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Abstract

A particular advantage of numerical simulation is that the investigation of constructions consisting of
different materials under various climatic loads requires relatively little work in comparison to field
experiments. Thus a hygrothermal assessment of constructions can be evaluated in a short time.
Construction building details and building materials can be optimized using the numerical simulation
as well as renovation measures can be planned.

The aim of present deliverable is to facilitate the application of simulation tools, which the project
partners used within the project, for planners.

* Elaboration of tutorials, based on simulations performed within the project
* Develop training material
« Elaboration of a guideline on how to use simulation results in design tools as PHPP

Purpose of this report is to deliver a documentation of the Delphin-training material and the way of
using Delphin-tools and its material data files (simulation, program data base, user data base). The
reader should understand a hygrothermal tools and material file and learn how to create and
manipulate own material data files and how to import and export material data into his hygrothermal
simulation.
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0 INTRODUCTION

There has been a change in trends in the European building sector, from new constructions to
insulation, retrofitting and restoration of existing buildings. Thus, building reconstruction has an
outstanding position in the building market in Europe. This is based on the fact that a comparatively
large number of older buildings exists in Europe which are nevertheless worth preserving. Taking a
closer look at the East-European countries that have recently joined the EU, this aspect of building will
become even more important. Many buildings in the stock have to be improved considerably by
means of an additional thermal insulation of the building envelope. Safe wall construction in
connection with an appropriate thermal insulation is generally done by computational prognosis.

The rapid development of the modern hard- and software tools, e.g. CHAMPS, DELPHIN and Energy
Plus and others, enable the simulation of the hygric and thermal behaviour of building components
under transient climatic boundary conditions. Meanwhile building simulation programs are generally
used in research projects and engineering applications as well. The simulation of building
components, e.g. constructive details, is a part of the whole building simulation or integrated building
simulation. Here the hygrothermal behavior of the building envelope and the microclimate close to the
construction surfaces are the main focus of interest. Despite an adequate description of the material
configuration (layering, dimensions, etc.), the quality of simulation results generally depends on the
material properties and climatic boundary conditions.

Climatic data, such as temperature, relative humidity, short- and long-wave radiation, precipitation,
wind velocity and wind direction are generally available from weather services, but still the problem of
local climate is not solved. The determination of microclimatic data locally at a given building facade
position from general climatic data from weather station, especially regarding driving rain and surface
heat or mass coefficients, is a difficult task. The other major problem are the respective hygrothermal
properties of building materials. Published data usually lacks an adequate general material description
and often the data sets are incomplete. Very often the measured data are not documented and the
sets consists of results coming from different laboratories and often do not represent the same
material batch. Another problem arises from the requirements of the simulation codes themselves.
The numerical solution of coupled differential equations uses moisture and temperature dependent
transport and storage functions [4]. Laboratory experiments deliver material parameters that have to
be interpreted in terms of material functions to be useful for simulation models.

The Institute for building climatology in Dresden University of Technology is the developer of such
computational technologies. On simulation tool is called Delphin and a license has been given for
each 3ENCULT project partner to do hygrothermal simulations for their case studies.

To support these simulations, the TUD provided guidelines on:
0] the proper analysis of construction and identification of material used in the regarded detail,
(ii) makes available the complete information from the Delphin material property database,

(i) offered the opportunity to measure in its lab characteristic material data (as e.g. bulk density,
thermal conductivity, moisture content at e.g. 80% relative humidity) of material samples
provided by case studies

(iv) offered support in the preparation of the needed climatic data, by preparing the climatic data
file - case study responsible partner have just to submit the climatic data of the location, at
least the climate data close or nearest by the test house.

In this part of the 3ENCULT deliverable teaching and training courses and workshops on the
hygrothermal simulation for project partners have benn already organized and carried out by TUD at
the industrial partner location Remmers in Loningen (Germany) between 3 to 5" September 2012.
Since evaluation of measured data by simulation is an important task, the workshop was held together
with the monitoring group in Loningen. The teaching and training materials developed for the course
as well as the experience of the course itself were the basis for training modules and tutorials as
described in Annex |. the Documentations of the training workshop (Workshop program, teaching
materials, Delphin tutorials, presentations, pictures) are included in this file.
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1 Hygrothermal simulation tools & Interior Insulation
Workshop

3Encult Workshop 3™ to 5™ September 2012
In the conference room ,Forum“of Remmers Baustofftechnik GmbH, 49624 Léningen

Programme

Monday, 3rd September 2012

09:00 hrs Workshop 1:30h

10:30 hrs Coffee/Tea

10:45 hrs Workshop 1:45h

12:30 hrs Lunch

13:00 hrs Guided tour through the company Remmers

15:00 hrs Workshop 1:30 h

16:30 hrs Departure to Cloppenburg (by bus)

17:00 hrs Guided tour (English) through the Open Air Museum in
Cloppenburg

18:30 hrs Dinner in the “Dorfkrug” in the Open Air Museum

21:00 hrs Return to Léningen (by bus)

Tuesday, 4th September 2012

09:00 hrs Workshop 1:30h

10:30 hrs Coffee break

10:45 hrs Workshop 1:45h

12:30 hrs Lunch break

13:15 hrs Workshop 1:30h

14:45 hrs Coffee break

15:00 hrs Workshop 2:00

17:00 hrs End of workshop

18:30 hrs Dinner in a local restaurant “Gambrinus” (own account)

Wednesday, 5th September 2012

09:00 hrs Workshop 1:30h
10:30 hrs Coffee break
10:45 hrs Workshop 1:45h
12:30 hrs Lunch break
13:00 hrs End of workshops
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Photo documentation of the workshop

Hygrothermal (Delphin) workshop

Preparation of monitoring installation Installation of monitoring system
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a
Insulation of Sensors

Monitoring system Complete the installation of Monitoring system

IQ-Therm Interior insulation IQ-Therm Interior insulation
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Appling of interior insulation Applying of interior insulation

Applying of interior insulation Applying of interior insulation

Complete Applying the wall interior insulation with Complete the wall interior insulation with
installation different sensors installation of different sensors



EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

Deliverable D7.2 Knowledge transfer, training, guideline Simulation

2 Teaching materials
2.1 Delphin tutorials

Tutorial (1) outside wall with interior insulation

In this tutorial a small example of a typical old masonry wall will be used that is modeled and simulated
before and after fitting of an inside insulation.

