or cooled. Examples of 'semi-exterioonohitioned’ spaces are
roofspaces, sunspaces, car parks etc).

« Cauvity - the zone is a cavity such as the glazed cavity mahdouble facade
or a Trombe wall. This algorithm correctly calculattes convection
coefficients for a narrow sealed vertical cavity lobhse the 1ISO 15099
standard.

+ Plenum - the zone is a plenum which is unoccupied and hagaink,
cooling, or mechanical ventilation (though of course dirflew through it to
meet the needs of the zones it serves).

Assigning activities

When the building model is complete and all the block® lteeen zoned, the next
step is to assign activities to each zone. It is bast tmethodical, especially in large
buildings, and to start at the building level by settirggdbtivity which most
commonly occurs in the building, for example, classramia school or bedroom in a
hotel. This sets this activity for all zones. Now worktineelically through all the
zones changing the activity where it is different fritv@ default. You can also use the
block level if most of the zones in a block have thaesactivity (but different from
building default).

* Select a zone from the navigation menu.
* Click on the Activity tab — the screen shows the defactivity.

» Click once on Activity — a menu of all activities and sestappears in the
right hand pane.
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Click + to expand the appropriate sector and double-clickemadtivity. User
defined activities can be added to the library of actwitising the + or copy
functions.

Note that the sector is automatically assigned wheacawity for the zone is
selected.

The default zone type, Standard, applies to all zond®imbdel both
conditioned and unheated zones. In most instances spilce® heating
system are assumed to be heated by the HVAC systdimefsurrounding
zones. Such zones are therefore included in the motebasd i.e. standard
zones with an HVAC system assigned to them. Wherenarated zone is to
be included in the model select “none” form genericolfidiVAC templates

For unheated zones, especially unheated roofspacess zenitype t&emi
exterior unconditioned. See also section below on constructions.

Each zone should be given a meaningful name to maksyiteadentify during the
analysis. This is important for larger buildings whéreré may be a large number of
zones. To rename a zone:

Click on the zone entry in the navigation list on t#fthe screen, to highlight
the zone.

Click again to open an edit box and type in a meaningfukensuch as ‘Office
South’. The process is the same as renaming a feld&imdows Explorer.

Constructions

Defining constructions in DesignBuilder
The following definitions apply and are illustrated in thagram below.
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Floor/slab/ceiling constructions

Key
Block dimensions are
measured from outside

- - Zone surface dimensions
are inside dimensions.

Pitched roof (uncccupiad) 5
/ construction Zone air volume"

Roofspace
(Semi-external
unconditioned zone)

- External wall construction

l:l Semi-exposed roof construction

Flat roof [ semi-exposed wall construction

consicton [] Fiat roof construction

l:l Ground floor construction

. Pitched roof construction
. External floor construction

Internal partition construction l:l Infamal perfiton constriction

"
Zone C " Zone B ) :
0 | * Depends on Model option settings
- External wall
T T construction
e :
- W e,
‘\\ :: A Pitchad roof (unoccupied)
% " __ construction
" -
N\ <
External wall H
construction 5
Seml exposed wall .
construction b ::
Zone A . Sunspace

o (Semi-external
unconditioned zone)

External wall
construction

'
Ground floor construction L ¥

External walls

External wall construction defines the construction alfisvadjacent to outside. The
definition of walls is given by the roof-wall transiti@angle of 70 degrees.

Flat roof

Flat roof constructions apply to external horizontalaees. The construction used to
represent the flat roof should include any slabs, insuland suspended ceiling
layers.

Pitched roof (occupied)

The Pitched roof (occupied) construction applies to extsimped surfaces when
they appear in occupied zones.

Pitched roof (unoccupied)

The Pitched roof (unoccupied) construction applies to eatsfoped surfaces when
they appear in semi-exterior unconditioned (unheated)szone

Internal partitions

The internal partition construction defines the cardton of internal partitions (walls
used to divide blocks into zones) and inter-block partitionterpal walls shared with
other blocks). Internal partitions are used where botbsare occupied. When one
of the zones is occupied and the other is not, the-8gpased walls construction data
is used (see below).
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Semi-exposed walls

The semi-exposed wall construction applies to walls betv@onditioned zones and
Semi-exterior unconditioned zones. They normally inclsmi®e insulation.
DesignBuilder determines which of the zones is relbtigatside and uses this
information to correctly order the material layarghe wall. The material layer
defined in the construction as being outermost (firsist) is the one adjacent to the
Semi-exterior unconditioned zone.

Semi-exposed ceiling

The semi-exposed ceiling construction is used between @ccmpnes and Semi-
exterior unconditioned (unheated) zones (such as roofgpaoeve. The construction
should include any slabs, insulation and suspended ceiliagslaDesignBuilder
determines which of the zones is relatively outside aed tiss information to
correctly order the material layers in the roof. 8iseussion under ‘Pitched roofs’.

Semi-exposed floor

The semi-exposed floor construction is used between @ztupnes and Semi-
exterior unconditioned (unheated) spaces below. Thercatisnh should include any
slabs, insulation and raised floor layers.

Ground floor
The ground floor construction is used between all intemaes and the ground.

External floor

External floors are floors that are adjacent to detsiir, e.g. the floor of a
cantilevered part of the building or where for any otleason there is no ground or
other zone below. The External floor constructionudthanclude any slabs, insulation
and raised floor layers.

Internal floor

The internal floor construction defines the makeupaidr$ between Occupied zones
including any slabs, air gaps, raised floors and suspended celilidgses not usually
contain insulation. Where the zone above is unocdupie Semi-exposed roof
construction is used instead. Likewise, where the zolegvkie unoccupied the Semi-
exposed floor construction is used instead.

Adjacency

Adjacency means what is on the other side of a surBacdefault DesignBuilder
calculates adjacencies between blocks, partitions bis.default adjacency
mechanism can be overridden at surface level using tjaedaty setting on the
Construction tab. The default setting for Adjacencu, but it can be set at surface
level to be one of:

« 1-Auto - the adjacency of the surface is determined automaticll
DesignBuilder based on its position. External surféedsw the ground plane
are, by default, considered to be adjacent to ground daacthaksurfaces
above the ground plane are considered to be adjaceutsideoconditions.
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2-Not adjacent to ground- the surface is not adjacent to ground even if it is
situated below the ground plane.

3-Adjacent to ground - the surface is adjacent to ground even if it is above
the ground plane or it is an internal surface.

4-Adiabatic - the surface is adiabatic. This means that heattigansferred
across in its external surface. Adiabatic surfacedraquently used in
thermal modelling to represent surfaces that are bettveenones at
substantially similar conditions. Note that thermabksig still modelled in
Adiabatic surfaces because heat can still be traesf@nto the mass through
the internal surface. Adiabatic surfaces are ofted tmemodelling the
boundary between the actual building model and any adjacédings that
are not to be modelled.

You can determine which surfaces are adiabatic or adjgeground by looking for
the corresponding surface adjacency markers in the EBd@ieSat zone and surface

levels.

Entering construction details in DesignBuilder

The model is initially created using the default consiobnadata loaded from the
project template. When the construction tab is ipgned all construction types are
labelled ad’roject... and displayed as shown below whether or not they asept

in the building model. For example the Pitched roof camesitin is displayed whether
or not there is a pitched roof in the model.
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= Construction

C’E:-tternal walls Project wall
C’Flat roaf Feference Pitched roof, Lightweight
::’F'itched roof [occupied) Project pitched roof
C:'F'itched roof [unoccupied] Project unoccupied pitched roof
= @Internal partitions 105mm brick [plastered both sides)
Semi-Expozed
@ Semi-exposed walls Project semi-exposed wall
=@ Semi-exposed ceiling Project semi-exposed ceiling
C:’Semi-e:-:pu:uxed floar Project semi-exposed floor
Floors
C:’Gmund floor Froject ground floor
C:'E:-ctemal floor Froject esternal foor
C’Internal floar Froject internal floor

Sub-Surfaces

Intemal Therm

Madel infiltration
Constant rate [ac/h) 0.700

L«

Buildings Constructions

For most buildings the quickest way of setting up constmg is to define them at
building level. Go to building level and then open the @uoicsion tab. Double-
clicking on any of the constructions such as Wall, Fiat etc opens @onstruction
Edit screen

Set the number of layers first, and then select thieenal and thickness for each
layer. Constructions can have up to 6 layers. Defindaglezs in the same order they
appear in the actual construction starting with theraust layer and finishing with
the innermost.

The outermost layer will be positioned adjacent toidet®r in the case of Semi--
exposed walls adjacent to the semi-exposed unconditimme).zClicking on material
in any layer opens a menu of materials in the rightih@ane. Double click on the
required material and specify its thickness.

Bridging can be added to any layer to model the effectrelaéively more conductive
material bridging a less conductive material. For examgloden joists bridging an
insulation layer.

Note: If the material referenced is defined as a siRplalue then the construction
thickness does not have to be entered.
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Note: You should not include surface resistance (fileffoicent) layers to represent
the resistance of the air films adjacent to therramel outer surfaces. These are
included automatically by DesignBuilder.

Image tab: This displays an image of the construction layers Wwigaseful to check
that the construction has been set up as required.

Calculated tab: This tabs shows calculated values and the effect ddibg when
present. Note that the U-values etc are not used inaimos but are useful for
reference and for use in simplified calculations stcBREM.

More Complex Construction Mixes

For more complex construction mixes, such as an oldibgiwith a number of later
extensions of different constructions, it is usefutteate a number of wall
constructions for example, one for each constructipa found. These constructions
can then be set in the appropriate blocks and zones.

* Open the Construction tab. All construction types lballdisplayed showing
all possible constructions (external walls, Flat rédfched roof (unoccupied)
etc) whether or not they are present in the model.

» Single click on one of the constructions, externdlsafar example — a menu
of wall constructions appears on the right.

* Select a suitable wall construction type, preferablytbaewill have a similar
thermal mass to the actual construction and make a copythe Create copy
icon in the toolbar abov.*.

» To edit select this new copy and then the edit tool.rAdtevely use th
function to create your own construction

* An edit screen appears labellgiddel data. Give it a new meaningful name
such as “External wall main block”

* Under ‘Source’ record where the new data has come @opart of the audit
trail required. It may be useful to include a briefalgdgion and possibly a
date or revision number as constructions may change dssign evolves.

* If necessary adjust the number of layers and theriteditaterials and
thickness data for each layer. Include bridging if apprtgria

¢ Click OK and new construction will be added to list of gtouctions

* Now click on each of the other constructions presettiermodel and change
the values as required.

* Finally apply the new constructions created to each blodkzane as
appropriate. First select the block or zone and themeiconstruction tab
select the type of structure i.e. wall roof etc to ofenmenu of structures.
Select the structure required from the list that has bessated by double
clicking on it to load it into the model.

Sub-surfacesare useful where part of the structure is differemnfthe rest. For
example, glazing may have been replaced by insulatinggplaaeng a lower U-value
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than the original wall constructioBxternal doors are also defined at the sub-surface
level. These can be drawn in at surface level.ifegeunderDrawing windows.

Pitched roofs

Heated roof spaces are considered to be occupied anceetth treated as normal
zones. Note that when creating the block for a heatddspaae first go trawing
options, Geometryand check boRoof space occupied

Model infiltration

At the bottom of the construction screen is the fataetting model infiltration.
Open the infiltration data by clicking on the grey Airtigss header tool bar for
setting model infiltration.

If scheduledwas selected in model options under natural ventilati@nventilation is
defined as an air change rate per hour, modified by an ocmougahedule and
controlled using a set point temperature.

If calculatedis selected as the ventilation option, together watimpact HVAC,

natural ventilation and infiltration air flow ratesaralculated based on openings and
crack sizes buoyancy and wind pressures. When calculaig@inzgentilation is

active, the Airtightness is defined by a position oiva point scale corresponding to
5 crack templates

] Mockel inlillz aticn
Constant rate [design only)] |0Lroo

Crack templala

[ T i
Wary poor Foor Mol e Coodd Exocsllsrd

Openings

The term opening is used in DesignBuilder to describe paging in the main
building fabric. There are five types of opening:

Windows
 Doors
e Vents
 Holes

» Sub-surfaces (i.e. opaque elements within the surfacédkiatdifferent
properties from the main construction.) For exampteels and lightweight
panels can be defined as sub surfaces.

In any model, go to building level. Then select @@eningstab to bring up a screen
headedProject glazing templatewhich showsGlazing type’ andLayout which are
initially set as the Project default To introduceialative values:

» Single click onGlazing typeto bring up a library of glazing types in the right
hand pane (or alternatively click and use the browsemutt). Double click
on the required glazing type to load it into the modelintfmduce user
defined glazing types use the Add new or copy and edit tocleébe a new
glazing type and then load it into the model.
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» Single click onLayout to open a library of facade types. Select a facade type
that will produce the right appearance for the modeédtiired the copy or
add and edit tools can be used to create user defined facades.

* Open theDimensionsheader and set the slider to define the Window to wall
%. The opening area includes frames. The model will autoatiy update
with the new value. If the changes are made at Ingjlivel this % is applied
to all facades, provided data has not been previously ‘htrat sbe lower
level. If made at a wall surface level the set % appdig¢bat wall only — see
section on Inheritance.

* Open theShadingtoolbar and select widow and/or local shading and make
appropriate selections for the drop down menus

* Go through the same procedure Rwof glazingif present

* Open theDoorstoolbar. Checking the auto generate box in a surface will
automatically generate a door. Set up the operation aedwehfor the doors.

* Open theVentstoolbar. Select the vent type and operation schedule

* The values set in the previous steps will be applied| ®urfaces if they were
entered at building level. Where a surface requiresrdiffedata you can
select that surface from the navigation menu and repeat¢ps as necessary
to set the alternative data.

You can use theopy andedit tools to create more than one Glazing template, which
may be useful for example where Southerly facingdasahave shading systems
which are not present on the Northerly facing facades.

Lighting

Opening the lighting tab brings up the default lighting syst®m the reference
template. To introduce alternative lighting systems staentering data for the most
common system at building level by selecting an appridighting template.

These templates are data sets that can be used @@ gbgeneric lighting systems
for loading into the building data. A single click oartplate’ will bring up the

library of lighting templates. Select the most apprdprieeview and if necessary edit
the data under the 3 main headers:

* General
» Task and Display Lighting
» Control

Note that the lighting gain in the defaBeferenceLighting template i$ W/m2 per
100 lux. For an office activity havin§00 luxtarget illuminance this results #b
W/m2 lighting gain, which will be much too high for most modernldings being
designed now.

When you load lighting data from template, the actgditing internal gain is

calculated by multiplying the W/m2/100 lux lighting efficadsta in the template by
the required illuminance level as set on the Activityw@ader Environmental
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Conditions. Consequently you should make sure the cacteity data has been
loaded in each zone before loading lighting templates.

It can be useful to explicitly load data in each zbpehecking each zone in the
Target tab of théoad data from templatedialog. This ensures that the correct
lighting load for each zone is set. If the activity éme zone is different from that at
building level the wrong lighting energy will be caldgd for this zone if loading the
lighting template at building level only.

Lighting data generates simulation data at the Zored.lev

Turn on general lighting and set the installed lightoaglincluding control gear
using the slider.

Note the lighting schedule comes from the activity ffer zone

Select thduminaire type from the drop down menu. This loads typical values for
radiant and visible fractions for the luminaire typ@uYcan override these if required.
The convective fraction is calculated and an errgergerated if the radiant + visible
fractions >= 1.

=60 _|§ ,-‘;;___: =0 O0CL——
—— refofo
I
S ded Surface Mount Recessad
Hspenae ura Luminaus and Return-Air Ducted
Louvered Ceiling
Field Mame Luminaire Corfiguration, Fluorescent Lighting
Suspended Surface Feceszed | Luminous Return-air
mount and louwered | ducted
ceiling

R eturn Air (00 0.0 (] 0.0 0.54

Fraction

Fraction Radiant | 042 0.72 0z7 0.7 0.1z

Fraction Visible | .19 0.18 0.18 0.18 0.18

A 040 (] 043 045 (]

If appropriate turn on display/task lighting and specifymgaind schedule. These
gains are assumed not to be linked to any lighting cosystém and the lighting gain
value does not come from the lighting template. In ifagou load a lighting template
the Task and display lighting value is reset to zero.

Where lighting controls are installed turn on lighteantrol and select from the 3
lighting control options. Daylight control is covergdmore detail on Day 2.

The lighting specified at building level will be loadex &ll zones. Where zones have
a different lighting specification, select that zamel edit the lighting data.
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HVAC

HVAC can be defined in DesignBuilder using:

» Simple HVAC where the heating/cooling system is modelled using baadt |
calculation algorithms. For convective heating systangsall cooling systems
the EnergyPlus 'Purchased air' system is used to dalddating and cooling
loads. 'Purchased air' supplies hot/cold air at predeferaegddrature and
humidity for heating and cooling. See topics on Heatirdg@ooling for more
on defining the condition of the supply air. Mechaniaaitdation loads are
calculated locally for each zone. When using Radiantective the heating
system type the EnergyPlus 'High Temp Radiant Systgstem type is used
to calculate heating loads.

» Compact HVAC where the heating/cooling systems are defined in
DesignBuilder using fairly simple parametric HYAC degtians but
modelled in detail in EnergyPlus.

In both cases heat generator (boiler) and chillerdaetgy consumption is calculated
from heating and cooling loads as a post-process usingeefficfactors.

Simple and Compact HVAC system will be covered in detaDay 2.

Selecting and editing HVAC templates

When this option is selected in the model options s¢ré@a can be loaded from a
list of generic HVAC systems. (in the UK there Isoaa list of HVAC systems than
can be used for the UK National Calculation Model). M/at building level, click on
HVAC and use the browse button to open list of geneYié@& systems. Select the
most appropriate for the majority of the building.

The auxiliary energy consumed by fans and pumps will bautematically for the
system selected. For batkeating and coolingthe fuel type, the system Coefficient of
Performance, the supply air temperature and humiditybe&iloaded firm the

template

Note the schedules will be inherited for the activity.

In general it will be necessary to edit the data orteh®late and in many cases there
will be more than one HVAC system. Clicking on thbutton in the right hand pane
will open an edit screen. Give the HVAC system agaisable name and set the
category to project.

For Simple HVAC system the auxiliary power can be edited
For Compact HVAC systems the type is selected from the drop down menu.

Tabs for ventilation, heating and cooling can thengmned and appropriate values
set.

The final tab allows the air temperature distributiobéoset to mixed or dynamic
gradient.

Click OK when a prompt will appear ‘select named sysasritemplate’ selecting yes
will load the data from this template at building leselthat it is inherited down to al
zones in the building.
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Where a building has a different HYAC system for sdroeks or zones, use the +
button again to create a second HVCA template, giveaévwaname and load this into
the relevant blocks and zones.

DHW generator

A DHW generator needs to be selected for all occupiedsz®@epending on the
activity and building type selected for the zone, a stahB&\W demand is assumed.
For example, there is a demand assumed to arise feoottupants of an office for
activities such as washing hands and washing up cups. This denaasddsated with
the office rather than the toilet or tearoom. Thhe,demand from each space needs
to be assigned to a DHW system even if the systethigsgot present in the space.
The DHW generator that needs to be specified and dedcstould be the generator
which accounts for the majority of this demand, fronsthdefined in the DHW
generator tab.

» The default is Project DHW
» Select Type from drop down menu

» If Same as HVAC is selected then the HVAC systeaut®omatically selected
as DHW generator.

» Specify the delivery and supply temperature and selecteasiehfor DHW
demand

» Asingle click on DHW template followed by selecting s button gives
access to other generic types of DHW.
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7 Exercises on Geometry and Model Data

Carry out these simple exercises to help consolgate understanding of
DesignBuilder geometry and model data.

Default Model Templates

Many of the subsequent worked examples will be based onessmgle and 2-zone
models. These will be created in this exercise anddsayéemplates for future use.

Default 20x10 Single Zone
First create the single zone model:

1. Create &New project using any location and thigdank template.

2. Create &ew building using default options and templates

3. Draw a block 20m x 10m with the longer facades faciagiNand South as
shown in the screenshot below. Use all the defaaivithg options (Wall
thickness = 0.293m and Block height = 3.5m).

Tip: You can achieve the same result with even less work!
4. Delete the block you have just drawn (Ctrl-Z undoesattd block command

or select it and delete it)
5. Select the Perimeter shape td?beectanglethen move the mouse over the

edit screen and type

20 10and pressEnter>.

This ‘key in” shortcut means “Draw a rectangle 20x10i(gction first, y
second)” Again delete the block and try typing:

0 0 <Enter> - go to origin
20 10 <Enter> -draw the 20x10 block

Now save this single zone model as a template usingildhe Save > Save as
template menu option. Call the filzefault 20x10 Single Zone.dsb
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Default 20x10 2-Zone

Now create the 2-zone model. Continuing with the previdefault 20x10 Single
Zone model,

1. Go down to the block level and click on fheatition tool to start drawing a
partition.

2. Switch onincrement snapto allow a precise positioning of the partition.
3. Move the mouse until you are 12m from the East emleoblock and 7.41m
from the West as shown in the diagram below. Therthesenouse tdraw

the partition.

[[]Office_OpenOff

4. Rename the zon&ast andWest and go back up to the block level. The
model should look as shown below.

[JOffice_OpenOff

]

Now save this 2-zone model as a template using the Skeve > Save as template
menu option. Call the fil®efault 20x10 2-Zone.dsb

Exercise 1
Basic 2-storey building

Create rectangular building as follows:

External dimensions: 30 x 20m (20m along East-West X)}axi
Wall thickness: 0.35m

Block height ground 3.5

Block height ' floor 3.0
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Hipped roof - slope 25 degrees with 0.5 m overhang

Exercise 2
Building with blocks side-by-side

Create a building as follows:
» Draw a block 20 x 20m and 6m high

» Starting at the South west corner add a block that iki§mand extends 12m
along the South wall of the original block and stands raum tthat block by

6m

Building should look like:

Now use the Drag face tool to pull the smaller block outdsi@nce of 10m. Note
the dimensions shown when dragging the face are incrafr{eat they show the
increase/decrease in the dimension, not the total dio/@ns
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Exercise 3
Sloped roof

» Using cutting and protractor tools to create a single glopk(useful where
occupied space extends to roof skin)

» Continuing from exercise 2, use the drag face tool to isertd@ height of the
larger block by 2m.

* Turn on the protractor and set the increment to 5 degrees

* Then use th€ut Block tool to cut the block across the South face at areangl
of 5 degrees starting at a height of 5m from the Soush egener.

* Delete the cut block to create a single slope roof asrsthelow

Exercise 4
Extruded blocks

Usingextruded blocksto createmore complex shapesuch a more complex roof

» Draw a simple block 10m x 20m and 3.5m high
* Add a gable end roof with the geometry shown below
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* Ridge is 2.5m above eaves and is 7m from left hand corner
Tip: Use a construction line (vertical line in blue) to kecadge position

Appearance of building

Exercise 5
Using Outline blocks

» Create a simple 2 storey building 10 x 20m and add a 30 daitgked roof

* Add dormer window in middle of South facing sloping roof usingoutline
block. Align vertical face of dormer outline block with Maelow.

* The vertical height of the dormer walls is 1.5m andsibping roof sections
are 1.5m long and at 45 degrees.

» Cut outline block using roof as cutting plane (cutting meth&etect plang

» Convert the dormer window outline block to a building kld¢all thickness
is0.1m

 Add awindow 1m x 1m.

* Cut a hole in the sloping roof and merge the dormer zathetlie main
roofspace zone using ‘Merge zones connected by holes’ Modehopt

» Copy the dormer block twice to give a dormer window oveheandow of
the floor below. The hole connections are copied thighblock.

* Visualise the building and look inside — explore visualsatptions.
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Visualisation of building with dormer window created using odline blocks

Exercise 6
Using ground component blocks to set ground adjacency

» Create a two-storey building with flat roof 15 x 15m withaléf 3.5m block
heights.

» The building is on a slope such that the ground risegdlenSouth wall from
floor level at the west corner to a height of 1.75hatEast corner.

» Use a ground component block to set the adjacency f@duth wall as
shown below.

Tip: use a construction line to provide the snap point for growek lait South
East corner

Ground adjacency set by using a ground component block (green)
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Software

Exercise 7
Using standardand adiabaticcomponent blocks

* Rotate model from Exercise 6 to show North face

* Add a 4m high adiabatic block to middle of North face s™aill be shown in
red.

* Add a standard block same height as building in front et fieze. This will
provide shading (and reflections if this Solar calculatiption is selected).

N

Exercise 8
Zoning the building

* Create a building having 10 x 20m external dimensions

* Add 2m wide corridor down middle parallel with the longexlinsert
partitions to create 5 equal cellular offices along wegt - assume all have

same HVAC system

Tip: You should have created just 3 zones. Check this byrigak the
Navigator.

DesignBuilder copyright © 2009 44



_J_’j Des'g"'sBo‘;{'Jﬂ.ir Simulation and CFD Training Guide

Exercise 9
Specify lighting

* Draw simple 10 x 30m building with long dimension running Naa South.

» Divide building into 4 zones

» Set the activity at building level as Office_OpenOff

» Set activity for Zone 3 as Office_Reception

» Set activity for Zone 4 as Office_Store

* At building level select the lighting template as T@dfescent, triphosphor
high frequency control gear.

« Set the lighting energy as 16 W/m

* Note schedule Office_OpenOff_Light has been set fronathigity loaded

» Select luminaire type as surface mount

» Turn on lighting control and set control type to linaad % area covered by
lighting areal to 40%.

* Now go to Zone 3, Reception

» Select lighting template as Fluorescent compact

« Accept default 23 W/fmand set luminaire type as recessed

* Turn off lighting control

* Now go to Zone 4, Store

» Select lighting template as Metal halide

e Set luminaire type to Suspended

* Turn off lighting control

» Data inherits from building level in Zones 1 & 2

Exercise 10

Editing default constructions

* Draw simple building 10 x 15 m

* Add second floor and unheated pitched roof

* Modify construction wall for second floor to:

» Outer leaf metal cladding steel 2 mm thick (look under Isieta

* Insulation polyurethane board diffusion tight 0.1m thick

« Inner leaf concrete 1800kgrnoncrete block, medium density inner leaf 0.1m
thick

Exercise 11
Occupied roof space — room in the roof
» Draw a 20 x 30 two storey building with a 45 degree pitched roof

* Use construction lines to position partitions 2m forheadge of the sort
dimension as illustrated below.
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Software

* Name the zones as ‘Room in the roof and ‘Roof vogishown

* Go to building level a cut the roof block at a height wft® create a ceiling.

» Select room on roof zone and set zone type to standabaadtivity to hotel
bedroom.

Exercise 12

Defining openings

» Draw simple 10 x 30m building with long dimension running Nda South
» Change default glazing #20-4 low coated air filled
» Edit openings to create building with:

* 20% glazing in west wall with window height of 1.3m ands#ight of
1.5m. Apply local shading with 1m overhang louvre.

* 40% glazing in East wall with window height of 2m and sd#light of 1m.
Apply window shading using venetian blinds - light, interaédays on.

* No other glazing but door in South wall.
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Exercise 13
More complex geometries
Use as many of the drawing tools as possible to crdatédang with more complex

geometry such as that illustrated below. Use consbrudities to provide snap points
to position curved walls and other features.

Exercise 14

Free standing office in warehouse

Sometimes it is necessary to create a smaller sucteas an office within a larger
zone (e.g. a large warehouse space).

The steps involved are:

1. Draw the ground floor block including both office and warede. The block
should be the height of the office space as the tdpeolblock will form the ceiling of
the office.

2. Draw the 1st floor block representing the high-levakelause space.

3. Draw holes (two will be required) so as to cut aathyhe floor of the 1st floor
block except that around the top of the office.

4. Go to model options and on the Advanced tab switchefMerge zones
connected by holes’ option. This will merge the upper aneit warehouse zones
into a single zone. The upper warehouse zone should dooétking like the
screenshot below.

5. From the navigation tree select the first floor kland then floor element

corresponding to the ceiling of the office. In the cangion tab, open the Adjacency
toolbar and tick “Exclude this surface area from the tainézloor area”
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See alsavww.designbuilder.co.uk Support > Knowledge base > How to include a
single story office within a full height warehouseislalso available as a
DesignBuilder example file.

Exercise 15

Model used as basis for Day 2 Exercises

» Draw the U-shaped ground floor block using the dimensions below.
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» Copy the ground floor block up to create the first floorcklo

» Change the Block type of the Roofspace block to Pitchedarmbfet the block
wall thickness to 0.05m.

* Draw the atrium block by drawing a block perimeter on tdemed south face as
shown below and extrude to create the block. Use the pratta create a 30°
roof slope. The drawing guides from the mid-point of tha@eht surface will
help position the apex of the perimeter.

Draw a block perimeter on the
south facing surface then extrude
it to create the block

* The block wall thickness should be 0.01m
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Define the atrium block glazing by setting the % glazed = use theNo glazing
facade template. Draw large roof vents at the topeofabf surface covering the
width with a height of 0.5m. Fill the rest of the sudaeith a window. Repeat for
the other roof surfac&witch increment snap on to help with this.

Draw 4 windows on the atrium South-facing external ser&scbelow:

/ Draw 4 windows

The atrium is to be built using a lightweight constrmetso choose the Part-L
2006 Lightweight construction template at block level ioytl).

For visual appearance sake, set the atpitahed roof (occupied)construction to
use a lighter coloured material (optional).

Set the activity for the atrium block as ‘Office_Ciratibn’ and use the default
‘Office_OpenOff’ activity for the rest of the buildin

Draw windows and vents in each of the inter-block parts as below, the vent is
the purple opening at the top of the surface below.

’1 0.5m

fio] i 0.5m

i 0.5m

The external windows for the ground floor and first flbdorcks can be set up
using the default fagade mechanism. At the building Jewning tab, make sure
the default 30% glazed windows with 5m spacing and 0.8mesghhare set.
Name the blocks Ground floor, First floor and Atrium udimg Navigator.
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Save the model as a template calddum example base The model should look
like the screenshot below.

This model is completed in the next section by loading@gppate templates.

DesignBuilder copyright © 2009 51



_J_’j Des'g"'sBo‘;{'Jﬂ.ir Simulation and CFD Training Guide

8 Data Management

This section covers tools you can use to speed and easeal@gement tasks.

Loading data from templates

DesignBuilder Templates are collections of data thauaeful for quickly loading
dataen mass@to the model. They can be especially useful if yegdently model
similar types of building or if you often wish to modeparticular HVAC or lighting
system for example. Create the template once amdtloaultiple times!

Each template contains sufficient data to load thepdete set of data displayed under
each of the Activity, Construction, Opening, Lighting andAC tabs. New

templates made up of different sets of data can béecké&s using the copy or add
and edit tools when in the templates tab on the opennegis. These data sets can
then be loaded into the model from the new templates.

Templates can be created:
* with a model open, in which case the templates aredsteith the model, or

» onthe opening screen, in which case the templatestaesl in the
DesignBuilder Library.

You can copy templates and components from one projestdther and to/from the
Library using thdmport/Export library data commands accessed from the File
menu.Export transfers the data to a .DDF file almdport allows a previously
created DDF file to be loaded.

Templates do not form part of the model even if theystweed in the model san
edit to a template will not affect simulation results until thregkate is loaded to the
model.

Example — Load data from template

In this example you will complete tigrium example basemodel started in
Exercise 15 and learn how to use the Load data from tesriplattion.

«  Go to the Building leve® and Clear all data to default usi

~

* Use the Load data from template t ** and on the.oad datatab select the
data to be loaded. The dialog should be as shown below.
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Model Data
All hd

Canstructian

% Part L2 2006, Mediurn weight
Glazing

% Part L2 20086
Facade

ﬂ Frefered height 1.5m, 30% glazed
Activity

& Dffice_OpenOff
Lighting

? T5 [16mm diam) Fluorescent, tiphosphor, high-frequency contral gear
HWarC

ﬂ Hat water radiator heating, nat went

* OntheTarget tab Set the target which is the building only. This will have
been selected as the default target for you (becausargaat building level in
the model).

Target
h ethad

1-5elected objects

Elns Untitled

=-[/]#® Building 1
=15 Ground floor

-6 Zone 1

=0 Floor 1

- #-[J6) Zone 1

-1 Atrium

-] Zone 1

Clicking OK loads the templates displayed to the pairtbe building selected. The
templates and the information in them are showndrninghe model data at the level
in which they are loaded, but in blue at any lower level.

Then load the templates for the atrium:
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Al v

Construction
'? Part L2 2006, Lightweight

Glazing

? nirsulated
[ Facade
Activity

& Dffice_Circulation
Lighting

¢ T2 [1Emm diam] Fluorescent. tiphasphar, high-frequency control gear

HWAC

Al <MNonex

In larger models this process is a convenient way totleraglates to parts of the
building having similar building attributes.

