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PREAMBLE

This manual describes the installation, shows the first steps with the software
and gives an overview about the features of WUFI®.

Using a building envelope as an example, it is shown how to create a construc-
tion, how to set boundary, surface transfer and initial conditions and finally how to
calculate and assess this example. Some hints will be given at each step, too.

For detailed information please refer to the online help system.




Pro - Manual

Content

Lo INSTALLATION .ottt tes esesetete st et e st se et s e s s et et b s e bt et s et s s es e 4
1.1 SyStem REQUINEMENTS.......cciiiiiiiiiiie e e e ee et e e e e e et e e e e e e e e e eanna e e eeeeeees 4
1.2 INStAllation GUITE .....uueiiei et e e e e e e e e eeas 4
INSLAHAtION NOTES ... e e e e e ane s 4

2. IMENUS ..ottt s R ARttt s ettt 7
2.1 Y= 1T AV s To [0 AP P PP P PP PPPPPPPPPPPP 7
2.2 MENU BT ... e 9
P2 T I To | = -1 PRSP PPPPPPPPPPPPP 15

3. EXAMPLE CASE — STEP BY STEP ..ottt ettt 15
Step 1: Infomration about Project and Case.......ccceeeeevvvieviiiiiiiiie e 18
SteP 2! COMPONENL. ... .t e e e e e et e e e et e e e eesa e e e eenanaeeas 19
Step 3: MONItOrNG POSIIONS ......oeiiiiiiiee et e e e 22
Step 4: Orientation, Inclination, Height ..o 24
Step 5: Surface Transfer CoeffiCientS...........ouueiiiie e 25
Step 6: Initial CONAITIONS ......cooiieee e 26
Step 7: Calculation Perioq ...........uuuueiiiii e 27
Step 8: Climate CONAItIONS ........cvveiiiiiee e e e e e e e e e 29
Step 9: INpuUt Data SUMMATY .....cuuiiiiiiiee e e e e eaans 35
SteP 10: CalCUIALION .....uuiiiee e e e e e 36
Step 11: Assessment of the ReSUIES.........coooiiiiiiiiii e 36




WUFI Handbuch

1. Installation

1.1 System Requirements

Processor: IBM-compatible PC, Pentium O or higher
Graphics: High Colour (16 bit) minimum

Hard disk: 130 MB minimum

CD-ROM drive;

Operating system:  Windows 2000, XP, Vista, 7

1.2 Installation Guide

1. Insert the CD in the CD-ROM drive. The installation will be started automati-
cally (otherwise please run the file “start.exe” in the CD’s main folder).

2. Then click on " Pro" and follow the further instructions. Alternatively,
you may also start the “install.exe” in the CD’s main folder.

Installation Notes
1. First you may select the desired language and confirm this with OK.

Select Setup Language §|

Select the language to uze during the installation:

I OF. I[ Cancel ]

2. Start the installation with the ,Next“-button on the installation info screen.
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Next you will be asked to accept the license. Proceed with the "Next" button.

5! Setup - WUFI® 5.0

Licenze Agreement i
Pleasze read the follmwing important information before continuing. J

Pleasze read the follmwing License Agreement. vou must accept the terms of this
agreement before continuing with the inztallation.

License Agreement

If the end-user has signed a license agreement for this program, the
content of that license agreement shall apply. Otherwise the use of
this program is limited to non commercial purposes only and

Fraunhofer IBEF and there collaboration partners assume no liahility.

e agresment

() do not accept the agreement

[ < Back “ Mext = ]l Cancel l

Input Name, Organisation and Serial. No. according to the enclosed letter.
Please type these exactly as given (case-sensitive, no leading or trailing

blanks). Hint: if the "Next" button stays deactivated, please check for typing
errors.

e Setup - WUFI® 5.0

Uzer Information I
Pleaze enter your information. y

Uszer Mame:

|Jzer

Organization:
|IBF Holzkirchen

Serial Number:
Bisw-prnjl-Fweu-29

Please specify the installation folder for WUFI®. The default installation
folder is “C:\program files\IBP-Software” where normally all IBP software is
installed.
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8 Setup - WUFI® 5.0 X

Select Destination Location J
Whiere should wWUFI® 5.0 be inztalled?

__J Setup will inztall WUFIE 5.0 into the follawing folder.

To continue, click Mext. IF you would like to zelect a different falder, click Browse.

|C:\F'r0gram FilesBP-5 oftware] | [ Browze...

< Back “ Mest » ][ Cancel

You may also edit the name of the WUFI® folder appearing in the “All Pro-
grams” folder of the start menu

5! Setup - WUFI® 5.0

Select Start Menu Folder i
‘Where should Setup place the program's shortcuts?

Setup will create the program's shartcuts in the follawing Start Menu folder.

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

[wUFIe 5 | [ Bowse..

< Back " Mext » l[ Cancel

In the final dialog, you can review all your input. Please click on "Install" to
start copying the files.
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2. Menus

This chapter gives a short overview of the software and the structure of the
menus.

2.1 Main Window

After starting WUFI® the main window shown below will appear. From this main
window you can access all dialogs and menus. A short description of each ele-
ment follows.

Menu Bar Tool Bar Caption Bar

{# W\ UFI® Pro 5.0 [BP

D B 2RE E BEM ?