First, the previous construction (without inside insulation) shall be evaluated with respect to hygric and
thermal performance. Afterwards a variation study is done to find a suitable inside insulation system.

Part 1: Simulation of Previous Construction.

This part of the tutorial covers the principle steps in creating Delphin simulation projects.

Project Setup and Modeling of the Construction

At first, after starting the Delphin program, only the small main menu is visible at the top of the screen,
where the different buttons for the project setup and control can be found. The first step is the creation
of the new project. The New-button (or File — New...) opens the dialog for creating a new project:

=4 Delphin 5 - [D:\ghorwin_svn\Delphin\Delpk T Create new project... g@g\

File Edit ‘iew Simulation Tools Help

Select a template for the new project..

O = o i = Pre-defined projsct templates [fram templates’ folder ~
Mew — Open.. Save as.. Ermpty project {completely smpty, you have to create sverything irom scratch)

- A T
[H f = Example projects ‘\

Fol- gealer 100%.28 L+l 52 P =) Aifus Effects on HM
ul\El’HTt‘ o SREA gl Exfiration 14/ alldpj 1

Exfibration il dpi By
- Benchmarks

3 layers_liconeret dnj

aifiow_1D.dpj

aifow_2D.dpj

hamstad_benchmark_4 dpj 2 2
Frojsct lacation

Filename: | Tutorial_1.dpj

Directary: | D:itmp

4 4
N

Important in this dialog is the selection of the project template. This can be either an empty default
project, or one of the example projects. Select here default_project.dpj, enter file name and path and
confirm the dialog.

Please make sure to select the project template default_project.dpj, because some of the steps
below depend on this.

If later similar projects need to be created, you can copy your own project into the templates directory
within the Delphin installation directory.

After confirmation of the dialog the construction dialog opens (see screenshot on next page). Here, the
principle construction type is selected and the initial dimensions are entered.

Please select 1D construction (planar horizontal transport), and use 3 as number of initial columns
of the construction. Then you can enter the column widths 0.015, 0.24 and 0.02 (in meter). For one-
dimensional constructions it is important to ensure that the height (or width, in case of vertical
constructions like roofs) is set to 1 m. This simplifies the analysis and interpretation of the results later.

10
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* Setup new construction...

General construction propedies

S
Canstruction type |1D canstructio |anar harizantal transport) ~
Depth (Z dimension |1 ‘m .,|
Pie slice angle 360 \ ZR0%)

. —

X axis

¥ axis

Initial grid setup

Select number of calu ows (vertical and harizantal layers) and define
initial widths/heights

Columns: |3

4

After confirming the dialog the program views appear showing a 3-layered construction, yet without
materials.

= @ Bl Bl 8 k2
Bave as. Reload Materials  Condiions  Outputs Charts. PostProc

Filler Al assignments

Ha [Material

_ Conditions [x]
DR X | 8
Konstruktionsfenster cumate [[Gomgay sl | Fieis | Contac
NoTyoe jame
E
3 apor difusion nside Vopor Difision

4 vapor difiusior utsids Vapar Difusion

Assigniment Info

Output Files FormatsiTypes | GridsiSchecuies

N [Filenama

[outputFormat |Cutput Grid

MIFECE | = Totd Commander 7.0... TG Tuterisl_1D_wanddo...

The layout of the windows can be adjusted at will. The View-menu contains the commands for the
layout of the views. The layout shown above is suitable for higher screen resolutions.

The shown construction is still empty and in the next step the materials need to be imported. First click
on the New-button in the material list view (see left screenshot below).

11
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+* Import material data ‘._\@‘E‘
% » Select material
Mo |Material 3 Categarization: |BK Lahoratary v
el = Plaster and Maortar ~
Adhesive Covering Plaster
/ Climate Plaster (Fa. Hufgard Tubag)
SN ST T Haacke_Cellco_kAPI

LightClayMartar

Lime Cement Plaster {Transputz 8G)
Lirme Plaster (hist) % \

Lirme Trass Light Martar

Lime-cement morar

MULTIPOR adhesive -
Refresh material list...
Material DB: | All Material Databases v

Material file: |hin_5.6_taglexec\DB_material_datald2_Plaster_and_Morarlime-cement martar.mat

(@ Keep link to external material file

(O Import material data inta project

Material Data Info
The material data was measured, and the material functions and files were generated in the
laboratory of the Institute for Building Climatology of the Dresden University of Technology.

For maore information or special material properties, or ifyou would like to obtain material
properties for your own materials, please contact the 1BK [aboratory.

Head of laboratory: Dr. Rudoli Plagge
YWebpage of IBK Lahaoratary: Link to Homepage of IBK Laharatary

You can now select materials in the material import dialog (screenshot to the right). To import specific
materials, switch the categorization (screenshot to the right top) to “Alphabetically Sorted List”.

Now select one after another the materials CementPlaster, Brick Joens and Lime Cement Plaster
(Transputz SG). You can select multiple materials with Ctrl+click and Shift+click. After the import the
materials appear in the material list view.

+* Materials R El
0O X |

3 LimePlaster

Now the materials are assigned to the appropriate layers of the construction.

To do this, you need to select a layer (or several layers) with the mouse. Then select the desired
material in the material list and finally press the green assignment button.

D %X 8 e 2

ND|MateriaI
1 CementPlaster

—

Y .

2  Brick Joens

Lime Cement Plastet ( Mransputz SG)

bt AN e
After assigning all materials the construction view should show the layers of the construction with the
corresponding material colors. If you now select a material in the material list, the corresponding layer

or layers will be highlighted. This highlighting is independent of the actual selection in the construction
view.

12
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Next you can discretize the construction, i.e. divide in many small elements. For this you can use the
dialog for Automatic Discretization, accessible from the menu buttons in the construction view (see left
screenshot below).