The same effect could have been achieved by going to thenatone and loading the
template options at the top of the respective tabs.miost efficient targeting strategy
for loading the data varies from building to building.simall models you may find it
easier to use the template in the Model data tabs barge buildings with many
zones thd.oad data from template function can be an efficient way to load the
templates for multiple zones of the same attribirt@se go. This works best if you
label the zones in the Navigator with a name thatllsetee activity. For example
‘Store small’ would be more useful than ‘Small room’.

Reload data

Use the reload option to reload all hard-set templatstemplate selections shown
in red). This will remove all red bold data where tertg@efaults have been
overridden.

Clear data

Is important to understand the concept of ‘clearing datBesignBuilder because it
is the mechanism by which previously hard-set user isedesnd the data instead is
inherited from the level above in the hierarchy. Thiscfiom is accessed from the
Clear Data to Defaultdialog, which allows you to:

» Clear Model dataremoves any hard set user data (shown in red) from the
current object and instead default data is passed frompattent' object in the
hierarchy (shown in blue). This can be done for individuadehdata items,
all model data on the current tab or for all modeadat all tabs.

» Clear custom openingsand revert back to default facades.
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You can control the extent of the clearance by gptheClear Down to data at the
bottom. Leave this data as 'Opening level' if you wardath in the currently selected
model object (including child objects) to be returned to aultedtate. Depending on
the data to be cleared you may only be able to clear ttowone or surface level.

| | -EIK
& &l data Cancel |

) All data on curnent tab

{7} Clear custom openings and reset to default facades Help |

Surface level -

You can clear individual items of model data by rightkthg on them and selecting
Clear to default from the menu.

When used abuilding level the clear model data function actually clears all evel
belowthe building level — it is not allowed the clear thalding data itself because
this is the top of the inheritance hierarchy and thenetking else to inherit from.

Export and Import Components and Templates

You can export component and templateBDF form and these can subsequently
be:

* Imported into other projects,
* Loaded into the DesignBuilder library and also
* Loaded onto other computers, shared with colleagues etc.

This example takes you through the stages in the process.
» Create a new project using the Default 20x10 Single Zaowel template.

* Go to the building level and the Constructions tabsk@nExternal wall to
load the Data management panel on the right of tleescr

» Create a new external wall construction by clickinglw+Add new item
toolbar icon. The new wall is to use a single layes aEw material which we
will also define now.
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Edit construction - Wall i "

Constructions Data

Name  NEW WALL
Source

( Name the new ., 5 proisles
[ Category i alls : AAL {serated auloolaved onsiete]
F4FRegion construction Genera : L+ Aerated Concrele Slab
o Cast Concret

apers
Cast Concrete (Dense]

1
Honbenallavets # Cast Conciete [Lightweight]
Cast conerete, 100 mm
R Asrated Concrete Slab
Thickness 0.2000
[ Bridged? i

Click on the material to load the data Jerated Concrete Slab

i management list on the right

ouice

Calegory Cancretes
< Region General ||
_/ Default thickness [m) 0000

Detaied properties es

2. Create a new material by clicking here / Thermal Bulk Properties

Condustivity WW.mk) 0160
Speciic Heat (J7kgk) 3400000
Densiy (ka/m3) 50000
Resistance ([Revalue) No B
Model data Help Cancel | oK |

In the materials dialog create the new materiakilugp something like:

General

Hame NEW MATERIAL

Description

Source

B Categary Concretes -
< Region General

Drefault thickness [m) 0.0700

{®) Detailed properties

Thermal Bulk Properties

Conductivity [w/m-K] 025
Specific Heat [J/kg-K] 1000
Denszity [kg/m3) 1000

) Resistance [R-value)

¢ Click OK to create the material NEW MATERIAL.

* Then back in the Construction dialog, click the Tickni¢o select the new
material.

¢ Click OK to save the new construction.

» Select the NEW CONSTRUCTION as the building leveldenal wall
construction.

You have now created a new project construction compaadiedNEW
CONSTRUCTION and this references the new material compoh&iw/
MATERIAL .

* Now export these 2 components as a DDF file using tee>Htxport >
Export library data.

» This opens th&elect Data for Exportdialog. Clear all the default
selections by clicking on theelect Nonéoutton then select the 2 new
components under Materials > Concretes and Constructivvalls
categories and Click OK to create the DDF file. Séreefile to
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somewhere you can find it easily. The def&@dsignBuilder datafolder
is a good place, as DesignBuilder will look there fivben importing
later. Save using the filenarhEEW COMPONENTS.

R & o=t internal floor =l
E-[0F Floors [semi-exposed)
i 2[5 Praject semi-arpased floar
E-F Partitions
i -5 Projsct intermal mass
H <9 Proiect partition v
= Fiools g Select the new material and

E‘f; doeding construction components

H <P Praiect semi-erposed ceiling
| I Project unacoupied pitched ook
=07 walls

[P NEW wALL

<P Project intemal wall sub-surface corstruction
Project roof sub-surface constiuction
Project semi-expozed wall
- CI<P Project wall
[J<P Praiect wall sub-surface construction
= %, DHW Templates [0]
=7 Project

L IR, Project DHw
=-[(7) Glazing [0]

-7 Project

E D% Project external dlazing

-0 Project intemal glazing
| Project roaf glazing
= [J% Glazing templates [0]

=0 Praject

O Proiect lazing template

=+ [J4 Y HYAC Systems [0]
=-OF Project

; IR Proisct HYAL - Central heat génarators) with water distribution

= O& Materials [1] 1. Remove default
=00 Cancretes

selections
&7 NEW MATERIAL
[0 Project component block material

] = | # Sat Select al Select none | Cancel | 0K —I

* Now save this project arddeate a new blank project Add a new
building and draw any block quickly

* Import the DDF file you just created by using tikée > Import >
Import library data menu option.

mport___
' Data ta impart from C:\DesignBuilderT emplateshT utariak\NE'WW COMPOMENTS.DDF
LY

Action Data ta be Imparted

15}, Cieate Mew Material ‘WEW MATERIAL'

Help I Cancel oK

DesignBuilder displays a dialog showing the compontatshave been
imported.
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* Now in the Constructions tab, click on External wallist the
constructions in the Data panel on the right. You shbelable to find the
NEW CONSTRUCTION that has just been imported to the project.

* SelectNEW CONSTRUCTION as the default external wall for this
building. As an experiment once you have selected NEW
CONSTRUCTION as the external wall, try deleting itfréhe project.
You will be prevented from doing so because it is usedeimtibdel.
Likewise you would not be allowed to del®&W MATERIAL because
it is used INEW CONSTRUCTION.

You can alsamport the DDF file into the DesignBuilder Library so it will be
included with all new projects created. To do this, follbe $ame Import process but
on theOpening screen.
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9 Heating Design Calculations

Introduction

Heating design calculations are carried out to deterrhmsize of heating equipment
required to meet the coldest winter design weather gondithat are likely to be
encountered at the site location. These design cttmsaare traditionally carried out
using steady-state methods such as those offered by ABHMRACIBSE. You can
use DesignBuilder to carry out effectively the sameutation using the EnergyPlus
dynamic thermal simulation engine.

Click on the Heating Screen tab to view Heating Desida.dbthe necessary data
has not yet been generated, a Heating Design catoulatautomatically started to
generate the data.

Heating design simulations using EnergyPlus have thewoily characteristics:

» Constant (Steady-state) external temperature set toitbher design external
temperature.
* Wind speed and direction set to design values.
* No solar gain.
* No internal gains (lighting, equipment, occupancy etc).
* Heated zones are heated constantly to achieve thedéatnperature set
point using a simple convective heating system.
* Includes consideration of heat conduction and convebietmneen zones of
different temperatures.
The steady-state simulation continues until tempegeatheat flows in each zone have
converged. If convergence does not occur then simulatiotinues for the
maximum number of days as specified in the calculatptioios.

The simulation calculates heating capacities requir@dgiatain the temperature set
points in each zone and displays the total heat lmd®eh down as:

* Glazing

« Walls

* Partitions

e Solid floors
* Roofs

o External infiltration

* Internal natural ventilation (i.e. heat lost to otbeoler adjacent spaces
through windows, vents, doors, holes)

Zones can be unheated in which case they will ‘float’.

The total heat loss in each zone is multiplied by siffemargin (safety factor) of 1.8
by default to give a recommended heating Design Capddity.heating capacity will
be written directly into the Heating capacity HVAC aab data to be used for
simulations, depending on the setting of the Plant siziodehoption on the Data tab
under HVAC.

The Heating Design margin is used to multiply cal@datteady state heating loads in
each zone to give a recommended heating plant sizeduiaks for the additional
heat required to bring the building up to temperature imsomably short preheat
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period and allows you to be confident that comfort cioas will be maintained in
all but the most extreme winter conditions.

Why use such a high default safety factor? To ensurehéatlant is large enough to
warm the building up soon after start up on cold winter dégmmornings when the
building has cooled down over the weekend. Use a loweagiméirthe preheat
periods will be long or if some underheat on cold winternings is acceptable.

Heating design screen

Click on the Heating design tab at the bottom of theestto run heating design
calculations. The first data tabSseady-stateshowing detailed steady state design
calculation results for the currently selected ohbjethe navigator.

Steady-state

The graph below shows the breakdown of the heat lgsapkically which can help
to identify any particularly poor aspects of fabric ortegss. In this case the
mechanical ventilation system dominates the heat loss.

Temperature and Heat Loss
EnergyPlus Qutput Licensed

W Air Temperature I Radiant Temperature HMM Operative Temperature I Outside Dry-Bulb Temperature

Winter outside
design temperature

/

Temperature ("C)

Controlled temperature

B Glazing B wals B GroundFloors I Partitions (int) MMM Roofs X External Infiltration EEM External Vent.
I Zone/Sys Sensible Heating

25 Sum of steady state losses under winter _—

design conditions = design heating load

00— I

Heat Balance (kW)
2

Heat losses dominated by Mechanical
ventilation loss in this 3 ac/h HVAC system

Il Relative Humidity |
41 /EE Mech Vent + Nat Vent + Infiltration

3 ac/h Mechanical ventilation +
0.7 ac/h infiltration

o
=)

.
n
|

Percent (%)

4.0

39
38

37+ \
36 -
3.5
3.4+
33

Total fresh air (ac/h)
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Summary

The Summary tab shows the key results for each Zdremost important heating
design result, Design Capacity is shown in red agdsés the size of the heating
equipment required to heat the zones and building to $ideidlesign temperatures
under outside winter design conditions.

The totals for blocks and for the whole building are shawthe grid headers.

Untitled, House , Entrance block, Entrance

Steady State | Summary

Zohe |E0mf|:|rt T emperature [*C) ISteady-State Heat Loss [khw] |Design Heating Eapacity[k'vv"]l
= Housze [Total design heat loss = 28160 [Kiw'h) +
~=| Entrance block [Tatal design heat loss = B840 [kwh]
|[Entrance 118.34 |4.56 |6.84 |
—=| Roaf 1 [Tatal design keat loss = 0.000 [kwh]
Zone 1 7.05 0.00 |0.00 |
| Roaf 2 [Tatal design beat loss = 1.740 [kwh)
Zone 1 10.07 1.15 [1.74 |
| Ground floor [Total design heat loss = 19.580 [kiwh]
Toilet 1835 nes 1.32
Fitchen 1873 1.52 228
Bedroom 1816 3483 5,80
Sittirg room 2007 R385 .07
Cupboard 1845 0E7 1.00
Bathroom 1873 0E7 1.m

The table can be exported to spreadsbsetormat using the@xport toolbar icon.
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10 Cooling Design Calculations

Introduction

Cooling design calculations are carried out to determineapacity of mechanical
cooling equipment required to meet the hottest summer desigtiher conditions that
are likely to be encountered at the site locationolmes that are not mechanically
cooled, free-floating temperatures are calculated includhegftfects of natural or
mechanical ventilation if these options are selectettherzone HVAC tab.

Cooling design calculations are traditionally carriedwsihgperiodic steady-state
methods such as the admittance and response factordsgitavided byCIBSE and
ASHRAE. You can use DesignBuilder to carry out effectivelysame calculation
using the EnergyPlus dynamic thermal simulation engine.

Click on theCooling designscreen tab to view Cooling design data. If the necessary
data has not yet been generated, a Cooling design cmloutaautomatically started
to generate the data.

Cooling design simulations using EnergyPlus have the fallgwharacteristics:

» Periodic steady-state external temperatures calculsiad maximum and
minimum design summer weather conditions.

* No wind.

* Includes solar gains through windows and scheduled naturtdbven.

* includes internal gains from occupants, lighting and othepetgrnt.

* Includes consideration of heat conduction and convebietmneen zones of
different temperatures.

For buildings located in the Northern Hemisphere, @golesign calculations are
made for the month afuly and for buildings in the Southern Hemisphere they are
made for the month cdfanuary.

Simulation continues until temperatures/heat flowsaithezone have converged. If
convergence does not occur then simulation continugedanaximum number of
days as specified in the calculation options.

The simulation calculates half-hourly temperatures a&ad fiows for each zone and
determines cooling capacities required to maintain any commgerature set points
in each zone.

The maximum cooling load in each zone is multiplied ISaéety factor (1.3 by
default) to give a Design Cooling Capacity. This designiegalapacity can be
written directly into the Cooling capacity model data dejg@npon the setting of the
Plant sizing model option on the Data tab under HVAC.
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Cooling design screen

Click on the Cooling design tab at the bottom of theestte run cooling design
calculations. The first data tabAsialysis showing detailegheriodic steady state
design calculation results for the currently selectaiéct in the navigator.

Analysis

The data on the Analysis tab gives a good overviewweheat flows, fresh air and
comfort conditions in each zone.

Temperature and Heat Gains - Block 1, West

EnergyPlus Qutput 15 Jul, Sub-hourly Licensed
A TEMpEralure == Radiani Temperalure = Operative Temperalure = Oulside Dry-Bulb Temperature
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The Summary tab shows the key results for each Zdremost important cooling
design result, Design Capacity is shown on the edtiagives the size of the cooling
equipment required to cool the zones and building to theeirmesign temperatures
under outside summer design conditions.

The totals for blocks and for the whole building are shawthe grid headers.

DesignBuilder copyright © 2009 63



Software

Analysis | Parametic || Summary
f 4

Zone Design Capacity (k) | Diesign Flow Rate (m3/s)[ Total Cooling Load (i) | Sensible (ki) [Latent (kiw] [4ir Temperature ('C)_[Humidity (%) | Time of Max Cooling] Max Op Temp in Day ('C]_[Floor 4rea (m2)[valume (m3) | Flaw/Floor 4rea (1/s-m2)

‘h DesignBuilder Simulation and CFD Training Guide

=1 Building 1 Total Design Cooling Fequirement = 12590 (ki)
[=] Block 1 Total Design Cooling Requirement = 12,590 (k')
Eat | I | Jo I I I [1120 [am.4 [0
[west [12.59 [0.80 988 [8p1 ki [240 503 1600 [z [sa8 [2443 [11.50
Cooled zone requires cooling .
equipment of size 12.59 kW Uncooled zone Reality check

Parametric Cooling Design

Use the Parametric facility for Cooling design as a tooidentifying the impact of
changes in a maximum of 2 design variables on cooling lo@er@aximum
temperature. The use of parametric simulations is dedcnbgetail later under the

Simulation section.
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11 Simulations using Hourly Weather Data

You can generate detailed building energy performancebdatad on simulations
using measured hourly weather data. Simulations using Erasgy&ve the
following characteristics:

* Weather data comes from Hourly weather data file.

* Includes consideration of heat conduction and convebietmween zones of
different temperatures.

* Includes solar gain through windows and shading from othietitogs and
self shading by the building itself..

* Simulation of HVAC equipment

* Includes one or monwarmup days to ensure correct distribution of heat in
building thermal mass and the start of the simulat@armup continues until
temperatures/heat flows in each zone have convergeanvergence does not
occur then simulation continues for the maximum nunolbeiays as specified
in the calculation options.

Click on theSimulation tab at the bottom of the screen to view simulatioa.déthe
necessary data has not yet been generated, a simusaéiotomatically started to
generate the data.

Calculation options
Before the simulation starts you can change calonlatptions.

Simulation Period
Select the start and end days for the simulation,lectsa typical period using the
links on the Info panel.

* Annual simulation - all 365 days of the year.

* Summer design week a week identified by the weather data translator as
being the hottest of the year.

* Summer typical week- a week identified by the weather data translator as
being typical of the summer.

» All summer - simulate the whole summer (as identified by the weathta
translator).

* Winter design week- a week identified by the weather data translator as
being the coldest of the year.

* Winter typical week - a week identified by the weather data translator as
being typical of the winter.

* Allwinter - simulate the whole winter (as identified by the aeatdata
translator).

The typical periods accessed from the Info panel refetdtistically derived data for
the current hourly weather file.

Interval
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Selecting Monthly is required to obtain annual output. Montiily, hourly and sub-
hourly data can selected by checking the appropriate boxes.

Number of time steps per hour

The time steps per hour is the number of times thelibgitthermal network is solved
per hour in the simulations. When the HVAC portionheff simulation begins it's
solution for the current time step, it uses the basie step as its maximum but then
can reduce the time step, as necessary, to reacbltiiers. Though many buildings
can be successfully simulated with 1 or 2 time stepsiar, EnergyPlus suggest 4 or
6 for non-HVAC simulations and 6 or 10 for simulationshaHVAC.

Note:

* In general, increasing the number of time steps impras@asacy but slows
the simulation (and generates more data if output is stegiat the 'sub-
hourly' interval).

* When using 1 time steps per hour you will not be able tessc€Eemperature
distribution results

Temperature control — stick withAir temperature control unless you fully
understand the consequences of the alternative options.

The other options are less frequently used. Full desmngp@ire given in the help.

Model Checking Strategy

Simulation models should go through a minimum check proedadaluding the
following:

* Check model by ensuring that data is being inherited correxctlyat changes
at building and block levels have the desired effect.

* Runsummer design weelsimulation generating hourly results. Study hourly
results to check correct operation of the building, egeipt operation,
lighting, natural ventilation, mechanical ventilatidresh air.

* Runwinter design weeksimulation checking same data.

* Run annual simulation generating monthly results, requedistigbution data
and view distribution data for key zones.

Simulation Analysis

» Create anew project based on th®efault 20x10 2-Zonemodel withLondon
Gatwick.

* Run a simulation on this model as is changing the dedaulilation output
options by requestingnonthly, daily andhourly results and some additional
output:

o Comfort
0 Temperature distribution

Choose amnnual simulation period (i.e. the simulation runs for the whole
year) You should not generally request hourly results wiesimulation is
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for a whole year because large amounts of data asxajed, but in this case
it is a small model so hourly results are fine.

* You should see results like those below when at buildiagl lyou select All
data forHourly , Daily, Monthly andAnnual intervals.

Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Hourly Licensed
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Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Daily Licensed
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Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1

1 Jan - 31 Dec, Monthly Licensed
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Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1

1 Jan - 31 Dec, Annual Licensed
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Also go to the East and select Distribution as thevateind you should see the

graph below.
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Temperature Distribution for Untitled, Building 1, Block 1, East
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Temperature distribution graphs can provide a useful ‘adracgl picture of the range
of temperatures experienced by the virtual buildings’ occgp&®dta such ‘number
of hours at or over 28°C appear in many national codes.

Parametric Simulations

Design curves can be very useful at conceptual stagbs design process to
understand how building performance is affected by variatidasignBuilder allows
you to generate curves to show how performance paresiigee CO2 emissions and
comfort vary as key elements of the building desigy.véou can select up to 2
design variables. For example you might want to pletdooling energy consumption
for the base design with a rangenohdow to wall % andglazing typesvariations).

The selection of the design variables is done in tispl®y options panel in the
bottom left of the screen. See below.
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J Criteria to display (e.g. COZ2, Discomfort hours, Energy
eee consumption etc)
‘ +/«_— Click on Apply after changes ‘ /

b ain design wariable O/D GlaZil'Ig I’arlg e

Criteria

“Wariahle /
From 0 % _ Select the glazing types to include
to 1m 5o 0 @ 50 a0 LU Select design options
Use second variable EIDB Double ;I
Variable Glazing type = - l" 4124 low-e coated, air filed - Reflectance, low-emissivity J

- (1 4-12-4 uncoated, ai filed - Uncoated, clear - common in buildings built in UK since 1335

(1) 412-4_ coated, argon filed - Reflectance, low-smissivity

-] 4124, uncoated, argon filled - Uncoated, clear

(17 4164 uncoated, ar filed - Uncoated, clear - typical of post-2002 buildings in UK

(1) 4-16-4, coated, argon filled - Reflectance, low-emissiviy

(1) 4-16-4. low-2 coated, air filled - Reflectance, low-emissivity - cormman in post-2002 buildings in LR
() 4-16-4. uncoated. argon filled - Uncoated, clear

(1) 4204, coated, argon filled - Reflectance, low-emissivity

(1) 4-20-4, low-2 coated, air filled - Reflectance, low-smissivity

5 oplions .

Second variable is
‘Glazing type'

i.e. window to wall %

(1) 4-20-4. uncoated. air filed - Uncoated, clear - comman in post-2002 buildings in LK

() 4-204. uncoated. argon filled - Uncoated, clear

(1) 464 lowre coated, ai filed - Reflectance, low-emissivity - Firly comman in buildings prior o 2002 in L
[} 4-B-4, coated, argon filled - Reflectance, low-emissivity

(1) 4-6-4_ uncoated, it filed - Uncnatlad, clear _ILI
»

|
4 = | V¥ Soit Select all Select none | ok I

5 options are selected. You
can change the selection by
click on the browse button

)

w{uaa(uau(uls sl

4

The design curves are generated by automatically runningptawimulations of the
base design (i.e. the model defined on the edit scradmyariations applied.

The number of design variants that are tested foridhla tests is the number of
variants for the first variable multiplied by the numli@ the second variable. The
variations in the above example would be differembloimations of Glazing type and
Window to wall %. In all, 6 x 5 = 30 simulations would be regdito generate the
design curves in this example.

Note in the early betas v.1.9.0 the standard base case design mumstilztes
includingmonthly data before going on the Parametric screen.

Tip: Parametric simulations can take a long time to complete
DesignBuilder can keep grabbing focus away from the windawaye
working in as it refreshes the progress bar. To avoidythuscan minimise the
main DesignBuilder window. If you have a dual core prames®u should
now be able to continue working while the simulationsticmes.
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Total energy consumption (kWh) - Untitled, Building 1

EnergyPlus Qutput 17 Aug - 23 Aug, Parametric Analysis Licensed
mmmmmm | ocal shading type = 0.5m projection Louvre
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1140 /
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£
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o 1060 =
[
5 /
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Window to wall %

The graph shows the diminishing returns with extra leyrojection from 1m to 1.5.

Typical uses for parametric simulation are:

Generatinglesign curvego assist with decision making at early design
stages.

As ateaching aidto helpstudentsunderstand the impact of variations in the
design.

To helpcommunicateconcepts with non-experts in building simulation,
clients, architects etérchitects particularly appreciate the visual nature of
the parametric data.

Designoptimisation with 2 variables. The exercise below shows an example
of this. The DesignBuilder developers are part way thincauresearch project
to investigate the potential for true multi-variable optatien in building
design.

Exercise — Parametric simulation - Basics

Create a new project usihgndon Gatwick location and th®efault 20x10
Single Zonetemplate.

At building level go to the HVAC tab and switch ocooling.

Click on theSimulation tab and run an annual simulati@e sure to request
monthly results to avoid a bug in the v.1.9.0 beta.

When the annual simulation has finished click onRheametric tab. The
parametric simulation will start automatically anddafault you should find
thatWindow to wall % is selected as the first variable and the second
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variable is not selected. If so, allow the parametinulation to complete. If
not cancel the simulation, set the parameters gssti@uld be and restart the
parametric simulations by clicking on the Apply toolbartontin the
Parametric Display options.

» Set the criteria data to A@tal energy consumption

» Click on the Apply toolbar icon to start the simulasolVhen they are
finished should see the graph below.

Total energy consumption (kWh) - Untitled, Building 1
EnergyPlus Output { Jan - 31 Dec, Parametric Analysis Licensed

51500 /
51000

50500

50000 /
49500

49000
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43500

48000 \ /

47500

47000

1 2 3 4 5 6 7 EEl 9 100
% Glazing

It shows how the total energy consumption varies walidnging window to wall %.
With very large areas of glazing, winter heating and sunumeling are both required
which causes high energy consumption (top right of grafdro glazing fails to
make best use of free winter solar gains and it doesrettha best solution either.
Total energy consumption is at it’'s minimum when thereetween 20-40% glazing
where the best trade off between getting some wintar Beating and avoiding
summer cooling loads is found.

You should understand how parametric simulations workttthgemost meaningful
results and avoid common pitfalls.

Firstly, model variants are generated internally witbesignBuilder by creating a
copy of the base model and overwriting the model datathélvariant data at the
building level

It is important to take into account how this data wéllibherited to down to blocks,
zones etc to ensure you are testing the design vayaathink you are. For example
if the Window to wall % was hard set at block level in the above Parametampie
model then changes in this data at building level wouldnfloence the surfaces of
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the design variants and the results will indicate thetVindow to wall % does not
influence results.

Because there is no visual check on the state of thigndesriants the parametric
function would normally be carried out either on:

» Well structured and checked models that have been setbepctmmpatible
with parametric analysis, that is allowing the appropriktta to inherit from
the building level parametric changes. Or,

* Smaller models where it is easy to see how data isherit

Parametric simulation results are stored with ancobthe change made to the base
case to create it and this allows new variants taddedto the study without
invalidating previous results.
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12 Timing - Schedules, Profiles, Holidays

This section explains how to model the time-varying nature of buildowgpancy and
operation. It also covers how holidays are modelled.

The timing of internal gains, heating and cooling systanasventilation can be
defined in one of 2 ways depending on the setting offiitheng setting on the Model
options dialog:

» Typical workday — quick and easy but less flexible
* Schedules default option — takes more time to set up but is rflexéle

Typical workday

This can be a very fast and convenient way to definértiieg using just a start time,
end time, working days per week with seasonal variatiarablte for heating/cooling
related data. Thgpical workday approach is intended for easy early stage
modelling of non-domestic buildings.

Density (peoplein2) 01100 %
-
I T T T T T T T 1
i 0.5 1 15 2 25 3 15 4
Onat  TO00 g
Offat 1900 & 0 i3 4 5 T8 8 10 1112 13 14 15 16 17 1849 0 11 17 13 24
Draps / week a0 -
Starttime
End time

This approach can be a fast way to set up timing but it duesffier much flexibility.
For cases where the variations are more complexskould use schedules instead.

Exercise —Typical workday

» Create a new project using London Gatwick location aedfault 20x10
Single Zone template.

* On the Model options dialog and set the timing optiomytpical workday .

* At building level on the Activity tab, und@ffice Equipment change thé®n
time t08:00 andOff time t020:00

* Now run a Cooling design calculation by clicking on @@oling designtab at
the bottom of the screen.

» Use default calculation options, select jidnhternal gains results and look at
results forComputer + Equip.

* Notice that the maximum heat gain is the 20 W/m2 requesiiedr area of
182.7m2 = 3.65 kW.

* The equipment timing of the Cooling design and Simulagi@phs requires
some explanation. The data displayed on the graphs sefar time, i.e. with
no modification for daylight saving. So at midday the bas maximum
altitude. Also data is displayed for the previous 30 minut€3oioling design
results (or previous 1 hour when viewing hourly simulat@suits). So
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Computer + Equip results at 7:30 actually represent thegagato the space
over the time 7:00-7:30 solar time or 8:00-8:30 local clockti@heck that
this is correct based on the input.

Internal Gains - Untitled, Building 1
EnergyPlus Output 15 Jul, Sub-hourly Licensed

‘ ‘ ' ‘ ‘ ‘ ' ‘ ‘ ‘ :2) Data is for the previous 30 minutes, e.g.
| data for 7:00 is actually for period 7:00-

L — T:30solartime
Data for 7:30 in the
@ graph is actually for
8:30 local time. This —_|
covers the time 8:00 to [~ ‘

~

T 8:30. B ‘ Heat gain from
onat 800 = office equipment =

Zs Offat 2000 = 0 1 2 3 4 &6 7 6 3101112 1314 4516 17 1813 20 21 22 23 24 0 W/m2 x182.7 m2
] T F365KW
2,
3 / Pl
a

3

|
|
il

i 7 T I a7 5 & A i e 7 T = = =
1:00 2:00 3.00 4.00 5:00 &: 7.00 8:00 900 1000 11:00 12:00 1300 14:00 1500 16:00 17.00 18:00 19:00 20:00 21:00 22:00 2300 2400

Time
- Times are 'solar time' ™._ Soadd 1 hour to these
@ ~~ times to getlocal time

Schedules are defined in local time -

Schedules

Schedules are more flexible than Typical workday andusecthey are separate
components they can be exported for use in the Lilanaglyin other projects.

Schedules are defined in on of 2 ways:

» 7/12 Schedules — graphical interface but with limited flesxipil
» Compact schedules — text interface with much flexipilit

7/12 Schedules

7/12 schedules allow you to select a different daibfile for each day of the week
and each month of the year.
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Edit schedule - Office_Dpen0ff_Dcc

Schedules Data

Gereral

General

Name Office_OpenOff_Occ

Description  Building: OFFICE Area: DPEM PL&N OFFICE Occupancy schedule

5] E\ Operation
Saurce UK NCH ey 10:00-12:00 % 14:00 - 16:00
[~ Categary OFFICE 2 o 12301330 J
FFiegion —— gy 12301230 4 16:00 - 16:30
Schedule type 17412 Schedus - b ; EE :Z}:EE
Design Days L /ﬁ a0 - 1600
Design day definition method 1-End use defaults - U= gy 300140081300 22:00
Use end-use default 2-0coupancy :
Month Mondsy  |Tuesdsy |Wednesdap [Thursday | Fii Satuday |Sunday Data Feport (Not Editable]
Jan B 0010 18 . |8:a-ert B0 18 |B00ta 18 |800to 18- |ONF Piaile
Feb .00 tc 18, |B:00to 18:.. |B:00to 18... | B:00to 16, |&:00t 18.... | 8:00 to 16:... |0 !
Mar EDto18  |B00ta 16 |RO0t T8 |80t 16 |&00t0 18 | G000 18 |0 8:00 to 18:00
pr B0t 15... | B0 to 18-, | B00to 16... | 8.0 o 16... | G001 16... | B:00to 16... | 0ff Sl o
May EDto18  |B00ta 16 |B00t 16 |80t 16 |&00t0 18 | &00t 15 |0 Lategory Oberstion
Jun 800t 19, 800t 16, |G00to 18, 500 to 16, |01 18, |S00t0 18 . | 0K Type SR
il 800015 . |500to 18, |800ta 18 |500to 18, |800ta 18, |00t 18 |Of L T i W]
Aug G00to18... |B:00to16.. [B:00ta 18... |8:00ta 18, [B:00ta 18:... |&:00¢e 18:.. | O 2
Sep 800t 18, S:00to18.. |B:00ta 1. 8004018, [&00to18... S00ka 18:.. |OK
Dct 0010 18... |B:00to 18 |B:0010 18... 80010 18, |&00ta 18... | 800t 18... |Oif
Mow 800t 18, |S:00to 8., (B:00te 18, |2:00to 18 [&00to 18, 2000 18 |0
Dec 00015 |500ta 18, |&001018 800018 |&00ta 18 |800to 18 |ONf
Each day of week/month of year can have it's own Profile

& Model data cadmin> Help Concel | s |

Profiles

Profiles are separate components allowing a daily predilee between 0 and 100 to
be defined over the day. This example profile show vandtom 0 at night to 100%
during the day with the times 8:00-9:00 and 17:00-18:00 being at 50%iopeiide
value can be interpreted as the % operation of thgewunt (if the profile is used to
control equipment) or % occupancy if it is occupancygpenodelled etc. The profile
can only be used as a component in a 7/12 schedule.

Profile

Name 8:00 to 18:00
Source | DesignBuilder T

[~ Categary Operation -
Type SCustom i
Intervals per hour 1 =

100

o0 —

20 —

70+

&0 —

50 o

%

a0 —

20

20

— T T T T T
1.2 3 4 8§ 6 7 2 0 10 11 12 12 14 15 16 17 18 19 20 21 22 23 24

Time

There are 3 types of profile:
» Constant — a constant value all day.

* Single period — a single on period define using start andirmed {(controls
are like typical workday).
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Custom — define any variation using the mouse (instructiornsditing the
data are shown on the info panel).

7/.12 Schedules are the easiest way to define schedullskbsbme flexibility
because every Monday in January must be the somexéiompde).

Example — 7/12 Schedules

On the Model options dialog set thening option back tdSchedules And go
back to the Activity tab, building level. Notice how tth&ta has changed to
reflect the Schedules option.

(= |

On
Gain (W/m2) 2000 =
. N T s
ﬁf_ﬁ] Schedule Office_0penOff_Equip
R adiant fraction 0,200

We are going to create a new schedule to control theeGffuipment.

Click on the Office equipment Schedule to open theofisichedules in the
Data panel on the right then click on thé&dd new itemtoolbar icon to
create a new schedule.

