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PREAMBLE

This manual describes the installation, gives you a brief introduction as well as an overview
about the main features of WUFI®Plus.

Using an imaginative building as an example, it is shown how to create a construction, how
to set boundary, initial conditions and finally how to calculate and assess this example. Some

hints will be given at each step.

For detailed information please refer to the online - help.




WUFI® Plus — Manual

PREAIMBLE ... ..ot e e e e e e e e e e e r e e e e e e e e e bbb r e e e e e e e e erebaa s 2
L. INStaAllAtioN .......oooei e a e rre e e 4
P R |V U= 3 ¥ LU RSR 8
2.1,  WUFI®plus Main WINAOW ...........ccociiiiiiiiiiic et 8

P B | [T TV - T T PSRRI 9
2.2.1 B 211 PR PRRRRR 9
2.2.2 INPUL” e eean 9
2.23 HOPLIONS" ..ot 9
224 DAtABASE” ... e a e e 9
2.2.5  HEIP ettt 10

2.3 B e Yo T I 2T T U 10

K N 5 & 11 o1 (= o 1 PP TP 11
3.1 STEP one: Information and setting of Framework Conditions .............................. 11
3.2 STEP two : Definition of the climatic conditons ..................cccccccc i, 11
3.3 STEP three: Generate Building Geometry .............cccccceviiiiie i 13
3.5 STEP five: Definition of “Not visualized Components” .....................cccccceevvvennnnnn. 19
3.6 STEP six: Setting of Inner Loads (Occupancy Schedule) ..............cccccccoeiiiiiiinnnnn, 19
3.7 STEP seven : Defining Design inner climate Conditions..................cccccccevvviieennee, 20
3.8 STEP nine : Other Parameters.............ccovvevve i 22
3.9 STEP eight: Description of attached Zones.............ccccccco i 22
3.10 STEP ten: 3D Objects & remaining elements.................cccoecvvvviiiie e 23
3.11 STEP eleven: Initiation of HVAC SYStems............ccccceeiiieiiiiiiiniiecce e 23
3.12  STEP twelve: SImulation.............ccccooiiiiiiiii e 26
3.13 STEP thirteen: Analysis of the Results ...............cccceeiiiiiiiii e 27




WUFI® Plus — Manual

1. Installation
| Open “Install.exe” and the setup screen will welcome you

5! Setup - WUFI®plus =10 =]

Welcome to the WUFI®plus Setup
Wizard
Thiz will install WUFIEplus 2.1 on vour computer.

[t iz recormmended that you cloze all other applications befare
continuing.

Click, Mest to continue, or Cancel to exit Setup.

Cancel |

Figure 1: Starting your Installation

] Please make sure that your computer meets necessary requirements
]inEL Setup - WUFILEplus =10 x|
Information
Please read the following important infarmation before continuing. +

When pou are ready to continue with Setup, click MNext,

Requirements needed to suppart WU plus:

Operating System: Windows =P + SP2 or higher, Vista, ¥
.MET Framework : 3.5 or higher

Fiaskd [Memony): 2 GE or better

Hard Drive: al leazt 2 GB free zpace

Fleaze note: on gome Yigta versions adminiztrator ights are required to run WUF[plos
zrnoathly.

< Back I MNewt > I Cancel

Figure 2: System Requirements




WUFI® Plus — Manual

i Input your license information

{5l Setup - WUFI®plus O] =]

Uzer Information
Fleaze enter your information. _|_

Uzer Mame:

Drganization:
Jibp

Serial Mumber:

< Back I Mest > I Cancel

Figure 3: License Information

IV Select your desired destination location

{5l setup - WUFI®plus o ] =S

Select Destination Location
YW'here should WUFI®plus be installed? _|_

J Setup will install W UFIEplus into the following folder.

To continue, click Mest. [F vou would like to zelect a different folder, click Browse.

IE: YProgrammeth | BP-Software Browsze. .. |

At leaszt 11,1 MB aof free disk zpace is required.

< Back I Hest » I Cancel

Figure 4: Destination Location
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\Y Select a start menu folder

{5l Setup - WUFI®plus O] =]

Select Start Menu Folder
YWhere should Setup place the program's shortcuts? _|_

- Setup will create the prograrm's shartcuts in the fallowing Start Menu folder.

To continue, click Mesxt. If you would like to select a different folder, click Browse,

|BP Software E s |

< Back I Mest > I Cancel

Figure 5: Start Menu Folder

VI Optionally a desktop icon can be created

{5l setup - WUFI®plus o ] =S

Select Additional Tasks
YWhich additional tazks should be performed? _|_

Select the additional tasks yau would like Setup ta perform whils inztalling WU ®plis,
then click Mesxt,

Additional icans:

¥ Create a deskiop icon

< Back I Hest » I Cancel

Figure 6: Desktop Icon
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VIl  Check settings and click “Install“ to install the software

{5l Setup - WUFI®plus O] =]

Ready to Install
Setup iz now ready to begin ingtaling W UF®plus on vour computer.

Clizk. Inztall ko continue with the ingtallation, or click Back if wou want to review or
change any settings.