Automatic Discretization EI
Discretization options
() Equidistant discretization
@ variable discretization

[#] minimum element width 1 T mm

[¥]ma element width 20| mm

Discretize in X-direction

[]Discretize in Y-direction
Detail lewel /

Low ] High
Elements (assigneditotal):

Stretch factor.

i i |1 mm min dy (1000 mm
max di [19.49 mm max dy; [1000 mm

In the Automatic Discretization dialog we will only discretize the construction in X direction (since we
have wall with only horizontal transport direction). We use variable discretization, that generates
smaller elements near the boundary of the construction and at material interfaces. Inside of the
construction the element widths are gradually enlarged.

Important parameters in this dialog are: Minimal and maximal element widths (Lmm and 20mm are
good default values), and the detail level. The discretization detail can be adjusted with the slider
which adjusts the stretch factor and consequently the number of elements. A stretch factor of 1.2 is
suitable for 1D-constructions. For 2D-constructions a higher stretch factor of approx. 1.5 is advisable
due to long simulation duration.

As soon as this dialog was confirmed, the construction is shown as collection of many elements.
Because of the small size of the boundary elements, it is useful to switch to equidistant display of the
construction (button to the very left of the button bar in the construction view). In this view mode all
elements are shown with the same dimensions, regardless of their actual size. This simplifies the
selection of boundary elements.

© Construction/Discretisation li=]fcd ©* Construction/iscretisation

B oeale: 100% 2 L SEER X HMHEEH= ] IR, Seale:) 100 2 4y =2 X dFEFEE= %&ﬂ

lDmenzora [wh]: |16.21200470428 1300 Rmm Selectiom 3,1 Elemerts: | lomensora [ |19.49934675993 1000 nmm Seiection: 26,1 Elemerts: |

The left screenshot shows the normal proportional view whereas the right screenshot shows the
equidistant view.

13
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Boundary, Initial, and Simulation Conditions

As the next step all boundary conditions need to be specified and assigned. The project template
already contains boundary conditions for the inside and the outside. The specification of own
boundary conditions from scratch is covered in the next part of the tutorial.

The assignment of boundary conditions is the next step, so that the construction 'knows' to which
surface the boundary condition is applied. The usual order is: select a range of elements in the
construction view, select a condition, and execute the “assignment” action (the green assignment

button).

In the case of the boundary conditions, select at first one of the outer layers of the construction. In this
tutorial the left side is supposed to be the inside, so the left-most layer should be selected first (see left
screenshot below).

5+ Construction/Discretisation r

I3 e, sealer] 100% 5] o)

; 2
¢

4

{

¢

¢

<

T e, - /

+* Conditions

Climate

i Initial L)

Mo |Type r

RIS

Then, switch in the conditions view to the tab with the boundary conditions “Boundary” (right
screenshot above). Finally, select one or more boundary conditions (see left screenshot below) and
use the green assignment button (see left screenshot below) to assign the conditions to the selected

layers.

+* Assignments/Selections El

7
+* Conditions

O X i3 . . ( Filter |Bnundawmnditmn v|
Climate || Boundary Initial | Field Contact | . Inside Heat Conduction
g
Inside Vapor Diffusion
Mo |Type ‘Name V4
-3 Outside Heat Conduction
Heat conduction Inside Heat Conduction
Outside Wapor Diffusion

Assignment Info
Mame Inside Heat Conduction

Selection type Boundgry condition
Condition type Heatckﬂuctinn
Selected ragfge 11

Lacation LEFT

The assignment list shows all assigned boundary conditions and also provides information about the
location and the side (surface) of the assignment (right screenshot). All boundary conditions in the
template project need to be assigned to the appropriate construction side (2 left and 2 right, thermal
conductivity and vapor diffusion respectively), as shown in the screenshot below.

After specifying the boundary conditions it is time to select the simulation and modeling options. Open
the modeling dialog:

14
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5= Delphin 5 - [D:\tmplwall.dpj] *

Pollukant/¥OcC simulation options. ..
Cutput related options. ..

Run Simulatian... F3
Chrl+F:
o g

Run batch file gs aa ses.,
o -

In this dialog you can select the basic properties of the physical model. For this example you need to
enable the balance equations for heat and moisture transport:

Modeling and Simulation Settings El

Model features |Dgrau|15
Balance equations

[Jinclude air flow model {gquasi-steadyidecoupled)

Moisture balance (water vapour and liguid water)
[CwoCPollutisg balance
Liguid Transport Modeling

Lge Kirchhoff potential generated from liquid water transport functions KICQD or DICCH)

Clinclude gravity effect frecuires liquid condu ctivitg

Simulation time /

Start datestime for simulation o1.01 QDV + | |00:00:00 Es

Duration of gimulation 1] d

End dateftime of simulation ‘ ‘

Other important settings in this dialog are the simulation duration and the start time point of the
simulation. 60 days should be used as duration of the simulation. The start date is not important for a
design simulation. However, the initial conditions need to be specified. These can be globally set in

the “Defaults” tab:

Model features | Defaults | F |
Defaultinitial cond S f
These default initiafeonditions are applied to elements that do not have initial j
conditions assignel. User defined initial conditions will rride these defaults. (
Initial ternperature: [od -
Initial relative hurmidity: % w Y
Initial ¥OC/pollutant concentration ‘El | |mgtm3 v{)
|
e '.‘ﬁ ey P e R o o ey

Typical settings are 20°C and 80% relative humidity, which should also be used in this example.

After confirmation of the dialog all settings required for the simulation are given in the Delphin project.
However, so far no outputs have been requested. The next steps are selection of desired outputs.

Outputs

Some outputs are already pre-defined in the default project template. These are shown in the output
format list, visible in the “Formats/Types” tab of the outputs list view:

15
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Qutput Files | Fnrmatsﬂ'.ynes Grif
—
Mo |Mame F.
-Watercumemﬂe\d (
2 /-E_elahf}’njdmﬁe{d,, B

The formats define which quantities (temperature, relative humidity, mass of condensate, etc.) will be
monitored. Also, the formats specify whether spatial or temporal averages or integrals should be
calculated.