Give the new schedule a name ©gcupancy schedulelf the schedule may
also be used to describe the timing of other equipment apancy, give it a
correspondingly general name (e.g. My Project Occup3obgdule).

Leave the type as 7/12 Schedule. Leave the Design day®daidis data
describes how the schedule should behave if you use thaeliie
SummerDesignDay Day of weekn Cooling design calculations and when
autosizing Compact HVAC equipment before the main satian. You can
read up on this topic in the program help.

The Profiles data has a grid with days of the week aloagop and months
down the left. This grid of days and months gives riskeéaiame//12-7 days
per week and 12 months per year.

Profiles are selected for cells in the grid by firdestng the cells to be
defined then by clicking on tHedit selected celldink on the right.

So first click on the Month cell in the top left tosetl all cells, i.e. all
weekdays in all months.

Then click onEdit selected cellgo open a list of existing profiles. Select the
profile 8:30 - 16:00and press OK to select this as the profile for all gelthe
grid.

Now set the weekends to be switched off. To do thicstdie weekends by
clicking on theSelect all weekenddéink on the right. You could also have
done this by clicking on the column headers for SaturddySainday. Now
click onEdit selected cellsand set the profile to l@ff. The schedule grid of
profiles should look like this:
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I... | Monday Tuesday ‘wednesday | Thursday Friday Saturday Sunday
Jan [8:30-16:00 |8:30-16:00 |[8:30-16:00 |8:30-16:00 |&:30-1600 |Off off
Feb|8:30-16:00 |8:30-16:00 |230-16:00 |&30-1600 [3:30-1600 |Of off
Mar|8:30 - 16:00  |2:30-16:00 |8:30-16:00 | &30-1600 |8:30-1600 |Of off
Apr |3:30-16:00 |8:30-16:00 [8:30-16:00 |8:30-16:00 |830-1600 |0 aff
May|8:30 - 16:00  |8:30-16:00 |8:30-16:00 | &30-1600 |8:30-16:00 |Of off
Jun [3:30-16:00 |8:30-16:00 [8:30-16:00 |8:30-16:00 |8:30-1600 |0 aff
Jul |#:30-16:00 |8:30-16:00 [8:30-16:00 |8:30-16:00 |%30-1600 |Of off
Aug|®:30-16:00 |8:30-16:00 [8:30-16:00 |8:30-16:00 |8:30-1600 |Off off
Sep|8:30-16:00 |8:30-16:00 |230-16:00 |830-1600 [2:30-1600 |Of off
Oct |2:30-16:00 |2:30-16:00 |8:30-16:00 |&30-1600 |8:30-1600 |Of off
Mow| 8:30 - 16:00  |8:30-16:00 |2:30-16:00 | &30-16:00 [8:30-16:00 |Of aff
Dec|830-16:00 |830-1600 |8:30-16:00 |&30-1600 |8:30-1600 |Of off

* Press OK to create the Schedule.

* The program should ask you if you would like to select this sevedule.
Respond ‘Yes'. If it does not ask then select it inubeal way.

* Now run another Cooling design calculation by clickinglesCooling
designtab at the bottom of the screen. Note that becauseweedited the
model since the last set of results were generategs$hdis are deleted and
the Calculation options dialog is shown.

* You should see results like those below.

Internal Gains - Untitled. Building 1
EnergyPlus Outout 15 Jul, Sub-hourly Licansed

ing =mmmm Computer + Equip wmmmm Occupancy ——= Solar Ga

Equipment stops at
15:30 on the grap

Equipment starts|up at 8:00 on

the graph. This js 9100 loca This is 16:30 local time
time |and corresponds to the and corresponds to the
peripd §:307to 9:00. period 16:00-16:30

o
L —
\\

Heat Balance
IS

L/
Vil
| Vil

00 11:00 12:00 13:00 14:00 15:00 15:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 24:00
Time

= |

1:00 2:00 3:00 400 500 600 700 800 900 10

» Check that these results correspond with your input.

Compact Schedules

Compact Schedules directly use the EnergyBhiteedule:Compactdata format to
provide a very flexible way to define time-varying quantities

Compact Schedules are defined using a slightly modifiedoveod the standard
EnergyPlus Schedule:Compact format documented belmanlbe easy to make a
mistake in format so Compact schedule data is checkexbrfaact syntax in the
dialog.
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Using the Compact Schedule definition all the featuféseoschedule components
are accessed in a single command. Each Compact Schadkstleover all the days
for a year and it must have values for all 24 hours dnahies for all day types.

ScheduleType
ScheduleType should generally be Fraction even for stdsetiube used for
temperature setpoint definition.

You can enter Any Number to enter values greater than ddobgar in mind:

* The maximum gains values (e.g. people/m2) are multiplietidoydlues in
the schedule to obtain the actual value to use at eaelstep in the
simulation. So if you enter large schedule values theahotaximum value in
the simulation will be higher than the 'maximum’ valuesesd in DB. There is
no problem with this, just a methodological concern iftife Interface
indicates that the maximum occupancy density is say 0fdlgge® but the
schedule has values > 1 then the simulation resultsatviirst sight, appear
incorrect. If you come back to the model 6 months labvermay not
remember the reason.

» Temperature set-point schedules should only have valu€es @, 0.0.

So generally we recommend using Fraction Compact schedulelsrity.

Field-Set (Through, For, Interpolate, Until, Value)
Each Compact Schedule must contain the elements Thfdatg#), For (days),
Interpolate (optional), Until (time of day) and Value

Field: Through

This field starts with 'Through:' and contains the endirtg &ta the schedule period.
You may define multiple schedule periods in this way, f@neple to define seasonal
variations. If there are no seasonal variationa #er: Through: 31 Dec, to indicate
that the data that follows applies to the whole year.

Note that only Month-Day combinations are allowed for fiaisl.

Field: For
This field starts with 'For: ' and contains the applicalalgs. Multiple choices may be
combined on the line.

Choices are:

* Weekdays,

*  Weekends,

* Holidays,

» Alldays,

* SummerDesignDay,
* WinterDesignDay,

* Sunday,

* Monday,
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* Tuesday,
*  Wednesday,
e Thursday,
* Friday,
e Saturday,

e CustomDayl,
* CustombDay2.

In fields after the first 'For’, 'AllOtherDays' malg@ be used.
Note: EnergyPlus has limit of line length of about 60 abtars so lines like:

For: Weekdays Sumrer Desi gnDay W nt er Desi gnDay
Weekends Hol i days Al | O her Days,

should be changed to:
For: Al'l Days,

Field: Interpolate (optional)

Schedule values are input to the simulation at the oeestep, so there is also a
possibility of 'interpolation' from the entries used irstbbject to the value used in the
simulation. This field, if used, starts with ‘Interatd:' and contains the word 'Yes' or
'No".

Field: Until

This field contains the ending time for the current days$ day schedule being
defined. The data should represent clock time (standardg fotimat HH:MM. 24
hour clock format (i.e. 1pm is 13:00). Note that 'Until: 7i@6ludes all times up
through 07:00 (7am).

Field: Value
Finally, the value field is the schedule value for thecfied time interval.

Note: you can use 0 for Temperature type Compact Schedulelidate that the
heating/cooling system is switched off during the specpibd. See Example 2
below.

Example 1 - Operation Schedule

SCHEDULE: COVPACT,

Ofice Cell Of _Light,

Fracti on,

Through: 31 Dec,

For: Wekdays Sumrer Desi gnDay W nt er Desi gnDay,
Until: 07:00, O,

Until: 19:00, 1,

Until: 24:00, O,

For: Wekends,

Until: 24:00, O,
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For: Holidays Al O her Days,
Until: 24:00, O;

This schedule could be used to describe the lighting operatan office. It
indicates:

* Schedule is a fraction (0-1).

* No seasonal variation.

» Weekdays and cooling and heating design days the scheduleeis'on’)
between 7am and 7pm and O (i.e. 'off') other times.

* Weekends, holidays and all other days the scheduld'is 'of

Example 2 - Temperature Setpoint Schedule

SCHEDULE: COMPACT,

Bedr oom Cool ,

Tenper at ur e,

Through: 31 Dec,

For: Wekdays Sumrer Desi gnDay W nt er Desi gnDay,
Until: 05:00, 0.5,

Until: 09:00, 1,

Until: 17:00, 0.5,

Until: 24:00, 1,

For: Wekends,

Until: 05:00, 0.5,

Until: 24:00, 1,

For: Holidays Al O herDays,
Until: 24:00, O;

This schedule is could be used to describe the cooling tatapeisetpoint and
setback in a bedroom. It indicates:

» Schedule is a temperature (degC).

* No seasonal variation.

* Weekdays and cooling and heating design days the main te¢ongesatpoint
data (Activity tab) is used between 5am and 9am and ate@é&e S5pm and
midnight. Cooling operates at setback temperature setpaattall other
times on these days.

* Weekends the cooling setpoint is main temperature setpeinebn 5Sam and
midnight. Cooling operates at setback temperature setpaattall other
times on these days.

* Holidays and all other days the cooling is off.

Setpoint temperature schedules

Setpoint temperature can vary with the time of theatal/setpoints can take on 3
values:On, Off andSetback

Schedules Timing Model Option

DesignBuilder copyright © 2009 81



_J_’j Des'g"'sBo‘;{'Jﬂ.ir Simulation and CFD Training Guide

Operation of heating and cooling equipment is defined lecsey a Schedule under
the Heating, Cooling and Operation headers on the HVACTakse schedules are
used to generate both the heating/cooling availabilityssdbeand the temperature
setpoint schedules used in the simulations. Schedulesvgaater than 0.5 indicate
the system is in full operation controlling temperatoréhe main heating/cooling
setpoint, values between 0 and 0.5 indicate the equipmsetback mode and values
of 0 indicate that the equipment is switched off. Saleld below.

Value Heating/Cooling Equipment Operation

0 Equipment is off

>0.5 Equipment is controlled using the main
temperature setpoint data (Activity tab)

0 <Value <=0.5 Equipment is controlled using the setback
temperature setpoint data (Activity tab)

Notes

* When using 7/12 Schedules, for 0.5 read 50% etc.

* When using 2-Single period profiles with 7/12 Schedules to gener
temperature setpoints the 'Off' periods are modelled usthgek
temperatures, i.e. the system is not switched off. Ufweh the system to
switch off outside main heating/cooling hours use the 3d@ugtrofile type.

Tip: If the setback temperature set does not appear to edfdts, this may be
because the heating/cooling operation schedule selectednlged and 1, not the
0.5 required to access setback temperature (see table.above)

Typical Workday

You can define the operation of heating and cooling equipleantering Typical
workday start and end times and seasonal operation uredigletiting and Operation
headers on the HVAC tab. This data is used to geneottete heating/cooling
availability schedule and the temperature setpoint stheded in the simulations.

The example below shows the heating system operatiaradd you can see that the
equipment is switched on between the On and Off t{({@&s) and 6pm). During this
time the heating equipment is controlled using the neamperatureetpointas set on
the Activity tab. At other times and during weekends thepegent is controlled

using thesetbacktemperature setpoint. Weekends are defined on the Adtabtgt
the building level under Occupancy by setting the numbwrooking days per week.
Days that are not working days are weekends.

The Seasonal control data allows you to set times wieeaquipment is switched off
altogether. For example the heating system data shelow indicates that the
heating system will be switched on during the winter @migt switched off in the
summer.

on &t §:00
Offat 1800

o1 23 4 86 7 8 9 101101212 141516 17 1219 20 21 22 23 24

Seazanal contral Fwfinter only -
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Holidays

You can add holidays to the simulation to include thecetiébuilding shutdown
during certain periods of the year. Do this by selectiedHblidays option under the
Holidays header on th&ctivity tab atbuilding level. Holidays defined at building
level in this way are used for the whole simulatiod are additional to any holidays,
which may have been defined, in Compact schedules (Selsetiming model
option).

The holiday data is used for Simulations only (not Hgéfinoling Design
Calculations) and allows you to set the Holiday Schedntethe number of days of
holiday per year. The possible holiday dates are defindwikioliday schedule and
the actual holidays to be used in the simulation deetsel from the top of the list
based on the Holidays per year data entered.

If there are insufficient holidays in the holiday sdule you will receive an error
message to this effect prior to a simulation.

The way holiday definition works depends on Tivming model option:

Compact Schedules

When the Timing model option is Schedules you can usep@anschedules. The
value of Compact schedule output during holidays can ti@edeexplicitly using the
Holidays day type. For example:

SCHEDULE: COMPACT,

Bedr oom Cool ,

Tenper at ur e,

Through: 31 Dec,

For: Weekdays Sumrer Desi gnDay W nt er Desi gnDay,
Until: 05:00, 0.5,

Until: 09:00, 1,

Until: 24:00, 0.5,

For: Wekends,

Until: 05:00, 0.5,

Until: 24:00, 1,

For: Holidays Al O herdays,
Until: 24:00, O;

The Holiday data in this Compact schedule indicatesthieatooling is switched off
on holidays.

7/12 Schedules
Holiday operation is not defined explicitly and holidaye tise same data as Sundays.

Typical workday
Holidays use the same data as Sundays.
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13 Glazing and Solar Shading

This section examines the processes involved in modelling glazing andrsalarg
with a particular emphasis on avoiding overheating and reducing cooling loads.

The data for all openings is set on the Openings talyeTdre essentially 2 ways to
define the layout of openings on a fagade:

» Use the Default facades mechanism.
» Draw the openings at surface level.

Modelling Facades

Default facades provide a fast and easy way to define sgpical window layouts.
The options are:

* None- there is no glazing.

» Continuous horizontal - glazing is generated in a continuous horizontal strip
using Sill height, Window spacing and Percentage glazing.

» Fixed height- glazing is generated with a fixed height at the specifidd S
height and Window spacing, and width is calculated baseldeoRércentage
glazing. This option uses Window to wall % (WWR) but ptieeis window
height.

» Preferred height - glazing is generated using the window height data and the
Percentage glazing, but the Window height may be adjustachieve the
required Window to wall %. This option uses Window heighindbw
spacing and Sill height but prioritises Window to wall %.

» Fixed width and height- windows have fixed width and height. This option
uses Window to wall % but prioritises Window Width, HeigBpacing and
Sill height.

» Fill surface (100%) - the entire surface is filled with glazing and thereas
frame.

You can use the Window to wall % (WWR) data and Windowhtekyindow
spacing and Sill height to easily change the default atafugiazing and its layout
on the walls.

ThePreferred heightoption is very versatile because it will prioriti$eetglazing
area over the height of the windows, wheréasd heightalways gives a fixed
window height and does not guarantee giving the requested % WWR.

This approach to defining facades is very useful at eadigd stages when the exact
configuration of the fagcade may not be known and the désan are talking in
terms of WWR. When the design is more establishedmight wish to include the
detailed positions of windows/doors etc and this usually invdteeving individual
openings at the surface level.
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Drawing openings at surface level
When at the surface level drawing tools become enabletto yu to draw:

Windows

Vents

Doors

Sub-surfaces

Holes (this is the only way to add holes)

The process involved with drawing openings at surface ledgssribed in the help.

Once a custom opening exists (even if it then is deletedyligfiazing, vent and
door layout model data is ignored. You can clear non-defagdide data by using the
Clear data command.

Flat roofs do not have default glazing set up using Roof glazing layout indadiz.
To create openings on a flat roof you should go to the sukkzel and draw them
manually there.

Example — Draw windows at surface level

Create a new project based on Ateum example basetemplate and using
London Gatwick location.

At building level on the Openings tab remove all of thiaudie openings in the
main building (Ground floor and First floor blocks) using @i these
methods:

o Set thewindow to wall % to O, or,
o0 Load theNo glazingexternal glazing template

Note that the custom openings already set in the atriliroewnaffected by
changes in facade settings made at the building level.

Go to the West surface of Ground floor > Zone 1,

Click on theNormal button to take the Normal view looking from outside.
Create a window using key ins. First move the mouseisméar the lower
left corner of the surface and is still over the editeen (it must be in the edit
screen to allow key ins to work)

Ensure the default-Rectangleshape is selected.

Type5 1.2 <Enter>to position the lower left corner 5m in the x-diieatand
1.2m up.

Typel 2 <Enter>to create a window that is 1m wide and 2m tall. Your
screen should look like this:
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Software

Custom window drawn shown in yellow (default
openings would be shown in grey)

o

I 1.2m

5m
—————

* Now draw another window. Witlncrement snapswitched on move the
mouse cursor so it hovers over the lower right corhéreofirst window and
move to the right. You will see a dimension line app8sart the next window
1m to the right of the first window same height of.2

1m
Screen just before \
clicking to confirm the The increment snap
dimensions of the ensures the
second window dimensions of the

* Now select both these windows together and clone theatiog the copy 2m
from the rightmost edge of the second window (5m froenleft edge of the

first window).

* Now repeat to create a third pair of windows. The sursaoaild look like:

Editing Openings at building level
You cancopy, move anddeleteexisting openings when at building level. You can't
draw openings at building level in v.1.
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Exercise — Copy openings at building level

» Continuing from the previous exercise. Go tohbéding level and copy the
6 windows from the Ground floor to the equivalent posgion the First floor
West-facing zone, 3.5m up. The West fagade should nowlikeothis:

* The next task is to copy these 12 windows to the NodrEast Facades. As a
guide to help position in the z direction, first drawoastruction line at 1m all
the way round the building (see above).

* Then select all these 12 windows and starCloeie command and copy
them.

Then copy a single pair on each south-facing surfaceoamsiibove.
Save this model as a template callingttium example custom glazing

Tips

* When at building level you can select blocks or openilig®mu want to go
directly to a surface you can double-click on one of {ienmgs to take you
there.

* When trying to select a block sometimes it is diffic¢alavoid selecting
openings instead. To force selection of a block hola8t&ft> down before
clicking.

* You can select all of the windows on one of the fasad& move them
together.

* You can alsaleleteandmoveopenings at the building level.
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Solar Shading

DesignBuilder allows most of the EnergyPlus soladstgamechanisms to be
modelled including:

* Window shading devices placed directly in front of, behind idriwthe panes
of the windows. These types are provided:

o Internal blinds (diffusing and blades)
o External (diffusing and blades)

o Mid-pane (diffusing and blades)
o]

Electrochromic shading systems where a pane in the winldokens
when activated by a control system.

All of these have a range of methods to control windbading device
activation: schedule, solar, temperature, lighting rcdettc.

* Local shading devices model obstructions local to the glaystgs
including:

o Overhangs
o Sidefins
0 Louvres

You can define the surface reflection properties ofdhallshading devices but
they are fixed and cannot currently activate based otnaien

» Different glazing types, including solar control glazing

» Component blocks with time-varying transmission (cannati@es with
seasonal foliage to be modelled)

* Assembly blocks allow custom shading systems to be esilyp and
modified even in large buildings.

* Building self-shading and reflection (if the reflectisolar option is selected).

Window shading devices

Window shading data can be accessed on the Openings talihen&aternal
Windows > Shading and Roof Windows/Skylights > Shading heade

Internal windows cannot be shaded using window shading devices.

Position
The window shading devices can be positioned in one offays:

* 1-Inside - the window shading devices is positioned inside the zone.

» 2-Mid-pane - the window-shading device is positioned between the inne
pane and the second pane.

» 3-Outside- the window-shading device is positioned outside.
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* 4-Switchable- electrochromic glazing in which the outer pane ikelaed
based on the shading control.

X

I"\\\,'\'\'\"\.\.'\.'\‘\.\.\.\."\\\\ I

Lr

I\\\ \\\\\\\\\\\\\\\I

M \\\\\\\\\\\\\\\I

I\

Inside Outside Mid-pane

For blinds and shades, when the deviaanig is assumed to cover all of the window
except its frame; when the deviceof$ it covers none of the window. The shading
device does not affect the wall that the window is on.

Example — Window shading

» Create a new project based on Brefault 20x10 Single ZoneandLondon
Gatwick location.

» First run a Cooling design calculation on the base ntodete the solar
radiation transmittedvithout any shadingSee building level screenshot
below.

[T Glazing Template
I*Template Part L2 2006

m External'w 5
w Glazing type Part L2 2008 Glazing

ﬂLa}luut Preferred height 1.5m, 30% glazed
Dviriy

O indow shading
[0 Lacal shading

Inte

Wi

| = iy

You should see the graph below after having selected D&edtInternal gains
and navigated to Ground floor > Zone 1.
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Internal Gains - Ground floor, Zone 1
EnergyPlus Output 15 Jul, Sub-hourly Educational

msssmm General Lighting =ssssss Computer + Equip === Occupancy = Solar Gains Interior Windows
———1 Solar Gains Exterior Windows

13

12

Solar transmitted with| no shading
1

10

Heat Balance (k)

Low occupancy gain caused by high

5 zone perature with high latent ;

sensible metabolic emission ratio

s 1]

0 I —— e e I N W

1:00 3:00 5:00 7:00 9:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00
2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00
Time

Did you notice how small the occupancy gain is? Alstith@t a constant like you
might expect from the occupancy schedule used to define aenupa the Activity
tab. The reason is that the zone temperature is ine irahge 30-40°C where most
human metabolic heat is given off as latent heahfsaveating. The data shown in the
heat balance is sensible heat only and will fall rdggwn to zero when the zone
operative temperature rises up to 35°C and above.

Also lock the Y-axisso you see subsequent results on the same scale.

Go back to the edit screen (press <F7>). At buildingllem the Openings tab
open the Shading header and switchWindow shading. You should see:

Shading
Window shading
£ Tope Blind with hugh reflectivity slats
Pozition T-Inzide -
Contral type 3-Schedule -

Operation

@ Operation scheduls Qffice_Qpenlff_Occ

» Click on type and see the list of blinds and shades. Nate/thu can create
your own shading devices if necessary.

» The control type iScheduleso the Operation schedule is defined. In this
model the blind is set to operate according to occupancy.

* Now change the control tyge 4-Solarand leave the setpoint B20 W/m2.
This means that when the solar radiation on the windagreater than 120
W/m2 the blind operates (i.e. provides shading).
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* Run a new Cooling design calculation to see the edfiittis shading devices
on solar radiation transmitted. You should see the goefgw for Ground
floor > Zone 1.

Internal Gains - Ground floor, Zone 1
EnergyPlus Output 15 Jul, Sub-hourly Educational

s General Lighting  sesssss Computer + Equip  =ssssss Occupancy =ssssss Solar Gains Interior Windows
———1 Solar Gains Exterior Windows

Solar transmission|with window shading

Heat Balance (kW)

1 7 B e

o = —

0 e e e e P~ I

—
1.00 3:00 5:00 7:00 9:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00
2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00
Time

The window shading has reduced solar transmission iatadhe from about 13kW
to about 9kW.

Local shading devices

To include overhangs, sidefins and/or louvres checkadleal shading checkbox.
This shows the Local shading component data.

Sidefins

DesignBuilder comes with a small database of Localislgadevices, but if you
cannot find a suitable component for your model, you caate a custom local
shading component in the usual way.
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Note: the DesignBuilder Local shading devices allow a rarigkfferent overhangs,
side fins and louvres to be defined, but if you need to modbhhding device not
covered by the standard mechanism, you can draw customglailices using
Component blocksand/orAssembly blocks

Example — Local shading

Following on from the last example, now look at tffe@iveness of local shading
devices.
* At building level, switch of\Window shadingand switch orLocal shading
and select the Overhand + sidefins (1m projection) lsleadliing type. You
should see:

Shading

O ‘windaw shading
Local shading
E Overhang + sidefins [1m projection)

* Run a new Cooling design calculation and viewernal gain results for
Ground floor > Zone 1:

Internal Gains - Ground floor, Zone 1
EnergyPlus Output 15 Jul, Sub-hourly Educational

msm  General Lighting — sesssss Computer + Equip  osssss Occupancy s Solar Gains Interior Windows
——— Solar Gains Exterior Windows

13

12

"

Solar transmission with local shadipng 'Overhand +
idefins (1m prajection)’ and No reflection

10

; \

Heat Balance (kW)

l

1:00 3:00 5:00 7:00 9:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00
2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00
Time

» The graph, with y-axis still locked from the Window simggtests, shows that
the Local shading device in more effective at blockingrsddiation than the
window shading. Take a look on the Visualisation scredombéo see why.
The shading devices effectively protect the glazing frolar sadiation during
the hottest part of the day.
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* The shot below shows that no direct solar radiasdinding it's way into the
zone at 3pm when looking towards the South West (wifereun would be at
the time).

A model with local shading devices or component blocksbeamade more accurate
by including reflections. These are excluded by default. &keeption is ground

reflected solar that is fully included without interceptioy local shading devices or
component blocks when reflection is switch off. Wheflections are included the
shading effect of local shading devices and component blatkgaund reflected

solar is included. So select this in the Model options »li@g design tab > Solar

options header ¥odel reflectionsdata.

* Does the inclusion of reflections and blocking of grountkcedéd solar affect
results?
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Internal Gains - Ground floor, Zone 1

EnergyPlus Qutput 15 Jul, Sub-hourly Educational
s General Lighting = Computer + Equip =ssssss Occupancy == Solar Gains Interior Windows
———1 Solar Gains Exterior Windows
13
12
11
solar transmissjon with local shading 'Overhand +
10 idefins (1m projection)’ and including reflections
, \\
. 8
=
o 7
o
= a \
8 6 f
-]
(5]
I 5 X

\

§

1:00 3:00 5:00 7:00 9:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00

2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00
Time

The graph when compared with the previous, suggests thaflddel reflections
option affects solar gains quite a lot. So you shouldligeise this option unless your
building model is large, in which case, the extra geometlculations involved in
including reflections may slow the simulations too much.

Component blocks

Component blocks for shading the outside of a buildinglshioe added at the
building level.

Exercise — Component blocks as shading devices

» Starting from the previous example, switch off all Lcsrad Window shading.

* Onthe Layout tab draw a large component block in frotth@fSouth-facing
windows as shown below. The component block should b&dmthe South
wall and 20m high.
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<2

* At building level on the Construction tab open the Conemd Block header.
You should see:

Component Block

Compaonent block shades and reflects
&Material Project component block material

b aximum ranzmittance 0.0
fg Transmittance schedule On

* The transmittance of 0 means that the component blockgeimodel are by
default opaque. You can allow a fractional opacity byeemy a number
between 0 and 1 for Maximum transmittance. The matéefhes the texture
and surface properties of the component block for solwveible reflection.
Leave the default values.

* Go to the component block by single clicking on it in tleesigator. You will
see that the above is the only data held for it. G& b@ to the building level
(press <F2>).

» Set theModel reflections option (if it is not already set). It is importantuse
the reflections option for this model because the compioblock should
block ground reflected solar.

» Compare your results with the graph below.
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Internal Gains - Ground floor, Zone 1
EnergyPlus Output 15 Jul, Sub-hourly Educational

= General Lighting =sssssm Computer + Equip s Occupancy mmmssssm Solar Gains Interior Windows
——— Solar Gains Exterior Windows

13
12
Solar through North, Eastiand West glazing
19 plus reflected solar through south glazing B
10 \ e
\ Caomponent block|shades
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g |
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2:00 4:00 6:00 8:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00
Time
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14 Daylighting

You can control the electric lights according to thailability of natural daylight.
When Lighting control is switched on, illuminance lisvare calculated at every time
step during the simulation and then used to determine how thaelectric lighting
can be reduced. The daylight illuminance level in a zmpends on many factors,
including sky condition, sun position, photocell sensaitmms, location, size, and
glass transmittance of windows, window shades and rafieetof interior surfaces.
Reduction of electric lighting depends on daylight illoemce level, illuminance set
point, fraction of zone controlled and type of liglgticontrol.

Tip: Daylight control set in zones without any window# generate errors
preventing calculations from running.

Lighting areas

When lighting control is switched on, by default alti¢ lights in the zone are
controlled by the first (main) lighting sensor &bdZone Controlled by Lighting
Area 1 has value 100%.

Some larger spaces may have 2 Lighting Areas, eaclhav@® its own lighting
sensor and covering its own area of the zone. Tleiaumot defined geometrically in
DesignBuilder - it simply reflects the fraction diettotal General overhead electric
lighting that can be dimmed by its lighting sensor.

If the zone has a different sensor for the back (falfexample) you should check the
Second light sensor option.

You may wish to use 2 Lighting Areas for these situations

* Alarge zone may need more than one sensor if the oagpatmain sensor
does not represent the daylight available in other patte zone. For
example a zone having facades in both South and Eastiaii®would need 2
sensors (and 2 Lighting Areas), one on each facade.

* The zone has 2 different activity areas which have hemped into a single
zone for convenience. The 2 activities have differesaliilluminance
requirements and the Lighting Areas for both can befrein daylighting
through daylighting control. An example would be a zoarig both office
and recreational space. The office space may havatamfigequirement of
500 lux and the recreational space may need 300 lux.

Important note: If the zone has perimeter and core areas |(perimghes Inaving
daylight control and core lights not) then you onlycheeeuse a single lighting sensor.
The uncontrolled core lights can be modelled u8mngone Controlled by Lighting
Area 1. If 60% of the lights in the zone are located in¢bee zone and do not have
daylight control then sét Zone Controlled by Lighting Area 1 to 40.
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Perimeter Area

A typical perimeter area would be the areas of the Huatteare close to a window. By
convention, perimeter areas are defined as the arbim aifixed distance from a
normal to the perimeter. In the UK NCM the fixed disearsc6m.

If you wish to create a separate thermal zone to ntbddlifferent lighting and solar
conditions in the perimeter area, you can usétifeet snapoption to drawVirtual
partitions.

Daylight illuminance on the 'working plane' is cabteld for 1 or 2 locations in each
zone during the simulation and illuminance setpoints aiaetained where necessary
by electric lighting. The sensor is always locatetheworking plane, which, by
default, is 0.8m above the floor. Also by default, whghting control is switched on,
a single photo sensor monitors the daylight illumireaatthe first sensor location and
controls the lights for the whole of the zone. Yam however set up 2 Lighting Areas
in each zone, by checking the Second lighting area cleecKibthis case you can set
a target illuminance for the second lighting area seglgrabd also define the
percentage of the zone covered by Lighting Area 2.

Note 1 the floor area covered by the 2 sensors does nottoexttl to 100%. The
lights in the remaining floor area operate withoutlidgny control.

Note 2 the target illuminance for Lighting Area 1 is settba Activity tab under
Environmental Control.

If there is only one lighting area then a percentage ¢qual
100 - (%Zone covered by Lighting Area 1)

is assumed to have no lighting control..

% Zone Controlled by Lighting Area 2

The fraction of the zone floor-area whose eledigiating is controlled by the daylight
illuminance on the second sensor. This data is requitaghfing Area 2 is being
used. A percentage equal to

100 — [%Zone Controlled by Lighting Area 1] — [%Zone Comgabby Lighting Area
2]

is assumed to have no lighting control (i.e. in thisamtrolled area of the space, the
lights operate purely according to the schedule withoutdanyning/switching).

Note: by default the main lighting sensor is positioneth@ngeometric centre of the
zone. It is important that you check the position bligiting sensors to obtain
accurate results. For example, if the lighting serspositioned right next to a
window receiving large amounts of daylight, the lightingseemwill signal ‘enough
daylight' even if the rest of the zone is only diritlyand electric lighting energy will
be under-estimated (daylight savings over-estimated).

Continuous Control

With Continuous control, the overhead lights dim amndusly and linearly from
maximum electric power, maximum light output to minimalactric power,
minimum light output as the daylight illuminance ireses. The lights stay at the
minimum point with further increase in the daylighaiitiinance.
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10 — Zero daylight

] ] illuminance
Increasing daylight

illuminance

Fractional
light output

Minimum light — e\ swannnnn
output fraction

0

0 1.0
Fractional input power

Minimum input power fraction

TheMinimum input power fraction for Continuous control type is the lowest
power the lighting system can dim down to, expressedfi@ction of maximum input
power. For Continuous/off lighting control, this is fhawer fraction reached just
before the lights switch off completely.

The Minimum output fraction for Continuous control type, is the lowest lighting
output the lighting system can dim down to, expressedfi@ction of maximum light
output. This is the fractional light output that #ystem produces at minimum input
power. For Continuous/off lighting control, this is hawer fraction reached just
before the lights switch off completely.

Note: Continuous control provides an idealised lighting rmdmechanism which can
be useful for calculating upper limits on the potentialsfavings using natural
daylight.

Continuous/Off Control

Continuous/off control is the same as continuous cbekaept that the lights switch
off completely when the minimum dimming point is reached.

Stepped Control

Stepped control allows you to switch lighting on/off ading to the availability of
natural daylight in discrete steps. Whereas the @ootis control described above
provides precisely controlled illuminance by dimming thetbgthe stepped control
models blocks of lights switching on/off according to ¢ffectric lighting
requirement.

The electric power input and light output vary in distyequally spaced steps. The
number of steps can be set.
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Step 1

Step 2

Fractional

i t
input power Step 2

Daylight illuminance

llluminance set point

Glare
Maximum allowable glare index

If a daylit zone has windows with window shading devides,shades will be
deployed if the daylight glare at sensor 1 exceedsahee of Maximum allowable
glare index. To get this type of glare control you havepecify Shading control type
as 5-Glare for one or more windows in the zone (seel@w Shading Control).