U=zer information;
LizEr
ibp

| »

Deztination location;
C:AProgrammet BP-5aftware

Start benu falder:
|IBF Saftware

Additional tagks: Ik
Additional icons:
Create a deskbop icon

4

< Back

Figure 7: Install

VIII  Open “WUFI®Plus” from the selected start menu folder and check your
installation

For this example open C:\Programme\IBP-Software\WUFl.exe .
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2. Menus

This chapter gives a short overview WUFI®Plus and its menu structure.

2.1.

WUFI®plus Main Window

After starting WUFI®Plus, the main window shown below will appear. This window gives you
access to all dialogs and menus. A short description of each element follows.

Menu Bar

@ wuieplus ¥.2.1.1.52
Fic @Irput  Options  Database  Help

Tool Bar

Caption Bar

—l8lxl

Nl @5c0p: [WUFIplus [ ]

] Project

ER
| Files / Measured data

EH{3: Case 1
-2} Climate: Not defined
B4 Building
Erf Heated 20nes
E-{]1 Zone 1
1} Wis¥ized Components
~E5 Not fisuslized Components
&% Inng Loads/Decupancy
~ET Desfn Candiions
Z5 Othr Parameters
£ Attached zofes
{5y 30-Objects
= Remaining gements
i HYAC

fl

o 05Tk DYy

Project Explorer

Visualization Box

Data | Pieture|

Frojeet data

Client &
Surname & Name

Locality

Postal code:

Street

Tel

emal

Building P
Name/Kind

Project Information

Lacalty
Postal code

Street

Dvmer

Dwner = Client O

Surname & Name

Localy

Postal code

Street

Responsible person

Sumame & Name |

&3 | Data state/Resuts @
Case 1 =

Building
o Components and 30-Ohjects defined T

Status/Results Box

Figure 8: The WUFI main window

Elements of the Main Window

Caption Bar:
Menu Bar:
Tool Bar:

Project Explorer:

Project Information:

Status/Results Box:

Visualization Box:

The product name (WUFI®Plus) and the name of the current project
are shown here.

The menu bar contains different main menus. To see individual menu
items and submenus please open the main menus.

Very basic and frequently used commands can be quickly reached via
the tool bar. Furthermore, it shows the type of your current project.

As an alternative to the “Inputs” menu, the project explorer offers easy
and quick access to different dialogs, as well. It is advisable to follow its
structure while working on a project, to make sure that no important
information is left out.

Miscellaneous project information such as name, project no. and
comments can be recorded here.

Missing elements or errors in the simulation are displayed here. After
the first successful calculation, the time and key parameters of the last
simulation are shown.

The geometry of the building is visualized here. The 3D Editor menu is
located besides. This application will be described later on.
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2.2. Menu Bar

& wUFI®plus ¥.2.1.1.52

File  Input  Options  Database  Help

E .__.': h‘ﬂ SCope |'vHUFIpIu5

Figure 9: The Menu Bar

Five different menus are available in WUFI®Plus. As displayed above, these are called
“Project”, “Inputs”, “Options”, “Database” and “Help”.

2.2.1 “File”
New Project: The memory will be reset and a new empty project will be created.
Open: The standard Windows dialog for opening a project file will be shown.
Reopen: Enables quick access to the last ten projects.
Save: Saves the project input data and the calculated results if a simulation

has already been completed. The project should be saved before
calculating to back up input data and after the calculation to save

results.

Save As: Saves the current project under a new name (the original project will
remain untouched and under its original name).

Exit: Closes WUFI®Plus. If any input has been changed, a safety query will

ensure that no data are lost.

2.2.2 “Input”

This menu enables fast navigation as clicking on one of the items (Project, Case, Climate,
Building, HVAC) makes the program jump to the corresponding entry in the project explorer.

2.2.3 “Options”

General: Setting of program colors, user information and program view
properties.

Colors: Direct link to the color setting menu.

View: Direct link to the view properties menu.

2.2.4 “Database”

This menu leads to the database of physical properties of building materials and assemblies.

Materials: List of predefined building materials and their physical properties;
those materials can be chosen as well as being created.

Assemblies: List of predefined combinations of the materials above mentioned.
New assemblies can be created, as well.

Windows: List of predefined window data. New entries can be added.

Emission sources: List of possible sources of heat, moisture or carbon dioxide emissions.
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2.2.5 “Help”

"About..." shows some information about the WUFI®Plus installation, including its version

and database version number.
Additional help can be found online:
- http://www.wufi-forum.com
- http://www.wufi-wiki.com

2.3 Tool Bar

For quick access to different features use these icons on the toolbar.

rieg L1 IpaL LY

)&

[ [ =]
Figure 10: The Tool Bar

10
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3.Example Case

This short example guides you step by step how to input and calculate a case. To create and
compute a new case, please perform the 13 following steps. For more detailed information
about different menus and dialogs please refer to the online - help.

3.1 STEP one: Information and setting of Framework Conditions

Press the “New Project” button in the Menu Bar and define a name for your project by
clicking on “Case 1” in the Project Explorer. Additionally, you can enter remarks. More
important is the setting of a Start and End Value as well as a suitable calculation time step
like shown below in Figure 11. Furthermore, it is possible to check the entry “Only thermal
calculation” (green box). Using this setting the coupled heat and moisture transport
processes in the assemblies will be neglected. Only the energy transport will be considered.
This will accelerate the calculation process but causes unreasonable results especially for the
moisture balance as hygric interaction with assemblies is neglected. The humidity conditions
inside the assemblies are not available.