The formats can now be assigned to ranges of the construction, which are of interest. As usual, at first
a range of elements needs to be selected in the construction view. In this tutorial, all outputs should be
made for the entire construction, so you can simply select all layers.

TJ:E Construction/Discretisation

T2 scale 100% 5 L) 22T X AlFE A=

W
Sebup new constructian.,
Edit construction...
Select all
hange widthfheight. ..
Assign
Insert
Delete
Discretization
(& Remove elementselection highihting...  Esc

Dimensions [wh]: | 275.000 1000 in Selection: 1,1 ... 57,1 Elements: 57

As shown in the screenshot, the context menu of the construction view contains the option “Select all”.
Alternatively, you can use the usual shortcut Ctrl+A to select all layers.

After selecting the range of elements of the construction, you can select an output format and assign it
with the green assignment button (see left screenshot below).

T Create and Assign new Output File

[ X & i L Output File Specification
Output Files FormatsMypes Grids/Schedulas : Filename: noist_mass_inkegral.out (4
—¢

Mo |Name Format: Moisture mass integral
Conductive heat flux (spatial and time average) '

H Output grid: | Hourly \ -

Create and Assign... | [ Cancel

B Wapor diffusion flux (spatial average)
7

In this tutorial the Moisture Mass Integral shall be assigned first.

After pressing the assignment button the dialog for creating/defining an output file is shown (see right
screenshot). Here you need to type a unique file name (without path !). Furthermore, you need to
select an output grid. Output grids define when and how often outputs should be made. For integral

16
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values, corresponding to a single value per output, you can use hourly values. For fields and profiles
you should use larger intervals (e.g. daily output intervals).

Sometimes the desired output formats are not included in the list. In this case you can create your own
format, using the “New” command in the output format tab (see screenshots on next page).

ﬁ Glieubu.lonat El
» @ o - General 'h_
Mame Overhygroscopic Maisture Content Integrall I
Cutput Files

Mo |Mame Type, quantity and format of output data

.J;,A.____’“V -
Type State variahle or related quantity :2 g
Quantity Owerhygroscopic water mass density v
What format is used if multiple elern es are selected?
Integrated values in space K-
Integrationfaveraging in time?
\Witite values as calculated at output times v
Unit for output time: | d “ | Unitfor values: |ky K
Additional format options 4
Fieldwidth |12 Mumber farmat | Default v
Precision El

For this example we need to monitor the over-hygroscopic moisture content (= condensate). Im Output
Format edit dialog (right screenshot), the following inputs are required: Unique identification name,
“Overhygroscopic water mass density“ as Quantity, “Integrated values in space® (spatial integration,
since we are interested in the total mass of condesate) and as unit for output time points “d“ (we
calculate 60 days, so we better plot the outputs also in days).

Once the dialog has been confirmed, the new format appears in the list of output formats/types (see

left screenshot below). We can now assign the format to the whole construction and create a new file
for this output.

For all defined outputs a separate output file is created. All output files are shown in the output file list
in the “Output Files” tab. The right screenshot below shows the newly created and assigned output
format for the overhygroscopic moisture content.

0O X g & i [

. ‘ Output Files: FormatsiTypes ‘ GridsfSchedules f
Output Files FormatsTypes GridsfSchedules P .
Mo |Filenarme Cutput Format |Oulf
o [Name
rmoist_mass_integral.out Moisture mass integral Hou
‘Water uptake curve (water mass vs. square root of time)

Over oscopic Moisture Content Integral

-Tmal WOC concentration {lin scale)
-VOC concentration in gas phase (lin scale)
-Tmal WOC concentration {log scale)

Temperature field
Relative humnidity field

-1Empera1ure_ﬂe\d.uut
4 relhum_field.out

Y WS

As already described, the connection between output files and the construction is created via

assignments. These are also shown in the assignment list, where you can switch the assignment filter
to “Field output”:
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+* Assignments/Selections &‘

Fitier | Field output K v

qpist_mass_integral out

ntegral.out
ternperature_field out
relhurn_field.out

Assignment Info
Mame ovh_wat_mass_integral.out
Selection type Field output

Selected range,
Location

For each assignment you can see the range of elements, the type, and the location of the assignment.
ELEMENT indicates here an element specific assignment. For boundary conditions the selected side

of an element is shown instead. Note: depending on the discretization used in your project, the range
may differ from the one shown in the screenshot.

Now all project settings are complete and it is advisable to save the project (Ctrl+S).

1 Delphin 5 - [D:\tmplwall. dpj] *
Fle Edt View Simulation Tools Help
= e
O = = o

MNew apen Save[} Save as '

(DI NTE

Run Simulation

The simulation is run in the simulation window, which is found in the main menu: Simulations >> Run
simulation... or via the command button Sim...:

Soler seftings
Solver. |[&¥e]s]= Solver parameters
Start options
Yerbose Level: |1 - Mormal output (detailed |m1\wlputl\me) V‘
Run options: [ Test init
[J'wiait after each output
Cammand line:
| yd |
Add to hateh file
Run simulation from start Check simulation log files...

In this dialog you can choose between the internal solver (with graphical output of the calculation
process) and the external solver. The latter is much faster and particularly for 2D simulations the

recommended choice. In this example, and generally for 1D simulations, the internal solver is
advisable.

The simulation is started with “Run simulation from start“and the simulation window opens:
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% Solver run monitor |._‘@E]
Moanitor options... [}s
[]Solver statistics [¥] Temperature and maisture profiles

Temperature profile Moaisture and relative humidity profile
01

o)
~20 S &
£1g £ I
et =
2 .06 i
g £ :
g7 .04 e
; g
=16 Do 2
15 = 5
005 04 045 02 025 005 04 045 02 035
Location [m] Location [m]
— Temperature apour pressure | — Moisture content — Relative humicity |

Salver messages

The simulation window shows the current temperature and moisture profiles that can be used to
quickly check the results. Also, the current solver performance statistics can be shown.