View angle relative to y-axis

Daylight glare from a window depends on occupant viewctloe. It is highest when
you look directly at a window and decreases as you lool &wm a window. This
field specifies the view direction for calculating galt is the angle, measured
clockwise in the horizontal plane, between the pasitaxis and the occupant view
direction, i.e. it is the bearing of the persons lihsight. For example, with Site
orientation = 0, in the Northern Hemisphere, 90 = FaEiast, 180 = Facing South
etc).

Algorithms
DesignBuilder offers a choice of EnergyPlus daylightimgpathms:

» 1-Detailedis the default option and the most practical for npasposes.
» 2-DELight does a full radiosity lighting calculation, i.ebbunces light
beams around each zone to calculate daylight distrifutilnas some
limitations though.
These can be selected on the Model options dialogeoAdkanced tab under
Lighting.

Daylight control procedure
The procedure for introducing the lighting control is:

» Check the Lighting Control On checkbox (at building laf/all zones are to
have lighting control).

» Select the type of control as described below.
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Position the first sensor in each zone having lightmwgtrol. The z-position is
set by the Working plane height on the Advanced taheoModel options
dialog.

Set the % Zone covered by Lighting Area 1. If all igétk in the zone are in
Lighting Area 1 (i.e. they are controlled by the 1stifthaghting sensor then
enter 100%.

If there are two lighting areas then position the sdcgensor.

Set the % Zone covered by Lighting Area 2. If all igétk in the zone are in
Lighting Area 2 (i.e. they are controlled by the 2ndhtigg sensor) then enter
100 - %Zone covered by Lighting Area 1.

Check for zones with lighting control specified but havioghatural daylight.
Check hourly results and make sure they make sense!

Exercise — Daylighting calculations
To test the various daylighting settings:

Following on from the last exercise, at building levekgtheLighting tab
and switch orLighting Control .

Note that the default control methodlid.inear.With this method you can
also define the minimum output fraction of the lightsew fully dimmed and
the corresponding power fraction. These these in tledault states.

Now go to thd_ayout tab and notice that tleensor positionis shown.

By default the sensor is placed in the middle of theez&ou can move it to a
specific location by selecting it themoving it using the move toolbar icon.

Also keep the default tHeetailed daylighting method an@.8 mworking
plane height (Model options > Advanced tab > Lightingdes).

Click on theSimulation tab and run a simulatidor 6 Decemberonly. Select
Sub-hourly results and set the Time steps per houk to

Go to Ground floor > Zone 1, select thab-hourly interval and show-
Internal gains data. Open the Detailed Display options tab and switicthe
display of theZone/Sys sensible heatingystem under the Internal gains
header and save the selection as a template foulsgdoy pressing tHeave
Display options toolbar button. The results should lak |
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Custom Data - Ground floor, Zone 1

5 Dec - 7 Dec, Sub-hourly

Educational

mmss General Lighting ===== Occupancy ———= Solar Gains Exterior Windows
LINEAR CONTROL
8
Full lighting output when
daylight not available

| (

6 / j
= —
3 \ /
5 \ I
& 4 \ /
3 The lights are dimmed t ] !
T output between min and max — | \ ,

3 values during times of

intermediate lighting g
availability Min lighting output at 0.1 x max
output when daylight availability
5 ‘\ higher than lux setpoint
\‘ / ] |
1 \L/;)]
Sat, 7 Dec 2002
0
Bam 12pm Bpm 7 Sat
6 Fri Dec 2002 Time

* Now go back to the edit screen (pr&33, go tobuilding level and change the
light control settings.

* Use the2-Linear/off Lighting control type this time and run a simulation
choosing the same calculation and display optiongfasdy you should see:
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Custom Data - Ground floor, Zone 1
EnergyPlus Output 6 Dec - 7 Dec, Sub-hourly Educational

mmw General Lighting ===== Occupancy ———— Solar Gains Exterior Windows

LINEAR / OFF CONTROL
8
7
The lighting is now off when the daylight
illuminance is greater than the setpoint
8 %
—
8
£
o
& 4
T
@
T

\ |

| A
\

0 L

Bam 12pm 6pm 7 Sat
6 Fri Dec 2002 Time

Now test the Stepped control method using 3 steps.

Custom Data - Untitled, Building 1

EnergyPlus Output 6 Dec - 7 Dec, Sub-hourly Educational
s General Lighting === Occupancy ————= Solar Gains Exterior Windows
30
3-Stepped Control

25

20
<
3
c
©
= 15
m
Q
o

10 [ /1

1 -»\
3 steps in output (in addjtion t \
5 maxandmin) =
33—
Sat, 7 Dec 2002
0 i
Bam 12pm 6pm 7 Sat
6 Fri Dec 2002 Time
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Optional Exercise - DElight

Use the EnergyPlus tab of the Program options dialaipange the version of
EnergyPlus used. If you have been able to get the es®rgego to the Advanced tab
of the model options dialog, open the Lighting headdradmange the Daylighting
method ta2-DELight. This will use the advanced DElight calculation methsitg
ray-tracing to calculate the daylight illuminance.

TheDElight method of analysing daylighting in buildings is very simitathat used
in theDetailed method. For each point in time, DElight calculatesihterior
daylighting illuminance at specified reference points &ed determines how much
the electric lighting can be reduced while still achievirgpabined daylighting and
electric lighting illuminance target. The daylight ithinance level in a zone depends
on many factors, including exterior light sources; lmcgtsize, and visible light
transmittance of simple and complex fenestratiotesys; reflectance of interior
surfaces; and location of calculation reference poiris.subsequent reduction of
electric lighting depends on daylight illuminance leviminance set point, fraction
of zone controlled, and type of lighting control.

There are two primary differences between the DetaitetDElight methods of
calculating interior illuminance levels:

» The first is that DElight includes the capability ob&rsingcomplex
fenestration systems that include geometrically complicated shadistgBys
(e.g., roof monitors) and/or optically complicated giazsystems (e.g.,
prismatic or holographic glass).

* The second key difference is that DElight usesdaosity method to calculate
the effects of light reflection inside a zone. Themthods are discussed in
more detail in the engineering documentation.

There are other important differences between the tetbaods:

* One is the inability of DElight to perform the typedyinamic shading
controls possible using the Detailed method at each potimhé during the
thermal simulation (e.g., changes in electrochrorazigg transmittances and
blind slat angles).

* Another is the DElight ability to include 2 reference pointdn its interior
illuminance and electric lighting reduction calculatioAghird is the current
lack of visual quality (e.g., glare) calculations performed®Eyight.

* Fourth, the modelling of interior obstructions is diffet in the two methods.
In the DElight method, interior obstructions block mteflections but do not
block the initial direct illuminance. In the Detailed timed, interior
obstructions block the initial direct illuminance butrmlut block inter-
reflections.

Compare the results usimglight with those calculated using tBeetailed
daylighting method.
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15 Comparing results

There are 2 ways to compare results between diffele=sign variants and they are
illustrated by comparing between the results for the @iiting calculation methods
discussed earlier. The 2 comparative reporting methodstiyrazvailable are:

* Report topicsand

» Different buildings, one for each variation.

Report topics

The Reporting mechanism allows you to collect multipkult sets using the Report
topic export option. Export graphs shown on the screeepart topics and compare
results later in th€ompile reports dialog. See screenshots below.

x|
Exzport Data
Output | Report

Expant bor
4-Fepart topic

Farmat:

[PHG =]

wfidth [pix] I‘I 058

Height [pix) 205

Fotation 7] ID - I

Help Cancel | ,TI
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i Select the repart topics you vish te include in your iepert and cick an DK, ‘Yo can preview the individual report tapics by clicking en them.
\J) Check the tick bex ta the lef of the repart topic ta be inchided in the repart

Switch between the
result sets to compare
graphs with different =
options i

. g
! w R[/ /V
Tiem Zom o
eni sz
Caption
DELIGHT
Notes
Delet Help Cancel | oK |

The Compile reports dialog above includes a list of @llr#port topics that have been
exported in the project. You can generate a .doc orcqgudhining the selected report
topics or you can use the mechanism to compare reshitsapproach is good from
the memory point of view as the results for the déife runs are stored in png or jpg
format. But there is not much flexibility — just a oed of results with a caption.

Multiple buildings

Alternatively you can set up identical buildings by cogya base building multiple
times at site level and making edits to them to createlélsign variants. Note that
most model options are stored with the building so e&the building variants could
be exactly the same but with a different model option.

Navigate, Site .
Site | Layout | Activity | Construction | Openings | Lighting | HvaC ||

DEEE N = 2 buildings have exactly

45 Unfled the same data but use
£ Detailed different Daylight
58 Block 1 methods

€ West
- DElight
£+ Block 1
@) East
) West \

Untitled, Detailed

Model variants

You can compare results on the Simulation screen iglang between the 2
buildings using the navigator.
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» This approach works well for small easily managed modelydu must
make sure that the models really are the same apartlifi® intended
differences.

* Also, it will not work well for very large models because models and their
results are stored in memory simultaneously andatti€ause DesignBuilder
to slow down especially if you don’t have much free mgnam your
computer.

Some new design comparison tools are in the pipeline Zor
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16 Natural Ventilation

Natural ventilation is the process by which the buildggentilated to provide
cooling and fresh air driven through the building by naturaldei(as opposed to use
of fans which is called Mechanical ventilation in @g®uilder). Two forces drive

natural ventilation in buildings:

Stack effect,in which relatively warm air is lighter than cooksr and will
tend to rise, leaving a region of low pressure behind it.

Wind, which is often the dominant of these two forces.

DesignBuilder can be used to model natural ventilatidfoais due to these effects
through windows, vents, holes and cracks in the buildibgd.

Airflow through an opening can be calculated by determirtiegotessure differential
that exists across the opening. The pressure differeotiags from pressure inside
the building that is mainly caused by temperature and piesisure on the opening.

More information on this is provided in Appendix I.
Calculated Natural Ventilation Flow and Control

* Multizone airflow model solved simultanously with HVAC and building
* Wind and Buoyancy pressure causes flow through openings and cracks

* Windows and vents opened when Tair > Tsetpoint

Wind Speed

—_—
|
| /: Exterior vent
- Controller
I — i
| /
|
- . .
., Openable S Ugﬁ{'or
| windows g | Temperature
g sensor
— o Natural ventilation
I airflow
—_—
 —
| NN
, Flow through cracks
—
 ——

In real buildings these natural ventilation airflowgeéed on many parameters such as
the size, shape, position and orientation of the opemind<racks in the building
fabric as well as the meteorological conditions saskwind-speed and outside

temperatures.
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Natural ventilation can be used in many climate zonefféatively cool buildings
without over-reliance on electric driven fans, which ba expensive and polluting to
run. Occupants of naturally ventilated buildings will oftenexpected to experience
wider swings in temperature than in air-conditioned bogdibut the benefit is often a
more pleasant internal environment. Natural ventitaisonot normally adequate to
maintain good comfort conditions in very hot and hunhith@es or where very high
levels of heat gain are present.

Scheduled and Calculated natural ventilation

DesignBuilder allows you to carry out sophisticated ysed including consideration
of wind and buoyancy-driven flows through windows, ventsyslotracks and holes.
Bulk airflow movement between zones is calculated wifnergyPlus using the
AirflowNetwork option. This is activated using tRalculated Natural ventilation
option (described below in Examples 3-5).

Internal thermal comfort can be assisted through obmtechanisms ranging from
manual window opening to sophisticated automatic vent openstgrayg that
optionally link with a mechanical HVAC system.

For early design stage analysis you can take a sirapf@oach where you specify a
previously estimated or calculated natural ventilatioe using theScheduled
Natural ventilation option (described below in Examgdlesd 2). The worked
examples that follow take you through the steps involvigl wging both of these
approaches.

Scheduled Natural Ventilation

Introduction

If you have an approximate idea of the natural ventilataes in the building, or if
the natural ventilation heat flows are expected terball relative to other heat flows
in the building you can us&chedulednatural ventilation for a fast and easy
calculation.

To do this set the Natural ventilation model optiostheduled

In this case simulated ventilation airflows are defifar 3 categories of flow path:
external ventilation, internal ventilation and infitica.

» Airflow through exterior windows, vents and doors is dedi directly in air
changes per hour. You can also set a schedule ibthedte varies according
to time.

» Infiltration (flow through cracks and fabric porosity)dsfined using a
constant air change rate per hour.

» Airflow through the interior windows, vents and doorsisdelled using the
concept oimixing where equal amounts of air transferred from one aone
another and vice versa. The flow rate is directlypprtonal to the opening
area. There is no way in version 1 to set specifftoairrates between zones.
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Note that in DesignBuildeinfiltration is unintentional,
uncontrolled airflow entry through the fabric, cracks ethereas
natural ventilation is controlled and can have schedules,
setpoints etc.

Bear in mind that although the building you are modelling may
not actually havéhermostatic controlled windows and vents, i
building occupants may open and close windows to remain
comfortable. So it is often appropriate to use setpoint
temperatures even fonanually operated windows.

Data Entry

This first natural ventilation worked example is basadhe Atrium example model
template created earlier.

» First create aew project using London Gatwick as the location and select the
Atrium example basemodel.

» Go to the building level and click on the HVAC tab. ¢tiuyhave used the
defaultHot water radiator heating, nat vent HVAC template you should see
something like:

[ HWAC Template

ﬂTemplale Hot water radiator heating. nat vent
Auiliary energy [Kwhimz2) 326
() Mechaical Ventilation
Oon
& Heating

Heated
Fuel 2-Matural Gaz -
Heating spstem CoP 0,650

Operation
fﬂ Schedule Wwinter heating [Morthern Hemizphers]

LA if
=& Cooling

[ Cacled
On
EDHW’ Template Project DHW
Type 1-5ame as HYAC -
‘Wwiater Temperatures
Delivery temperature [°C) £5.00
Maing supply temperature [*C) 10.00

Operation
@ Schedule Qffice_Open0ff_Occ

.7 Natural Yentilation
On
Outzide air definition method 1-By zone -

Outside sir (ac/h) 3000 =

Summer [Morthern Hemizphere]

» If you have a different HVAC template loaded then IdzeHot water
radiator heating, nat venttemplate.
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* Load the ‘Summer northern hemisphere’ natural verdnadperation
schedule meaning that natural ventilation is availalbleuahmer, day and

night.

» The heating operation schedule is ‘Winter heating (Nomtkemisphere)’
preventing heating operation in the summer.

* Also check that the Natural ventilation model optiosastoScheduledas
shown below. It will probably be already set as thithe default option.

Scope

Whole building
Analyse the whole building.

r T
Fone Fone+shading

Construction and Glazing D ata

Construction and glazing data

¥
Building

General construction templates
Construction default data is selected from a list.

¥

r
Pre-design

Floor/slab/ceiling representation

Zone volume calculations

General

Intemal floor constructions not subtracted from zone volume

Ground floor construction is below ground and is not subtracted from zone volume

External floor constructions not subtracted from zone volurme

Early gains
Intemnal gains are separated into warious categories (e.g.

Schedules
Timing iz defined uzing the schedules and profiles mechanizm

Gains Data
Gains data
: ¥ .
Lurnped Early Detailed
Timing
Timing
: ¥
Typical workday Schedules

[ HWALC + natural ventilation operates with accupancy

[ Internal gains operate with occupancy

HVAC
hia

Simple HVAC
HWAC systems are defined using plant seazonal efficiency data

Simple
HYAL sizing

Matural ventilation

Hatural ventilation
w

1
Compact

Scheduled ventilation
“entilation is defined as an air-change rate modified by an

T
Scheduled

1
Calculated

accupancy, lighting, computing ete.)

which allows each day of the week to hawve a different profile.

and are modelled outside Energy Plus

3-Autosize =

operation schedule and controlled using a set-point temperature.

1-Combined =

» At building level set some effective shading for extewiadows and
rooflights. Use the Window shading option, select Blinthviigh reflectivity
slats and use the 4-Solar control type option. Usedhe options for

rooflights.

* Now enter the following data (if the data is alreadytsehe required value

then leave it):

Model Data

Building

Comment

Construction tab > Airtightness

Infiltration constant rate (ac/h)

0.5

HVAC tab > Natural Ventilation

Outside air definition method

1-By zone
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Outside air (ac/h)

5

Most important data and most
difficult to estimate accurately. Alsg
set this in the Atrium zone.

Summer (Northern

Schedule Hemisphere)

Activity tab > Environmental control > Ventilation Setpoint Temperatures > Natural
Ventilation

Nat vent cooling 1C) 21

Max in-out delta T (K) 2

Activity tab > Environmental control > Heating Setpoint Temperatures

Heating ¢C)

20

Note: Making these settings at building level does not affeetatrium zone as it has
the <None> HVAC template loaded at the block level.

TheMax in-out delta T sets a maximum temperature difference to avoid warm ai
being introduced. A value of 2 means that the outside st be at least 2°C colder
than the inside air for the windows to be opened.

If the schedules allow natural ventilation and heatingccur during the same
periods, the natural ventilation and cooling setpoint teatpez should be higher than
the heating setpoint temperature to avoid simultaneoustipeand wasted heating
energy. This is why the natural ventilation cooling setip@mperature is set to 21°C
and free heating setpoint temperature is set to 20°C atohdpés switched off in the

summer.

Start a Simulation to test the settings. Click onSheulation tab at the bottom of
the screen and when the Calculation options dialoges select thBummer typical
weekperiod by clicking on the corresponding link on the Infod?@n the right of
the dialog. Select onlourly results.

Results Analysis

When the simulation is complete seleldurly results in the Display options panel
and go taGround floor > Zone 1 by clicking on the Navigator panel. You should see

results as below.
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Custom Data - Ground floor, Zone 1
17 Aug - 23 Aug, Hourly
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Some points to note about these results:

Looking at the purple “Mech vent + Nat vent + Infilicat” data, the
maximumairflow rate is 5.5 ac/h. This is made up of 5 ac/h duatoral

ventilation and 0.5 ac/h due to infiltration.

The natural ventilation is switched on all the timdghe summer to get free
night cooling (windows and vents are left opened) but theralkventilation
air-change rate is not always 5 ac/h. This is becaesedtural ventilation is
being controlled to avoid overcooling the space. You eartlsat the
minimum air temperature in the zone is approximately 2Tte.temperature
is being controlled by the natural ventilation coolingpeett temperature set
on the activity tab. This simulates the operatiorhefmostatic-controlled
vents. It also gives an idea of likely building operaf@mnmanually operated
windows where occupants will tend to open and close windowtsy
comfortable.
The dark greeixternal Vent line in the heat balance graph shows the
thermal cooling effect due to natural ventilation. Ndi&t ihatural ventilation
supplies up to 15 kW of cooling.

What happens of you change the natural ventilation operatisedule to switch off
at night?

Now save the file as a template (File > Save > Sawemplate) calling it something
like Nat Vent Example 1
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Scheduled Natural Ventilation with Internal Airflow

This worked example follows on from the previous onebyutllowing internal
airflow to occur between the occupied zones and thenatri

Data entry
Starting with the model you created in Example 1, foltbese steps:

* OpenModel optionsdialog and click on the Advanced tab and the Natural
ventilation header. Switch on thaifflow through internal openings”
option under the Scheduled header to allow airflow te gasugh the
internal opening we have just drawn. Leave the airfiai@ per opening area
as the default value of 0.1 m3/s-m2. This will cause 0.%xtha of each
opening m3/s airflow mixing between the 2 adjacent zonas.Model
options data should now look like the screenshot helow

Simplification

[ Merge zones of same activity

[ Merge zones connected by hales

Lurnp sinilar windows on surface

[ Lump similar cracks on surface

[ Lump similar construction elements (research option)

Generate fully enclosed zones

[ Model 'semi-exterior uncanditioned' zones as simple R-value to outside

M atural Yentilation

Midel airtlow through holes and virtual partitions

Calculated
‘wiind factor 1.00
Modulate Calculated opening sizes
Lower value of Tin-Tout [deltaC) 0.a0

Upper value of Tin-Tout [deltal) 15.00

Liceitsealus b inareadulation tactar 0.050
Airflow through internal openings |

Airflow rate per opening area (m3/e-m2) 01000

Results analysis

Rerun the simulation for the same period by clickingrenSimulation screen and
clicking on the OK button of the simulation options dgivhen prompted.

The results for Ground floor > zone 1 should look somgthike the screenshot
below. Note that the purplaternal Natural Vent data shows the ‘mixing’ heat
transfer through the windows and vents - positive valu€round floor > Zone 1
show a heat gain from internal ventilation and corradpw negative values in the
atrium show heat loss.
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Custom Data - Ground floor, Zone 1
EnergyPlus QOutput 17 Aug - 23 Aug, Hourly Educational
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Note that this does not model the internal flow ingbeial building very well
because the atrium would really act as a stack andairawfrom the adjacent
offices. In this case the effect of internal natweadtilation would be a benefit to the
offices as the negative pressure created will induce coatside air to flow in. To
model this we need to use Calculated natural ventilation.

Now save the file as a template (File > Save > Savwemplate) calling it something
like Nat Vent Example 2

Calculated Natural Ventilation

Introduction

With the Schedulednatural ventilation option used in Examples 1 and 2 a know
value is used to define natural ventilation flow ratéhmtnodel. In many cases
however the actual natural ventilation flow rate wdk be known and the user may
prefer to allow EnergyPlus tmalculateflow rates based on the size, configuration,
position and orientation of the openings and cracksariabric as well as the minute
by minute simulated physical conditions of the air includimgd-speed, pressure,
inside and outside temperatures etc. This is possiblesigbRuilder by using the
Calculated natural ventilation option.
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Before starting, you should understand some importamirdiftes between
Scheduled and Calculated natural ventilation:

Calculated natural ventilation requine®re input data, some of which can
be quite hard to obtain, in particular wind pressurefwaents. For this
reason, while calculated natural ventilation is thecaly more accurate, you
should be aware of the need for care in data entrydol anaccurate results
(garbage in = garbage out). If the building is of faiglgical construction and
configuration it can sometimes be more accurate to upeieally obtained
ventilation rates for typical buildings if you do n@ve the time to spend
carefully setting up the calculated natural ventilaticodel.

People new to building energy simulation can be sugbtisdind that by
switching from Simple natural ventilation to Calcutatetural ventilation the
results are very different This should not be surprising when you think
about it because the data entry is completely diftefdme key parameters in
Calculated natural ventilation being window and vent opesires and
operation, whereas the key parameters in Scheduled natutdhtion are the
directly input ventilation rates and operation. Theneoisnecessarily any
relationship between the default window opening areas ugledhs
Calculated option and the default natural ventilatiowftate used with the
Scheduled option.

Calculated natural ventilatiancreases simulation timesignificantly because
of the extra calculations required at each time stéjperrsimulation to
calculate airflow rates.

Data Entry

In this worked example we will convert the Scheduled nhueratilation model from
Example 1 to use Calculated natural ventilation and eplgg most important data
required to achieve a realistic natural ventilation $ation.

First open the model created for Example 1.

Open the Model options dialog and switch to usdagculated natural
ventilation. When you press OK on the Model optiordad) you will be
asked if you wish to use Compact HVAC to allow mechanieatilation to be
modelled. Respond “No” because we will not model mechhrentilation in
this Example.
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Scope
Scope Whole building
. . Y Analyse the whole building.
Zone Zone+shading Building
Conztruction and Glazing Data
Construction and glazing data General construction templates
- Construction default data is selected from a list.
T 1
Pre-design General
Floor/slab/ceiling representation 1-Combined -

Zone volume calculations

Internal floor constructions not subtracted from zone volume
Ground floor construction is below ground and iz not subtracted from zone valume

External floor constructions not subtracted from zone volume

Gainz Data

Gains data Early gains
Intemal gains are separated into warious categories (e.g.

necupancy, lighting, computing etc.)

T 1
Lurnped E=rly Dietailad

Timing ¥
Timing Schedules
- Timing is defined using the schedules and profiles mechanizm which
T 1 allows each day of the week to hawe a different profile.
Typical workday Schedules

[ HVAC + natural ventilation operates with occupancy

O Internal gains operate with accupancy

HVAC Simple HVAC

- HWAC zyvstems are defined using plant szasonal efficiency data

T 1 and are modelled outside EnergyPlus

Simple Compact

H'WAL sizing FAutosize -
Natural ventilation
Hatural ventilation Calculated ventilation
- Natural wentilation and infiltration air flow rates are calculated bazed

T 1 on opening and crack sizes, buoyancy and wind pressures.
Seheduled Calculated

* Go to building level and click on the HVAC tab and cheak tatural
ventilation is switched on.

+ Still at the building level, click on the Openings tall apen the Operation
header under External Windows. This data defines the maxiextent to
which the windows are able to open. The data is onlyablaiwhen using
Calculated natural ventilation.

* The operation schedule can also be defined here. Titd the schedule
controlling the operation of the windows but rather aailability schedule
describing the times when the windows allewedto open, associated
controls permitting. Leave the default ‘Summer (Nomhdemisphere)’
operation schedule. This means that the window openingpeamamy time
when this operation schedule has a value greater tharfa®y time in the
summer in the case).

* Now go to the Building level and under External Windowspefation enter
“% Glazing area opens to 5% meaning that each window in the building
can open a maximum of 5% of its total area.

* For the Atrium entet% Glazing area opens to 0% because atrium external
windows do not open.

* Answer “No” when asked if you would like to use CompactA®Avhen
closing the Model options dialog. The Natural Ventilatsgetion of the dialog
should look like this:
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Matural Yentilation

todel airflow through holes and wirtual partitions

Calculated

Wind factor 1.00
[ Modulate Calculated cpening sizes
Scheduled

3 Airflow through intemal openings

This same data can be edited under the Natural Ventilation and Options
headers on the HVAC tab and this is the preferred way to set thisidat Be
sure to be at building level when making the setting in this way salthis
inherited to all the surfaces in the building.

* Go to the building level and Click on the Openings tab ah@lsvent operation
schedules to operate during the summer only. The openingbdald look like:

[® Glazing Template

%Templale Project glazing template
m Esternal Wwindows
w Glazing tppe Praject external glazing
ﬂLayoul Preferred height 1.5m, 30% glazed

% Glazing ares opens 5.0 =
lJ T T T T T T T T T 1
1} 0 0 30 < a0 &0 o &0 an 100
Operation zchedule Office_OpenQff_Occ
m Glazing type Praoject internal glazing
ﬂLayoul Ho glazing

Operation
% Glazing area opens 0 =
-
T T T T T T T T T T 1
1} A 20 20 A0 a0 =11 T a0 a0 A0
Operation zchedule Surnmer vent work days [Morthern Hemisphere]
&/ Floof W htz
m Glazing type Project roof glazing
ﬂLayoul Mo roof glazing

Frame and Dividers

g
Operation
% Glazing ares opens 0.0 s
h
T T T T T T T T T T 1
1} 0 0 30 < a0 &0 o &0 an 100
Operation zchedule Office_OpenQff_Occ

2rhal
E\u"ent type: Grille, small, light slats
O &uto generate

Operation

Operation echedule Summer [Morthern Hemisphere]
Internal ¥
E\fent upe Grille, small, light zlats
O 4uta generate
Operation
Operation schedule Summer [Morthern Hemisphere]
E\u"ent tupe Grille, gmall, light slats
O &uto generate
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Go to the building level and Click on the Constructicaisand under the
Airtightness header check thdbdel infiltration is switched on and check that
the Crack template slider is set tdvledium. This means that all crack sizes in the
building will be taken from the “Medium” crack templadou can currently

select from these options:

* Very poor

e« Poor
Medium
« Good

* Excellent

Note that although the infiltration rate in ac/h carségthis is only used in
Heating and Cooling design calculations.

Click on the “Show crack data” link in the Info panel & $he definition of the
currently selected crack template.

The model is now ready for the simulation so clickloSimulation tab and
using the same options as before (Hourly res8lisnmer typical week press
OK to start the simulation.

Check that your hourly results for Ground block > Zone€lsamilar to those
below.
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Custom Data - Ground floor, Zone 1
EnergyPlus Output 17 Aug - 23 Aug, Hourly Educational
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. " m /r/\\\ / ~ (mucr::) below 21°C
20 N m/ \—\,J/ \\J / \\\l’/ rf\\\/ /J\ //::._‘\’M"J\/\x __
15 / \ V\J/ \'/ V\\‘J/ \'\\J/ \\_\// \/ /\\\ |

= [nfernal Natural vent =sssss External Ar ———= Solar Gains Exterior Windows

30

Temperature (°C)

10 -1\

5.1

Heat Balance (ki)
=

Copling effect/of nat ventjin kW —

= Mech Vent + Nat Vent + Infiltration

Large ventilation flow rates | — .

A
12 /\ f
A

E : - |

5 a ALl AL VA L

5 o T T AW~ A P 3

- (1 T LA W O R U Ve

S LW TS| \ \J M S M
O\WI J N o=

The results show:

* The zones have air temperature approximately controlldeetoatural
ventilation setpoint temperature of 21°C.

* Typical total air change rates (purple Mech Vent + Nent\# Infiltration
data) are between zero and 16 ac/h.

Try running the simulation again but with the building exé¢mwindows closed at
night. In this case much less ventilation is possiblagiit and less nighttime cooling
occurs. Infiltration rates at nighttime when the wind@ss closed are between 0.3
and 0.05 ac/h. The variations are caused by variatiomsthspeed. More on this in
the next Example.

Now save the file as a template (File > Save > Savwemplate) calling it something
like Nat Vent Example 3
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Advanced Calculated Natural Ventilation

Introduction

In this Example we will explore some more advanced ttled natural ventilation
options including wind pressure coefficients, wind effestsemperature effects,
internal airflow and how to check airflow rates throuigdividual openings.

Wind Pressure Coefficients

Building geometry and surroundings play a major role tertieining wind effect on
opening. The pressure caused by wind blowing on an externalesisfealculated
using wind data from weather file and the wind pressurdicmeit for current
particular wind incidence angle on the surface. Thismétion is entered as wind
pressure coefficient values, one for each angleaidémce in increments of 45

Go to the North facing Wall surface in Ground floor > Zdrend click on the

Openings tab and open the Wind Pressure Coefficient (WedZ)eh. You should see
something similar to the screenshot below.

I
Aspect faoe |
|
0° [narmal to surface] [ 0.40
45 %) 0.0
50° (%) -0.30
1357 7] 035
180° [7) 0.20
225 ") 035
270017 -0.30
357 01a

This default data is automatically generated and loaded thieesurface is first
created from standard AIVC tables for building aspeabsatf 1:1. The data is
approximate and suitable for early stage natural ventilanalysis only.

You can see that when the wind is normal to this sutfac&Vind Pressure

Coefficient is 0.4 i.e. the pressurg, Bn the outside of the surface at any time in the
simulation is given by the equation

P. = 0.5.(air density).(0.40).(wind velocity)

Likewise similar pressure coefficients are given fdreotwind angles relative to the
surface normal. Se&ppendix | for more details on this.

n this example, leave the Wind Pressure Coefficientidata default state.

Testing the effect of wind

Try changing th&Vind factor to 0 (HVAC > Natural Ventilation > Options at
building level to effectively switch off all wind effexin the model and rerun the
simulation.

Also switch on output of airflow in/out of openings byirggpto the Misc tab at
building level. Select these options:
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Store surface and opening output
Store opening output
Inzide Surface Temp
Eut Surface Temp
Int Canvection Casff
Ext Corwvection Coeff
Surface Gain
Solar Incident
Salar Trans
Et Sunlit Fraction
Airflaw |n
Auirflow Dt

Making this setting at building level will mean that laaggaounts of data could be
stored foreach surface and each openinghe model, especially if hourly or sub-
hourly results are requested and long time periods ardageduFor the design week
we are looking at you should not have any problems, thaoghations will take
longer when more output is requested.

Reviewing hourly results for the Ground floor > Zone \all 67.795 - 270° >
Window (External) 6.795m2 you should see results similangstreenshot below:
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Temperature and Heat Gains - Ground floor, Zone 1, Wall - 67.949 m2 - 270.0°, Window (External) 6.795 m2
EnergyPlus Output 17 Aug - 23 Aug, Hourly Educational
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Make sure to select the first window as the other 2 iemged out’ and don’t have
any data. The results for th& window have been multiplied by 3 to account for the
other 2 windows.

Has the switching off of the wind reduced the fresh aivegl very much in the
offices?

You should find that air is mainly flowing into the bundithrough the openable
office windows giving cooling in the main occupied parthef building and is exiting
from the vents in the roof of the atrium. Check you usidad the nature and
magnitude of the flows through all openings and surfaces.

Since there are no wind effects, the natural vemtias driven entirely by buoyancy
effects, which in turn are driven by temperature diffeesrmetween inside and
outside. Because hour-to-hour variations in theseeesture differences are less
marked than variations in meteorological wind speed ¢ém¢ilation ac/h rates have
less hour-to-hour variations.