Project:
= Component Project Name | Project Number
\fAs.semt:.uly,-"MomtorPosmons Client |
~ Orientation
+ Surfgee Transfer Coeff. Contact Persan |
L + Initia} Conditions Shroet | City/Zip ‘
- Control
~ Calcylation Period/Profiles Telephane | Fax ‘
" Numprics e-rmail | Date [2710.2009 -
=l-5v- Clirmate
~ Outdpor (Left Side) Fesponsible
~ Indogr (Right Side)
0 Femarks
Project Explorer

Dialog "Project information” |

Add Picture... ‘

Status Bar Full Size ‘ ‘

Units: ST Nollculation results available,
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Elements of the Main Window

Caption Bar: The product name ( Pro) and the name of the current
project are shown here.

Menu Bar: The menu bar contains the different main menus. To see the
individual menu items and submenus please open the main
menus with the mouse.

Tool Bar: Frequently used commands can be reached quickly via the
tool bar.

Project Explorer:  As an alternative to the "Inputs" menu, the project explorer,
too, offers easy and quick access to the different dialogs.

Dialog ,Project information”:  Miscellaneous project information such as name,
project no. and comments can be recorded here.

Status Bar: Here the selected unit system and the time of the last calcu-
lation is shown.
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2.2 Menu Bar

{# WUFI® Pro 5.0 IBP
Project  Inputs Rum  OQukputs  Opkions  Database 7

The menu bar contains the following six main menus

Menu "Project" (Alt+P)

{3 WUFI® Pro 5.0 IBP
S Inputs  Run  Qukpuks  Options  Database 7

1 (= Project % @ @ |;| ?
?é Mew Case |
Froject:
(& Cpan 58)
Reopen FProject Name
H Save Chrl+3 Client
Save as... Contact Perzon
Close Street
Telephone
Menu Items of "Project”
New Project: The memory will be reset and a new empty project will be
created.
New Case: A new case within the current project will be created.

Remove selected Case: The currently selected case will be removed from the

project.

Open: The standard windows dialog for opening a project file will be
shown.

Reopen: Enables quick access to the last 10 projects.

Save: Saves the project input data and, if any already exist, the cal-

culated results.
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You should save the project before the calculation to save
the input data and after the calculation to also save the re-
sults.

Save as: Saves the project with a new name (the original project will
remain untouched and will keep the old name).

Close: Closes . If any input has been changed, a safety query
will ensure that no data are lost.

Menu "Inputs" (Alt+E)

{3 WUFI® Pro 5.0/ IBP

Project Biafed Run  Cutputs  Options Database 7

O AssemblyMonitor Positions @ ;| ?
Orientation/Incination/Height

*\’f) Surface Transfer Coefficients Project:

= EI Initial Conditions

Calculation Period/Profiles Project Name

Mumerics Client

Froject Nurnber

Climats: Outdoor (Left Side) Contact Persan
Clirmate: Indoor (Right Side)

Street City/Zip |

These dialogs can also be reached using the project explorer.

Menu Items of ,Inputs®

Assembly/Monitoring Positions: Opens the dialog where the construction as-

sembly, material parameters and monitoring positions can be
defined.

Orientation/Inclination/Height:  Opens the dialog where the orientation, inclina-

tion and height above ground of the building component can
be defined.

Surface Transfer Coefficients: Opens the dialog where surface transfer proper-
ties for the exterior and interior surface can be defined.

Initial Conditions: Opens the dialog where the initial distributions of moisture
and temperature can be defined.

Calculation Period/Profiles:  In this dialog the start time and the duration of the
calculation period can be defined.

10
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Numerics:

Different numerical parameters of the calculation can be set
here.

Climate: Outdoor (Left Side): In this dialog the climate data for the left side of

the component can be defined. Both indoor and outdoor cli-
mates can be assigned to the left side.

Climate: Indoor (Right Side): In this dialog the climate data for the right side of

the component can be defined. Both indoor and outdoor cli-
mates can be assigned to the right side, but any rain or solar
radiation will be ignored (if these must be allowed for, assign
that climate to the left side).

Menu "Run" (Alt+R)

{# WUFI® Pro 5.0 IBP
Project  Inputs RGN Cukputs  Opkions  Database 7

M= i E Run Caloulation F5 @ |;| 5
% Run all Calculations
Lﬁ Project @ Run Calculation with Film — Fa PFDJBCTZ

+- [ Component
+-j#f Cantral

<4 Climate

--§] Case: rActCcase)

Project Name
Client

Menu Items of "Run" (Alt+R)

Run:

Run All:

Run With Film:

The calculation of the current case can be started here. Only
a progress bar will be shown.

Calculation of all cases within the project in succession can
be started here. This may be useful if you have many compu-
tation-intensive cases, as you are able to calculate them all
e.g. over night. The project tree view is collapsed and the
currently computed case is highlighted.

This will open the film screen where you can watch the re-
sults while the calculation is proceeding.

11
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Menu "Outputs" (Alt+A)

{# WUFI® Pro 5.0 IBP

+ Contral

+ <4 Climate

0= ?é Input Data SummaryLast Calculation
Status: Last Calculakion

@ Resulk Graphs Fa
+-[@ Compon CJ

Project  Inputs Run BeONENEN Options Catabase 7

Name

Measured Daka
ASCII-Export 2rs0n
Export Film

L=l ==

Telephone

Menu Items of "Outputs”

Input Summary Data / Last Calculation: This dialog shows a printable report of

the input data and a summary of the last calculation.