Once the simulation is complete

Solver messages

the calculation results can be visualized and analyzed with the post-processing. The command button
“Post-Proc” starts the post-processing tool:

B8 Postprocessing for Delp hin Outp M= ’
File window Help 9
Bz pikes & {
MNew Chart From DataFile
= =
e JRBX DR 7
L. \l‘f Mo |Material a4 iRl W Sl S

In the post-processing window you can create new charts using the “New” button (see right
screenshot above).

Part 2: Adding a Capillary Active internal Insulation

Since the thermal insulation does not meet modern requirements of buildings, an additional insulation
is added. In this tutorial we assume that adding insulation at the outside is not possible (perhaps a
historical facade, etc.) Therefore, a capillary active insulation system (using in this example the
calcium silicate insulation) shall be used. The CasSi insulation is fitted using a glue mortar.

At first, the materials ,Adhesive Covering Plaster® and ,Calciumsilicate” need to be imported into the
project from the material database. Then you can add two new layers in the construction view to the
left of the innermost layer. (see command buttons in menu bar of construction view, right ellipse).
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After specifying the thicknesses of the new layers (5mm coving plaster/glue mortar, 80mm insulation)
using the input fields at the bottom of the construction view, you can assign the materials to the
respective layers (see construction sketch at the very begin of this document).

Finally, you can use the Automatic Discretization dialog again to create a grid for the new material
layers, or manually discretize each layer with the Discretization dialog (see respective buttons in menu
bar, left ellipse).

Construction/Miscretisation

[Dimencions frin]: 19, 499346293271 1000 e Selection: 54,1 Elemerts: |

Whenever the construction has changed it is advisable to check that all boundary conditions and
outputs are still assigned to the correct layers.

Now the simulation can be repeated (save the project with different file name first, so that the previous
results remain for comparison).

However, the selected boundary conditions in the project template do not quite match the EN/DIN
requirements. Therefore, as the next step in this tutorial we will adjust the boundary conditions. The
project template contains boundary conditions for heat conduction and vapor diffusion. Open, for
instance, the heat transfer boundary condition with name “Inside Heat Condutction” (select the RB in
the conditions view, “Boundary” tab, and click on the “Edit” tool button). Now you see the boundary
condition dialog:

¢ Edit boundary condition k ‘Z‘EJE‘

Specification
(NETu -3 nside Heat Conduction ‘

Type Heat conduction | Kind |Exchange coefficient v

DT\melif
Heat, vaportand a\rc\lmalelguﬂdlmﬁ——_.__-_\

- " -
Temperature Inside Temperature (constant) v

Wall parameters

Physical Parametg
; Exchehige coefficient fpr heat flow
EZCOE[F = & W/mZK
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The highlighted inputs are necessary, to sufficiently define the boundary condition. Important
properties for boundary conditions are always

« the unique identification name,

- the type (for instance, Heat Conduction or Vapor Diffusion),

« the kind of boundary condition (corresponding to a certain physical model),
« the required climatic conditions, and finally

« the parameters for the boundary condition model.

In this tutorial the default parameters for the boundary condition are correct, except for the climatic
conditions. Depending on the boundary condition type and kind one ore more climatic conditions may
be required. These can be selected and modified using the drop-down lists and the edit buttons

besides the lists.
Specification k

Kind Exchange coefficient -

Mame

Type /
Course Constant value v

*
P
Ly
1
_'.’ Paramelers
3
Py

ature (constant) v [:Edit
Constantvalue | 20| C w

",'AJ\ T S AN Lp‘f \

-~

The dialog for the climatic condition allows changing and viewing of the climate data. Again, a unique
identification name is required, as well as the type of the climate component (for instance temperature
or relative humidity), the course (can be constant, following a sinusoidal wave, or double-harmonic
function, or can be read from a climate data file). The course can be defined as constant, sinus curve,
double sinus curve (daily and yearly course) or as arbitrary e.g. measured data course from a file.

For the definition of the climate on the inside and outside wall surfaces, the corresponding
temperatures and relative humidities need to be adjusted. The outside climate should be adjusted to -
10°C and 80% RH, whereas the inside climate should be set to 20°C and 50% RH.

If the simulation is repeated with the changed conditions, the amount of interstitial condensate should
increase. If the inside insulation system works as expected, the total overhygroscopic mass obtained
at the end of the condensation period should still be within the acceptable limits.

... End of 1 Tutorial ...
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Tutorial (2) Simulation of 2D construction details

This tutorial demonstrates how 2D construction details can be simulated with DELPHIN. The general
approach on setting up the model and defining all boundary conditions and outputs is shown. A simple
thermal bridge problem is modeled and calculated.

2D Thermal Bridge Problem

The detail shown below illustrates the problem of an intersecting wall in a monolitic exterior wall. This
model should be simulated with DELPHIN. The exterior wall is made of autoclaved aerated concrete
and the intersecting wall is a brick wall.

12,5cm
—
AAC
Brick wall 24cm
30cm

Simplification of the Constructional Detail

Before a construction is entered into DELPHIN it should be attempted to simplify the model. In this just
thermal example, we can omit the plaster layers. Also we can make use of the symmetric geometry.

12,5cm
+—+

Define Construction Grid

Within DELPHN constructions are defined inside a rectangular construction grid. For this you need to
define construction line first. The resulting rectangles are then filled with the corresponding materials,
or in the case of whole left empty.

For our construction we can now define the following grid.
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?cm

12 cm

For the sections labeled ? we still need to define a length/width. We have to consider that the length of
the intersecting wall and exterior wall are picked large enough, so that the influence of the thermal
bridge is no longer important at the clip points. Usually, you can take a length of twice the wall
thickness to get an estimate. In our case, we select 60 cm for the length of the exterior wall and 50 cm
(rounded from 24 cm * 2) for the intersecting wall. If we should later see in the results that the
influence of the thermal bridge extends to these clip points, we can just enlarge the sections a bit.

Input of the model into DELPHIN

We use the same procedure as shown in tutorial 1. When setting up a new project using the default
template, we select 2D construction in the construction definition window. We also input the initial grid
dimensions. Later, we can always change the row heights and column widths or add new layers.

~* Setup new construction...