Switching wind off in this way can be a useful design to@nsure that a building
can be reasonably well ventilated even if there is molwt also illustrates the
importance of harnessing natural wind pressures to ensectief natural
ventilation.
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Display wind speed alongside other results

Set the buildingVind factor back to 1, rerun the simulation and view
the results for the Block 1, which gives averages antstfitathe

[ Electiicity

whole block. O e
Ooi
[ 5alid

On the Detailed tab of the Display options, scroll dda/the bottom of F&e=
the list, check the Wind speed option and click on thphAbutton. [ce 3
Screenshot right. This includes Wind speed data alongsiderethdts g

just for this graph (you can save the selection by usiegstive toolbar = ¢,

icon on the Detailed tab). Clevsort oece
[ Ditfuse horizantal salar

The screenshot below shows that there is quiteoagtrorrelation

between Wind speed and airflow rate (bearing in mind Heatvindows Lo

are shut at night and that temperature control alse plagajor part in determining
external airflow rates). You can see the influence afivepeed by observing that the
peaks in wind speed tend to occur at the same time as Hteipearflow rate.

Custom Data - Untitled, Building 1

EnergyPlus Output 17 Aug - 23 Aug, Hourly Educational
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17 Simple HVAC

Introduction

In DesignBuilder ‘HVAC' refers to all elements of thailding whose function is to
provide heating, cooling and ventilation to provide comfortii@ occupants. This
includes natural ventilation, but this topic is covered sejparate section.

DesignBuilder offers a range of HVAC system typesasd 2 levels of detail:

» Simplewhere the system is modelled by calculating the loadsresbto meet
the heating and cooling setpoints. HVAC system energguwoption is
calculated from these loads using seasonal system CoPs

» Compactusing the EnergyPlus Compact HVAC. This allows a muctemo
detailed model of some HVAC system types to be developedsimg simple
parametric input data that can be loaded from templates.

In many cases, especially at early stages of the dpsigiess when looking at fabric,
glazing, solar shading options, you may not want to médedletails of the HVAC
system. In these cases the heating and cooling enemgyroption can be calculated
from loads using assumed seasonal system Coefficiemtrfofffance (CoP) values.

Example

This Example will introduce you to the basics of emgdata foiSimple HVAC.
Starting from where you left off with the Atrium expla model, you will create a
simple model with heating and cooling, run a simulatiet eheck daily and hourly
results.

1. Ensure Simple HVAC and Schedule natural ventilatiodehoptions are
selected.

2. Window shading using ‘High reflectivity slats’ and 4-Solantcol with a 150
W/m2 setpoint, T5 fluorescent lights, no daylight colntro

3. At Building level go to the HVAC tab and load thackaged direct
expansionHVAC template.

4. Setthe Mechanical ventilati@utside air definition methodto 1-By Zone
This means that th@utside air ac/h rate entered on the slider below will be
used directly. Other options will be explored in tlextrExample.

5. Set the Mechanical ventilati@utside air delivery to be2 ac/h

6. Leave the Mechanical ventilati@peration scheduleto be
Office_OpenOff_Occ.
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I HWAC Template

ﬂTemplate Packaged direct expansion
Auiliary energy (Kw'h/mz2) avn
() Mechanical Yentilation
On
Outside air definition method 1-By zone -
Outside air (2ch) 2000 %

v

T i
o z 4 G g 10 1z 14 16 12 0

Operation

m Schedule

Office_OpenOff_Occ

¥ Heating
Heated
Fuel 1-Electricity from grid -
Heating spstem CoP 2500

Dperation

@ Schedule Office_Open0ff_Heat
<4 Cooling
Cooled
Fuel 1-Electricity from grid -

Conlitg sypstern CoP 2800

@ Schedule Office_OpenOff_Cool
On
EDHW Template Project DHw
Type 1-Same az HVaAC -
‘whater Temperatures
Delivery temperature [*C) E5.00
b ainz supply temperature [°C) 10.00

Operation
@ Schedule Office_Open0ff_Occ

7 Matural Yentilation

Oon

7 Air Temperature Distibution

The HVAC tab should look something like the above scie@note the
simple definition of the HVAC system. The Heating andlwg systenCoP
values are used to calculate the HVAC energy consumgétanfrom the
heating and cooling loads calculated in the simulation.

The Fan and pump energy consumption is modelled usingukiéary
energyin KWh/m2 (default data for this comes from the UK NCM).

7. Heating and cooling setpoint temperatures are defingldeofctivity tab
because they relate more to the activity taking plat@mthe space (usage)
than to the HVAC system. So still at Building level gaheActivity tab and
open theEnvironmental Conditions header to show the setpoints. Set the
heating setpoint t&0°C and the cooling setpoint @6°C. Leave the Heating
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and cooling setback temperatures in their default staves|l modify those in
the next Example.

The model is now ready for simulation. Click on 8ienulation tab and when the
Simulation options dialog is displayed seleidurly andDaily results, and\nnual
simulation and press OK to start the simulation. After a fewutes, when the
simulation is finished and the results have been logdadhould see the daily results
below.

Temperatures, Heat Gains and Energy Consumption - Untitled, Building 1

EnergyPlus Output 1Jan-31 Dec, Daily results for whole year Educational
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Now select hourly results by selecting theerval as3-Hourly in the Display
options panel in the bottom left of the screen. Yaushsee:

Custom Data - Untitled, Building 1

1 Jan - 31 Dec, Hourly Educational

EnergyPlus Output
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Hourly results are much more useful for understandingpleeation of the HVAC
system than daily results because you can check tipairgeiemperatures are met,
see periods of the day when peak demands occur etc.

The above hourly results for the year are intereson@i overview, but to get a
clearer view it is best to display less days at a.tifimg setting thédays per pageto 7
in the Display options panel and you will see reswltstie first 7 days in the year.

Custom Data - Untitled, Building 1
EnergyPlus Output 1 Jan - 31 Dec, Hourly Educational

mmmmmm Room Electricity ©————= Lighting m===sss System Misc === Heat Generation (Electricity)
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The results show:

The heating system maintains the heating setpoi@%@ during the daytime.

The peak heating load takes place on winter mornings

The HVAC system is switched off during weekends amdghit and the

temperature in the zone is allowed to ‘float’ during éeses.

4. Infiltration is the only source of fresh air where tHVAC system is switched
off — during these time the fresh air rate is 0.5 ac/h.

5. When the HVAC system is switched on, the fresihaae is the 0.5 ac/h
constant infiltration + the mechanical ventilatiorRadc/h x
Office_OpenOff_Occ schedule value.

6. The thermal effect of the mechanical ventilatioshisewn in the heat balance
graph separately from the cooling loads.

7. The heat generation energy consumption is calcuéstéeating load

(Zone/Sys Sensible Heating on the graph) x CoP.

wnN P

The thermal effect of the mechanical ventilatiemtérnal Vent) is shown separately
from the cooling system effec@ne/Sys Sensible Cooling

You can use the scrollbars along the bottom of the gmapiove through the hourly

results for the year. Scroll until you reach the memnperiod starting with June "las
shown below.
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Custom Data - Untitled, Building 1

EnergyPlus Output 1 Jan - 31 Dec, Hourly Educational
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This graph shows the cooling system meeting cooling setoneratures and
illustrates how the Chiller energy consumption = Cooloegix CoP. Check for your
self that this is the case. Chiller CoP is 2.5. Do #mesfor heating. Heat generation
CoP is 3.5.

Also notice how it is thair temperature that is being controlled and that in the
summer theadiant temperature can still rise much higher even while the air is
being controlled to 26°C. This leads to higher operative teatyres of 27°C and
higher (mean of air and radiant temperatures). The tyetamperature is often used
as a good measure of occupant thermal comfort. It &tarbmeasure than air
temperature because it includes radiant effects.

Warning: There is an option to control to tloperative temperaturenstead

of the air temperature but we don’t encourage the use of this option betause i
requires an advanced understanding of the way the model works to understand
limits of applicability and error messages that can arise when tivegs hre

not respected.

For zones with very high radiant temperatures, in order to control the
operative temperature to a particular value the supply air must becadaiyto
bring the zone air temperature down the value required. Sometimes the
required supply temperature is lower than the supply air temperature
requested by the user and in these cases an error message is genkeyated.
do use operational control you should look out for error messages from
EnergyPlus related to this effect.
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More Simple HVAC

Example

In this Example you will modify the model created in Exdenl, increasing theight
time setbacktemperature for heating and usmgnimum fresh air per person
mechanical ventilation.

1. At building level on the HVAC tab set the MechanwahtilationOutside air
definition method to be2-Min fresh air per person. This means that the
maximum mechanical ventilation fresh air is calculatedhfthe occupancy of
the zone and the minimum fresh air requirement peopeBoth these are
defined by the activity.

2. So on thé\ctivity tab note that theccupancy densityis set a®.11
people/m2 Also under the Environmental Control > Minimum Frésh
header. Note thEresh air requirement per personis set tol0 l/sper
person The Mech vent per area data would also be used if wedhacted 4-
Min fresh air (Sum per person + per area) option.

3. Sitill on the Activity tab at building level change theating set backunder
the Heat Setpoint Temperatures headdi6&C. This will be the setpoint
whenever the Heating Operation Schedule has a valué.of 0.

4. Go back to the HVAC tab and single-click on the Hep@peration Schedule.
The schedule Office_OpenOff_Heat should be selecteddatzefor the
schedule is displayed in the Data report panel in ¢it@im right of the screen.
You will see the schedule has values of 0.5 between Adneam and a value
of 1 between 6am and 7pm. Weekends and holidays have 0.5nd4uis that
the heating system will use setback temperature (16°@jgdine night and at
weekends and holidays.

5. Likewise for cooling, the main cooling setpoint of 2@f§plies during the
occupied period. For AllOtherDays (i.e. Cooling design day&lue of zero
is used, that is heating is not required for cooling design

Run the simulation for the Winter design week and kliee heating operation at
nighttime. The heating system should operate to hediulding to 16°C during the
night.

Now save the file as a template (File > Save > Savwemplate) calling it something
like Simple HVAC Example 2.dsb.

Radiant Heating using Simple HVAC

Radiant heating systems supply radiant heat to surrounding surdacke® building
occupantConvectiveheating systems heat the air only. Radiant systensfiame
considered to be more comfortable than convective systachsan be more efficient
if the occupants directly receive the radiation. Adsmvective systems can dry the
zone air.

Example

In this example we look at how to model radiant heatysgijems using Simple
HVAC.
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1. Following on from the last example, at the buildiexgl on the HVAC load
theUnderfloor heating system, nat venHVAC template.

2. Open théHeating >Type header and note that thieating typeis 2-
Radiative/convective The Heating radiant fraction is 1 because all efitbat
from the radiant system is to be applied in radianhfto the floor. The
Radiant distribution is set to2-Floor because all the heat is to be radiated to
the floor surfaces in the zone. The net effectas #fl heat from the
radiant/convective heating system is applied via thesearbf the floor giving
a good approximation to a floor heating system.

3. Set the Natural ventilation > Outside air definitioethod to2-Min fresh air
(Per person)

4. On the Activity tab set the natural ventilation coglsetpoint tal0°Cto
ensure natural ventilation continues to provide fresh b@nithe building is
occupied irrespective of the temperature in the zone.

5. Check the heating setpoint2@°C and the heating setback temperature is
16°C.

Run a simulation for the design week requesting houriteestheck that the
building is being heated to at least 20°C during the occupiéatpmnd to 16°C
during the night and weekend.

Custom Data - Floor 1, Zone 1
EnergyPlus Qutput 1 Dec - 7 Dec, Hourly Educational
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If you experiment further with this system type, you matice that, as with real
underfloor heating systems, the room temperature respgoskeaver than with
convective systems. This is because the heating tékes fhrough surface of the
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relatively massive floor construction and not diretblyhe air as with the Convective
option.

Note that simulations witRadiant/convectiveheating systemsin noticeably more
slowly than the standard convective only Simple HVAC optidms can be a
problem when these system types are used in buildingshwitdreds of zones.

Version 2 of DesignBuilder will have other radianatieg options including radiant
baseboards in Compact HVAC.

Night Cooling using Mechanical Ventilation

You can use DesignBuilder Simple HVAC to model thermtastaght cooling. This
example takes you through the steps involved in setting apia éarly stage design
study of a building using daytime natural ventilation to pdewviresh air and night
mechanical ventilation to pre-cool the building fabmddre the start of occupancy.

Example

1. Starting from the Atrium example base file, atlthéding level on the HVAC
tab, check that the Mechanical ventilation, Heating @ooling are all
switched on.

2. To ensure the mechanical ventilation occurs during sumiglets and
weekends onlycreate a new scheduleA quick way to do this is to copy the
Summer cooling workdays (Northern Hemisphereschedule and modify
the copy (you can’t modify DesignBuilder library compats directly).

a. Click onScheduleunder Mechanical Ventilation > Operation to open
the list in the Info Data panel on the right.

b. SelectSummer cooling workdays (Northern Hemispherelnder the
general category.

c. Click on theCreate copyicon above and immediately on tBdit icon
to edit the copy.

Make these changes to the schedule:

d. Change iteameto something lik&sSummer night vent
e. Then change the data to. The items marked in bolddesmrechanged.

SCHEDULE: COMPACT,

Sumrer vent,

Fracti on,

Through: 31 Mar,

For: All Days,

Until: 24:00, 0,

Through: 30 Sep,

For: Weekdays Wekends Sunmer Desi gnDay,

Until: 06: 00, 1,
Until: 24:00, 0,
For: Al'l O her Days,

Until: 24:00, 0,
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Through: 31 Dec,

For: All Days,

Until: 24:00, 0 ;
This Compact schedule has values of 1 between 24:00 and 6:00 duri
weekdays, weekends and summer design days and zero healimies. The
timing will allow the fans to operate between midnighd &am making use of
cheap nighttime electricity tariffs.

3. Select th&ummer night ventschedule you have just created as the
Mechanical ventilation operation schedule.

4. Set theMechanical ventilation > Outside air flowrate to5 ac/h.

5. Still at building level on the HVAC tadwitch on Natural ventilation and
select theMin fresh air per person option to provide fresh air for the
occupants during the day. Leave the schedule as the default
Office_OpenOff_Occ.

6. Now on the Activity tab at building level under tevironmental Control
header make these changes:

a. Cooling setpoint = 26°C.

b. Natural ventilation cooling setpoint = 18°C.

c. Mechanical ventilation setpoint = 18°C. Night veattdn will switch
off if the zone air temperature gets below 18°C (to preve
overcooling).

d. Mechanical ventilation Max in-out delta T = 2K. Thiseres
mechanical ventilation is only activated when the idatair is at least
2K colder than inside air temperature.

The model is now ready to start simulations to clickleSimulation tab and on the
Simulation options dialog selektourly data andSummer typical week Press OK
to start the simulation.

Select hourly resultsusing the Interval drop-down list and you should see danget
like the screenshot below.

DesignBuilder copyright © 2009 133



‘-é DeSIgnsBoLf{ngr Simulation and CFD Training Guide

Custom Data - Ground floor, Zone 1

EnergyPlus Qutput 29 Jun - 5 Jul, Hourly Educational
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Note the following:

1. The night-time ventilation cools zone air tempeatown to 18°C when
possible.

2. The heating system operates first thing in the morwimgise the temperature
of the zone from 18°C to the heating setpoint temperafi26°C. An
improved mode of operation for this building would be fa heating system
to be switched off in the summer.

As an extra exercise you may like to investigate thecetif mechanical ventilation
rate on the load reduction benefit due to night cooling.usimyg this model as a basis
for a parametric study. You could carry out annual sitiaria and use the annual
CO2 emissions as the criteria.

DesignBuilder copyright © 2009 134



_Jj DeSIgnsB;%JtLEzr Simulation and CFD Training Guide

18 DesignBuilder Compact HVAC

In DesignBuilder ‘HVAC' refers to all elements of thailding whose function is to
provide heating, cooling and ventilation to provide comfortii@ occupants. This
includes natural ventilation, but this topic is covered separate Tutorial.

DesignBuilder offers a range of HVAC system typesasd 2 levels of detail:

» Simplewhere the system is modelled by calculating the loadsresbto meet
the heating and cooling setpoints and multiplying heatingcanting loads by
system CoPs to calculate energy consumption.

» Compactusing the EnergyPlus Compact HVAC (called ‘HVACTemate
EnergyPlus v3 and later). This allows a much more @etailodel of some
HVAC system types to be developed but using simple paremgbtut data
that can be loaded from templates.

Compact HVAC allows you model a wider range of diffeldmAC types and
control options than Simple HVAC and it can be usefuhe design of the HVAC
system itself.

There is no need to draw networks of ducts and pipeseXjension of simple
parametric definitions in the DesignBuilder interfaseletailed EnergyPlus HVAC
description is done in the background automatically usingtieegyPlus Compact
HVAC data.

The sizing of the detailed components is carried out atioatly before the
simulation using heating and cooling design datavdimterDesignDay and
SummerDesignDayschedule data. Summary results for these sizing ctitmdacan
be found in the EnergyPlus output fdplusout.eioand details in the files
eplusssz.csandepluszsz.csv

The 5 EnergyPlus Compact HVAC system types currentlijadla are:

* Fan coil units— for modelling fan coil units.

* Unitary Single Zone— for modelling constant volume packaged DX systems,
split systems.

* Unitary Multizone — for modelling multizone DX systems where a single
AHU supplies multiple zones.

* CAV- Constant Air Volume systems with central AHU.

* VAV - Variable Air Volume systems with central AHU.

Zone-based Systems
The Compact HVAC zone-based system types are:

* Unitary single zone
* Fan coil units
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Zone-based systems have separate data for each zoien® ho central AHU.
Data for these systems is defined at the zone lewaligh you can of course use
inheritance and define data at the building and block leveb#t zones in the
building/block have the same type). These HVAC systgragyan be used in much
the same way as Simple HVAC in the sense thatytes for each zone is self-
contained without reference to AHU data.

AHU-based Systems
The Compact HVAC AHU-based system types are:

* Unitary multizone
* VAV
« CAV

These system types require data to be set at therguligiel to define the
characteristics of the Air Handling Unit (AHU). Datar zone terminal units, fresh air
requirement, heating/cooling requirement and setpoiotis set at the zone level (or
inherited from building or block levels above in the hiengjc

More data is required to define the AHU-based Compact H¥ysfems, especially
the VAV and CAV system types, and these systems dovievabre complexity than
with Simple HVAC. Some care is therefore requiredeitiisg the model up to avoid
simultaneous heating and cooling, under/over heating/codiindt és essential to
check the HVAC system operation by looking at hourlgur-hourly results for short
summer and winter periods.

Boiler, Chiller, Fans, Pumps Fuel consumption

DesignBuilder Compact HVAC models heating and cooling géioeré.e. boilers,
chillers, heat pumps etc) in a similar way to SimpleA@using seasonal CoP
values. However unlike Simple HVAC CoP values are edtspecifically for the
heat generator (typically a boiler or heat pump) andherchiller. They are not whole
system CoPs as in Simple HVAC.

For example, in a Compact HVAC fan-coil unit providedwitat from a boiler,
EnergyPlus calculates the heating requirement di¢la¢ing coil and DesignBuilder
calculates the boiler energy consumption based ohetieng coil load, a distribution
loss factor and the Heat generation CoP for the beritered by the user.

Fansare modelled within EnergyPlus based on the supply airiddey fan pressure
drops and efficiency values.

Pumpsare also modelled in Compact HVAC systems using hobldrwater coils
but there is no user access to the pump data. Defaudiatbristics are assumed.

Fan-coil Units

The Fan coil unit Compact option simulates a 4 pipec@alnunit with hot water
heating coll, chilled water cooling coil, and an outsidaraker. Fan coils contain an
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outdoor air mixer, a fan, a simple heating coil and@ling coil. The fan coil unit is
connected to a hot water loop (demand side) througlotte/&iter coil and to a chilled
water loop (demand side) through its cooling coil. The urbrgrolled to meet the
zone (remaining) heating or cooling demand. If there isaifgedemand, the cooling
coil is off and the hot water flow through the heatmog is throttled to meet the
demand. If there is a cooling demand from the zone, thevéietr coil is off and the
chilled water flow through the cooling coil is throttledneet the load.

You can model Fan colil unit systems with or withoutsalé air. If you include
Mechanical ventilation with your Fan coil unit systémn heating and cooling will
only operate when the Mechanical ventilation operageredule is on.

If you do not want to include outside air in your system, stwauld uncheck the
Mechanical ventilation 'On' check box. In this casdihg&ooling availability is
determined entirely from the heating/cooling operatioredales under the Heating
and Cooling headers.

Outside Air Fan Cooling  Heating
Mixing Damper Caoil Coil

Qutside Air 4
Supply

— — + S Zone

T Recirculation

Exhaust
.
@

Example

To get started with Compact HVAC in an existing SImpl&A€ model the first
thing to do is to open the Model options dialog and seHW&C model detail to
Compact. In this example we will start using the Atriaxample base template.

1. Load Create new project and selectondon Gatwick as the location and
select theAtrium example basetemplate.

2. Open the Model options dialog and set the HYAC modgiide Compact
and confirm. The model now uses Compact HVAC.

3. At the building level go to the HVAC tab and load Baa-coil unit HVAC
template.

You should notice at this point that Compact HVAC Faiienits have very little
extra data to enter relative to Simple HVAC. The atfference in data input is use
of Heat generator CoP, Heating and Cooling Distributissds and the Cooling coil

type.

You will also see below the HVAC template thgpe of the Compact HVAC system
last loaded. This cannot be edited and it is importanhterstand that the correct
template must be used to load the appropriate Compact Hyj#eC
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1 Template
Type

Fan-coil unit

A-Fan coil urit

Now start a simulation by clicking on ti&@mulation tab, selectindrourly results and
Winter typical week. When the simulation finishes, selétdurly results in the
Display options panel and you should see something likectfeenshot below.

Custom Data - Untitled, Building 1

EnergyPlus Output 20 Jan - 26 Jan, Hourly Educational
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The important things to notice about these results fecéal units are:

Unlike Simple HVAC, in Compact HVAC EnergyPlus calcutateads on the
coils (i.e. heat transferred to air stream) and thia gadlisplayed in the
System energy graph (above). Heating fuel consumpticaiasilated from

this by applying distribution loss and heat generation @otofs.

The outside fresh air rate provided by fan-coil unitfuison’ when the Min
AHU Outside Air Requirement Schedule has values greaaraéro. There is
no modulation between no outside airflow and fullswe airflow.

Now save the file as a template (File > Save > Savemplate) calling it something

like Fan Coil Units.dsb.
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Unitary Single Zone - Basic

The Unitary single zone option allows you to model serghgle constant volume
direct-expansion (DX) based HVAC configurations with saldifferent heating
options. Direct expansion includes single packaged rooftsterms commonly seen
in commercial buildings and split systems commongnsia residential buildings. In
this system, local cooling coils are used to conditionadich is supplied to the zone
through a local air delivery system. Air delivery can &eup to ensure minimum
fresh air supply and there are options for economtsegpsovide free cooling and heat

recovery.
Outside Air ~ Blow-Through Heating DX Cooling
;yiits':%::ﬁgr Mixing Damper Fan Coil Coil
@ C ,‘/ﬂ ,/\] NG + —
— ! s
Outside Air
Supply
Zone Supply Plenum
- e
Heat
Recovery e
Recirculation l[ ) Damper
I Zone
i —
Supply Air
Exhaust 1
<+ .
. | e E— —
L(:/;J Zone Return Plenum
S/

Heat Recovery
Bypass Damper

Starting where you left off in the Fan coil unit exdeo to the HVAC tab at
building level and load theackaged direct expansiotHVAC template. This uses
the Compact HVAC Unitary Single Zone type.

Take a look at the data on the HVAC tab. You will cetihat in addition to the data
previously mentioned for Fan coil units, Unitary singleegystems also allow
Economisers, Fan operation mode and Heat recoveryalb&entered. For now
accept these default settings and run the simulation smaompare the results with
the Fan coil system.
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Custom Data - Untitled, Building 1

EnergyPlus Qutput 20 Jan - 26 Jan, Hourly Educational
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The most obvious differences between these resulthédPackaged direct expansion
system relative to the Fan coil results are thattbehanical ventilation fresh air rate
is modulated according to the mechanical ventilationdideeand also that the
heating fuel energy consumption is much lower becawspabkaged direct
expansion system uses a heat pump with a high heating G)Rv{i@reas the Fan

coil system uses a boiler with CoP of 0.83.

Now save the file as a template (File > Save > Savwemplate) calling it something
like Unitary Single Zone — Basic.dsb

Unitary Single Zone — Economiser

Unitary single zone systems also allow an econontisbe specified. An economizer
is a damper + opening that allows up to 100% outside air sofggied to the air-
handling unit when the outside air is cooler than thermedir from the zones, thus
providing free cooling. Economisers can reduce energy use sjgitificantly,
especially for buildings liable to overheat when thesiole air is relatively cool.

EnergyPlus automatically sizes the maximum outsid®wainfate and the economiser
can progressively open the outside air damper to maximsef free outside air
cooling.

There are four Economiser options:
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* 1-Nonewhere no economizer operation will be simulated arndide fresh air
is based on the Mechanical ventilation Outside airaatkassociated
operation schedule.

* 2-Return air temperature establishes a limit control on the return air
temperature so that when the temperature of the arentee mixer on the
outside air side is greater than the return air teatpes the outside airflow
rate is set to the minimum.

* 3-Return air enthalpy establishes a limit control on the return air eiptyhao
that when the enthalpy of air entering the mixertendutside airside is
greater than the return air enthalpy the outside airfige is set to the
minimum.

* 4-Return air temperature and enthalpywhere both the above limit controls
are in operation, i.e. both temperature or enthalpydiare used so that when
either the temperature or the enthalpy of the agrerg the mixer on the
outside air side is greater than the return air teatpss/enthalpy, the outside
airflow rate is set to the minimum.

In addition to the above checks in which return air amngdide air conditions are
compared, the economiser can also have absolute tmisitside air temperature
and enthalpy. When the outside air conditions go b&yoese limits the EnergyPlus
economiser switches to minimum outside air mode,hesoutside air damper is
closed to its minimum position and heat recovery bellenabled if available (more
on this later). When you select one of the Econonaptions 2-4 (above), the
temperature and enthalpy limits below are shown inrttegface.

» Economiser upper temperature limitis the outside air temperature high
limit for economizer operation. If the outside aimfgerature is above this
limit, the outside airflow rate will be set to themmum.

* Economiser lower temperature limitis the outside air temperature low limit
for economizer operation. If the outside air tempegatsibelow this limit, the
outside airflow rate will be set to the minimum.

* Economiser upper enthalpy limitis the outside air upper enthalpy limit for
economizer operation. If the outside air enthalpgbisve this value, the
outside airflow rate will be set to the minimum.

Also displayed is theockout control allowing the Economiser to set minimum
outside air when heating and/or cooling is in operation.

Example
Now test the effect of the standard Economiser settings

1. First set the Mechanical Ventilation > Outside aierto 3 ac/.h. This will help
us to interpret outside fresh air rate when checkiegperation of the
economiser.

2. Select th@-Return air temperature Economisor type

3. Leave the Economiser settings in their defaulestat

The HVAC data at building level should look like theesarshot below.
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[® HWAL Template
ﬂTemplate Packaged direct expansion

Type 1 hitam single zate -

n Aailability

Schedule On
hanical Wentilation
On
Outside air definition method 1-By zore -
Dutside air (ac/h) 3000 %
T T > T T T T T T T T 1
o 2 4 G 2 10 12 14 16 1% 20
in AHU Outzide Air Bequirement
4 Schedule Office_OpenOff_Occ
Fan operation mode 1-Continuous
Pressure rize [Pa) 1]
Total efficiency [%) T
Fati it air [%] 100
2-Return air temperature -
T-Ho lockout <
|Upper temperature limit [*C] 25.0
Lower temperature limit [*C] 11
Upper enthalp_l,l lirnit [ /k.g) RO00o
Oon
Heated
Fuel 1-Electricity from grid -
Heat generation CoP* 3500

Heating distribution loss (3]

O I|:n-r=}|| a]

J Scheduls Office_OpenOff_Heat
= Cooling
Coaled
Fuel 1-Electricity from grid -
Chiller CoP 2500

Cooling distribution loss [%)

O I|:n-r=}|| a]

Schedule Office_Opendff_Cool

Now run a simulation requestitdpurly results and select tf@ummer design week

The results should look something like the screenshotbe
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Custom Data - Untitled, Building 1
EnergyPlus Output 17 Aug - 23 Aug, Hourly Educational
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You should see:

1. The effect of the economisers providing free coolvit)) large outside air
flows being introduced when the criteria are satisfied.

2. The separate display of the Sensible and Total (serslatent) coils loads.
This is the cooling energy transfer from the coils toHIMAC air stream. The
latent energy is essentially the moisture that baslensed out onto the cold
coils. Sensible is the heat based on dry-bulb temperatly.

Unitary HVAC systems use direct evaporation (DX) coils,heeréfrigerant

is evaporated directly in the coils. DX coils usually operate atlowe
temperatures than chilled water coils served by a chiller and satéet|
loads can be higher with more water evaporating out on the cold DX coils.

Now save the example file as a template (File >eSaave as template) calling it
something likeJnitary Single Zone — Economisedsh.

Unitary Single Zone — Economiser + Lockout

Lockout is where the outside air damper can be set to minimesh fair when either
heating or cooling is in operation. Settings are undeMdehanical Ventilation >
Economiser header on the HVAC tab.

The 3 options are:
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* No lockout where the Lockout control is not active and heatingomling can
occur simultaneously with economiser fresh air.

* Lockout with heating allows the Economiser to set minimum outside air
when the heating system is in operation. This avoidadked to heat large
volumes of mainly outside air when the HVAC systeraasve.

* Lockout with compressorallows the Economiser to set minimum outside air
when either heating or cooling is in operation. This @vohe need to
heat/cool large volumes of mainly outside air whenHRAC system is
active but can restrict the savings possible by economis®n.

Example

Starting from the Unitary Single Zone - Economiserrapke model, select the
Lockout with compressorEconomiser option and run the simulation again (hourly
results, summer design week). You should see hourlytsdiud those below.

Custom Data - Ground floor, Zone 1
EnergyPlus Output 17 Aug - 23 Aug, Hourly Educational
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Note how the Lockout control switches off the Economgkile the compressor is
switched on.

Save the example file as a template (File > Savave 8s template) calling it
something likeJnitary Single Zone — Economiser + Lockoutisb.
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Unitary Single Zone — Economiser + Heat Recovery

With Compact HVAC, you can specify air-to-air heat resryy which is available
between the relief air stream and the outside at stkeam. You can also combine
economisers with heat recovery.

You can select the type of air-to-air heat recov&hge choices are:

e 1-Sensible- recovers sensible heat
» 2-Enthalpy - recovers sensible and latent heat.

Sensible heat recovery effectivenesss applied as a constant effectiveness at all
conditions. The valid range is from 0.0 to 1.0, and thauwdeis 0.70.

Latent heat recovery effectiveness if Heat Recovery Type is Enthalpy this is
applied as a constant effectiveness at all conditibins.valid range is from 0.0 to 1.0,
and the default is 0.65.

Heat recovery heating setpoint temperature (Unitary systems oyl

When no economiser is selected this data defines #iegesetpoint temperature of
the heat recovery device for Unitary and Unitary mutiesystems. Note that the
single value is applied throughout the year. For exaeipier 15C to model a system
which heats outside air up to 15C and no higher. A higlostpalue will provide
optimal heating but this may add to cooling loads in thensemm

Heat recovery rules

If an economiser option is selected, the heat regaséypassed whenever the
economiser operates and the heat recovery is alwags$syd if economiser operation
would be beneficial. The heat recovery will operate when:

» Heat recovery is selected in the interfad¢D
* Economiser operation is off.

You can have heat recovery and no Economiser actiswighing on Heat recovery
and setting economiser to 1-None. In this case therbeavery unit heats outside air
using the Heat recovery heating setpoint temperatuaésdtcools outside air when
return air temperature is lower than outside air teatpee.

If the economiser is selected together with heatwesgathen the Heat recovery
heating setpoint temperature data is not shown areffféxetive heat recovery setpoint
temperature is given by the lower economiser limitgerature.

Example

To test this, switch off the Lockout control used in ldst example and open theat
Recoveryheader and switch on heat recovery. Leave the defaattrbcovery
settings Hensibleonly type with Sensible heat recovery effectivered€s 7). The
Mechanical ventilation part of the HVAC data should Idik& the screenshot below.
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% Mechanical Ventilation

On
Outzide air definition method 1-By zone -
Outsice air (ach) 3000 %
b
I T T T T T T T T T 1
i z 4 fi i 10 12 14 16 18 0

Fin AHL Dutzide Air Requirement

@ Schedulz Office_Dpendff_Occ
E conariizer
Type 2-Heturn air temperature -
Lockout 1-Molockout -
|Upper temperature limit [°C) 250
Lavwer temperature limit [*C) 1.0
Upper enthalpy limit [J1/4q) R0000.0
Heat Recoveny
On
Heat recovery twpe 1-Sensible -

Sensible Heat Recovery Effectivensss 0.700

Run the simulation again (hourly results, summer desigk). You should see
hourly results like those below.