Status Last Calculations : A short summary of the last calculation results can

Result Graphs :

View Film :

Measured Data :

ASCII-Export:

Export Film:

be viewed in this dialog.

In this dialog all the results (courses and profiles) are dis-
played as graphs. They are already formatted for printing.

This dialog displays the calculation results in the form of a
"film", showing the thermal and hygric processes in the build-
Ing component as an animation.

Here you can specify a file with measured courses or profiles.
You can configure the result graphs to show them together
with the calculation results, allowing easy comparison of cal-
culation and measurement.

In addition to the result graphs the calculation results can
also be exported in order to analyse or graph them with other
software tools.

The film can also be exported to view the results with the ex-
ternal film viewer Animation1D.

12
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Menu "Options" (Alt+i)

{? WUFI& Pro 5.0 IBP

+-f Component
+ Control

<4 Climate

Project  Inputs Run  Oubpubs WellEEGEN Dakabase 7

E Umik Systern @ |;| ?

Warnings

Froject:
Result Data

Froject Name [
Client |
Contact Person [

Menu Items of "Options"

Unit System:

Warnings:

Result Data:

Switch between the SI (International System of Units) and IP
(Inch-Pound System of Units) systems. If you check “Use as
default” WUFI will use the currently selected unit system as
default.

This dialog allows an individual selection of the events trig-
gering a warning.

In this dialog you may select which results are to be saved to
the project file (see "Project | Save"). Disabling “Film Data”
can reduce the file size by about 90%.

Menu "Database" (Alt+D)

{?» WUFI@ Pro 5.0 IBP

e

- Component
+-p&f Control

<4+ Climate

Project  Inputs Run  Qutpuks  Ophions WeEEREE=N ¢

Consktructions

E % @ Materials L?

- Project:

Project Hame
Client

Contact Persan

13
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Menu Items "Database"

Materials:

Constructions:

Opens the material database. Here the material properties of
all materials in the database can be displayed. You may also
add user-defined materials

Opens the construction database. Predefined constructions
can be displayed. You may also add user-defined construc-
tions.

Menu "?" (Alt+7?)

e | %

+-ff Component
+-p&f Control

-2 Climate

{# WUFI@ Pro 5.0 IBP
Project  Inputs Rum  Qukputs  Opkions  Database B

E % @ E zeneral

Cantent

IEP on the \Web
WUFI Forum |

about WUFI |

Contact Persan |

This menu contains the online help.

Menu Items of "?"

General:

Content:

IBP on the Web:

WUFI Forum:

About

Displays the introduction page of the online help system.

Displays the contents page of the online help system, leading
you to the different help topics.

Displays the homepage of the distributor using the default
internet browser.

Displays www.WUFI-Forum.com using the default internet
browser where the customer can post or find questions or
answers regarding the application of WUFI®.

Displays information about Copyright, License and Version of
WUFI® as well as cooperation partners of Fraunhofer IBP.

14
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2.3 Tool Bar

For quick access to the different features you find the following commands in the
tool bar.

LJ

New Project

Open

Save

New Case

Remove Selected Case
Run

Run All

Run with Film

%4 & B ® & O

Input Data Summary / Last Calculation

ot

Last Calculation
Result Graphs

Film Data

- ﬂﬁ

Online-Help

3. Example Case — Step By Step

This short example shows step by step how to input and calculate a case. For
detailed information on the different menus and dialogs please refer the online
help.

To create and compute a new case please perform the following eleven steps:

1) You may define a name for the case and enter background information and
comments.

2) Define the assembly of your construction, that is, define the different layers
and assign material data from the database to them. You can also input ma-
terial properties by hand. A numerical grid needed for the calculations is
automatically generated by WUFI; you may change its settings if you wish.

15
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3)

4)

5)

6)

7)

8)

9)

You may place monitoring positions at points of interest. The exterior and
the interior surface are already preselected as monitoring positions.

Select the inclination, orientation and height above ground for your construc-
tion.

Enter surface transfer coefficients for heat, water vapour and liquid water or
select them from the drop-down list.

Input the initial distributions of temperature and water content at the start of
the calculation.

Input the start and end dates for the calculation period and a time step
width.

Select the climates on the left and right side of the component. Here you
can use climate files provided with WUFI, your own climate files, different
models for the indoor climate, constant or sine-shaped behaviour.

Display the created assembly, material properties and all the other inputs to
check them.

10) Run the calculation.

11) Assess the results.

Example Case

The following example case will be shown step by step:

Exterior wall of a residential building made of lime silica brick with core insulation,
oriented to the west, located in Holzkirchen.

16
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Case: Lime silica brick with core insulation

Beer nterio
( D
115,0 60,0 175,0 15,0

+ + * =

Thickness [mm]

Layer materials from left to right:

Lime silica brick: 11.5cm

Mineral Wool: 6.0cm
Lime Silica Brick: 17.5cm
Gypsum plaster: 1.5cm

17
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Step 1: Information about Project and Case

Dialog "Project Information”

{# WUFI®Pro 5.0 IBP

Project Inputs Run  Qutputs Options Database 7
DEE B X & LZ HJ ?
(@ Project:
--al Case:1 {Act Case)
. B Project Name ‘ Project Number
Click here to Client \
Open the dlalog Contact Person ‘
Street \ City/Zip |
Telephone ‘ Fax ‘
e-mail | Date |30.10.2009 -
Fesponsible
Rermarks
Input fields for project |
information
Add Picture... ‘
Full Size ‘
Units: 51 Mo calculation results available,

This dialog serves as a notepad for background information about the current
project which can thus be saved together with the input data and the results.