General construction praperies

c type |2D (planar [}\ v
Depth (Z dimensiany |1 m
w
Pie slice angle ‘§
>
: itl
Inclination: ] (-90° .. 907%) iC |
— £ 1

—

Initial grid setup.

Select number of columnsirows (vertical and horizontal layers) and define initial

widthsiheights in meter [m].

Help Cancel

When entering the basic grid geometry you should note that the grid widths and heights are in m.

Now we import the materials and assign them to the respective sections in the construction. We use
the Autoclaved Aerated Concrete and Brick Joens as materials.

In the following, we talk about the assignments. These are rectangular ranges of the construction
which can be selected with the mouse or keyboard in the construction grid. In the footer of the
construction window you can see the current selection, for example showing 1,1....3,2:

Elements {selfused/qrid): 0/0f& f

Ins [wihd: [800.000 720,000 in m
> A-w.\a\-ﬁwi“n»--w.;a@xwvm:yi

So o o *'ﬁ”’"«»:-m';’» i e e

For 2D constructions you can choose among different possibilities to assign materials to the
respective sections.
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1. Subsequent selection of ranges with elements of a specific material and assignment until all
elements have been assigned (can be a bit cumbersome with complex 2D details)

2. Making use of selections that overlay each other and overwrite previously made selections. In
our example we could first select the range 1,1...2,2 and assign the AAC material. The we can
select 2,2...3,2 and assign the brick material. With this operation we overwrite the AAC with
brick in the element 2,2.

The second option allows often a quicker setup of the construction model. There is also a special case
of a material assignments, particularly suitable for hollow sections or corners. In the tool bar you can
use the symbol O to assign an empty range. With this you can override previously made assignments
(if you want to remove a material assignment, it is better to just remove the respective assignment in
the assignments list window).

Materialliste

Nr. [Material
claved Aerated Concrete

in mm Markisrung: 2,2 ... 3,2 Elemente (ausg.fben. [Gitter): 2/5/6

Grid generation

After we have created the construction grid and assigned the materials, the simulation grid needs to
be created. This is done most easily with the dialog for automatic discretization. In this dialog you
should make sure that both directions are checked (this is the default for 2D constructions),
alternatively you can also specify the minimum element widths. In our example we use the standard
settings and create the following computational grid.
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Konstruktion/Gitter,

~

>

Status line =———r{oinension s 11,3793 [s.386444 [ nmm Markismung: 44,16 Elements (aus.fben. Gitter); 0{2023i2623

At this point we may take a moment to explain some functions of the construction grid. In the status
bar (footer) the current selection is shown, and also two input fields for the width and height of the
currently selected column and row. If you have selected multiple rows or columns the respective input
field just shows the sum of the widths/heights, but the input field itself is disabled. You can only
change the row height or column width of a single row or column at a time. The status bar also shows
the grid size in three numbers. First number is the number of currently selected elements, second
number is the number of used grid cells (elements with materials assigned) and the last number is the
total grid size. A value of < 6000 is generally to be recommended for quick calculations. For purely
thermal calculations you may use values up to 30000 and still get reasonable performance.

The automatic discretization algorithm has generated a grid that is refined at all boundaries. However,
we have a symmetry plane at the bottom and top side of the construction. Here we don't need the
refinement because we don't have temperature gradients across a symmetry line. Therefore we could
save grid elements by manually enlarging the elements using the manual discretization dialog,
accessible via the toolbar buttons -3, Saving grid cells can significantly increase the calculation
speed in hygrothermal calculations of complex details. In our simple example, however, this is not
necessary.

* Konstruktion/Gitter

NI/ | skatiorung] 100% 2] ) 35 B X AkEFsH= @

>

le&ugm? | inmm Markisrung: 1,1 Elemente (ausq, fben [Gitter): 1114181600

The first top tool buttons W& in the construction window serve to alter the display of the simulation
model in the construction grid: proportional versus equidistant drawing, show/hide grid line, draw with
the same aspect ratio or stretch both axes to fill the window.

Assigning boundary conditions

We need to assign boundary conditions (BC) to each boundary of the construction. The following
sketch illustrates the necessary boundary conditions and the related climatic conditions.
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Innen
/ BC: Heat conduction

/' Climate: Temperature
Outside /

BC: Heat conduction
Climate: Temperature

At symmetry lines and at borders of the calculation domain (where 1D conditions are expected) you do
not need to assign boundary conditions. A boundary without assigned conditions is perfectly tight and
adiabatic. In our example we just need heat conduction boundary conditions with the corresponding
temperatures.

The default project template already contains climatic and boundary conditions, which we will just use
here. The assignment of boundary conditions is done as described in detail in Tutorial 1:

1. Select range of elements where boundary conditions need to be assigned
2. Select boundary conditions
3. Assign boundary condition (by clicking on the green arrow button in the condition view)

The following screenshot shows how the boundary condition is assigned to the inside wall surface. It is
recommended to use the equidistant drawing option of the construction grid to simplify selection of the
element range.

Comiructimn/Dincrelivalin
*, Scale.| 100%

DX &§ & &
ciimeto |[Goundary  Wniol | Fiesd | Contact

No|hoe e

[Heat condustion Outside Heat Conduction
3 vapor difusion Inside Vagor Diffusion
4 Vapor ainusion Outside Vapor Difusion

Bomerts (selfusedigrid): 26/1226/1776

After clicking the assignment button & a dialog pops up with the side selection options.

Select side or sides for assignment |X|

Selectthe side or the sides where the boundary
condition(s) should be assigned to (see help for
details).
[[]Top side
[ Left side [“] Right side
[JBotiorn side
o]

Here, you need to select the respective side of an element for the assignment of the BC. You have to
remember that boundary conditions inside the construction grid (i.e. between materials) are
invalid.
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When all boundary conditions have been assigned, it is possible to verify the placement of the
assignments by clicking on individual boundary conditions. For example, if you select the heat
conduction boundary condition for the inside, the construction view will highlight all elements that have
this assignment.