El' P;?I?_ft " . I Report: Data & Hesultsl
3 N 5
(E ﬁ: Eai sie.1 _m.alm .Ie. Calse ] Mame 'Example Caze l
B2 Buiding
El-ff} Heated zones Remarks [This is an example...

Elfﬁ Zone 1
ey Wizulized Components
'@ Mot visualized Components

ol

® Inner Loads/Occupancy

i;*: Degign Conditions ¥ Felated variant
L é Other Parameters - )
A Attached zones Calculation BT
B 30-Objects UL
‘et Femaining elements Startl Samstag . 1. Januar 2011 / 0000 ;I
""" {a] HVAC Endl Sorntag . 1. Januar 2012 /4 0000 |
Time step [h] I‘I

™ Only thermal calsulation

Figure 11: Creating an Example Case

3.2 STEP two : Definition of the climatic conditons

Basically, the climatic parameters, i.e. weather, influencing the simulated building can be
defined here. If you want to use one of the predefined climate conditions, follow steps a)
and b) shown in the picture below.

@ wuFIEplus ¥.2.1.1.52 _|8]x
File Input  Options Database  Help

RR=A" | Scope [WUFIplus 7] project/case 1: Example Case/Climate: Not defined
|§=L Project e
$elF] Files # Measured data

B Case 1: Example Case Generall | Data | Analze |
ik Climate: Not defined

ates |

Selection

B4 Building
Sty Heated zriss ' Fiom Map [Database) a) B
o Bl Zonet (" User defined File < L)I
£ Visuslized Comporents P—
7 Mot visualized Components -
& Inner Loads/Oceupancy i i i
T Design Condtions
E5 Other Parameters : -
£} Abtached zones Latitude [']
-y 30-Objects Langitude [

Figure 12: Set climate Conditions

Parameters |

11
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After hitting the “Browse” button another window opens (Figure 13) and the desired climate
can be chosen from predefined locations by double-clicking on it. In this case Holzkirchen,
WUFI®’s origin, is to be chosen from the list.

[ Database: Climates I — _inlx
S |Pmt3d3d data j' ] Mew 3 Copyjiew 5Edi | J Delste | Search Pattern ’—‘% s

L¥ fe

& Europe Mame | Latitude | Longitude
- Japan G

~ 8 Ocearia 5.33
- South America Gardermoen 60,21 11.08

533

- South Asia Karasiok E3.47 26,49 jlo
= US4, North America Kise pa Hedmark 6077 108
Kristiarzand 58.2 an7
Kristiarisund E312 7.5
MoiHana EE.27 1398
Oslo 59,94 1072
Roeros E257 11.38
Tromzoe E365 1893
Trondheim £3.42 1042
Waernes E346 10,94
Lisban 38,77 913
Holzkirchen 4738 11.73
Zurich 47.38 857
Davos 46,82 9.82 -

Kird Locationear. Bergen/1331. Created from -
F DR file. Hourly values are interpolated from 3-4
measurements each day. For mare infarmation see

Geving. 5. and Targersen, 5.E. 1997, Climatic data
For moisture calculations. Reference years for 12
locations in Morway (In M onwegian). =

Apply | Clase I

Figure 13: Select climate Conditions from a Map

For advanced users: It is also possible to define own climate conditions or to import own
climate files. For further information, look at the special chapter in the online - help.

As long as your building does not float in the air, for whatever reason, it is necessary to
define at least one additional climate to give reasonable boundary conditions for the inert
behavior of soil. This can be done using the “Optional Climates” tab. For the soil
temperature it is accurate to select a sine curve that has its peak at about two months later
than summer solstice, i.e. at the end of August / in early September in the northern
hemisphere. Depending on local conditions, the amplitude of the sine curve can be modified
due to the annual fluctuation of the temperature curves. This fluctuation is the difference of
the mean maximum temperature of soil in warm seasons and the mean minimum
temperature of soil in cold seasons. For continental climates like Siberia this amplitude may
be high (high temperatures in summer, very cool winter), for maritime climate systems it is
rather low. Furthermore, the mean temperature must be set. This can be approximated
using the annual average air temperature. As mentioned above in this example we assume
the climate of Holzkirchen with moderate continental climate. How all this can be entered in
WUFI®Plus can be seen in Figure 14 on the next page.

12
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WWeather Data  Optional Climates

Optional climates

I Kird W ame
1 Sine Curves soil Climate | _] New
4 Delete
=2 Copy
|54, Insert
MewiInsert:
!aFter 'I
"W Ta Recommendation B-2-01/E | Uzer Definied Sine Curve Parameter ;J
— Temperature 2
™ Constart
- 7 n Y
Adjustments o 8 / ‘\
Mean Yalue [°C] ] L . A N
w
Amplituds ['C] 55 5 P P4 \\
: E
Cray of Maximum 16408420071 /00:00 T 3
= 4 N
a

T W & ¥ W Y Ym K X KR
Marith

— Relative Humidity

—
=
o

V' Constart

o
o

Adjustments
[Mean Value [%] 3

o
o

=
=

k2
o

Relstive humidity [35]

o

T 0 m W Y W Wl W X W E
Marth

Figure 14: Setting of an optional Climate

At first click at the “New” button to create a new optional climate. Then choose the sine
curve and rename it to soil Climate for example. In the next step choose “User Defined Sine
Curve Parameter” and input following data for the temperature:

Mean Value (°C) 6

Amplitude (°C) 5,5

For relative humidity a constant mean value of 99% is adequate.