Custom Data - Untitled, Building 1
EnergyPlus Output 17 Aug - 23 Aug, Hourly Educational
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Note that Sensible cooling is provided by the heat recameihe 18 August during
times when the outside air is warmer than the redurfrom the zone. At other times
the heat recovery unit is bypassed.

Now run the winter design week using the same model an# casalts. You should
find that the heat recovery provides very significant sawilugsg the heating season.
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Save the example file as a template (File > Savave &8s template) calling it
something likeJnitary Single Zone — Economiser + Heat recovergsb.

Unitary Multizone — Basics

The Unitary multizone option allows you to model constaxtume direct-expansion
(DX) based HVAC configurations with several differeeiting options. Direct
expansion includes single packaged rooftop systems commamyrseommercial
buildings and split systems commonly seen in residelotigdings. In this system,
central heating and cooling coils are used to conditigmaiich is delivered to the
each of the zones in the system through an air dglsyestem. Air delivery can be set
up to ensure minimum fresh air supply and there arergptar economisers to
provide free cooling and heat recovery.

TheUnitary multizone system is essentially the same asUhéary single zone
system except that the same AHU supplies multiplezcared one of these zones is
used as the control zone.

Only oneUnitary multizone system can be defined per building and it can serve up
to 400 zones

Air Handling Unit (AHU)

Heat Recovery Outside Air  Blow-Through Heating DXCoo\ingi

Bypass Damper i Mixing Damper Fan Coil Coil
— 4
r/h o : System Supply Plenum
— - e :
Outside Air
Supply
Zone Supply Plenum
Heat
Recovery A
Recirculation l/’ Damper
Zone 1
— >
Supply Air
Exhaust
< i System Return Plenum -
c -  <— { — e
L((/;J Zone Return Plenum
vy
Heat Recovery
Bypass Damper More zones..

A Unitary multizone HVAC template must be loaded at building level and in all
zones which are part of the system (zones that arefidne Unitary multizone
system can of course inherit their setting from thié&limg level). Zones that are not
part of the Unitary multizone system can have Comp&&C type Unitary single
zoneor Fan colil units but notVAV or CAV.

When using this system type you should be careful toddbatthermostat in a

Control zonewhich will have a representative temperature for thelevhoilding,
otherwise some zones may become over/under heatedcoole
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Software

Example
To create a basic 2-zone Unitary multizone model:

1.

6.

7.

Starting from where you left off in the last exag@t building level on the
HVAC tab load theConstant volume DX (using unitary multizone)HVAC
template. This data should be inherited by the zones l@ave red hard set
data at the block or zone level).

Set the Mechanical ventilati@utside air definition methodto 1-By Zone
This means that th@utside air ac/h rate entered on the slider below will be
used directly.

Set the Mechanical ventilati@utside air delivery to be2 ac/h

Leave the Mechanical ventilati@peration scheduleto be
Office_OpenOff_Occ.

On the Constructions tab at building level setiifitration to beoff. This
will make it easier to focus on outside fresh airaely through the HVAC
system.

Go toGround floor > Zone 1and set this as the Control zone by checking the
Thermostatic control zone for unitary systemcheckbox.

Run a simulation requestihgurly results and use tfgummer design week

The building level hourly results should look the screenbatow.
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Notice how the total fresh air delivery to the buildis@ ac/h as specified. Now look
at results for the Ground and First floor zones.
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Custom Data - Floor 1, Zone 1
EnergyPlus Output 17 Aug - 23 Aug, Hourly Educational
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Custom Data - Ground floor, Zone 1
EnergyPlus Output 17 Aug - 23 Aug, Hourly Educational
mmmmmm Air Temperature msssssm Radiant Temperature sssssmm Outside Dry-Bulb Temperature
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These show that the maximum values of fresh air dgliveeach zone are not 2 ac/h
as one might expect. The fresh air delivery in thexgddfloor zone is slightly higher
than 2 ac/h and in the First floor zone it is sligithwer. To understand why this is
you must first understand how the EnergyPlus fresbaaatrol works.

Before the start of the simulation EnergyPlus catesléhetotal fresh air requested
for each zone and uses this total as the minimum outisftbmarate entering the
AHU inlet. During the simulation when minimum freain is requested (i.e.
economiser is not in operation) the outside air danspadjusted to provide this
minimum fresh air to the AHU. How this fresh aidistributed to the various zones
in the building depends on the component sizing calcalgatomatically carried
out before the simulation based on heating and coolingrddays.
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Advanced user note seeeplusout.eioin the EnergyPlus folder for a summary of
EnergyPlus component and system sizing results.

Save the example file as a template (File > Savave 8s template) calling it
something likeJnitary MultiZone .dsbh.

VAV Systems

In a typical Variable Air Volume (VAV) system the AHsupplies air to the zone
terminal units at a constant temperature. This constamgerature is achieved by
blowing air across cooling and heating coils.

Air Handling Unit (AHU)
Heat Recovery Preheat Coili Qutside Air ~ Blow-Through ~ Cooling  Heating Draw;:'l;]l;rough ]

Bypass Damper

i Mixing Damper Fan Coil Coil

System Supply Plenum

. , vy + — )
—> - ; ook 5
Outside Air " H :
Supply v ) = ;
Standard Zone Terminal Unit Zone Supply Plenum
Damper /l
Heat H \
Recovery y
Regcirculation !
+ Reheat
Coil Zone 1
: : : —
! .. Supply Air
Exhaust N
¢ i System Return Plenum ‘ X
& = — { L —
LV)J Zone Return Plenum
S
Heat Recovery :
Bypass Damper Series PIU Zone Supply Plenum
Secondary Air
- + e » Zone 2 l
. - Supply Air
ol
|
B E—
Zone Return Plenum
Paraltel PIU Zone Supply Plenum
?']I Damper
: A Secondary Air
| _d
: Fan
+ - ) Zone 3
Supply Air
Gl
|
1 B E—
Zone Return Plenum
More zones...

VAV systems can be used for core or perimeter zonesagtimmon fan system, air
temperature control, and reheating devices. Heating is prowitledhe zone terminal
units by use of reheat coils.

The DesignBuilder VAV option allows you to model VAVssgms with optional
preheat, AHU heating and cooling coils and zone termigate You can select
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series or parallel fan powered terminal units (also kmas/powered induction units
or PIU). There are options to control the air dmition system in various ways
including the ability to ensure minimum fresh air deliveryeach zone, set VAV box
minimum flow fraction and various outside air optiamsluding an economiser to
provide free cooling when appropriate. You can also modéhgeand cooling coil
temperature reset.

Only one VAV system can be defined per building and itssame up to 400 zones.

Cooling

During times when a zone requires cooling the volunarafupplied to the zone is
adjusted by opening/closing the zone supply air damper irtimenal unit until the
zone temperature setpoint is achieved. If more coolinggigired then more cool air
from the AHU is supplied. If the provision of minimune$h air would over-cool the
zone then a reheat coil in the zone terminal unitatpserto heat the air from the AHU
So as to achieve zone thermal comfort. This cooling e@nelating can make poorly
designed VAV systems inefficient.

Heating

During times when heating is required the zone terminidldamper normally closes
to minimum opening position and the reheat colil in theezenminal unit operates to
maintain comfort in the zone.

Outside Air

Under the Outside Air Mixing header you can specify thisida air mixing type.
Choose between:

* 1-Recirculation - the outside airflow supply to the AHU is mixed with
recirculated return air from the zones. This is dongai@ energy often in
conjunction with an economiser to ensure that optusalis made of outside
air. When heat recovery is used with the Recircutatiotside air mixing
option, the economiser must be selected in thefaderfor the heat recovery
to be by-passed.

For recirculation systems you can select the outsideontrol minimum flow
type to be one of:

* 1-Fixed - the minimum outside airflow rate is fixed as setvano
matter what the actual system flow rate is. In pcactiven with=ixed
outside air control minimum it is possible for the adgsairflow rate
into individual zones to be slightly different fromethequested value.
This is because the minimum outside air is controllealeaAHU level
to ensure that the total fresh air entering the AHthestotal required
for the building (the sum of the individual zone ougsadr
requirements). But depending on the heating/cooling loadaadh
zone, some zones will require more supply air to rieetoad than
others. So the total fresh air entering the building béllas specified
but fresh air distribution around the building may nopbgfectly
maintained.

» 2-Proportional - the minimum outside airflow rate varies in
proportion to the total system airflow rate.
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The minimum outsidairflow rate through the AHU outside air inlet is
automatically calculated as the sum of the indivichoale ventilation
requirements. This is the 'design minimum'. During theukition,
'minimum’ and 'maximum'’ represent the limits for econemaperation.
If there is no economizer, then the minimum flolatside air is
delivered. Ifl-Fixedis selected, then this value will remain fixed (unless
the total VAV system flow rate falls below this valire which case, the
system will deliver 100% outside air at whatever theesydlow rate is).
If, 2-Proportional is specified, then the operating minimum falls as
system flow rate falls. This simulates a typicadtsyn with a fixed lower
stop on the outside air supply damper.

Notes:
* Delivering 1-Fixed requires enhanced control systems.

* To ensure minimum outside air is delivered you shouldluse
Fixed.

o 2-Full fresh air - the airflow into the AHU is 100% outside air, witliany
recirculation. This is modelled in EnergyPlus by settimgsupply airflow rate
to the outside airflow rate. Note that when using thigopfixing the supply
airflow rate to the outside air rate will in manysea mean that the system will
not be capable of meeting the design cooling load. Teaser the maximum
cooling capacity of a Full fresh air VAV/CAV system yoan increase the
outside airflow rate (such systems could be very iciefit in energy use
without heat recovery). When heat recovery is usedtivé2-Full fresh air
outside air mixing option, the heat recovery is by-pdsshen this is
advantageous in reducing AHU cooling coil loads. The heawesg also
operates when the outside air temperature is lessl #itah

Important note for Full fresh air systems to ensure that there is no
recirculation you must also set the HVAQing factor on the Simulation
options dialog under the Advanced headet (the default is 1.2)

Outside air sizing

When the Outside air definition method is 2-Min freghpar person, sizing for
minimum outside air (OA) flow rate is done using the Nvemof People value with
no regard for the schedules. The total OA requirenzergdch zone on the air
handler is summed and used to set the minimum OA floevfoa the air handler. The
OA controller sets an OA flow rate for the air himaeach time step. After that, each
zone receives a share of the total OA flow propoetbhy the current supply flow
rate to each zone. There is no further zone-by-ztimeation of OA quantities (which
is what happens in a real system).

VAV Terminal Units

VAV systems control the dry bulb temperature insiderseny varying the supply air
volume instead of the supply air temperature. At full tmpthe VAV terminal unit
damper is fully open supplying the maximum airflow ratethscooling load
decreases, the damper closes until it reaches the nmmstap specified by the
turndown ratio (zone minimum airflow fraction).
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The Turndown ratio (supply air minimum flow fraction}he fraction that the zone
VAV terminal unit can reduce flow to relative to the suppitymaximum flow rate.
The minimum flow rate to the zone while the systempsrating is specified as a
fraction of the maximum airflow rate. The turndownoas normally specified to
meet the minimum ventilation requirement for theugamnts.

The reheat coil operates only when the damper is amihisnum flow rate when
Zone damper heating action is set to 1-Nomal (the dgfault

A value of 0 means the terminal unit can completely sfiitow into the zone and a
value of 1.0 means that the terminal unit cannot reduce sapm@yall (i.e. it is a
constant volume system). For CAV systems this datiaed at 1 and is not available
for edit. Turndown ratio is typically in range 0.3 - (Minimum is 0 and maximum is
1.

VAV Terminal Unit Type — you can select from 3 types betwill only look at the
Standard type in this example.

Heating Data

You should switch zone heating on if you want the zorgetheated to the heating
setpoint temperature specified on the Activity tab. Tkatkhg option should
generally be on at building level for VAV systems.

At the building level you can define the data for thenpl&AHU and the zone defaults.
Under the Heating header you can specify data for thedéerator, Preheat coils
and the main AHU heating coil as well as setting thawles for the zone terminal
reheat units and zone heating setpoint schedule. Semsicot below.

b Heating
Heated
Fuel 2-Matural Gaz -
Heat generation CoP 0.750 Heater
Heating distribution loss (%) 50 generator
Dutside Air Preheat '
Cail type
AHU Heating -
Coil type IFHat weater - AHU
Qff-coil setpoint temperature [*C) 14.0
Heating coil setpoint reset type 1-Mone -
Schedule On
Cail type 3-Hok water -
Zone damper heating action 2-Reverse - Zone
Zone Setpoint Schedule d Efau |t5

(V3 Schedule Qffice_Openff_Heat

Zone damper heating action

During heating operation, there are two control optionghe damper controlling the
air flow in the VAV terminal unit as the zone moveswab or below the zone
setpoint. With both control options, the damper ihatminimum airflow rate
whenever the zone temperature is between the coolingeatithdy setpoints.
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1-Normal - the zone damper will remain at the minimum airflove rduring
heating operation. As the heating load increases, aberilow rate in the
reheat coil will be increased to maintain temperatut@e zone until the
maximum water flow rate is reached. The system esdgrdcts like a
constant volume system during heating.

2-Reverse- the airflow rate through the zone terminal unit bayrmcrease
above the minimum when the heating demand cannot lséiesétiAs the
heating load increases, the unit starts at minimuroaidnd minimum hot
water flow. The hot water flow is increased untildaches maximum flow,
then the air damper starts to open to meet the loadophien is used if the
minimum airflow rate is not adequate to serve the mamirhaating load.

Cooling Data

Under the Cooling header you can specify data for the §htiain AHU cooling coill
as well as setting the defaults for the zone ternietadat units.

Note that the AHU cooling schedule@s. See screenshot below.

& Cooling
Coaled
Fuel 1-Electricity from grid -
Chiller CoP 1.730 i
Condenser twpe 1-Aircooled - Chiller plﬂnt
Cooling distribution loss %) 5.0
AHU Cooling
Coil type 2-Chilled water -
Qff-coil zetpoint temperature [°C) 14.0 AHU
Cooling coil setpoint reset type 1-Mone -
14 Schedule On
Zohe Setpoint Schedule
t4 Schedule Office_Opendff_Cool Zone defaults

Exercise

The purpose of this exercise is to explore the VAV HWddEa, run a basic
simulation and understand the results.

1.

The starting point is the Unitary multizone exanfpd¢efrom the previous
exercise. So create a new project based on that temysieag London
Gatwick as the location.

At building level on the HVAC tab load tMAV with terminal reheat
HVAC template and take a look at the data. Much ofiéte you will
recognise from the previous exercises but there is atee sew data for
VAV systems.

Set the Min AHU Outside air requirement schedul®masThis models a
system providing constant minimum fresh air, day and night

Set the Outside air definition methodlt®y zoneand set the mechanical
ventilation outside rate 1 ac/h These last 2 settings will help us understand
HVAC fresh air delivery in the results.

Building heating setpoint is 22°C and Cooling setpoint is .24°C
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Now run a simulation using the defaviaV with terminal reheat options. On the
Simulation options dialog selestib-hourly results for the Summer design week
selectl0 timesteps per houand start the simulation.

SelectSub-hourly results as the Interval in the Display options paviewing Sub-
hourly results over short simulation periods can progetea clearer picture of the
processes taking place in the model.

Custom Data - Untitled, Building 1
EnergyPlus Output 17 Aug - 23 Aug, Sub-hourly Educational
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The graph shows the operation of the VAV system und@usoperation regimes in
the summer:

1. When the return air is cooler than outside air aadirng is required the
economiser shuts the outside air damper to the minipasgition to provide
the minimum fresh air (2 ac/h).

2. This also happens when the economiser limits areeebed (outside air
temperature < 11°C or > 25°C or when the outside air gntl¥a50,000 J/Kkg).

3. When the return air is warmer than outside airegt@omiser opens the
outside air damper to 2.0 ac/h.

4. When the return air is cooler than outside air ardcboling demand requires
more airflow the flow rate is increased to providedfeal free cooling.

5. There is a short heating operation time at thé staxccupancy to bring the
zone air temperature up to the heating setpoint tempet@23C. This
could be avoided by switching off summer reheat.

6. The AHU heating coil operates briefly during 21 Augushe®wise, the
mixed air temperature (temperature after the mixed air dangpabove the
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AHU heating coil setpoint temperature of 14°C. This cdogdavoided by
scheduling the AHU heating coil to be off during the summer

There is a cooling load when the mixed air temperasugesiater than 14°C.

Check the effect of tieconomiserby switching it off and re-running the
simulation. You should see that the outside frestsaipw a constant 2 ac/h
during the occupied period.

Check system operation for the winter design week.

Save the example file as a template (File > Savave 8s template) calling it
something likevVAV .dsh.

CAV Systems

Constant air volume systems provide a constant voflowerate through the AHU.
The air may be heated and/or cooled at the AHU. Desidp Constant Air

Volume (CAV) systems arn@entical to VAV systems with the exception that the
turndown ratio is set tdl preventing the zone terminal unit damper from closing.

Exercise
1. Starting from the VAV example, at the building legalthe HVAC tab, load
the Constant volumeHVAC template.
2. Set the Mechanical ventilation outside air rate &z/h
3. Switch on thddeat recoveryand use the default sensible only option at
efficiency 0.7.
4. Run a simulation requestisgb-hourly results for thesummer design week

The results should look something like the screenshowbe
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Custom Data - Untitled, Building 1

EnergyPlus Qutput 17 Aug - 23 Aug, Sub-hourly Educational
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Exercise
Now modify the previous example as follows:

1. Select Outside air mixing &sFull fresh air. This means that there is no
recirculation.

2. The Min outside air schedule is Office_OpenOcc an®itltside air
mechanical ventilation rate is 5 ac/h.

3. To be sure of full fresh air (no recirculation) youst also set th€ompact
HVAC Autosizing factor on the Simulation tab of the Model options dialog
to have a value df.

4. Run the simulation again and check results.
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Custom Data - Untitled, Building 1
EnergyPlus Output 17 Aug - 23 Aug, Sub-hourly Educational
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1. You should find that the outside fresh air provision is/b enodified by the
schedule without any economiser action or extra flmlwdost system
capacity.
2. Also notice how the zone air temperature is notrotetl — the airflow is not
modulated to control the zone temperature in this viaobthe CAV system.
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Change-Over Mixed Mode

Introduction

This Example introducddlixed modeontrol, which allows you provide a hybrid
natural ventilation and HVAC cooling system in your modé&lsese control systems
aim to make best use of natural ventilation availgbilihile maintaining optimal
comfort for occupants. DesignBuilder can model all 3 $ypemixed mode system
defined by CBE at LBL.

1. Concurrent (Same space, same timejoncurrent mixed-mode operation is
the most prevalent design strategy in practice todayhioh the air-
conditioning system and operable windows operate in the space and at
the same time. The HVAC system may serve as supptahe
“background” ventilation and cooling while occupants are tioegpen
windows based on individual preference. Typical exampledade open-plan
office space with standard VAV air-conditioning systeand operable
windows, where perhaps perimeter VAV zones may go tanmim air when
sensor indicates that a window has been opened.

2. Change-over(Same space, different timesyfhange-over designs are
becoming increasingly common, where the building “chamyes” between
natural ventilation and air-conditioning on a seasonalven daily basis. The
building automation system may determine the mode ofatipgrbased on
outdoor temperature, an occupancy sensor, a window (omdosed) sensor,
or based on operator commands. Typical examples inaiddedual offices
with operable windows and personal air conditioning unitsghat down for
a given office anytime a sensor indicates that a windasvbeen opened; or a
building envelope where automatic louvers open to provide hatmalation
when the HVAC system is in economizer mode, and these when the
system is in cooling or heating mode.

3. Zoned (Different spaces, same timéyned systems are also common, where
different zones within the building have differenhddioning strategies.
Typical examples include naturally ventilated officeldings with operable
windows and a ducted heating/ventilation system, or suppkai@echanical
cooling provided only to conference rooms. For many mixed-moili#irigs,
operating conditions sometimes deviate somewhat fromdhginal design
intent (e.g., a building originally designed for seasehahgeover between
air-conditioning and natural ventilation may, in practoperate both systems
concurrently).

Concurrent andZoned systems can be modelled without using DesignBuilder mixed
mode control. In DesignBuilder 'mixed mode' specificadiers toChange-over
systems where the HVAC and the natural ventilationa@idake place at the same
time. The rest of this example focuses on this typsgystem.

In change-over mixed mode buildings, natural ventilat@as riority, but the cooling
system is switched on in cases where natural ventilaiunable to cool the space
sufficiently to meet comfort requirements. During periadieere the mixed mode
controller switches off the natural ventilation systgones served by the HVAC
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system have their windows and vents closed automatizalyoid the mechanical
HVAC system running while windows and vents are open.

Natural ventilation can also be shut down due to extneeaher conditions such as
strong wind (to avoid papers blowing around), rain (so thidibgidoes not get wet
inside) and temperature (so uncomfortably cold outside aoti;mtroduced). The
diagram below illustrates a typical change-over mixedle system.

Mixed Mode Natural Ventilation Flow and Control

* Multizone airflow model solved simultanously with HYAC and building

* Wind and Buoyancy pressure causes flow through openings and cracks
* Windows and vents opened when Tair > Tsetpoint, closed when HVAC operates

* Priority given to natural ventilation - HVAC operates only when required
* Windows and vents can be shut off due to extreme external conditions

(wind, rain, temperature etc).

—

Wind Speed
—eeeep> le A )\
\ \‘rft‘rfla Outside temperature,
— e ¥ala rain, wind sensors ;
\ : {
. i
| @ oo | Exterior vent
R —— . i
J ‘ e ——— Mixed mode controller
—N“ E /:
I .
| , ® Interior
I Openable i -
windows g Temperature
g sensor
—_— h Natural ventilation
_,’ airflow
S
—7" v HVAC System
’j Flow through cracks only activated
/ when required
—/

Data Entry
Continue from where you left off in the previous exeecor Start by loading thHeat

Vent Example 3template file you created earlier.

To start with you will make settings for a simple tenapere controlled mixed mode
building without protection from wind, rain, low and higimiperatures. The

associated HVAC system will be VAV.
1. First selecCompact HVAC andCalculated Nat Venton the model options

dialog.
2. Then go to the building level and load th&V with HR + outside air reset
+ mixed modeHVAC template.
3. Set the Mechanical ventilation flow definition mathto be By zoné and set
the Mechanical ventilation ‘Outside air’ rate todac/h (it will probably

already have this value).
160
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4. Set theMin AHU Outside Air Requirement to use thén schedule. For the
purposes of this exercise, steps 3 and 4 give a fixed 3 ashhdir demand
making it easier to see the operation of the VAV systethe results.

5. Sitill on the HVAC tab at building level, open the ial Ventilation and
mixed mode headers and check tdated mode onis selected.

6. Leave the control mode schedule as the de¥inéd mode temperature
control.

7. Switch off theClose windows and vents when rainingption — we want the
natural ventilation to be controlled only by temperature.

8. LeaveMax wind speedas40 m/s.

9. Leave defaulMin and Max outdoor temperatures as—100°Cand100°C
respectively. Also leave enthalpy and dew point tempezatpper and lower
limits - these won't be used because we are stickingtartperature control
as per thévlixed mode temperature controlschedule set in the control mode
schedule data above.

10. Go toGround floor > Zone 1 and on the HVAC tab select this as thixed
mode control zone This means that the conditions in this zone will bedue
control the operation of the mixed mode system. Fomgle when the
temperature in this zone is below the cooling setpoint boNeathe natural
ventilation setpoint then the natural ventilationl\w# allowed to operate in all
zones served by the VAV system. When natural verdiat unable to satisfy
cooling demand in this zone and temperature starts tolise @ahe cooling
setpoint temperature, all the windows and vents in zesie®d by the VAV
HVAC system are closed and the VAV system provides cooling.

11. Go back up to building level and check that the ‘NatuesitNation > Options
> Modulate opening areas’ option is not selected.

Data on the HVAC tab under Mixed Mode should look like greesnshot
below.

Mixed Mode

Mixed mode on

@ Control mode schedule Mized mode temperature control

*Wind and R ain

[ Clase windaws and vents when raining
tax wind speed [m/s) 40.0

Temperature Control

ki outdoar temperature (") -100.0

b aw oubdoor temperature [°C) 100.0

Enthalpy Control
bin outdoor enthalpy (JAkg) 20000
4 ax outdoor enthalpy [J/kg) 30000

Diew Paint Cantral

Mir outdoor dew point termperature . 15.0

Max cutdoor dew point temperature... 30.0

12.0n the Activity tab at building level, enter the sempdemperatures for
Heating, Cooling and Natural ventilation. THeating setpoint is 20°Cthe
Cooling setpoint temperature is 26°Cand theNatural ventilation is 21°C.

13.0n the Constructions tawitch off theModel infiltration for the building.
This will make it easier to check fresh air deliveryviendows, vents and
mechanical ventilation only.
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Now start a simulation and on the Simulation optidiadog request onlgub-hourly

data. Use the sangummer typical weekas set from the previous example. Also, on

the Options tab set tidumber of timesteps per hourto 4.

Make sure to switch off surface and opening results (unlassrgohappy to wait a
minutes or so longer for the results).

When you reviewsub-hourly results at building level you should see results as
below:

Custom Data - Ground floor, Zone 1

EnergyPlus Qutput 17 Aug - 23 Aug, Sub-hourly Educational
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Extreme Weather Conditions

Now explore some options with a view to preventing ratugntilation operation
when extreme weather occurs:

1.

2.

Go to the building level and switch on the naturatilsion wind protection
by checking the€lose windows and vents when rainingheckbox under
Natural Ventilation > Mixed Mode > Wind and Rain.

Also set thévlinimum outside temperature to 12°C.

Re-run the simulation with these options to see tleete
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You should see that the windows close when it rairvghan the outside air is cooler
than 12°C and this requires the cooling to operate mayadrely. This problem
could be eliminated by either using windows that can opémeinain or by using

automatically controllegdentsthat can remain open when it rains.

In many climates a mixed mode HVAC system combined wittdgmlar shading and
insulation standards and energy efficient services wouidmod starting point when
investigating design options.
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19 Computational Fluid Dynamics (CFD)

This section describes the various processes involved in conductingtaltsiusing
the DesignBuilder CFD module.

Note that this CFD section is different from the resof the Guide is that it is quite
technical and detailed. To continue in the same flavour ase rest of the guide,
skip forward to the CED Examples

What is CFD?

Computational Fluid Dynamics (CFD) is the term used teries a family of
numerical methods used to calculate the temperatelegity and various other fluid
properties throughout a region of space.

CFD when applied to buildings can provide the designer mitlimation on probable
air velocities, pressures and temperatures that willroatcany point throughout a
predefined air volume in and around building spaces with fspedioundary
conditions which may include the effects of climatégiinal heat gains and HVAC
systems.

DesignBuilder CFD can be used for both external andnat@nalyses. External
analyses provide the distribution of air velocity andspoee around building
structures due to wind effect and this information can be ttssassess pedestrian
comfort, determine local pressures for positioning HVA@kes/exhausts and to
calculate more accurate pressure coefficients forgyRdus calculated natural
ventilation simulations. Internal analyses providedist¢ribution of air velocity,
pressure and temperature throughout the inside of buildingspad this
information can be used to assess the effectivenassiotis HVAC system designs
and to evaluate interior comfort conditions.

CFD Calculations and Convergence

The numerical method used by DesignBuilder CFD is knosva jarimitive variable
method, which involves the solution of a set of equatibasdescribe the
conservation of heat, mass and momentum. The equsationcludes the three
velocity component momentum equations (known as theeld&tokes equations),
the temperature equation and where thlegkbulence model is used, equations for
turbulence kinetic energy and the dissipation rate diience kinetic energy. The
equations comprise a set of coupled non-linear second-ordiat géferential
equations having the following general form, in whictepresents the dependent
variables:

%(p(p) + div(pu) =div(l grad@)+S

The%(p(p) term represents the rate of change, thepd@) term represents

convection, the diN{ gradq) term represents diffusion and S is a source term.
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Due to its non-linearity, the equation set cannot be dakging analytical techniques,
which necessitates the requirement for a numericalodefThe numerical method
employed by DesignBuilder involves re-casting the difited equations into the
form of a set of finite difference equations by suading the required building space
(or calculation domain) into a set of non-overlappidgming rectilinear volumes or
cells, which is collectively known as a finite volargrid. The equation set is then
expressed in the form of a set of linear algebraic empgfor each cell within the

grid and the overall set of equations is solved usingeaative scheme. The non-
linearity of the equation set is accounted for by theofisenested iterative scheme
whereby each dependent variable equation set (velocitp@aents, temperature,
etc.) are themselves solved iteratively within an dletder iterative loop and at the
termination of each outer iteration, the most regahies of the dependent variables
are fed back into the dependent variable coefficientsoliber iterative loop is
repeated until the finite difference equations for ellscare satisfied by the current
values of the appropriate dependent variables, at which @ scheme is said to
have ‘converged’. An appreciation of the requirementémvergence and the nested
iterative procedure used to achieve it will help in undadstey the meaning of the
various calculation options that are described in@@ntucting CFD Calculations’
section.

The Iterative Nature of the Procedure

The calculation procedure has been developed to ensutbdhtdrative solution of
the equation set would be guaranteed to converge if thei@ugagfficients were
constant. However, the equation set is non-linear lenddefficients actually contain
the dependent variables themselves, and consequently coneecgamot be
guaranteed in all cases. Although in the majority oésaas long as the dependent
variables and particularly the velocities only charlgevly, a converged solution is
normally achieved.

The main mechanism to ensure that the variables changly £ that of false time
steps. The finite difference equation set is formulatgtie form of a transient
equation set although the calculations are steady statessentially a ‘snap-shot’ in
time. The reason for this formulation is that trangient term behaves as a very
effective relaxation method, which can slow the changkependent variables in
order to arrive at a more stable solution. The fatee 8tep is the time step used in
the pseudo-transient term of the dependent variable equation

Creating Model Geometry for CFD

If you have already created a model for the purpose aflditional analysis (e.qg.
thermal simulation or SBEM calculation), you can egactly the same model for
CFD, although you should read the next section on the faolume grid and
geometric considerations. On the other hand, if younéhte conduct a CFD analysis
from scratch, you should refer to the ‘Building Modessttion of the DesignBuilder
Help for information on creating models.
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Finite Volume Grid and Geometric Modelling
Considerations

The calculation method requires that the geometric spaoss which the
calculations are to be conducted is first divided intoraber of non-overlapping
adjoining cells which are collectively known as thetérvolume grid.

When a CFD project is created, a grid is automatic&hegated for the required
model domain by identifying all contained model object vestiand then generating
key coordinates from these vertices along the major gad.a hese key coordinates,
extended from the X, Y and Z-axes across the width, depdiheight of the domain
respectively are known as ‘grid lines’. The distanceben grid lines along each axis
is known as a grid ‘region’ and these regions are Ihitspaced employing user-
defined default grid spacing in order to complete the gridrgéine. The grid used by
DesignBuilder CFD is a non-uniform rectilinear Cadesyrid, which means that the
grid lines are parallel with the major axes and the sgdoetween the grid lines
enables non-uniformity.

For example, looking at a simple building block withragg component assembly
representing a table:

Component assembly
representing table

The resulting grid, generated with 0.3m default grid spacingidvoe as follows:
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Key coordinate grid lines
displayed in black

| Grid region between consecutive
Region spacing grid lines _;,/ key coordinate grid lines
displayed in grey

By default, grid regions are spaced uniformly using a spabatgd calculated to be
as close to the user-defined default grid spacing as podsdiiee the narrow regions
created between key coordinates associated with thedgalalet table legs. In this
case, the distance between these key coordinateamsauiceptable value. However,
very narrow regions resulting in long narrow grid cellgelis having a high aspect
ratio should be avoided, as they tend to result in unssahi¢ions that can fail to
converge. Highly detailed component assemblies can iastdty large numbers of
closely spaced key coordinates resulting in cells having dsgect ratios. Large
numbers of key coordinates can also lead to overly congpids and
correspondingly high calculation run times and excess®mory usage which can be
avoided by replacing very detailed assemblies with crudeeseptations for the
purpose of the CFD calculation. However, where veryavagrid regions are
unavoidable, adjacent grid lines formed from key coordinesiase merged together
using the merge tolerance setting which is accessed thtbegiew CFD analysis
dialogs (see the ‘Setting Up a New External CFD Analysd ‘Setting Up a New
Internal CFD Analysis’ sections). For instance, ia #ibbove example, if the table
assembly had been located closer to the edge of theeatj@indow, this could result
in unacceptably close grid lines:
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Closely spaced grid
lines resulting in high
aspect ratio cell

These closely spaced grid lines can be merged by creatie analysis and
increasing the grid line merge tolerance setting to say 0.025m
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Closely spaced grid lines
merged using grid line
merge tolerance setting

Due to the strict rectilinear nature of the grid, gridsc#iit lie in regions outside of
the domain required for calculation are ‘blocked-off’ nder to cater for irregular
geometries. It is important to take this into accountwdreating a model in order to
maximise the efficiency of grid generation and/or to ensat surface CFD
boundaries will lie in the plane of a major grid axisathieve accuracy of boundary
representation. In some cases, the model may be ratateder to ensure that most
of the wall surfaces are orthogonal with respechéogrid axes. To take an extreme
example, if a simple rectangular space has been dstbwd3 angle to the Z-axis:
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The resulting grid, generated using 0.3m default grid spacintginera great deal of
redundancy in the form of blocked-off regions and inacguodsurface
representation:

Surfaces represented in the
form of ‘step-wise' profiles

Blocked-off cells in
regions lying outside
calculation domain

=

If the block is first rotated, to be aligned with the Xsa

------ =y
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The resulting grid exhibits no redundancy and there isamxuracy in surface
representation:

! -4

’ Model surfaces aligned

with grid axes

The accuracy of the representation of non-orthoganédces can be improved by
using smaller default grid spacing and in some cases spgudicegions can be
modified to increase accuracy in a more localised fastsoillustrated by the
following example:

Grid generated using default 0.3m grid spacing:
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nBuilder
Software

‘ Desig

L/

(

file wit

Step-wise surface pro
default 0.3m grid spacing

g

Using the ‘Edit CFD Grid’ tool, the grid spacing withintjuke regions spanning the

angled section is reduced to 0.2m to improve the represemta

Grid regions edited to

be spaced using

0.2m spacing

Step-wise surface profile
after regions spaced with
0.2m setting

172
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Grid regions between key coordinates can also be spaicednes-uniform spacing
options and additional key coordinate regions can be aéfdether information is
provided on grid modification in the ‘Editing the CFD Greéction.