In the field ,date” you can select a different date than the creation date (first
save).

18
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Dialog "Case"

{8 WUFI® Pro 5.0 IBP
Project Imputs Run  Outputs  Options Database 7

D HE B ExE B BEM ?

Project:

) Project

Ompanen Case Name

Click here to |
open the dialog Remarks

Input fields for case
information

Linits: 51 Mo caleulation resulks available.

Here you can enter a name and a short description for the current case.

This may be useful for keeping track of different cases in a project.

Step 2: Component

Here you can create the assembly of the component, that is, you create the lay-
ers and assign the desired material data to them. Almost all input will be shown
immediately in the graphical diagram so that you can easily check your input.

19
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Dialog "Assembly/Monitoring Positions"

{# WUFIg Pro 5.0 18P CEx
Project Inputs Run Outputs Options Database 7
D HE | B & % LT HLJ| ?
) Project Project:
iy - .
‘I Case:1 (Act Case) et el ST EY | Orientation/inclination/Height | Surface Transfer Coeff Initial Conditions
- Compone
L Assembly
j Orentaton e R Thickn. [m]
Surface Transfer Coe . . ;
v it condiions G lICK here to | MeterialDeta |
+ [ Control . Interior (Right Sids] -
s 3 Clmate open the dialog @ Sources Sinks_|
73 New Layer |
E® Duplicate |
fi |
Edit Assembly by:
&« Graph
" Tahle
Assign from Grid
W Autormatic Grid: " Coarse
=9 Material Database | L= & bedium
Open the material database
to assign the materialdata for
alue: —
the first layer
Units: ST Mo calculation resulks available,

Click on "Assembly / Monitoring Positions" to open this dialog panel. The new
assembly first consists of one single layer which has no material data assigned
yet. Usually the left side is considered to be the exterior side, and the right side
the interior side. (In principle, exterior and interior conditions can be assigned to
any side, but the effect of rain and solar radiation can be taken into account only
on the left side. If rain and radiation must be allowed for, the corresponding exte-
rior climate data must be assigned to the left side.)

Click on the button "Material Database" to open the database dialog where you
can select a material that shall be assigned to the layer.

20
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Dialog "Material Database"

1. Select the source and catalogue

WUFI : Database Materials

Hygro | Functions

| Moisture Starage Function

Source [FraunhoteHBPf Holmrcﬂen;bermany

Liguid Transpor Coefficient Suction
~ |JLiquid Transport Coefficient. Redistribution
Water Vapouw Diffusion Resistance Factor. moisture-de|
Thermal Conductivity, moisture-dependent
Ag-=so =t Clm Py e S 650 074 850 013 15 Thermal Conductivity. temperature-dependent
As2_ Selec'l a mal‘el‘|a| 400 081 850 01 7.9 Enthalpy, tempersture-dependent
A 400 081 850 01 7 B | Akt
Afrom the database 500 077 850 012 8 ™ R CaTa,
Aerated Concrate (densiy: BUU kg/m?) 600 0,72 850 014 8.3 HNo. [-1 [kay/m?)
Aerated Concrate (density: 600 kg/m?) - old style 600 0,72 850 014 8 1 |oo 00 B
Concreta Blocks, pumice aggregate 664 0,67 850 0.14 4 2 o1 032 -
Fired Clay Brick {used for cellars) 800 06 850 0,18 15 5 ulz u<73
Light Expended Clay Aggregate 700 067 850 013 7 7 n‘J 1‘24
Lime Silica Brick (density: 1900 kafm?) - - H -
e The basic values are displayed in 5 o4 [XE
s - . 6 |05 |2.88
Solid Brick extruded . |
e the table, the hygric extensions are 7 055 E5
Solid Brick. historical on the I"Ight Side 8 |06 |4.28 -
200
180
g 120
You may selecta |
. - 3
=
typical thickness |5
. @
from the list ENE
W0 }
Info Text T . "
3. Press "Assign" to copy
the data into the selected 1
Y02 o0+ 08 08 10
Iayer Relative Humidity [ - |
I~ Hide material for exclusive =
fv Show Hygrathermal Functions Q_ L% Assign D 7 telp | J1 Qlose |

In this dialog you can select material data and assign them to the current layer.
First select from the according drop-down lists the desired source and catalog.
Here the source is “Institute for Building Physics in Holzkirchen - Germany” and
the catalog is “Masonry Bricks”. Then click on the desired material. The basic
values of this material are listed in the table behind the material name. On the
right side of the dialog the hygric extensions are shown.

In the field , Thickn.” a list of typical thicknesses is displayed for some materials.
You can select one of these thicknesses but you can also define the thickness
later by hand.

Click on the button ,Assign“ to assign this material to the current layer and to re-
turn to the ,Assembly“ dialog.