3.3 STEP three: Generate Building Geometry

For generating of the geometry, there are two basic options. Rather simple buildings or
space can be created using the automatic building wizard. This tool generates a building
with predefined floor plan, roof and foundation selections. Here we assume a simple case
with one heated slab-on-ground zone and an inclined unheated attic. Figure 15 indicates the
steps to generate a simple standalone building. There is also a possibility of defining the
orientation of the main facade of the building as highlighted in Figure 15 at the bottom.

If, however, a more complex building is requested, it can be created using vertices. For
further information on how to do this consult the online - help.

13
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=] project/Case 1: trample Case,/Building

SLIES

T Lam = i :
- Eu I rchen [Frounhofer BP, Moirtue Redecerce Year]
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B fit zeee 1
£ Vitusized Components
B Mok visunieed Componenz
45 Inner LoadsiJecupancy
& Desgn Conctons
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18} HVAC

=
&
&
t
<fE
5?'-
Q
a

0

e

fdouble chck mawes to ch

Hested zoras
Anached zones
W-Otrects
Plarmaining elements

_IE Dudding Wiard |

€3 | Dera stmelvenes @

Mz Compunerts wnd 30 Chiects defimd.

.. Buikding Wizard

Mar Sechon Roo Hulte
i Facace
Durrsrons Fool geomely Geonmatry
b [m] 12 hl [m| 0s
a2 [m] a Rool ncingtion ['] &
Sinuny height |m] 28 Giable ends ]
ool olfset fm) 0s

Fstfioorhesght fm) 203
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Uneriation of man Lacads

Type delralices L]
& Man oerialiors:
A
Orenistion | Sousin'west -] W &
Az [ ’
Py 117 - 360 cdockownsn lom i)
5

¥ Group eomponents

[ Do ik sloveys

[ .

Figure 15: Using the automatic Building Wizard

Windows are created by clicking on the desired component in the “Visualization Box” and
following the blue highlighted arrow in Figure 16. The “Component Openings” window pops
up. By clicking on the button highlighted by the red arrow in Figure 16, new windows can be
created. In this example, one window is implemented on one outer wall (surface with

normal vector in y — direction).

The X’ — axis is the orientation of the window in horizontal direction and the Y’ — axis in
vertical direction. To create our window, please insert:

X'(m) 1
Y'(m) 0,9
Width (m) 1,2
Height (m) 1,5

Checking the Caption Bar of the “Component Openings” window defines whether the wall is

viewed from inside or outside.

The new window will be shown under Visualized Components. So the windows and
openings created will appear in the navigation tree and can be edited as usual.
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@ WUFI®plus ¥.2.1.1.52

File  Input  Options  Database  Help

] = H Scope |WUFIpIus j Project/Case 1: Erample Case/Building/Heated zones,/Zone 1: Heated zone, Vi 5/ O
E-F‘J?iw e e e T e e e
| Files # Measured data 1Al x
B£) Case 1; Example Case e
:_* Climate: Holzkirchan [Fraunhotar-BP.}
B3 Building
Bl Healed zones
E--ff} Zone 1: Heated zone
B3] Yisualized Components
Component 1
Component 2 al@
T [Companent 3
bE Mot visuslized Comporier
8% Inner Loads/Dccupancy
= Design Condiions
LZ5 Other Parameters
Efn Attached zones .
Bty Attsched zone 1: Unheatsd x|
B} Wisualized Components Kind
[ Component 1 EpErpm— =
b Component 2 I . =
B, 30-Objects Data
Bl Remaining elements ] ]
bl Component 1 -
] Companent 2 4 ' m] 03
A} HYAC Width ] 1.2
Height [r] 15
o | Abott Help
a-
=
& L
oJF
)
Q 4 10 12
0 0K I Abort Help
wha
%
i

Figure 16: Generating Windows

For advanced users: It is also possible to generate openings by using the 3D Edit tool or by
defining own points. Check the online - help for further information.

34 STEP four: Definition of the Components.

Primarily, a component is a surface of the building. It may be the roof, the base plate or
vertical walls. As the composition of our vertical walls is mostly the same, those can be
summarized as one component. If the Building Wizard was used to create a building this is
done automatically.

To change it, click on the aimed component in the Visualization Box. Afterwards, right click
on this component, choose “Ungroup” and follow the instructions in accordance with your
aimed modification. Of course several individual components can be grouped together, too.
The “General”’ tab outlines basic data of a component and enables titling of components.
Especially in case of numerous components, this is important to evaluate results.