DRX &» & u!

cimats |[Boundey  inmsl | Finla | Contact

NofTyme [Name

+
3 Vepor dftusion Inside Vapor Dfusion

4 Vopor dtus) ide Vo

Omancions [wih}: |12 467696474571 3976831151666 nmm  Selection: 21,16 Blamants (selbusadiordy: 41122611776

In the assignment list window you can also check all assignments individually. There should be 3
boundary condition assignments in total: one for the heat conduction at the outside, and two for the
heat conduction at the inside, just as it is shown in the screenshot above.

Tasks

In a simple thermal bridge calculation the temperature field is interesting purely for visual analysis, e.g.
to find the point with lowest temperatures in complex geometries. Critical for design decisions and
code compliance are, however, the temperatures in critical sections, most importantly the inner wall
surfaces. Also of interest are the actual heat fluxes through the inside wall surface to quantify the heat
loss through the thermal bridge.

The post-processing allows extracting temperatures at specific points as well as horizontal and vertical
cuts. Therefore we will first assign a temperature output to the whole construction.

The default project template already contains some pre-defined output formats. In the output window
you may, however, also define your own output formats. The following screenshot shows a possible
definition of a format for a temperature field output.

Edit output format

General

Mame

Type, quantity and format of output data

Type ‘State variable ar related quantity v‘

Quantity ‘Temperature v‘

What formatis used if multiple elementsisides are selected?

‘Smg\evaluesmreach element or side v‘

Integration/averaging in time?
‘\Nme values as calculated at outputtimes v‘

Unitor output tirme: Unitforvalues:

Additional format options

[]rite binary data (useful for large 20 fields)

Field width Number farmat | Default
Preciziaon El
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The assignment of a temperature field output is done as usual in the three steps:

1. Select range of elements for which the output is to be obtained

2. Select output format (or output file, in case you want to combine several selections into a
single output file)

3. Assign the output format or output file definition

If an output format is assigned, a dialog is shown where you can specify additional information for the
output file to be created (output format, output time grid, and file name of the output file).

In our example, we want to create an output for the whole construction. The keyboard shortcut Ctrl+A
can be used to select all elements, alternatively you can also select the whole construction with the
mouse. When specifying the output time grid, it is here meaningful to use hourly values (even though
we are just interested in the final steady-state result).

~+ Create and Assign new Output File

Output File Specification
Filename: emperature Ffield.out}
Format: Temperature field

Output grid: | Hourly v

[ create and assion... | | concel |

Sometimes you may just want to obtain an output of a part of the construction, for example, the total
moisture mass in a certain material. In our case, we could just want to obtain the temperature field of
the aerated concrete (even though this doesn't really make much sense). However, we have to assign
an output now to an element range that is not rectangular. So we have to make two assignments. For
such cases, the following procedure is recommended:

1. In the output window select the register card "Output Files"

2. Create a new output file definition (press "New" tool button) and select here the temperature
field as output format, a time grid and a file name, for example "temperature_field_aac.out"
and confirm the dialog

3. Now select the element ranges covers by the AAC material in two steps and press the
assignment button in the output window. When done correctly, a click on the new output file
will highlight just the AAC material.

When obtaining outputs of heat flux of other flux densities, one has to keep in mind the sign definition
for flux quantities in DELPHIN. If you combine flux outputs not correctly, sometimes flux densities with
the same direction (for example heat flux from the inside to the outside) may cancel each other out.

The following diagram illustrates the sign definition used in DELPHIN.

This sign definition is used independently whether a side is between two elements or a boundary side.
Flux densities in direction of the coordinate axes are always positive. That has the advantage that one
can define cut planes through the construction and obtain the heat flux through this cut plane, as long
as the sides used in the cut plane are of the same sign.
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An example may help to illustrate this. If we want to obtain the heat flux from the inside to the outside
in our example thermal bridge, we need to output the integral (spatial integral) of the heat flux
densities across the inner surface. If we define the construction as we did before, we could simply
create an output file for integral heat flux densities and assign this output file to the two interfaces of
the construction to the inside, as shown in the picture below.

Use of both boundaries in common output file is
ok, because both sides are “positive Flux” sides.

Both boundaries have the same sign definition which allows us to combine the two outputs into a
single file for the integral heat flux density.

Use of these boundaries in a common output
file is an error, because the sides have
different signs of their fluxes.

If the construction were defined as above, the assignment would be wrong. A heat flux from the inside
to the outside would yield a positive flux for the top interface (flux in positive y-direction), yet the flux
through the vertical interface would yield a negative flux (against the x-direction). When you add these
up in an integral heat flux output the flux would cancel each other, even though both flux indicate a
positive energy flux from the inside to the outside.

This strict sign definition has, however, the advantage, that the heat loss through the construction can
be obtained much more easily. First we use the output format for the averaged heat flux density.

Edit output format E]

General
Narme Conhductive heat flux (spatial average)

Type, quantity and format of output data

Type Flux between elements ar boundary flux ~

Quantity | Heat flux (conduction) v

wihat format is used it multiple elementsisides are selected?

Averaged values of elements or sides v

Integration/averaging in time?
Write values as calculated at outputtimes v

Unit for output time: | h v Unitforvaluss: [Wirn2 v

Additional format options

Field width |12 Mumber format | Default v

Precision 9

When defining the output it is important to set the output type to a "Flux type" and select the weighted
average as calculation method.
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Once the output format has been defined, the output can be made by placing a vertical cut through the
construction, as shown in the following screenshot.

Konstruktion/Gitter

Ausgaben
DB X @ L& R
Ausgabedateien Ausgabeformatel Auggaberaster |

Mr. |Dateiname |Ausgabefurmat IAusgaberaster
Temperaturfeld.out Temperaturfeld Stindlich

- tromdichte_mit_Warmehricke.out Gemittelter YWarmestrom Stindlich
-Warmeslrumdichlefnhne)f\l’armebmcke out Stindlich

Gemittelter Wirmestrom

ks

Dimension [wh]: | 6.666668666666E & | in mm Markierung: 26,1 Elemente {ausg.jben. [Gitter: 1{1226/1776

For comparison you can create another output just for the inner boundary element of the first row.
Here we are far away from the thermal bridge and should have (approximately) one dimensional
conditions. A heat flux obtained here corresponds to the heat flux of the wall without the thermal
bridge. We can use this as reference value for the rest of the wall.