21
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Dialog "Assembly / Monitoring Positions"

{# WUFI® Pro 5.0 IBP FEX
Project  Inputs Run  Outputs  Options Database 7
Dw M| & & & C2 HL ?
) Project Project: Demo Project 1.Click here to
--§] Case:1 (Act Case) : i ; ; 7 7
. 5 7 fmmmrb Ao dor Eoeitinme
=T < A T IR | Crientation/Inclination/MHeight | Surf; Ti
= s embly/hdanitor Position: rientation/inclinationMHaig urface raladd anew Iayer
Yl A szemblyManitar Positions Assembly
" Orientation Layer Name Thickn. [m]
+ Surace Transter Coeff | "J 115 WMatekial Data ‘
+ Initial Conditions 2 :

¥ Caontrol Esterigr[Left Sidz) Interior (Right Side]

334 Climate / 0115 0.0 0175 ms @B Soufces. Sinks ‘
3.You may input or C i eE N
edit layer name or BR Duplicste |
thickness Dot |

&d Edit Assembly by
+ Graph
" Tahle
€
Assign from Grid
W Automatic Gric: " Coarse
hater|al Database &~ Medium
= " Fine

2.0pen the material database to ] '

: ; : 4.You may change
assign the material data for this Totel Thermal Perfarmance : y. <
Palue: 1,83 mPKpd the gnd Op’uons K
layer

Units

Use the button ,New Layer” to create a new layer on the right side of the compo-
nent. If needed, use the mouse to drag the layer to the desired location in the
assembly. Then assign the appropriate material to the new layer using the button
“Material Database” again.

WUFI automatically generates a numerical grid across the component. The de-
fault "medium” fineness will be appropriate for most cases. Sometimes a finer
grid is required. For detailed information please refer to the online help system.

Note: Click on a layer with the right mouse button to see an overview of the ba-
sic values of the material.

Step 3: Monitoring Positions

For each monitoring position the courses of temperature and RH will be output
after the calculation. This allows to assess the hygrothermal conditions at the
points of interest.

22
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WUFI® automatically creates one monitoring position each at the left and the
right surface, you can create further monitoring positions in the component as
needed.

Dialog "Assembly/Monitoring Positions"

€ WUFI® Pro 5.0 18P (=3
Project Inputs Rum  ©utputs Options Database ?
D | # X & & HE| ?
) Project Project: Demo Project
. -
‘I Cose et Ca=e) CEET ST | Orientation/Inclination/Height | Surface Transfer Coeff Initial Conditions
fl Component : g
s .L"A.:s;:s:errn|I‘-...-',-"r-.-1|:|mh:ur Positions Assembly 1 .Select a Iayer
+ Orientation Layer Name ] Thickn. [m]
+ Surface Transfer Coeff. |D i3  Material D |
 Initial Canditions : glena) ta
- Caontrol Extenior [Left Side] Intenion [Right Side] -
+ Calculation Period/Profiles 0115 0,05 0,175 005 ® % Sources, Sinks |
+ MNumetics
-1 Climate
+ Outdoor (Left Side) =
+ Indoor (Right Side) 37t Mew Layer |
B Duplicate
. . 1 Delete |
Numerical grid and %
0 Q ong % % Edit Azsembly by
monitoring positions _|_ e
@
for Takle
whole assembly i
selected layer
Assign from Grid
v Autdmatic Grid: " Coarse
Iaterial Database ‘ o i
Soempecas: | 2.5€tOr delete a
: monitoring position
Total Thickness Tatal Tk
Thickness: 0,37 m B-value: 1,83 maA U-value: 0,496 Wim2K
Units: 51 Mo calculation results available.

Select the layer where you like to insert a monitoring position. The numerical grid
of the selected layer is then shown zoomed in the lower grid bar. Insert or re-
move a monitoring position by clicking on the desired element of the grid. Moni-
toring positions can only be set in the centre of a grid element and not between
two elements.

In this example the mineral wool contains three monitoring positions. One each in
the leftmost and rightmost elements of the layer and one in its middle.

23
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Step 4: Orientation, Inclination, Height

In this step the orientation, inclination and height above ground of the assembly
must be specified. They are required to calculate the rain and radiation loads in-
cident on the surface. If you investigate interior walls this dialog is not used.

Orientation means the compass direction towards which the exterior surface is
facing. Inclination means the angle at which the surface is tilted with respect to
the horizontal, so a vertical wall has an inclination of 90° a flat roof an inclination
of 0° The height means the height above the surrou nding ground.

Dialog "Orientation”

In the example case the choices are: orientation: west; inclination: 90 height:
"Short Building, height up to 33 ft".

24
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Step 5: Surface Transfer Coefficients

Now specify the surface transfer coefficients which describe to which extent the
conditions in the environment affect the building component.

At the exterior surface (left side) you can specify the heat transfer, possible coat-
ings, radiation absorption and emission, and rain absorption. At the interior sur-
face (right side) you can specify heat transfer and possible coatings.

The drop-down lists offer predefined values for different kinds of facade.

Dialog "Surface Transfer Coefficients."

In the example case, ,outer wall“ conditions are assumed for the heat transfer.
For the radiation absorptivity we select a light lime stone. As appropriate for a
vertical wall a rain absorption of 70% is selected.

25
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Step 6: Initial Conditions

In the last dialog for the component the initial temperature and moisture distribu-
tions must be defined.

A constant initial temperature profile will be adequate for most cases since the
temperature distribution adapts to the prevailing boundary conditions in a few
hours. A more detailed initial profile will only be needed for the investigation of
short-term processes.

For the initial moisture three main categories can be distinguished:

1. Frame constructions whose materials were exposed to the open air while

in storage and have thus attained equilibrium moisture.