We start with Component 1, the Bottom Plate according to the steps shown in Figure 17.
Choose the component you want to edit in the Project Explorer [1], next assemblies can be
allocated to a component in the “Assembly” tab [2]. The Project construction list [3] shows
all constructions used in a project. The highlighted one is applied to the respective
component. As no constructions were assigned so far, the list is empty for one plain
construction, which must be chosen. There is no predefined geometry for the bottom plate,
you have to define one, this is done by clicking the “Edit” button [4] which opens the “Edit
Assembly” window [5]

15
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@ WUFI®plus ¥.2.1.1.52

File Input  Options  Database  Help

NEH Scope [WUFIplus =] Project/case 1/Building/Heated zanes/Zane 1: Heated zone/Visualized Components/Component 1
E‘ET'?TES I Generd Assembly Jsu&ce | Irital Condiions | Numercs | Report Data & Fesults |
Case 1
E ﬁlq Cimate: Not defined Construction name R [k 3
B-£} Buiding ‘ b v
El-f3 Heated z0nes I\ Colere Select from
Bt Zone 1: Heated zone database
= alized Components 23 Copy p—,
e
L[ Component3 NewfInsert:
M Companent 4 after d
£} Mot wisualized Components
&% Irner Loads/Occupancy Edit Assembly x|
= Design Conditions -
Z5 Other Parameters |_|
Bl Attached zones
By ga;hﬂ ‘ZD”;C‘: Unheated attic Thermal tesistance. [m2K AV - [¥ Call matsial database on new layer Material datatiase
t:
E zugfmewz’r"‘ff”e” s ™ Accept thickness from DB
° Component2 Ham n Matrial / Laysr n Thickness
- 30-Objects Ther i (rom outside ta inside] [w/mk] [m]
E-{= Remaining elements
§ Component 1 L] Mew
i Companent 2 { Delete
fal HYAC

Figure 17: Editing an Assembly

o

At first you have to name the Assembly. In our example it is called “Bottom Plate”. Then, by
clicking on “New” you can import different layers of the construction from the database (See

Figure 18). Beginning on the outside for our example the layers are:

XPS Surface Skin (heat cond.: 0,03 W/mK)

0,01m

XPS Core (heat cond.: 0,03 W/mK)

0,14m

XPS Surface Skin (heat cond.: 0,03 W/mK)

0,01m

Concrete, w/c=0,5

0,26m

PVC Roof Membrane

0,001m

EPS (heat cond.:0,04 W/mK — density: 30kg/m?3)

0,1

Nojn|AhWIN |-

Gypsum Fiberboard

0,025m

Edit Assembl:
Mame

IBottom Plate

Thermal resigtance [m2K.A ] 8.08

¥ Call material database on new layer

r Accept thickness from DB

Iaterial database

Nr Mater?al / Léygr i Thickness
[from outzide ta ingide] [ Aok [rr]
1 #PS Surface Skin (heat cond.: 0,03 W /mk] 0.03 0.m A ] MNew
2 #PS Core [heat cond.: 0,03 ' /mk] 0,03 014 4 Delete
3 %P5 Suface Skin (heat cond.: 0,03 W/mk) 0.03 0.m =4 Copy
4 Conerete, w/c=05 16 0.26 | Insert
5 PVC Roof Membrane 018 0,001 MewyInsert:
B EPS [heat cond.: 0.04 'w/mk, - density: 30ka/r] 0.04 01
7 GypsumFibeboard 032 | 0025 | | lafter =l
<-outside insid_e->
1 2 3 4 5 i
WLIF|-M aterialdata |
Grid
" Coarse
u.14 [ 0.2 | o1 e | & pedium
' e " Fine
4 Inner Sources |
o | sbot | Hep |

Figure 18: Creation of an Assembly
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Now you have created a new assembly called “Bottom Plate”. The bottom plate is not
surrounded by air, so you have to choose the optional soil climate created in step 3.2.2. This
works like shown in the figure below.

|§- PLD‘eFt = Generall Assenlily  Surface | Initial Conditiol I Mumerics | Report: Data & Results
Files / Measured data
Eﬁ: Case 1: Example Case Thermall tMoistle  Climate on outer surface

-,,'i- Climate: Holzkirchen (MBI / NTHLU] _
ey Euilding Selection

| E-fg} Heated zones
o Optional climate ISine Curves Go ta optional
climates

Efﬁ Zone 1: H.eated zahe
Figure 19: Assigning an optional Climate
It would also makes sense to store the user-defined Bottom Plate in the database. Read the
respective chapter in the online - help for further information.

[ Component 3

Second is Component 2, the roof, which gets an assembly assigned to it according to Figure
20. Again choose it in the Project Explorer [1], open the “Assemblies” tab [2]. Now a “New”
construction needs to be added to the Construction List [3]. There is the possibility to choose
predefined assemblies in the database by clicking on “Select from database” [4]. Here Flat
Roof #1 is chosen [5].