Building Levels and CFD Analyses

Internal CFD analyses can be conducted at zone, bulidtie and building levels.
Calculations can also be conducted for single zonésplaa several blocks by
connecting them with holes and using the ‘merge zonesected by holes’ model
option setting. External analyses can only be conduttde site level.

CFD Boundary Conditions

An important initial concept for CFD analyses is tbBboundary conditions. Each of
the dependent variable equations requires meaningful valties ladundary of the
calculation domain in order for the calculations to gateemeaningful values
throughout the domain. These values are known as bouoodiaditions and can be
specified in a number of ways. The specification of boundanditions for external
analyses is relatively straightforward and just requseting the building exposure,
wind velocity and wind direction and this is done using alsid@log box. However,
internal analysis boundary conditions tend to be a briermvolved and can require
the addition of zone surface boundaries such as sugflgealis, extract grilles,
temperature and heat flux patches and also the incoigpocdtmodel assemblies
representing occupants, radiators, fan-coil units, ezsigdBuilder provides default
wall and window boundary temperatures automatically bstiihportant that you
check that these defaults are appropriate ones angotlabrrectly specify any
additional boundary conditions required for your project

Boundary Conditions for Internal CFD Analyses
Internal boundary conditions can be defined in three ways

1. Default wall and window temperatures can be definedlf@one surfaces.

2. Zone surface boundary conditions including supply diffusettsact grilles,
temperatures and heat fluxes can be added in the foumfa¢s patches using
a similar method to that used for adding windows and doors.

3. Component blocks and component assemblies can be defited@erature
or heat flux boundaries.

Default Wall and Window Temperatures

All zone surfaces within a model have default wall anddew boundary
temperatures. These boundary temperatures are inheritedhiecbuilding level
down to the zone surface level and may be set at gswyriadiate level. This
mechanism provides a convenient method for defining wall andomi temperature
boundary conditions throughout a building model in the alesehimported
EnergyPlus boundary data (see ‘Importing EnergyPlus Outaiat)D
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Default inside and outside wall and window boundary tempegatcan be accessed
under the ‘CFD Boundary’ header on the ‘Misc’ tab:

Layout || Activity | Construction | Openingz || Lighting | HYAC || Misc

CFD Boundary
Internal surface temperature [*C) 20.00
Extemal surface temperature [*C) 20.00
Windaw terperature [C) 10.00

Heating Design Output Options

Cooling Design Output Options

Simulation Output Optiohz

Zone Surface Boundaries

Supply diffusers, extract grilles, temperature and fieatpatches can be added to
zone surfaces using tAeld CFD boundary tool.

To add a surface boundary, move down to the surface on wictvant to locate the
boundary, either by selecting it from the model navigatdyy navigating to it in the
Edit screen. At the surface level, you can then séhectAdd CFD boundary’ tool
from the toolbar:

(D LLOIROODBO O

Navigate, Site Untitled, Building 1, Block 1, Zone 1, Wall - 14.000 m. - 270.0°

Use 'Add CFD boundary tool to add supply
diffuser to surface

A0 m

1-£2» Block azsembly ingl

--‘b Block azzembly ing!
=03 Zone 1
E@ Ground floar - 2

[l Foof - 24.000

B Wall-14.000 n
¢ Extemal -3
Wwindow (E
B whal-21.000w

1-Supply
Boundary tem... 20.00
Flows rate fIl#5] - 200.00
¥ discharge a.. 0.00

¥ discharge a... 45.00
Min dizcharg.. 3.000
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You can draw a CFD boundary on to the surface in extietlgame way that you
would draw a window. Please refer to the ‘Add window’ Helpt®n for details of
drawing windows.

After selecting the ‘Add CFD boundary’ tool, the boundagttisgs are displayed on
the ‘Drawing Options’ data panel. You can select theirediboundary type from the
‘Boundary type’ drop list. The following boundary types available for surfaces of
all orientations:

e 1 - Supply (general purpose HVAC supply diffuser)
* 4 — Extract (HVAC extract grille)

* 5 - Temperature (surface temperature patch)

* 6 — Flux (surface heat flux patch)

The following additional boundary types for multi-directal diffusers will appear for
ceiling surfaces only:

* 2 - Four-way (four-way supply diffuser)
* 3 - Two-way (two-way supply diffuser)

Various settings are available depending on the boundary type

1-Supply:

Boundary temperature (°C): Enter the required temperature of the air entering
the space.

Flow rate (I/s): Enter the supply volume flow rate.

X-discharge angle f): This setting allows you to define the discharge angle
between the local surface X-axis and an inward facinghabto the surface. At
the surface level, taking a normal view from the insitihe zone to the
surface, the X-axis discharge angle is positive betwsenormal and the
positive X-axis (i.e. the axis pointing towards the rjgind negative between
the normal and the negative X-axis (i.e. the axis poirtbmgrds the left). For
example to define a discharge angle df @ainting towards the left of the
centre of a diffuser, looking at it from the inside loé zone, you would enter —
45. On the other hand, to define a discharge angle°qi@ibting towards the
right of the centre, you would enter 45:
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—— Local surface X-axis

-----

“————  Supply diffuser

Inward facing normal ——

Y-discharge angle f): This setting allows you to define the discharge angle
between the local surface Y-axis and an inward facinghabto the surface. At
the surface level, taking a normal view from the insitihe zone to the
surface, the Y-axis discharge angle is positive betwsenormal and the
positive Y-axis (i.e. the axis pointing upwards) and negdtetween the normal
and the negative Y-axis (i.e. the axis pointing downwafes).example to
define a discharge angle of’4pointing downwards from the centre of a
diffuser, looking at it from the inside of the zoneuywould enter —45. On the
other hand, to define a discharge angle 6f pbinting upwards from the centre,
you would enter 45:
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—  Supply diffuser

Inward facing normal ——

Minimum discharge velocity (m/s): The minimum discharge velocity is the
minimum required velocity at the face of the diffus&uapply diffusers are created
using a number of elements, the areas of which arentiatst by combining the
specified volume flow rate together with the minimuisctiarge velocity. The
maximum linear dimension of each component elementriewtly 'hard-set’ at
0.2m.

2—Four-way
Boundary temperature (°C): Temperature of the air entering the space.
Flow rate (I/s): The supply flow rate.

Multi-way diffuser discharge angle (¢): The discharge angle is the angle
between the downward pointing normal and the diffuger je
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— Multi-way discharge angle

i

L}
Downward facing normal
L}

Minimum discharge velocity (m/s): The minimum discharge velocity is the
minimum required velocity at the face of the diffugeour-way diffusers are
created using four separate elements, one located at@gelof the diffuser, the
area of each being determined by combining the specifiedneoflow rate
together with the minimum discharge velocity.

3-Two-way

Boundary temperature (°C): Enter the required temperature of the air entering
the space.

Flow rate (I/s):
Enter the supply flow rate.
Multi-way diffuser discharge anglé)(

Enter the discharge angle, which is the angle betweeddwnward pointing
normal and the diffuser jet (see illustration in ‘Faway’ section).

2-way diffuser discharge direction:

Enter the local surface axis along which the diffuséo discharge:
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2-way diffuser discharge 2-way diffuser discharge
direction =Y direction = X

Minimum discharge velocity (m/s): The minimum discharge velocity is the
minimum required velocity at the face of the diffusewo-way diffusers are
created using two separate elements, one on eitheofdide diffuser along the
discharge axis, the area of each being determined by combeirspecified
volume flow rate together with the minimum dischargéouity.

2—Extract

Flow rate (I/s): The extract flow rate.
3—-Temperature

Boundary temperature (°C): Temperature for the patch.
4 — Flux

Heat flux (Wm™): Heat flux for the patch.

Component Blocks & Assemblies as CFD Boundaries

Component blocks and assemblies can be used for CFD esédysimply allow for
the effect of obstructions on the airflow. Howeubey also allow the definition of
CFD boundary attributes to enable them to act as adrtst@perature surfaces or
heat flux sources and can also be modified to belmwemsolids to allow air to pass
through them.

Component Blocks

CFD attributes for component blocks are inherited dowm filee building level to
component blocks located at both building and building bloeglde CFD attributes
for component blocks are accessed under the ‘Componekt b&ader on the
‘Construction’ tab:
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Activity || Construction | Openings || Lighting || HWVAC

[® Construction Template

%Template Project construction template
PEntemal walls Praject wal

= @Flat roof Project flat roof

- §Pitched roof [occupied] Project pitched roof

QF’itched roof [unoccupied) Project unoccupied pitched roof

Plnternal partitions Project partition
ed

Component block type 1-Standard -
Component block shades and reflects

&Material Project companent black material

b awirnuarn trarsmittae

S

fia] Transmittance schedule On

CFD Boundary

Thermal boundarny type
Temperature [*C] 75.00
Mazs [air cannot move through azsembly if checked)

2-Temperature

Assemblies

The CFD assembly library that is provided with DesigtdRaricontains a number of
pre-defined assemblies that can be used to add itemssochwgpants, radiators and
furniture. Some of these pre-defined assemblies already®BD boundary attributes
associated with them, e.g. occupant assemblies havenadiégat flux of 90W. You
can also define your own assemblies for use in CFDysesland you will find details
of how to do this in the ‘Assemblies’ Help section.

CFD attributes for component assemblies are inhenitad the parent assembly to
instances of the assembly at the building and buildingkdeels. CFD attributes for
assemblies are accessed from the ‘Construction’ tabraftving down to an
assembly instance level by clicking on it in the navigatadouble-clicking on it in
the Edit screen. It is important to understand thatuf gleange an attribute for a
specific instance of an assembly, the attributes wiltlanged for all other instances
of the same assembly.
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Untitled, Building 1, Block 1, Block assembly instance 2

St | Comporeris. | Tampiates
5F RLE

=) Unttled
= Building 1
= P Black 1
[ 25 Block assembly instance 1
i Gp Block assembly instance 2
Zone 1

Assembly CFD
boundary condition
attributes accessed at
assembly instance level

The following CFD boundary settings are available fohlmmtmponent blocks and
component assemblies:

Thermal boundary type: The thermal boundary type can be set to one of the
following:

* 1-None:Component block does not act as a CFD boundary condition.

» 2-Temperature: Component block acts as a fixed temperature CFD boundary
condition.

* 3 - Flux: Component block supplies a fixed heat flux to the surrousding

Temperature (°C): If the thermal boundary type has been set to ‘Temperaanter
the temperature of the block.

Flux (W): If the thermal boundary type has been set to ‘Fluxeethe heat
emission of the block.

Mass: Determines whether or not the block will act as a physicsiruction to the
surrounding flow. In some cases, it may be desirabii tbe temperature or flux of
the component but allow air to pass through the blocki@mgpresent an occupancy
flux throughout a large volume without needing to logatkvidual occupants.

Setting Up a New External CFD Analysis

To create a new external CFD analysis, first make thateyou have selected the Site
object in the model navigator and then click on the GHbD t
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Navigate, Site

Components || Templates
5F RR 2
=) dite

- * Building 1

=G5 Black 1
- Zone 1

Select site objectin
navigator and then
click on CFD tab

Visualise

Simulation and CFD Training Guide

Heating design || Cooling design || Simulation

The ‘New CFD Analysis Data’ dialog is displayed whallows you to name the

analysis, define grid generation variables, wind data anéxtents of the domain to

be included in the analysis:

Edit New CFD Analysis

New External Analysis

Diata Optionz

Mame Wind analysis
CFD Esternal Analysis
Default grd spacing [m] 2.0000
Grid line merge talerance [m) 0.2000
Wind
Welocity [mds) 12
Direction ] 45
Expozure 2-5uburban -
Site Domain Fachors
Length .00
adidth 200
Height 1.40

MNew External CF D Analysis

The new CFD analysis will be an external isothermal
analysis of the building looking at wind effects.

The default grid sze and mergetolerance data on the
left will be used to create the grid. ¥ ou can edit the
default grid created by DesignBuilder using the Edit
arid toolkar icon after the analysis has been created
but before calculations have been started.

The domain of the the analysis is set by the current
locationin the building hierarchy. To carry out internal
CFD analysis first close this dialog and use the
Mavigator to go to the required location, then create a
new analysis again.

Default Grid Spacing

Caticel ] [ s

On entry to the CFD screen after completing and clasiaghew CFD analysis
dialog, the CFD grid is automatically generated througtimibverall external
domain extents. The grid is created by first determiningoldtyts obtained from

constituent model blocks along the major axes, thertisthetween each of these key

points being known as regions. Each CFD grid region alang major axis is
automatically spaced using the ‘default grid spacing’ dim@nsio
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Grid Line Merge Tolerance

A potential problem when generating the grid is the creati@ells with a high
aspect ratio that can lead to instability in the equataver. In order to avoid such
cells, grid lines that are very close together can &ged. The ‘grid line merge
tolerance’ is the maximum dimension that will be useddtermining whether or not
to automatically merge grid lines.

Wind Velocity
Enter the required free stream wind velocity in m/s @uead at 10m above ground).

Wind Direction

The wind direction is defined clockwise from North. Tdefault direction is 270 i.e.
Westerly.

Wind Exposure

The free stream wind velocity is corrected for hembove ground and surrounding
terrain using an empirical relationship. Urban, suburbaroged country exposures
can be selected.

Site Domain Factors

The length, width and height site domain factors arkiphiars that are applied to the
overall dimensions of the building model in order toverat an external volume or
domain across which the analysis is carried out. Theuttefactors are 3.0 applied to
the length and width and a factor of 2.0 that is appligtiéanodel height.

After clicking on the OK button, the CFD screen is thigpd showing the model in
conjunction with the site domain object:

Note orientation
of model relative —
to the site domain .,

to account for

wind direction

@ A g External analysis site

et domain object
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Setting Up a New Internal CFD Analysis
To create a new external CFD analysis, first make thateyou have selected the

appropriate level object (building, building block or zome)he model navigator and
then click on the CFD tab:

Navigate, Site Untitled, Building 1, Block 1, Zone 1

Site | Components | Templates Edit || Visualise | Heating design || Cooling design || Simulation

dE4P>Z
=) Untitled
= Building 1
E—EJ Bm?n

--léiﬂb Block assembly instance 1
--lE}b Block azsembly instance 2
£ 0 Zone 1

Select required building

s
level and then click on %

The ‘New CFD Analysis Data’ dialog is displayed whallows you to name the
analysis and define grid generation variables:

Edit New CFD Analysis

New Internal Analysis - Building 1

D ata Options New Internal CF D Analysis
Hame Radiators on Morth and West walls Enter the name ‘?”_he new CFD analysis. Th.e dpmain
- - ofthe the analysis is set by the current location inthe
CFD Internal &nalysiz building hierarchy.
Default grid spacing (m] 0.3000 The CFD domain will be all zones in the building:
Grid line merge tolerance [m) 0.0250 I Building 1
Help ] [ Cancel ] [ ak

Default Grid Spacing

On entry to the CFD screen after completing and clasiaghew CFD analysis

dialog, the CFD grid is automatically generated througtimibverall external

domain extents. The grid is created by first determiningoldtyts obtained from
constituent model blocks along the major axes, thertisthetween each of these key
points being known as regions. Each CFD grid region alang major axis is
automatically spaced using the ‘default grid spacing’ dimensio
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Grid Line Merge Tolerance

A potential problem when generating the grid is the creatiaells with a high
aspect ratio that can lead to instability in the equataver. In order to avoid such
cells, grid lines that are very close together can &ged. The ‘grid line merge
tolerance’ is the maximum dimension that will be useddtermining whether or not
to automatically merge grid lines.

Editing the CFD Grid
DZESI L NCODPO®s 2hc HEEN A QST

As soon as a new analysis data set has been craatefiult CFD grid is generated
using the default grid spacing defined as part of the datalsedefault grid may be
edited using the ‘Edit CFD Grid’ tool which allows youdieange the spacing used
for default regions, insert additional regions or reepkeviously inserted regions.

When you select the ‘Edit CFD Grid’ tool, the grid ispdayed with the building
outline overlaid as a ghosted wire frame. Grid regioasisgsplayed along the major
axes bounded by dark grey lines, the auto-generated grid iggacmg lines being
displayed in a lighter grey. The currently selected ggglon is selected in cyan or
yellow if the region is a non-default inserted regida.select regions on one of the
other major axes, you can change the axis by clickintp@nequired axis of the axis
selector displayed at the top right of the screen:

Use mouse to
select grid axis
from axis selector
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To edit a grid region, move the mouse cursor across ithéogthe required region

that will highlight to indicate that it has been sé&deicand then click the mouse button.
The selected region will then highlight in red and theitEEFD Grid’ data panel will

be displayed at the bottom left of the screen:

Spacing type  2-Uniform
Spacing dime... .2

'‘Apply changes'
button

The following settings are available on the ‘Edit C6Bd’ data panel:

Operation:

* 1 - Edit Region:Change the spacing of the currently selected region.

* 2 -Insert Regioninsert a new custom key coordinate at a defined poinein th
current region to form an additional region.

* 3 - Remove RegiorrThis option is only available if the current region has
been previously inserted and allows you to remove it.

New coordinate (m)

If the ‘Insert Region’ operation has been selected,déiting is displayed allowing
you to define a custom coordinate within the current redgimte that the coordinate
must lie in the range defined by the displayed start adaeordinates.

Spacing Type
The spacing type can be set to one of the following:
* 1-None:The region is not sub-divided.
» 2-Uniform: The region is sub-divided into a number of equal sub-idivis
the dimension of which is calculated to be as closkdspecified ‘Spacing

dimension’ as possible.

» 3-Increasing power-law: The location of each sub-division grid line within
the region increases as the power of the spacing numbieh starts at the
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beginning of the region. So that if i represents thexmaanber of the grid
line counted from the start of the region, the coordinétee " sub-division
grid line is calculated using the following relationshig(region
dimension)(i/n§°"*4xs

» 4-Decreasing power-lawThe location of each sub-division grid line within
the region decreases as the power of the spacing nunibeh, starts at the
end of the region. So that if i represents the indexrber of the grid line
counted from the start of the region, the coordinatéeftsub-division grid
line is calculated using the following relationshipg:(region dimension)[1-
(i/n)P°Ye]+x4

* 5-Symmetric power-law: The coordinate of thd'isub-division grid line is
calculated using both increasing and decreasing power-lationships that
meet at the middle of the region:

o Fori<=n/2: x=[(region dimension)/2](2i/A}"*4xs
o Fori>=n/2: x=[(region dimension)/2][2-(2i/n}§"]+Xs

Spacing dimension (m)
If the uniform spacing type has been selected, thisygattidisplayed and allows you
to enter the dimension used for sub-dividing the region.

Spacing power

If the Increasing/Decreasing/Symmetric power law spacipg has been selected,
this setting is displayed and allows you to enter thegpawed in the associated
power-law spacing relationship.

Number of divisions

If the Increasing/Decreasing/Symmetric power law spacipg has been selected,
this setting is displayed and allows you to enter thebauraf divisions used in the
associated power-law spacing relationship.

After selecting an operation and adjusting the requirdahgst you then need to click
on the ‘Apply changes’ button to update the selected gridmegith the current
settings.

Setting Up CFD Cell Monitor Points

The CFD calculation process is iterative and is camsidi to have completed once
‘convergence’ has been achieved. The main indicator forergence is the point at
which the finite difference equations for all cells sagisfied by the current values of
the appropriate dependent variables. However, it can geugeful in many cases to
monitor the variation of the dependent variables at Bpdatations throughout the
calculation domain in order to observe the point at wthely stabilise. It may be
acceptable, in many cases, to terminate a calculatisn@n as the dependent
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variables have achieved adequate stability but beforeetiduals have arrived at
their defined termination values. When a project is firsated, a default central cell
monitor point is automatically added to the domain. Dh@&ne CFD monitor points
tool enables you to identify up to ten cells throughout thautzion domain at which
you want to monitor the variation of the calculatedalaes. After selecting the
Define CFD monitor pointstool, the cell monitor screen is displayed which inctude
the model view together with a cell selection framepeedicular to the currently
selected axis. You can select a plane along the cuxsnbymoving the mouse
cursor across the model in the direction of the &aschange the axis, click on the
required axis on the axis selector tool, which is locatete top right of the screen:

Use mouse to select
grid axis from grid axis

(/’/ selector

--'-'--.-.-.-.

.—‘

25 m

V‘

775 m

Cell selection Defalult cell monitor
frame P point located at
centre of domain

After selecting the required axis, move the cell sedadiiame along the axis, and
then click the mouse button to select a plane at thereeljdistance along the axis. A
cell selection grid is then displayed in the selecladgyallowing you to move the
mouse cursor to the required cell in that plane:
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a0 m o Cet

tale]

B m

Type in name of

monitor point and S

click on'Apply
changes' button Cell selection grid
m

After moving the mouse cursor to the required cell, cliekrttouse button to display
the cell monitor data panel at the bottom left ofdbe=en.

The following settings are available on the cell manitata panel:

Operation

This control is only active if you have selected a fmgllwhich a monitor point has
already been defined. The following options are available:

* 1-Update cell- Add a monitor point or edit the name of a previouskneel
point.

* 2-Remove cell Remove a previously defined monitor point.

Monitor location nam
Enter name for monitor point.

After changing the required settings, click on the ‘Apgianges’ button to update

the selected cell. You can cancel befine CFD monitor points command by
pressing the <Esc> key or by selecting another tool.

CFD Grid Information
nZEslshoosppen2hesaBhrless

Information about the CFD grid can be obtained using theuSCFD grid statistics’
tool, which displays the CFD grid statistics dialog:
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& CFD Grid Statistics
\&nalysis: New CF D Analysis

Daomain: Building 1

Grid Statistics

Description Data
MNumber X Cells 21
Number ¥ Cells 13
Number Z Cells 13
Wax aspect ratio 9.500
Required Memory (MB) 0.4
Available Memary (MB) 11208

e “

Help ] [ Export ] [ oK ]

If the maximum cell aspect ratio exceeds the allowkie of 50 or the required
memory exceeds the physical memory available, the IChalt indicate a failure:

& CFD Grid Statistics
Analysis: New CF D Analysis

Ciomain: Building 1

Grid Statistics

Description Data

Mumber X Cells 196

MNumberY Cells 134

Mumber Z Cells /‘—15-—_—-""'\
Max aspect ratio ( 131146 >
Reauired Memory (B} Moz
Available Memory (MB) 10953

e “

Help ] [ Export ] [ 0k ]

CFD Calculations
NEES L RCoeooen JLesBEAL Q=E

Please refer to the CFD Calculations and Convergentierséar an overview of the
calculation methodology that will help in understanding concepts used to
initialise, control and monitor the calculations.

To run the calculations, click on thipdate calculated dataool. If a problem is

found with the grid generation, the CFD Grid Statistiedog is displayed showing
the error. There are three possible error conditions:
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Maximum cell aspect ratio exceeds the limit you will need to delete the existing
project and create a new one either reducing the defiadilspacing dimension or
increasing the grid line merge tolerance by a suitable atr{sae the ‘CFD Results
Manager’ section).

Required memory exceeds the available memoryyou will need to delete the
existing project and create a new project with largerultemid spacing or consider
simplifying the problem definition in terms of complex@fassemblies, etc.

Flow imbalance— The total flow rate specified for supply diffusers doesbalance
with the total flow rate specified for extract grille&u will need to add supply
diffusers or extract grilles or edit the existing floates to establish the correct
balance

If no problem is encountered in creating the grid, tltbt‘Ealculation Options’
dialog will be displayed:

Edit Calculation Options

Residuals and Cell Monitor
4 9 [m—T1ass e X-VeloCly e Y-Velocly —— Z-Velochy

102
10°
10°
10
102
10
10
10

0.010

0.005

0.000

Weloeity (mis)

-0.005

L
+

0.010 S S (W [ SN 2 O O
e e ———— e e s s e e
0 200 400 600 800 1000 1200 1400 1600 1800 200
100 300 500 700 900 1100 1300 1500 1700 1900
Iteration

4 Simulation not started ose! [ Help J[ oess ][ Start

The ‘Edit Calculation Options’ dialog is divided into twmain sections, the Residuals
and Cell Monitor graphs and the Calculation Options Ppateel. There are also a
group of buttons at the bottom of the dialog, which ajaw to control the
calculations:

Start
Start, or if the calculations have been paused, rethtadalculations.

Pause

Interrupt or pause the calculations. Once the calomshave been paused, the
calculation dialog can be temporarily closed in ordeeview the results.

Reset

After pausing the calculations, the calculations may theere-initialised to start from
scratch. If the solution is found to diverge and you pausealculations to decrease
the velocity false time steps, you will then needetget the calculations before re-
starting.
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Calculation Options Data

The calculation settings panel incorporates the follgwigttings:

Turbulence Model:

The following turbulence models are available:

1-k-&:This model is one of the most widely used and testedl afrbulence
models, belonging to the so-called RANS (Reynolds AveragadeN Stokes)
family of models. These models involve replacing theamstneous velocity
in the Navier-Stokes and energy equations with a meafigstuating
component. The resulting equations give rise to additimmms known as
Reynolds stresses and turbulent heat flux componRaigiolds stresses are
replaced with terms involving instantaneous velocities e/nevlecular
viscosities are substituted for effective viscositiad a similar substitution is
conducted for the energy equation. The effective visgasithe sum of the
molecular viscosity and a turbulent viscosity, which isvéel from the
turbulence kinetic energy and the dissipation rate didence kinetic energy:

k2
M = Cpp?

where k= turbulence kinetic energy and- dissipation rate of turbulence
kinetic energy

k and € are both derived from partial differential equations Wlace in turn
derived from a manipulation of the Navier-Stokes equations.

2 — Constant effective viscosityhe constant effective viscosity model is a
much simpler approach and involves the replacemeneahtiiecular
viscosity in the Navier-Stokes equations with a constfiattive viscosity
(typically in the order of 100-1000). Although this model is patale of
modelling local turbulence or the transport of turbuleitds,computationally
much less expensive than the kaodel and can be numerically much more
stable.

Discretisation scheme
The following discretisation schemes are available:

1-Upwind -The calculation process involves replacing the defingigps
partial differential equations with a set of finitefdience equations. The
conventional approach to this is to use a Taylor'ssdarmulation, which
leads to a set of central difference equations. Homvelthough this approach
is physically realistic for diffusion, it is not found be realistic for convection
because of its one-way nature, i.e. upwind conditiofecafownwind
conditions but not the reverse. The upwind scheme alib&/sonvective term
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to be calculated assuming that the value of the dependeable at a cell
interface is equal to the value at the cell on the upwithel of the interface.

» 2 — Hybrid —a more computationally expensive approach than the upwind
scheme but it reduces numerical diffusion at high vadii€e number.

* 3 - Power-Law The power-law scheme is arguably more accurate than the
hybrid scheme but is more computationally expensive.

Iterations

This is the maximum number of iterations conducted byther iterative calculation
loop (see ‘CFD Calculations and Convergence’ sectiom. Calculations will
terminate when the number of iterations reaches #iisewegardless of whether or
not the solution has converged.

Isothermal

Temperature is assumed to be constant throughout thdatadn domain and the
energy equation is removed from the calculations.

Surface heat transfer
The following surface heat transfer options are alkdla

» 1-—Calculated- Surface heat transfer coefficients are calculatedhé&yo-D
calculation scheme if the &kturbulence model has been selected.

» 2-User-defined- Surface heat transfer coefficients can be defineddoings,
wall and floors.

Initial conditions

In some cases, a faster solution can be achieved bygsigirnitial conditions closer
to the final expected conditions.

Cell monitor

Select any defined cell monitor point and associated depewdgable to be
displayed on the cell monitor (see ‘Setting Up CFD ®khitor Points’ section).

Residual Display

Select the dependent variables and/or mass for whictuedsiare to be displayed in
the residuals monitor. The mass residual is similardalépendent variable residuals
but is extracted from a continuity equation mass baldmceach cell.

Dependent Variable Control Settings

The calculations involve a nested iterative schemeetdyedependent variable
equations are solved iteratively within an overall ouezative loop (see ‘CFD
Calculations and Convergence’ section). The dependeabladontrol settings
enable control inner iterative dependent variable calonlks
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* |nner Iteration: The number of iterations used for the calculatiorhef t
dependent variable.

» False Time StepThe finite difference equation set is formulated in the
form of a transient equation set although the calariatare essentially a
‘snap-shot’ in time. The reason for this formulatisrthat the transient
term behaves as a very effective relaxation methoa;hwdan slow the
change in dependent variables in order to arrive at a stalpée solution.
The false time step is the time step used in the pseadsignt term of
the dependent variable equation. For forced convectiorsflaibest-
guess’ optimal false time step is automatically catedldor velocities,
however for buoyancy driven flows, a default value @fi.used.
Reducing the false time step has the effect of slowinghdbe change
in the dependent variable and can be a helpful renmedynstable
solutions.

» Relaxation Factor: This is the ‘text book’ relaxation method, which can
be used to allow only a proportion of the calculated vafube current
iteration dependent variable to be assigned to thahariHowever, the
false time step is normally the preferred method ofeahg under-
relaxation.

* Termination Residual: The outer iterative calculation loop is repeated
until the finite difference equations for all celle aatisfied by the
current values of the appropriate dependent variabledjielh woint the
scheme is said to have ‘converged’. The dependent varedthial is
the maximum residual quantity for the equation balanaesaall cells
in the domain. The solution is deemed to have convergeshidr
dependent variable when the residual is less thanimnggion
residual.

Residuals and Cell Monitor Graphs

The value of each dependent variable residual togethetiveittnass residual is
plotted on the residuals graph, at the end of each detation of the calculation.
You can use the residuals plot to monitor the overalVecgence of the solution and
to determine whether or not any remedial action is reduir

When considering the residual plots, you should beaind that the residuals can
fluctuate quite markedly throughout the period of the caticuia and in some cases
rise appreciably before falling and so you need to get aroidie overall trend after
several hundred iterations. The following screenshot slagplst of residuals and a
default centrally located monitor cell plot for théeimal analysis illustrated in the
next ‘Displaying Results’ section. Notice that the morat velocity has reached a
steady final value.
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Edit Calculation Opﬁons
Calculation Options Data

Residuals and Cell Monitor
Radiators located on North and West qp o m— Mass s X-Velocly e Y-Velocty ——=a Z-Velocity

[ Automatically update camfort calculations a...

m-z_M
10 -

10+ D

Mormalised Residuals

105 \\\;_'—___'__"'—"‘-‘
e \/elocity - 1-Centre
0.00 ‘\
o3
= s o
] \ /\/
=]
L=l
2 010 \/\,

O

o 200 400 600 800 1000 1200 1400 1600 1800 200

100 300 500 700 900 1100 1300 4500 1700 1900
lteration

-+ Finished [converged) Pause Help I [ Cloge Resume

If you notice that the residuals are fluctuating wildfysteadily increasing over
several hundred iterations, you should pause the catmdaand take remedial action
(see ‘Convergence Difficulties and Troubleshooting’ seg¢tion

The cell monitor graph displays the variation in $eé&cted dependent variable for
the currently selected monitor cell (see ‘Setting Up @Fdll Monitor Points’ section
and ‘Cell Monitor’ setting in the ‘Calculation Optiobsta’ section above). The
variation of monitored cell point variables provides a goddtation of solution
convergence, i.e. when the variation of the varialabilsses.

Convergence Difficulties and Troubleshooting

If the plotted residuals are found to diverge or fluctugpeificantly, in many cases
you will find that the situation can be improved by reducirggféiise time steps for
the velocity components. The recommended procedure@tmuously half the
time steps until a more stable solution is found.