Here the initial water content can be set to the equilibrium water content of
the material at 80 % RH. In Germany this is the annual mean outdoor RH.
Sheltering of the material from rain and direct sunshine is assumed.

. Constructions containing built-in moisture. This includes all constructions

with plasters, concrete or screeds, as well as masonry walls with mortar
joints, building materials containing manufacturing moisture (e.g. aerated
concrete, lime silica brick ...) and all components that had not been shel-
tered against rain during the construction.

Here a realistic value should be used, if possible. For building materials
requiring water for production (i.e. mixing water in concrete or mortar), the
initial water content will be close to free saturation. Approximate values for
masonry may be found in the literature. For some materials the database
offers typical built-in moisture contents.

. Existing components in dynamic equilibrium.

If rehabilitation measures are to be planned, it will be appropriate to deter-
mine the condition of the present construction first. It can be assumed that
after several years of use the construction has reached dynamic equilib-
rium, that is, similar sequences of hygrothermal conditions repeat year af-
ter year and the effects of any untypical conditions such as the drying-out
of built-in moisture have died away. These conditions can be determined
with WUFI, the moisture distribution at a certain point in time (e.g. Decem-
ber 31) can be exported to an ASCII file, and the rehabilitated construction
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can start with these data as the initial moisture distribution for its pre-
existing parts.

Dialog "Initial Conditions*

In this example an initial water content of 100 kg/m3 for the lime silica brick (typi-
cal built-in moisture from the database), 0 kg/m3 for the mineral wool (no water
absorption) and 400 kg/m3 for the gypsum plaster (free water saturation) are
specified.

Step 7: Calculation Period

The calculation period should usually be at least two years. Only then can be de-
termined whether a construction has reached a dynamic state where the long-
term water content does not change from year to year.
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For the calculation of damage cases and measurements in the laboratory a
shorter calculation period may be sufficient; investigations into moisture accumu-
lation or drying processes may require much longer periods.

Dialog "Calculation Period/Profiles"

Specify the start and end date of the calculation.

The default time step for the calculation is one hour. You can choose a different
time step, but it usually should be the same as the time interval in the climate file.

If the time step is greater than the climate interval, it will be reduced accordingly.
If you use a smaller time step it should divide evenly into the climate interval; the
corresponding climate data will then be used repeatedly an appropriate number
of times. Please refer to the online help for further details.
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Step 8: Climate Conditions

Select here the climate conditions acting on the component. On the left side of
the component, WUFI can also take into account solar radiation and rain. So if
these weather elements are to be accounted for, the corresponding climate file
must be assigned to the left side. On the right side, an interior climate is usually
applied. For special investigations, indoor or outdoor conditions can be assigned
to both sides (the only limitation is: solar radiation and rain acting on the right
side will be ignored).

In addition to measured climate data, it is also possible to use arbitrary user-
defined data for exterior, interior or artificial laboratory climates, indoor climates
derived from outdoor climates and constant or sine-wave shaped temperatures
and relative humidities.

Dialog "Outdoor (Left Side)"

If you wish to read the climate conditions from a file, you must specify the respec-
tive location on a map (for files supplied with WUFI) or the file itself (for user-
defined files). Click on "Map/File" and then on "Browse..." (the other options
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"Sine Curves", "EN 13788" and "PrEn 15026" will be explained in the chapter on
indoor climates).

This will open the dialog "Select Climate File". You can choose between the op-
tions "Select from map" and "Select user-defined file"

If selecting from the map, you may choose the appropriate map from "Re-
gion/Continent”. Click on the desired location on the map or select it from the
drop-down list "Location". The colored dots represent locations for which climate
data are supplied with WUFI. The grey dots mark locations whose geographical
data have already been registered in the database; the corresponding climate
files only need to be copied to WUFI's "climate" folder. They cannot be distrib-
uted with WUFI, however; they must be purchased by the user. Currently, the
Test Reference Years of the German National Weather service DWD have been
pre-registered in this way.

If you want to use a user-defined file, please note that in addition to the file itself
you must also provide an additional *.AGD file specifying the geographical coor-
dinates, height above sea level and time zone of the weather station. Please re-
fer to the online help for further details.
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You may zoom into the maps by dragging open a zoom frame from upper left to
lower right at the desired location. You may pan a zoomed map with the right
mouse button held down. You may zoom out by dragging open a zoom frame
from lower right to upper left.

Click "OK" to confirm the selected location or climate (in the present case, the
location "Holzkirchen™) and to return to the climate dialog. WUFI will display a
plot of the temperatures and relative humidities in the selected file. The thin
curves show the hourly data read from the climate file, the bold curves represent
the centered moving monthly means for a clearer overview.

The climate module can also perform a more detailed analysis of the climate file,
providing the minimum, maximum and mean values of temperature and relative
humidity, the yearly amount of normal rain and the directional distributions of so-
lar radiation and driving rain.