Fle Input Options Database  Help
RE=" Scope [WUFIplus =] Project/Case 1/Building d 1: Heated zone/Yisualized Ci C z
E Project Eenevs' Assembly lEEfacEI Initial Condtions | Numerics | Freport: Data & Rresuls |
5| Files / Measured data
E-f) Case 1
*7F Dimate: Not defined Construction name R [P Aw]
{3} Buiding Boltom Flate 8118 ‘ 1 New l 3
El-£ Heated zones ‘ [T Tome Select from
E--ffi Zone 1: Heated zone database 4
B} Visualized Companents 23 Copy
; Insert
T 1 .
A P — MewfInsert:
L[ Component 4 after d
5 Mot visualized Components
&% Inner Loads/Occupancy = =
< Design Candiions [ Database: Constructions
Z5 Other Parameters Scope [all - L) Mew 53 Copy/Mew 57 Edi Delete | Search Pattern FAFnd | tems: 24
H S-ﬁa;gEd;D;ES 1: Unheated at Bdd [
@a\i e f””:c " Eaf attie o NTNLI Narwegian Uriversiy of Science and Techralogy Mame o
B /_‘5“3‘“ e B Generic North America Database D
; amportent B FraunhoferdBP - Holzkirchen; Gemmany Aussenwinds e
1= Component 2 FIFS T 03 '
B, D-Objecs a Bayosan® FachwerkS anierung - Exterior m T T
e 1 Muli Laver Systems ot | 1y
B Remaining elements 8 Otrers Bayosan® FachwerkS anierung - Interior [
§ Component 1 & Foo Boderg 5 ==
i Component 2 oot odenplatte il
&1 VAL P 1 Sandnich Constructions Cocken
E w0 Wals. Facades

lat Fiool

Figure 20: Assigning an Assembly for the Roof

Next proceed accordingly to the roof for Component 3, the vertical walls and choose
“Lightweight timber framed wall” from the database.

Besides the “Assembly” there are various other aspects concerning the vertical walls that
need to be specified.

First of all in the “Surface” section the “Thermal” subsection offers possibilities to change
heat transfer resistance, absorption and emission factor according to the material of the
outer surface, a general shading factor of the outer surface and solar gain. Furthermore the
“Moisture” subsection allows specifying Sd-Values of the surface and inputting additional
information about rain afflicting the building. There is also a “Climate on outer surface”
subsection where the climatic terms of outer surface can be adjusted (see “Bottom Plate”).
Next, there is a “Initial Conditions” section where boundary conditions of the project can be
altered. For example the initial relative humidity could be increased to model drying out the
building.
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In the “Report: Data & Results” section you could check “Retain calculation results” for
hygrothermal performance assessment. Choose this option if you want to get detailed
information on a component after the calculation.

Assinging a window type to the windows from the database works similar, please choose
“Uncoated double glazing” for your window.

Figure 21 illustrates the possibility of changing specific window parameters. The U
parameter is the heat transfer coefficient. The frame factor enables description of opaque
surfaces of the window. In effect, heat gains by solar radiation depend on the angle of
incidence. In order to simulate this, the Solar Heat Gain Coefficient (SHGC) can be used. It
can be set in general and with reference to the changing incident angle of solar radiation.
There are appropriate predefined values, however they can be adjusted. The Emissivity of
external surface is a value similar to the two previous items mentioned above. It expresses
the amount of emitted radiation from the outer surface.
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Figure 21: Edit Window Parameters

For advanced users: If a required material is not available in the database, it is possible to
define a new material. Normally these parameters can be found in technical data sheets,
necessary for this definition are:

Bulk density [kg/m3]
Porosity [m3/m?3]
Specific heat capacity [J/(kg K)]
Thermal conductivity [W/ (m K)]
Water vapor resistance factor [-]

Also user defined assemblies can be saved in the database, this is reasonable, if you want to
reuse assemblies as you don’t have to define them using the “Edit” button (like you did
defining the bottom plate) each time but can easily select it from the database.
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3.5 STEP five: Definition of “Not visualized Components”

These components may be partition walls that do not separate inner climatic zones but have
influence on the indoor climate as they can have heat accumulation effects due to their
mass.

First, a new component is established, then its surface is assigned with 25,2 m?

@ WUFIEplus ¥.2.1.1.52

File  Input  Options  Database  Help

B .__}‘ H Scope IWUFIpIus j Project/Case 1: Example Case/Building/Heated zones/Zone 1: Heatec
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Figure 22: Definition of Not visualized Components

Afterwards the assembly of this “Interior Wall” is defined. The proceeding is similar to the
one of the bottom plate.
The Layers are:

1 | Gypsum Board 0,02

2 | Solid Brick ZA 0,08

3 | Gypsum Board 0,02

3.6 STEP six: Setting of Inner Loads (Occupancy Schedule)

Inner loads like working people or computer produce heat, carbon dioxide and moisture.
When and for how long inner loads occur is determined here.

For our example, it is assumed that there are three adult people working at a desk from
Monday till Friday between 8 am and 5 pm. In the following, the verification of this is
explained using the steps indicated in Figure 23.

Therefore, a new period must be defined and the checks for Saturday and Sunday must be
removed ([2] and [3]). Note that first of all the lowest row is the primary one, and for time
periods not defined by it (Saturdays and Sundays) the upper one is relevant.

Afterwards, the day profile for this new period must be supplemented by two entries [4].
The time is entered in 24 — hour units [5]. For our time interval beginning at 8 am, the
predefined calculator is used [6] and the values for an “adult, sitting and working person”
are loaded using the button “OK” [7]. The count has to be adjusted to the value three [8].
After confirming this, the numbers shown in [9] will appear on screen.
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Figure 23: Setting Occupancy Periods

For advanced users: Another option for getting inner loads is to load an own schedule for
using the Files/Measured Data section. Again, saving user-defined inner sources to the
database is possible. Please consult the online - help for more detailed information on the
issues.