However, in some cases a solution can be very diffi¢unot impossible, to achieve
using the standard &turbulence model. Particularly difficult problems invelvery
low velocity buoyancy-driven flows where diffusion is doated by convection and
this can cause velocities to fluctuate around a mean Jaltieese cases, reducing
false time steps may not improve the situation. Inmt@érce a solution, you may
consider introducing additional boundary conditions swchcgupants, which can
change the flow sufficiently to obtain a solutionheitit the problem necessarily
becoming unrealistic. Alternatively, you may considengishe constant effective
viscosity turbulence model with a relatively high tudntlviscosity or turbulent
viscosity multiplier but bear in mind that this will roduce an artificially high level
of diffusion into the flow and also, the constaneefive viscosity model is incapable
of modelling the transport of turbulence.
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Displaying Results

DEES A PCOPDLO®N TELHFBE

After completing or pausing the calculations, the CFBplaily Options data panel and
the ‘Select CFD slice’ tool become active.

The main mechanism for displaying results is the stioéthat allows you to select a
slice, along one of the main grid axes and perpenditularwithin which can be
displayed any of the selected results display plofter Aelecting the ‘Select CFD
slice’ tool, the CFD results screen is displayed wimctudes the model view
together with a slice selection frame, perpendicwadhé currently selected axis. You
can select a slice along the current axis by moving thesencursor across the model
in the direction of the axis. To change the axis, abckhe required axis on the axis
selector tool, which is located at the top right ofdbeeen:

Slice selection frame

Use mouse to select
grid axis from grid
axis selector

After selecting the required axis and moving the slice swléame to the required
position along the axis, click the mouse button to addlite t® the display. Notice
that as you move the slice selection frame to a shat was previously added to the
display, the frame colour changes from green to redfamdiiclick the mouse button,
the slice is removed from the display:
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Slice selector frame
changes colour from green
to red when positioned
over existing slice, allowing
slice to be removed by
clicking mouse button

— 1 I I I I I I — ]
elocity 0.00 018 0.56 034 1.12 139 167 1.05 133 251 279 107 (mis)
Temperature 013 0.52 057 .12 1.57 HE] 1226 2261 1296 3 2365 400 (C)

Slice variable plots are selected under the ‘Slicer@gttheader on the Display
Options data panel and controlled under the ‘Variablerfgsttheader:

'Apply changes’
button

.50 m

Select plots from 'Slice
| Settings' to be displayed
orbor in subsequently
D Pressure contours added slices

[ H20 mass hraction cont.
[ CO2 mass fraction cont..
[ Filled veleity contaurs
led te onto.
iled pr ours
. [ —

O Filled HZ0 mass fraction.
O Filed CO2 mass fractio

.
Ees |

Note that any modifications made to items on the Dis@lptions data panel will
only come into effect after clicking on the ‘Apply chasgbutton.

The ‘Variable Settings’ group contains groups of variablallmandata for velocity,
temperature and pressure variables. Also, under the vaskeitilegs ‘Velocity’
header, there are two velocity vector settings, ‘Maxn vector length’ and ‘Velocity
scale factor’. Velocity vectors are displayed as as;daie length of which
corresponds to the magnitude of the velocity and witld#fault vector scale factor
of 1.0, a length of 1.0m corresponds to a magnitude of 1.0imésmaximum vector
length is the maximum length of a vector that will bgpthyed to prevent the display
from becoming cluttered with excessively large vectors. yewotor, which has a

DesignBuilder copyright © 2009 197



ﬁ Des'g"sBo‘;{'v'Sﬁr Simulation and CFD Training Guide

magnitude greater than this maximum, will be displayeustugently to distinguish it
from vectors with lengths that do represent magnitude.

The variable banding data comprises the defined band ratigeefd by twelve
contour band values within the defined range. The band defogees the minimum
and maximum variable values between which data will selayed and the band
values are the actual values within that range that spdagied in the form of
contours or in the case of velocity vectors, vectoowd. The default minimum and
maximum variable display values are extracted from éheutated values and this
range is then divided into twelve equal increments inrdxarrive at the dependent
variable contour bands. Each contour band can be editeaitched off altogether.
When the band range values are modified, the individual ends are
automatically re-calculated.

The ‘Slice Settings’ group is used to select the plotsiredjtio be included in
subsequently added slices.

The last item on the Display Options data panel iStBecontours group that allows
you to select any of the available variables for whiBhxcontour plot is required:

[ Pressure
I H20 mass haction
[ CO2 mass fraction

cb/

Im— ]
| \elosity 000 028 056 083 1.40 [E3 165 [ 120 2 17 303 (mis)

3 CFD Resuits |

Conducting CFD Comfort Calculations

DEES VMOPDOO®N B LpBEA L QEE

After completing or pausing the CFD the ‘Update CFD cathfool will become
enabled. After selecting the ‘Update CFD comfort’ togdragress bar will be
displayed indicating that mean radiant temperature (Mf&ICulations are in
progress, followed by another progress bar for the adroédculations themselves.

Comfort calculation metabolic rates and clothing Is\ak obtained from the data
entered under the ‘Metabolic’ header on the ‘Activigh of the model data panel.
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After completing the calculations, some additional fmrbdisplay variables are
available on the Display Options data panel:

e PMV

e PPD

» Comfort Indices

* Mean Radiant Temperature
* Operative Temperature

[0 Welocity vects
[ Welocity cantaurs
[ Temperature contours

O Pressure contaurs

T PPD contours

[ Comfort contours

[ T . T T
| PR 0.3570 0.5390 0.7220 0.9050 1.0870 12700 1.4530 16350 1.8180 2.0000 21830 2.3660
7 CFD Resuts

CFD Results Manager
BN L Fﬁ% @R E

The CFD results managertool allows you to create new CFD projects, open existin
projects or remove existing projects. For example, consgléhe internal analysis
example illustrated in the Displaying Results sectyamn, may want to conduct
another analysis after moving the position of a radiatorder to look at the effect on
air distribution. You would first go to the Edit screemanodify the radiator layout:
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New radiator location

After returning to the CFD screen, you can then clickh@CFD results manager

tool to open th€FD Results Managerdialog:

3 CFD Results Manager

Narne

1 Select the Analysis data from the list below and then an operation ta carry out on it, e.q. 'Open’ to
apen the selected results. Alteratively click an 'New' to create & new Analysis

Radiators located on Marth and ‘west walls

Domair

[ e

Radiators located on Morth and ... Building 1

L e
No
Delete

Click on 'New' button
to create new CFD
project

Close

The CFD Results Manger dialog incorporates a listl@ailable projects together
with buttons that allow you to create a new projepgroa project or delete a project.
For each project entry in the list, the first columdicates the project name, the
second column the model domain object used for the catmsgsite, building,
building block, zone) and the third column indicates whetinegrot the model
geometry contained within the results is up-to-date. ldase, you would click on

the ‘New’ button to create a new project:
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Edit New CFD Analysis
New Internal Analysis - Building 1

Data Options New Internal CF D Analysis
Mame Radiators located on the West and East walls Enter the name ‘?”_“e new CFD analysis. Th.e dpmain
—— ofthe the analysis is set by the current location inthe
CFD Internal building hierarchy.
Default gid spacing [m] 0.3000 The CFD domain will be all zones in the building:
Grid line merge tolerance [m) 0.0250 Building 1
Help ] [ Cancel ] [ 0K

See the ‘Setting Up a New Internal CFD Analysis’ mecfor details of creating a
new internal analysis.

After creating the new analysis, you can then conthgctalculations:

s Y A |
o - 1 "
) e ¥
s e | e e \
P SN N |
- L W
. \ w 2 ‘1
- )
. by 8 ]
- i
oS i
= ‘
»
T
elocity 0o 028 055 083 11 138 168 1493 2 249 278 304 (miz)
Temperature 192 1052 1006 0.30 064 047 131 165 2188 13233 22,66 310 (5)

You can then use the CFD Results Manager to open thepsegoroject in order to
compare results:
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I3 CFD Results Manager
i Select the Analpsis data from the list below and then an operation to carry out on it, e.g. 'Open'’ to
open the selected results. Alematively click on 'Mew' to create 8 new Analysis.

Radiators located on Morth and West walls
MNarme Damain :p-to-dale |
o

Fadistars located on Morth and ... Building 1

Radiatars located on the West ... |Building 1 Yes Delete
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Example - CFD External Analysis

This CFD example will go through the steps required typ&al external CFD
analysis:

» Create model for external analysis.

» Switch to the CFD screen and create a new CFD asalys
» Perform the CFD calculation.

* Review the results.

External analyses are simpler than internal analyséhat you do not need to define
any internal boundary conditions. Also they are isotiad and take account
principally of only velocity and pressure.

Refer to internal analysis for details of grid editangd monitor cell selection.

Creating the model

The model comprises a simple rectangular block with dgwas 30.0m x 20.0m x
30.0m.

Click on theAdd new block tool and change the Block type to Building block and the
Height to 30.0m. To place the origin of the buildinghet site origin, type i@ 0and
press the <Return> key. To then create the block wath@m x 20.0m perimeter,

type in30 20and press the <Return> key. A block will be created thitrequired
dimensions. Alternatively create the block by drawing theelgerimeter in the

normal way.

Creating a new CFD external analysis

Each DesignBuilder project can have one or more Q#dlyaes. Each CFD Analysis
can be a different set of results for a differeniataon on the model. Unlike
simulation data, CFD Analyses are not deleted autcaibtiwhen the model is
modified on the Edit screen.

1. Click on the site in the navigator to move to the stel

External CFD analyses can only be conducted at the siteviel.
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Click on the CFD tab to set up an external CFD aimly

Atfter clicking on the CFD tab, tidéew CFD analysisdialog is displayed.

EnterWind analysisin the Name field and leave the grid spacing and grid

line merge tolerance in their default settings.

4. Default grid spacing and grid line merge tolerance setirgsovered later.

5. Under the Wind header, change the free-stream vetocit®.0m/s the
Direction to45° and the Exposure tdrban. The wind direction is defined
clockwise from North, so the default of ZA@presents a westerly and a
setting of 48 a North-easterly.

6. TheSite Domain Factorsare multipliers that are applied to the overall model
extent in the X (length), Y (width) and Z (height) @insions to derive a site
domain across which the calculations will be carrietd idaep the defaults of
3,3 and 2.

7. After clicking on OK to create the analysis datatbet,CFD screen displays

the model in wire-frame together with the site domainich is outlined in

dotted lines.

wn

N

Notice the rotation of the domain with respect to thédimg to account for the wind
direction.

Setting up monitor cells

It is usually a good idea to display the state of onearemmonitor cells in the
domain so that you can ‘monitor’ the extent to whiah ¢hlculations have settled
down to a final converged solution. DesignBuilder autoradljicets up a single
monitor cell at the centre of the domain. You can add menitor points at any time
as follows.

Click on theDefine CFD monitor pointstool and select the Z grid axis using the grid
axis selector tool. Move the cursor along the axis to tsalptane a couple of grid

cells above the building and then move the cursor athesselected plane and select
a cell roughly above the centre of the building. Ta#l monitor data panel is
displayed at the bottom left of the screen. EntentdreeRoof into theMonitor

location namefield and click on the green tigkpply changesbutton.
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Press <Esc> to cancel tBefine CFD monitor pointstool.

Running the CFD calculations

To set up calculation data and run the CFD calculatiic, on theUpdate
calculated data button, which will bring up the CFD Caltiah options dialog. The
left hand side of the calculation dialog containsaasicalculation options.

Keep the default options except tterations which should be set t8000and under
the Residual Display header, switch onX)er and Z-axisvelocity residuals

Click on theStart button to begin the calculations. Wait until the a&ton is fully
converged when the residuals have reached the specifietiunmand the “Finished
(Converged)” indicator is displayed at the bottom ¢dfthe dialog. Notice that the
displayed velocity for the supply monitor point becoroesstant.

Press th&€ancelbutton to close the calculation dialog.

Displaying CFD results
1. Go to theDisplay Options panel and open théelocity header under the
Variable Settingsheader and set théector scale factorto 2.0and the
Maximum vector length to 5m.

2. Under theSlice Settingsheader, make sure that oMglocity vectorsis
switched on.

3. Click on the green tickpply changesbutton.

4. Click on theSelect CFD slicedool. Use the grid axis selector to change the
current axis to the Z-axis and then move the mouse agnessf the side
surfaces of the site domain along the Z-axis untiktloe selection frame is
located 25m above the ground plane. Click on the mouse tihaddrrently
selected slice to the display.
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Clear the current slice from the display usingGlear all slicestool.

Switch offVelocity vectorsunder the Slice Settings header on the Display
Options panel and switch on tkielocity contours andFilled Velocity
contours.

Click on the green tickpply changesbutton.

Select the Y-axis from the grid axis selector and ntb@eursor over the top
surface of the site domain along the Y-axis until tieedelection frame is
50.68m from the origin and click the mouse to add the slitkd display.

To add a horizontal slice 5m from the ground, selecZthxis from the grid
axis selector and move the cursor over one of the sifieces of the site
domain along the Z-axis until the slice selection fas5.0m above the
ground plane and click the mouse to add the slice to theagispl

Display 3-D contours
3-D contours can be displayed to show the values afialte throughout the

domai
1.

2.

Design

n. 3-D contours can display a lot of data:
Clear the current slice from the display using thelsTe€lear all slices

menu option.
Under the 3-D Contours header on the Display Optiotaspanel, switch on

Pressure Click on the green tickpply changesbutton.

Builder copyright © 2009 206



DesignBuilder

Software Simulation and CFD Training Guide

S

Example - CFD Internal Analysis Basics

This internal CFD example will guide you through the basitimum steps required
for an internal CFD analysis:

Create a simple single zone model.

Add CFD surface boundaries to the model including a siniéevall supply
diffuser and ceiling mounted extract grille.

Switch to the CFD screen and create a new CFD asalys

Perform a CFD calculation using default calculationarst and grid.
Review the results.

Creating the model

The model comprises a simple rectangular block housingewith dimensions
6.0m x 4.0m x 3.5m.

Create a new site and add a new building using defauligetffrom the building
level Click on the ‘Add new block’ tool and change thed& type” to “Building
block”, the “Height” to 3.5m and set the wall thicknes®®@5m.
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Default wall and window boundary temperatures

Default wall and window boundary temperatures can be definedthe building
level down to the surface level. As with other Desigidgu attribute data, these
attributes are inherited from the level above unlesbetaltely overwritten.

The default wall and window boundary temperatures candessed under tieFD
Boundary header under the Construction header on the Constraabicsf the Model
data panel.

At the building level, change the default window tempeeato 20C.

i Openings | Lighting | HVAC

Froject wall
PFlat roof Project flat roof

ijPitched 1oof [occupied]  Project pitched roof
QPitchad 1oof [unaceupi...  Project unoccupied pitched ro

Froject partition

t wall temperature... 20.00

Detault window tempera... 20

Surface Convection

Bound'ary conditions shown on a display with “Learning mode” switched off.

Go down to the zone surface facing North and changeetfaeilt wall temperature to
18°C and the default window temperature t6@0Go through the same procedure for
the west facing zone surface.

Adding surface supply diffuser and extract grille

Supply grille

1. Click on the zone in the navigator and select thelNfating surface in the
Edit screen. Double-click to drop down to the surface level

2. Click on theNormal view button to obtain a normal view of the surface.

3. Click on theAdd CFD boundary tool. TheCFD boundary data panel is
displayed at the bottom left of the screen.

4. SelectSupply from theBoundary type drop list. Keep all of the remaining
boundary defaults but change thelischarge angleto 45° in order that the
supply jet will be projectedpwards at an angle of 45from the horizontal.

5. The supply diffuser is to be 1.0m x 0.2m and is to batémcmidway between
the North and South surface edges, 0.4m from the top édige surface.
With thelncrement snapswitched on, move the cursor to the top left corner
of the surface and press <SHIFT> to lock the origimésurface corner,
move the cursor away from the corner until the cuisenapped 0.4m from
the top edge and 1.5m from the left edge and click the matmlio place
the top left corner of the boundary. Move the cursqiagce the bottom right
corner of the boundary 1.0m to the right and 0.2m belewdh left corner
and click the mouse to place the supply.
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Shape 2-Hectangle -

|

Boundary lype 1-Supply -
Baoundary temperat... 20.00

Flaws rate (/3] 200.00

* digcharge angle ] 0.00

¥ dizcharge angle (1) 45.00

Min dizcharge velo... 3.000

Extract grille

A 0.5m x 0.5m extract grille is to be located in theneo of the ceiling 0.5 m from
the North and east surface edges.

1. Click on the zone roof surface in the navigator anthadigk on theNormal
view button to obtain a normal view.

2. Click on theAdd CFD boundary tool and seledExtract from theBoundary
type drop list. Keep the default flow rate of 200 I/s to rhatee supply flow
rate.

3. Move the cursor until it is snapped 0.5m from the thyeeof the surface and
0.5m from the right edge and click the mouse to place theght corner of
the extract, move the mouse 0.5m to the left and 0.5omidle top right
corner of the extract and click the mouse to place it.

050 m

—AP.EOm

Creating a new CFD internal analysis

Click on the building in the navigator to move to thdding level and click on the
CFD tab to set up an internal CFD analysis. An mdkanalysis can be set up for any
level from a single zone up to the whole building.his tase, because we are dealing
with a single zone building, the analyses for easellwould be identical. After
clicking on the CFD tab, thdew CFD analysisdialog is displayed. Ent@&asic

Vent in the Name field and leave the grid spacing and grid lingen®lerance at

their default settings. More on grids in the next eisetrc

Click OK to create the analysis data set.

You will see the model in wire-frame mode by default anthis stage the CFD
analysis has been created including the default gridrenthbdel is ready for
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calculations. If you were going to edit the grid now istilvee — before starting the
calculations, but for now we will use the default grid.

Running the CFD calculations

To set up calculation data and run the CFD calculaticg, on the “Update
calculated data” button, which will bring up t8&D Calculation optionsdialog.

The left hand side of the calculation dialog contasrsows calculation options. Keep
the default options except under the Residual Displagdrgawitch on the X, Y and
Z-axis velocity residuals.

Click on theStart button to begin the calculations. Wait until the a&ton is fully
converged when the residuals have reached the specifietumin1x10 is the
default for all variables) and thenished (Converged)indicator is displayed at the
bottom left of the dialog. Notice that the displayedbeity for the defaulCentre
monitor point becomes constant (bottom graph).

Residuals and Cell Monitor
+_[w—Tiass  wem— X-Velocly _wmmmmm V-Velocly ——— Z-Velodly

Normalised Residuals

Velacity (mis)

Press th&€ancelbutton to close the calculation dialog.

Displaying CFD results

After the calculations have been completed, the @fDlts display options data
panel is enabled allowing you to set various resultsalispptions. Use default
Display options.

Click on theSelect CFD sliceool. Click on the Y-axis of the grid axis selector (top
right of screen) and then move the cursor over tiimgeurface along the Y-axis to
move the slice selection frame midway between theéiNand South-facing walls,
2.0m from each wall and click the mouse button to add therly selected slice to
the display.
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Notice that as you move the slice selection frameditca that was previously added
to the display, the frame colour changes from greeadand if you click the mouse
button, the slice is removed from the display.

Try adding more slices in other planes to see the kewnctegistics of temperature
and velocity distribution in the zone.

Press the ESC key to can&alect CFD slicaool.

Example - CFD Internal Analysis Including Assemblie s

In this second internal CFD exercise, the model isifiaidto include radiators as
well as the supply and extract vents entered in thetfitorial. Also some more
advanced features of the CFD calculations and disptagxlored. You will learn
how to:

» Create a component representing a constant temperatiiséor, convert the
component to an assembly, assign CFD boundary corslitiotihe assembly
and add the assembly to the model assembly library.

* Place the previously created radiator assembly withiadhe.

» Edit the CFD grid.

» Add cell monitor points for calculation monitoring purpes

» Edit the CFD Calculation options.

* Deal with common errors and non-convergence.

» Perform comfort calculations.

Creating the radiator assembly

Assemblies consist of 1 or more component blocks comlainddre used to create
boundary conditions inside or outside blocks. Theybmnsed to create furniture,
heat generating equipment, airflow supply and extract etc

In this exercise a radiator assembly is to be crdede@da single component block,
which is to be drawn using a rectangular extrusion.
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Click on theAdd new block tool and change thiglock type on the Drawing
Options panel t&€omponent blockand theHeight to 1.0m

To place the origin of the radiator component blodkeatsite origin, type in

0 Oand press the return key.

Now to create the radiator component with a length@hand say a
thickness o60mmto represent a single panel convector type radiator,itype
1.0 0.06 The component block will then appear with the specdietensions.
Alternatively use the mouse to define the component blonkmkions in the
usual way.

To convert the component block to an assembly and addgihkimg assembly to the
model assembly library:

1. First select the component block and then click otteassembly to

library tool. The selected component block will be displayed withire

frame bounding-box and ti#edd assembly to library data panel is displayed
at the bottom left of the screen.

Set the Assembly creation moddXeletebecause the original component
block will not be needed after the conversion and typenimeRadiator into
the Name field.

Set the Thermal boundary typeltemperature in order to create a constant
temperature radiator and set the Temperatur& i@ C.

Make sure that the Mass check box is checked to enstrthéhassembly will
represent a solid boundary and that air will not be &bpeass through it.

The next stage is to select "gteachment planefor the assembly, which is the
surface plane of the assembly that will be used whextattg the assembly to
a model surface during the assembly placement process kbase, the base
(bottom) surface of the radiator should be selecteteaattachment plane. To
select the attachment plane, move the cursor overathator assembly and as
you do so, each surface of the assembly bounding-bbkigfilight in

yellow, move the cursor to the base surface of thedingrbox and click the
mouse. The assembly will then be automatically adddaetonbdel assembly
library and because tligeletecreation mode has been selected, the original
component will be deleted.
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Drawing Options

Tools

v

Add Aszembly ta Library
Azsembly creation . 3-Delete -
Mame Radiator

CFD Boundary

Thermal boundary . 2-Temperature -
Temperature [*C] 75.00
tlazz [air cannot move through assembly ..

Positioning radiators within the block

Assemblies inside the building must be placed at Bloa#l ot zone level) so to
place a radiator assembly first click on the block ertavigator to move down to the
block level.

To position assemblies accurately you must use constructiondis.

To do this, orbit the model to get a clear view of the sfexshg end wall from the
inside of the block and then click on thice construction linetool.

To position the construction line accurately, switchl@lincrement snap under Point
Snaps on the Drawing Options data panel. Move the cursmaip to the lower
surface edge at the bottom of the North-facing wall andentioe cursor to obtain an
edge snap 0.3m from the end nearest the west-facing Wwekl.te mouse to start the
construction line and move the mouse to the opposite eédge bottom of the South-
facing wall, snapped to the Y-axis and click the mouse drecedge snap is
established on the opposite edge to place the constrlioBon

Click on thePlace assemblyool and as you move the cursor back across the Edit
screen, you will see that a copy of the previously eceeddiator assembly is attached
to the cursor and thelace assemblyata panel is displayed at the bottom left of the
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screen. Set the Offset @1mto offset the base of the radiator 0.1m above tloe flo
level, set the Width t@.0m, the height t®.6mand leave the Deptit 0.06m Move
the cursor to establish a snap on the constructiomhdeclick the mouse to place the
radiator origin. Once the radiator has been placedtaggtor is displayed at the
assembly origin enabling you to define the rotation. Rdteeadiator assembly until
it is parallel with the nearest wall and then click theuse to set the rotation.

Name Radiator

Offzet (m) J

“Width [m] 2

Height [m] B
Depth [m] (.00

Repeat this procedure to place a 3.0m radiator adjacdrme tdarth-facing wall.

Creating a new CFD internal analysis

We are now ready to start a new CFD calculationgsineclick on the building in the
navigator to move to the building level and click on th®G&b. If you have just
finished the first CFD exercise, the analysis redaltshese calculations will be
displayed. You should now create a new analysis bet¢hesaodel has changed with
the addition of the radiators. To do this click on@#D Results Managertoolbar
icon. This displays the dialog below.
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W CFD Results Man: x|

1 Select the Analysiz data from the list below and then an operation to carry out on it, e.g. 'Open’ to
open the selected results. Altemnatively click on Mew' to create a new Analysis.

IEaslc Went New |

Mame Domair Up-to-date Tae |
dasic Yent Building 1. Black 1, Zane 1 Mo

Delete |

|

Note that the firsBasic Ventanalysis is flagged ast up-to-date. This is because
the model has been edited since the last calculatsnmade.

Click on theNew button to create a new analysis using the model puitent state.
TheNew CFD analysisdialog is displayed. Ent&adiators and Ventin the Name
field and leave the default grid spacing and grid line mergeatace at their default
settings. The default grid spacing and grid line merge tolerareeused in generating
the CFD grid. During the process of creating a new CFdlyais data set, a 3-D CFD
grid is automatically generated by extracting key pommsfthe model geometry
along each of the major axes. The spaces betweenytipokes are known as grid
regions and are automatically divided into sub-regiomgube default grid spacing
entered on the Calculation options dialog. The gridineege tolerance enables key
point grid lines that are very close together to be mergedder to prevent very high
aspect ratio cells from being created which can leadltwulation instability.

Click OK to create the analysis data set.

You will see the model in wire-frame mode by default anthis stage the CFD
analysis has been created including the default gridrenthbdel is ready for
calculations.

Editing the CFD grid
But before starting the calculations we will expldne edit grid capability. First click

on theEdit CFD grid tool. Move the cursor across the displayed CFD gridlecse
grid regions along the current grid axis. Selected gricbrsgare highlighted in cyan.
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To change the current grid axis, click on one of theomaxes in the grid axis selector
tool that is displayed at the top right of the CFBesa. To edit a selected region,
click the mouse on the currently selected region. Theetssl region will turn red and
the Edit CFD grid region data panel will be displayed at the bottom left ef th
screen. You can sele€Edit region from the Operation drop list to change the default
spacing of the region dnsert region to create a new region and in the case of a
previously inserted region, you can seleeimove regionto remove it.

play Options
Edt CFD gnd Ll

To cancel thé&dit CFD grid tool press the <Esc> key.

After editing the default grid, you can reset it to dedault by clicking on th&®eset
CFD grid tool. Also, to obtain information about the grid, you céok on theShow
CFD grid statistics tool which brings up a dialog indicating the number ofsgell
required memory, available memory and maximum cell agpdot

For the purpose of this tutorial, the default grid willused.

Setting up monitor cells

In order to monitor the convergence of the solutiooait be useful to set up a
number of monitor points throughout the calculation dmmDuring the calculation it
is then possible to enable a plot of the variatiorhefvarious dependent variables for
each of the defined monitor points in order to see ivdr@ables have reached a
constant value as the CFD calculation proceed.
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1. To set up a monitor point, click on tBefine CFD monitor pointstool.

2. Move the cursor along the current grid axis to seltecptane in which the
monitor cell is to be selected. You can change the mugrél axis using the
grid axis selector tool as before.

3. Once the plane has been selected, you can the neogertor to select the
required cell in that plane. With the current grid axtste¢he default X axis,
move the cursor along the axis to select a plane aboutffo@mnthe supply
diffuser and then move the cursor across the selptded and select a cell
directly in front of the diffuser.

4. The Cell monitor data panel is displayed at the boltdinof the screen. Enter
the nameSupply in theMonitor location name field and click on the green
tick Apply changesbutton

na.. Supply

When a monitor cell has been added, a cell markerpsagied together with the cell
name.

m Supply

You can press <Esc> to cancel efine CFD monitor pointstool.
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Running the CFD calculations

To set up calculation data and run the CFD calculatiic, on theUpdate
calculated databutton, which will bring up th€FD Calculation optionsdialog.

The left hand side of the calculation dialog contasrsows calculation options. Keep
the default options except under the Residual Displagdreawitch on the X, Y and
Z-axis velocity residuals.

Click on theStart button to begin the calculations. Wait until the a&dton is fully
converged when the residuals have reached the specifietiunmnand the “Finished
(Converged)” indicator is displayed at the bottom ¢éfthe dialog. Notice that the
displayed velocity for the defaultentre monitor point becomes constant (bottom

graph).

CFD Display options

In the CFD results slices, velocity vectors areldigpd as arrows, the length of which
corresponds to the magnitude of the velocity and witld#fault vector scale factor

of 1.0, a length of 1.0m corresponds to a magnitude of 1.0imésmaximum vector
length is the maximum length of a vector that will bepthyed to prevent the display
from becoming cluttered with excessively large vectors. yestor, which has a
magnitude greater than this maximum, will be displayeustugently to distinguish it
from vectors with lengths that do represent magnitude.

The default minimum and maximum dependent variable valteesextracted from the
minimum and maximum values found in the domain and thgerathen divided
into twelve equal increments in order to arrive at the aidget variable contour
bands. Each contour band can be edited or switchedtodfether.

In this tutorial the maximum temperature will be 7&{the temperature of the
radiators), which is well above the mean temperatutbeo$pace, and consequently
the default contour bands would be far from the medrtlaa resulting display would
not be very informative. So in order to compress theag bands to be within the
likely temperature range throughout the domain DesignBuddematically sets the
Maximum Temperature under temperature bands range to24rf@l the minimum
value to 18C.

You can manually change these maximum and minimum valuee Display

options panel. Note that you need to click on the griekmpply changes button in
order for the display attributes to take effect. Notise ghat the temperature contour
bands are updated using the new temperature range.

You can revert to the absolute minimum and maximum sgaluéhe model by using
the Tools >Reset CFD display variablesnenu command.

Comfort calculations

Click on theUpdate CFD comforttool to carry out comfort calculations. After the
calculations have been completed, various comfort blasaare available for display,
PMV, PPD, operative temperature and mean radiant tetyper Clear all slices from
the display using th€lear all slicestool. Switch off Velocity vectors and Filled
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temperature contours under the Slice Settings headeeddigplay options panel and
switch on thd®MV contours andFilled PMV contours. Click on the green tick
Apply changes button.

Click on theSelect CFD slicaool and click on the Y-axis of the grid axis selector.
Move the cursor over the ceiling surface along the Y-&xmove the slice selection
frame again to be midway between the North and Southefagalls and click the
mouse button to add the slice to the display.

[ Filed H20 max

[ Filed CO2 mas
Filled PMY contours ‘ Py 03240 0500 ooy om0 i@ 1aow [ T iem 2000 22110

Change CFD Analysis

You can now switch between the 2 CFD analyses you tevied out using thEFD
Result Managerdialog. Select the analysis you wish to switch to aseltheOpen
button to load results. Any slices associated with tfadyais will be restored. These 2
analyses will be stored in the dsb file by default aiednat deleted when changes are
made to the model.
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APPENDIX | - Calculated Natural Ventilation

This section is provided for background information.

The ventilation rate (g) through each opening and cratiheimodel is calculated
based on the pressure difference using wind and stack preffeats:

q = CsP"

Where:
g is the volumetric flow through the opening/crack.
oP is the pressure difference across the opening/crack.
n is the flow exponent varying between 0.5 for fully tdelmt flow and 1.0 for
fully laminar flow.
C is the flow coefficient, related to the size of thpening/crack.

Wind-Driven Ventilation

When wind impinges on the surface of a rectangular Imgjjch positive pressure is
induced on the upwind face. The flow separates at thei=resulting in negative
pressure regions on the side of the building and a negatgsure distribution on the
leeward facade. The pressure distribution on the rotgvaccording to pitch - the
pressure on the upwind face being negative for roof pitch@@°and positive for
steeper pitches.
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[ [ N T N S S— — ]
loeity 000 041 08 124 185 200 2.4 289 230 371 413 434 (mis)
Pressure 0.13 760 0.07 4,65 -2.02 -1.40 004 1.58 200 a8z 614 787 (Pa)

The DesignBuilder CFD screenshots above show exanoplinis for 2 typical
building configurations. Positive wind pressure is showmrihand negative pressure
in blue.

The pressure on any point on the surface of a buildirag@&acan be represented by:
Pw = 0.5p.Co.V,
Where:

P, is the surface pressure due to wind,

p is the density of air,

C, is the wind pressure coefficient at a given positiothensurface and
Vv, is the mean wind velocity at height z.

The wind pressure coefficient,,Gs a function of wind direction, position on the
building surface and side exposure. Some typical approxivadies for buildings
subjected to varying degrees of shelter and wind directiogisen in an AIVC
publication A guide to energy-efficient ventilation. THmsta is also quoted in the
CIBSE A Guide. DesignBuilder uses this data to populat®\tinel Pressure
Coefficients (WPC) templates and provide default presseeéicients suitable for
use in basic design calculations for buildings having ocerthan three stories. The
WPC data is entered at the surface level.

For more detailed analysis, or for buildings having 4 orensbories you should
ideally obtain specific pressure coefficient data from:

1. Wind tunnel measurements on a physical model or
2. CFD analysis of from wind tunnel measurements

Enter the data for each surface under the Pressuréidizaods header on the

Openings tab. It will be possible to directly calculatadypressure coefficients using
DesignBuilder CFD external analysis in future versions.
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