Open the tab "Climate Analysis" and click on the button "Analyze". After a few
moments some temperature statistics will be shown at upper left, and humidity
and rain statistics at upper right. The radiation rose displays the yearly sum of
solar radiation for different orientations and inclinations of the component. Low
values are displayed in dark red, medium values in yellow and high values in light
blue. This scaling is the same for all locations so that you can see at a glance
whether this is a location with high or low radiation intensity. The rain rose shows
the yearly driving rain sum on vertical surfaces for different orientations. The
scale of this diagram is adapted to accommodate the maximum driving rain load
occurring at this location. The amount of driving rain is given in mm/year.
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The rain rose shows the yearly driving rain sum on vertical surfaces for different
orientations. The scale of this diagram is adapted to accommodate the maximum
driving rain load occurring at this location. The amount of driving rain is given in
mm/yeatr.

Dialog "Indoor Climate (right Side)"

WUFI offers three different models for the indoor climate.
Sine Curve

The option "Sine Curves" will apply to the component sine-shaped curves with
one-year periods for temperature and relative humidity, with maximum values in
summer and minimum values in winter. The drop-down list offers predefined
curves for an exterior climate or interior climates with low, medium and high
moisture loads, as suggested by WTA recommendations 6-2-01/E "Simulation of
Heat and Moisture Transfer".
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If you select ,User-Defined Sine Curve Parameters” you can specify mean value,
amplitude and day of maximum according to your wishes. You can also select a
"constant” climate. For most cases the default values (medium moisture load,
temperature 21T with a 1 € amplitude) are appropr iate. So we use these set-
tings the example case.

EN 13788

The European Standard EN13788 proposes an algorithm for deriving the indoor
air humidity from the outdoor humidity, using a variable moisture load which is a
function of outdoor temperature. Four humidity classes are defined, using differ-
ent moisture load functions. The indoor temperature is assumed to be constant
throughout the year (20T is suggested by the stand ard).

Below 0 C, the moisture load functions have consta nt values. For humidity class
1 this value is 2 g/m3; it increases by 2 g/m?3 for each class and reaches 8 g/m3
for humidity class 4. It is assumed that at outdoor temperatures above 20 C
open doors and windows will ventilate the rooms so well that no moisture load
exists that could raise indoor humidity. Therefore all moisture load functions have
the value 0 g/m? for temperatures above 20 C. For temperatures between 0 C

33



Pro - Manual

and 20 € each moisture load function decreases lin early from its cold value to
zero.

Normally the moisture load in residential buildings should be less than 4 g/m3 -
this corresponds to humidity class 1 or 2. The values for humidity classes 3 and 4
are very high and should only be used if it has been established that in the inves-
tigated case the moisture load is indeed extremely high. They are not appropriate
for normal residential buildings.

prEN 15026

The European Provisional Standard prEN15026 provides a different algorithm for
deriving the indoor climate from outdoor conditions. Here, indoor temperature
and humidity depend on the outdoor temperature, not the outdoor humidity. The
transfer functions assume that within certain limits, indoor temperature and in-
door humidity depend linearly on the outdoor temperature, while outside of these
limits they are kept constant.
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Specifically, the indoor temperature is kept at 20 T for outdoor temperatures be-
low 10° For outdoor temperatures between 10 T and 20 T the indoor tempera-
ture varies in linear dependence of the outdoor temperature. For outdoor tem-
peratures above 20 C the indoor temperature is kep t constant at 25 .

The interior humidity is computed using similar transfer functions. There are two
different transfer functions to choose from, representing normal and high mois-
ture load. For normal moisture load, the indoor humidity is 30% for outdoor tem-
peratures below -10 T, 60% for outdoor temperature s above 20 € and varying
linearly with temperature for outdoor temperatures between these limits. For high
moisture load, all humidities are 10% higher, i.e. varying between 40% in winter
and 70% in summer.

Step 9: Input Data Summary

Please review all your input before you start the calculation.

The command "Outputs | Input Data Summary / Last Calculation“ or the button

display a report on these data, formatted for printing. In addition to the nu-
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merical values the component and some of the material properties are shown
graphically to make spotting any errors easier.

When all input data have been found correct you should save the project with the

command "Project | Save" or with the button

Step 10: Calculation

You can now start the calculation with or without the film, using either the com-

mand ,Run | Run Calculation* or ,Run | Run Calculation with Film*

If you run the ,calculation with film“ WUFI will display the results of the calcula-
tion, while in progress, in the form of a film showing the thermal and hygric proc-
esses in the building component as an animation; the calculation without film
simply shows a progress bar.

When the calculation is finished WUFI will display a short overview about the cal-
culation, including short statistics on the water content in the different layers, and
criteria for detecting possible numerical problems. Please refer to the online help
for further information. You should have a look at the number of convergence
failures and the moisture balances. If no convergence failures occurred - as is
usually the case - it can be assumed that the calculation did not encounter any
numerical problems. If convergence failures did occur, this may or may not be
reason for concern. To decide on this, please compare the two moisture bal-
ances at the end of the listing. Balance 1 is the change in total water content dur-
ing the calculation; balance 2 is the sum of the moisture fluxes across the sur-
faces. Ideally, these two numbers should be equal or differ only marginally. Small
differences (e.g. +17.5 and +17.7) are due to accumulated rounding errors and
harmless. Large differences (e.g. -5.7 and +10.8), however, indicate that serious
numerical problems occurred during the calculation. Please refer to the online
help for hints on what to do.

After the calculation, you should again save the project file if you wish to save the
calculation results together with the project data.

Step 11: Assessment of the Results

WUFI offers two ways for displaying the results as graphs. The Quick Graphs
provide a quick overview of the results with only limited formatting; they are use-
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ful for first assessments and for comparing different cases. The result graphs al-
low more flexible editing and formatting and can produce graphs fit for printing,
but they are slower. Details are explained in the online help.