3.7 STEP seven : Defining Design inner climate Conditions

Step seven is related to step six. In this step you have to verify the kind of heating/cooling
and the ventilation system. Preliminary it is important to know that for indoor climate
conditions two basic requirements are necessary:
- a schedule to control working hours of heating, cooling, de-/humidification or
ventilation system and
- adefinition of capacities of these systems.

In this step, the schedules for our design conditions (the conditions to be maintained by the
HVAC equipment) are defined. The indoor atmospheric conditions should conform to a
certain range of temperature and relative humidity. Limits for those parameters can be set
in this section. According to a healthy room temperature, in this example we use the
following parameters:

heating

0 hours 17°C
8 hours (working time) 21°C
16 hours (night) 17°C
cooling

0 hours 27°C
8 hours (working time) 24°C
16 hours (night) 27°C

During night and on weekends, this interval can be set more widely with a range between 17
and 27 degree Celsius. For implementation in WUFI®plus follow the procedure (red
numbers) depicted in Figure 24.
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Figure 24: Setting of Indoor Climate Conditions

The next step is similar to the last one. There are three subsections in the “Ventilation”
section. “Natural” means air interchange through building leaks. The leakage rate and the
day profile should be inserted. During the working time the leakage rate is higher because of
manual window ventilation.

If there is a “Mechanical” ventilation system in the building, proceed like shown in Figure
25. At first a new schedule for working days has to be created, but note, that if a

mechanical ventilation is established, do not forget to assign sufficient capacities in the
HVAC menu item later on.
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Figure 25: Scheduling the Ventilation System
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For advanced users: It is possible to consider air exchange between different heated zones
with different temperatures in the subsection “Interzone”.
It is also possible to input values for “Relative Humidity” and “Max. CO, Concentration”

3.8 STEP nine : Other Parameters

The entries in “Other Parameters” remain unchanged in this example. The standard values
in this entry are shown below.

@ .ﬂ Scope inFlplus j Project/Case 1/Building/Heated zones/Zone 1: Heated zone/Other Parameters
E; Pé‘:'le_d ~ Initislmom condiions — | [~ In case of negative air balance [Interzone ventilation, explicte] ——
Al Flasd Measied ot [ritial temperature [°C] |20 ¢ ahort calculation with emar
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ég Clirnate: Kristiarsund (MBI # NTHLI Initial rel. humidity %] |35 € Increase ai supply from outer ai
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E@ Wisualized Components
H | Component 1
Companent 2

i Distribution of solar gains on inner sufaces

' Proportional to area

| Component 3 = User defined
H Component 4
Mot visulized Companents Salar radiation direct to inner air [] |01

T Component 1
Inner Loads/Occupancy —éccuracy of the caloulation ——————————

Diesign Conditions Temperature [K] iU,5
E=A (ihier Parameters
=4 Other Parameters Reelative humidity [5] 39'5

E-£h Attached zories
i B4 Attached zone 1 Unheated attic

Figure 26: Other Parameters

For advanced users: The modification of solar gains can be changed in this entry, as well. In
terms, the factor of direct solar radiation to the inner air and the distribution of solar
radiation on the inner surfaces can be altered. The “former factor” means the fraction of
solar radiation that directly heats up the inner air; the higher the value, the more direct solar
heating of inner air. The latter describes different energy gains by inner surfaces. This factor
can be kept proportional to the surface areas or set user-defined. Further “Other
Parameters” are initial conditions of temperature, CO, concentration and relative humidity
as well as an accuracy interval of the simulation. Note that a lower accuracy causes a faster
calculation.

3.9 STEP eight: Description of attached Zones

In this example, our attached zone is the roof toss. It is not heated, cooled or mechanical
ventilated but normally, it also differs from the outer climate. The menu item “Attached
Zones” enables the user to assign optional climates to such areas of the building.
Nevertheless, in our case the outer climate is taken as reference. Otherwise it would have
been necessary to define an additional optional climate, like it was done for the Soil Climate
in STEP 2. For more information please refer to the online - help.
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Figure 27: Definition of Attached Zones

3.10 STEP ten: 3D Objects & remaining elements

“3D objects” allows WUFI plus calculation of three dimensional thermal bridges under
transient boundary conditions. In the folder “remaining Elements” surrounding of the
building like trees etc. can be established. Both of them are not basic functions, so if you are
interested in further information please visit the online - help.

3.11 STEP eleven: Initiation of HVAC Systems

Like previously mentioned in STEP 7, it is important not only to schedule HVAC systems but
also to assign capacities to those facilities. First it is necessary to establish these three
systems like shown in Figure 28 in the red boxes. These three systems are established by
hitting the “New” button three times. The type of system is selected in the “Kind” field by
clicking into the blank field of the new device whereas a drop-down menu opens that
suggests different system types. These are heating, cooling, de-/humidification and
mechanical ventilation facilities.
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Figure 28: Establishment of HVAC Systems

In consequence, the entries marked in the green box will appear in the project explorer.
Furthermore, the facilities need characteristic values for the capacities. Please be aware that
all systems are ideal systems, this which means the assigned capacity is available
immediately and without heat losses. Following Figure 29, the capacity of the heating system
is defined with 40 [kW]. In this case a schedule for the capacities is renounced as fixed
facilities which serve to maintain a certain room climate are assumed. This procedure is
repeated in the example for the “Cooling System”, with a capacity of 40 [kW], as well.
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Figure 29: Assiéning Capacities to HVAY Systems (1)
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In the design conditions, the air change due to mechanical ventilation is specified with 0,8
[1/h]. In order to meet this requirement, the necessary capacity of the ventilation system
must be larger than 0,8*302.4 [m3/h], due to the room volume being 9*¥12*2.8 [m3]. So we
could set 500 m3/h for the ventilation. Also a value for heat recovery from the ventilation
system thus the efficiency of the ventilation system could be set. The whole input data is:

Heating general 40kW
Cooling general 40kW
Ventilation 500 m3/h
Ventilation efficiency 60%

This issue can be seen in the red box in Figure 30. The second red box in Fehler!
Verweisquelle konnte nicht gefunden werden. indicates the possibility of simulating a heat
recovery system which is common for modern ventilation systems. A reasonable value for
this is 60 [%].
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Figure 30: Assigning Capacities to HVAC Systems (2)
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3.12 STEP twelve: Simulation
If all the above mentioned data were entered, the Status/Results Box will show the “Start”
simulation button. Pressing this hygrothermal calculation will start. If the “Start” button
does not appear in the Status/Results Box and there is an error message, double-click on the
error message and the program will automatically jump to the incorrect entry.
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Figure 31: Start Calculation

During the computation process, the simulated temperature humidity distribution in the
element can be observed in real time for all components. Figure 32 shows this for our side
walls. The calculation can be accelerated by deactivating this option. This can be done by
clicking on the “Maximum speed” button (green box in Figure 32).
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Figure 32: Results during Calculation
3.13 STEP thirteen: Analysis of the Results

The final results of the calculations can be looked at in several ways. First, the general results
can be seen like depicted in Figure 34. Under Case 1 you can find all results. Under the
respective zone entry in the Navigation Tree separate results for each zone can be looked at.
In this case only one zone was created, so this is not relevant. Also results for components
whose results were retained (see STEP 4) can be found under their tree entry.

What results do you get for the cases and zones?
In the Report: Data & Results section three subsections can be found:

e Report: Data, Results: An overview on input data )Project Data, Climate, Conditioned
Zones, Assemblies, Material Data) and a general overview over the results is provided
in this sections

e Graphs: In the Graphs section all graphs concerning the case or zone like for example
“inner climate conditions” or “heating, cooling” can be found. Creating own graphs or
modifying existing graphs is also possible.

e Export: In this section it is possible to export results either to Excel or to a file. These

are powerful options to evaluate the calculated results as this enables the user to use
external analysis programs.
The export produces Excel files with values for every calculated time step. In case of
not changing the calculation time step (shown in Figure 11), hourly values are written
in the Excel file. It is also possible to export multiple parameters to one file by holding
CTRL during clicking on the desired results. This issue is shown in Figure 34. It is also
useful to export the corresponding time if you simulate over several seasons (See
Figure 32 marked in green). Figure 33 illustrates the structure of an Excel Export File
which had been exported according to Figure 34.
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Figure 33: Example of an Excel Export

Data for the necessary energy for heating or cooling can be exported this way, as
well. This may be of interest for simulating effects of insulation material. But also
relative humidity, inner air temperature, components and the environment can be
exported and being compared with each other. To see the whole list of possible
result output parameters, scroll down the table indicated in Figure 34.
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End 01.01.2012 . 00:00 01.01.2012 . 00:00 Time multiply by 1

- Actualize Min/ManMean | sl i

| L'—I Erport File Mame [if export to file)

== =

Expot ta file

| [ ) Excel export ]

Figure 34: Export of General Results

Min/Max/Mean values, U-effective, values for solar radiation are automatically saved for
each opaque component. If “retain calculation results” was checked for a component,
additional results (Graphs and Films) concerning it can be found for it and there is also an

opportunity to export data.
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B __7 .ﬂ Scope IwUFlpIus j Project/Case 1: Ekample Case/Building/Heated zones/Zone 1: Heated zone, Vi i C 5/ C

B Fuiec | General | Assembly | Suface | Inital Conditions | Numerico_Repart: Data & Resuls J)
5] Files / Measured dala

E-£5! Case 1: Example Case

-2} Climate: Holekirchen (NEI / NTNU)

£ Buiding 51 | 5eope [Resus | view -~ =1 & ] L)

B8 Heated zones

E-{]t Zone 1: Heated zone
B3} Visualized Components

Companent 1

S Ficter) oo i e {araphics, fim] Mote: Fletaining results claims lot of memory

Component 3: Min/Max/Mean values

i Enmp\.:lnEnIE Layer | Thickn. [em] |Mm (dist [cm])|Max (dist [cm])‘ Mean
] @ het E:rt‘::::n??mpmams [Temperature [*C]
g Inner Loads/Occupancy Spruce, radial 19 9.4 (272 0 84
<= Design Conditions P
L5 Other Parameters (Air Layer 25 mm 23 8,1 00741268 B

;igure__E!S: Results of one Component

This was only a brief overview on the results you get and the possibilities you have to work
with them. For a detailed description visit the online - help.