In this example we will use the quick graphs to view and assess the results.
Unless you are investigating special questions, it is usually advisable to proceed
in the following sequence:

1. total water content

2. water content in individual layers
3. temperature and dew point at the monitoring positions

Dialog "Quick Graph" — Total Water Content

Usually, the main criterion for assessing the results is the behaviour of the total
water content. It shows whether moisture has accumulated or dried out during
the investigated period.

Increasing Water Content
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If the moisture content increases over several years, the cause for this should be
investigated more thoroughly. Maybe the construction was started with an unreal-
istically low initial water content and is just trying to reach its normal and harm-
less water content. On the other hand, the construction may have a design flaw
allowing it to accumulate intolerable water contents. By using a higher initial
moisture content and/or a longer calculation period you should try to determine at
which moisture level the dynamic steady state will be reached. If this long-term
moisture level is so high that rot, mould, corrosion, frost damage, increased heat
losses or other unacceptable conditions may arise, the construction must be
considered a failure under the applied climatic conditions.

Decreasing Water Content

If the moisture content decreases below the initial conditions, the construction
dries out. If the initial moisture already was low (e.g. 60% RH across the compo-
nent) you can proceed with analysing the individual layers. Even in this case,
however, you should consider extending the calculation period until dynamic
steady state has been reached and a definite assessment of the long-term mois-
ture level can be given.

Dynamic steady state

If the water content remains constant over the years and only repeats minor
variations due to seasonal climatic changes, the construction has reached the
dynamic steady state.

This state is independent of the initial conditions and reflects the behaviour of the
construction under the applied climatic conditions. This condition should usually
be the basis for any assessment.

The numerical value of the total water content is relatively irrelevant as it de-
pends on the thickness of the construction and the layer materials - it is the sum
of the water contents in all the layers. Also, if different constructions with different
materials are to be compared, only a comparison of the long-term trends of the
total water contents is meaningful, not a comparison of their numerical values.
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Dialog "Quick Graph" — Water Content in Layer

If the long-term behaviour of the total water content is satisfactory, the water con-
tents of each layer should be examined in the next step. Here, too, no permanent
moisture accumulation in single layers should take place. Please note that even if
the total water content has reached dynamic equilibrium, this may not yet be the
case for individual layers which may still be redistributing moisture among them.
Please make sure that not only the entire construction but also all individual lay-
ers have reached dynamic equilibrium.

In addition to the general trend of the water content, you should now also con-
sider the absolute quantity of water within each material. For example, in wood-
based materials the water content should not exceed 20 mass-percent for a
longer period of time, as this might lead to rot or mould growth. Insulation materi-
als should not exhibit increased water contents which would reduce their insula-
tion efficiency. Materials on the exterior surface might become susceptible to
frost damage if their water content is too high. The manufacturers of the materi-
als may be able to provide further information on possible limits that should not
be exceeded.
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Dialog "Quick Graph" — Mon.Pos. Temperature /
Dewpoint

The diagram displaying the temperature and the dew point at the monitoring po-
sitions allows you to examine whether the temperature falls below the dew point
at any time during the investigated period. This is the case when the red curve
(temperature) is lower than the purple curve (dew point).
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Dialog "Quick Graph" — Mon.Pos. Isopleths

For each monitoring position, the quick graph ,Mon.Pos Isopleths" plots the rela-
tive humidities at each time step against the simultaneous temperatures. This
enables you to assess whether conditions of high temperature and high humidity
occur at the same time which may create problems for some materials.

In addition, limiting isopleths for mould growth on interior surfaces are shown for
two classes of substrate quality. If the hygrothermal conditions at the interior sur-
face stay below these curves, present knowledge indicates that any risk of mould
growth can be safely excluded. On the other hand, if conditions exceed these
limits for longer periods of time, this only means that mould growth cannot be ex-
cluded but does not necessarily imply that mould will grow. An assessment of
possible mould growth risk must use more sophisticated criteria, such as the
WUFI-Bio model (can be downloaded from the WUFI homepage). Please note
that both mould growth models are not applicable to exterior surfaces as on
these the environmental conditions imposed by the exterior climate (such as ul-
traviolet solar radiation or frost) may prevent mould growth even if the hy-
grothermal conditions would allow it.
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Dialog "View Film*

The WUFI film shows the progress in time of the temperature, RH and water con-
tent profiles. The dark curves are the current profiles while the light coloured ar-
eas show the range swept by the profiles. The upper part of the film screen dis-
plays the temperature in red (and the dew point in purple, if switched on), the
lower part shows the RH in green and the water content in blue. The red and
blue arrows above each graph represent the fluxes of heat and moisture across
the layer interfaces and the component surfaces. On the left side of the screen
the current amounts of solar radiation and rain are indicated.

The film is useful for gaining insights into the hygrothermal processes in the
component and for developing a 'feel' for the situation. You can directly watch the
reactions of the different materials to the changing climatic conditions. It is imme-
diately evident where the moisture is migrating in different seasons and which
parts of the construction might be critical with respect to elevated relative humid-
ity (when green curve reaches the top of the scale).
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As the film contains the calculation results for all time steps, a saved project file
that includes the film data can reach a very large size. In "Options | Result Data"
you can exclude the film data from being saved with the project data.
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