Simulation Settings and Starting the Simulation

Once the construction is modeled and boundary conditions and outputs have been assigned, we only
need to set the simulation options. In the simulation settings dialog we deactivate the moisture mass
balance, and reduce the simulation time to 2 days. Within this time we should reach a steady state.

Now the simulation can be run and should be finished within a few seconds.

Post-Processing

The analysis of the outputs is done with the DELPHIN post-processing tool, or alternatively with other
external tools such as TecPlot. The details of how to use the DELPHIN post-processing is done in a
separate tutorial, here we will just analyze the results.

The calculated steady-state temperature field is shown below in the interpolated and discrete mode. In
the latter mode (right) we can clearly see the underlying computational grid. In areas with large
gradients the grid should be refined for more accuracy. Furthermore we see that at the top of the
construction we just reach 1D conditions whereas the intersection wall is much too long (nothing
happens further to the right). So we could shorten the wall at the right side by about 30 cm and save
computation time (in our example this isn't relevant, but it may be in transient hygrothermal
simulations).
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D:\Tutorial_2\Wa&rmebriicke_symmetrisch.results\Temperaturfeld.out D:\Tutorial_2\Wa&rmebriicke_symmetrisch.results\Temperaturfeld.out
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When we obtain the course of the temperature at the critical pointer (inside corner), we see that even
after 2 days we haven't reached steady-state yet. For the screenshot below we have continued the
simulation for another 2 days (first change the total simulation duration in the simulation settings dialog
then use the "Continue" button in the simulation start dialog).
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If you now consider the heat flux outputs below, we notice the negative sign of the flux, which means
against x-axis and therefore from inside to outside, as expected.

D:\Tutorial_2\Wa&rmebriicke_symmetrisch.results

\!
N

Warmestromdichte ohne Warmebriicke
Warmestromdichte mit Warmebriicke

-

10 20 30 40 50 60 70 80 90
Time in [h]

Also, we see that the thermal bridge does increase the heat flux through this part of the wall by about
12 % compared to a plain wall (red curve is the output with thermal bridge, black is the reference).

Summary

In this tutorial we saw the principle steps of setting up a simulation model of a 2D construction detail.
Similarly, one can setup a simulation for hygro-thermal problems or much more complex geometries.
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Problems
1. Model the construction above without considering the symmetry and compare the results!

2. Refine the grid by adjusting the discretization options and compare the steady-state temperature in
the wall corner (mind that after modifying the discretization you may need to update the assignments
for flux outputs)!

3. Add an inside insulation and compare the influence of the thermal bridge on critical temperature and
heat fluxes!

4. Run the simulation with and without inside insulation as hygro-thermal simulation. In addition to the
heat conduction boundary condition, you need to specify also the vapor diffusion boundary conditions.

... End of 2nd tutorial
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Tutorial (3) Postprocessor

Graphs of state variables

The Delphin-Postprocessor provides manifold possibilities to customize graphical outputs to own
conceptions. This tutorial explains how

e the postprocessor is started and result data are selected,

e chart headlines are customized,

o multiple lines are displayed in one chart,

e alegend is added and the appearance and labelling of single lines is customized,
e axes and labelling of axes are customized and

e supplemental lines are added.

B8 D:\Erstellen graf AusgabeniD5_Graf Ausgaben.cht
File Edit “ew Dats Chart Style Objects Apslyze Help Debug

X B 5 B DA MntegrabKordensat out @
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]

Jun00 Dez00 Jun01 Dez01 Jun02 Dez02 Jun03 Dez03

Mo Update necessary all data selected Changed

Starting the postprocessor and selection of results

Start the external postprocessor by clicking on the corresponding symbol in Delphin5.

P

g 2

Jutputs Sim Charts

Post-Proc

Filter

Al assighments

Mineralwolle WLG 035
Mineralwolle WLG 035
Mineralwolle WLG 040
Mineralwolle WLG 040
Dampfbremse, d=1mm, sd=0.1m

Huolzweichfaserdammplatte - WLG 045 angp
Fichte 8w_Fi- radial_angp
AulEen Widrme-Passau-kalter Winter

Aulten: Dampf-Passau-kalter Winter
Innen: Warmeleitung
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Thereupon the postprocessor will open. To open result data click on the button ,New Chart from Data
File®.

| Postprocessing for Delphin Outputs E”Elg|
File ‘Window Help

*UWDho &

A conventional Windows dialog will open. Choose the desired data. If you want to work on more than
one file from the result folder, keep pushing <Strg> resp. <Shift> while clicking on the files.

If more than one file has been chosen Delphin assigns result data with identical units, e.g. °C or kg, to
one chart.

In the so called ,chart‘-view several charts can be regarded and edited by choosing the corresponding
chart in the drop-down menu.

-] Delphin 5 Output
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Customizing chart headlines

With a right-click ON the chart headline you have access to the headline dialog, alternatively with >>
Style >> Title, too. If you intend not to display a headline choose after right-clicking on the headline >>
Delete.

s Apalvze Help Debug

lernisat.out » | ﬂ- (45

Edit...

- . IE
munikationl(—_ 0.02m

Alignment »
Frame
Background Colar. ..
v Adjust Frame. ..
Capy
Delete
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By choosing >> Edit after a right-click on the headline a dialog appears where the labelling and some
other settings regarding the headline can be changed. Confirm your changes with a click on >> OK.

itleEditDialog X 5
| Frame | Position |
Vergleich der Kondensatmengen
"
¥
Alignment
: | )
O Left @) Center O Right

To display any text at any place in the chart you may open the Delphin text editor (right picture). But to
guarantee a consistent typeface, headlines may be added better within the word processing program.

Displaying multiple lines

To display more than one line in one diagram or to add a new line choose neither >> Data >> Add
Data or right-click on the diagram but NOT on axes, axes labelling or lines, and choose >> Add Data.
Another possibility is a click on the button in the toolbar (right picture).

(-

Skyle...
View 30
Background 3 (
Erame. ..

Walls 3

(i

Copy Chart Skrg+C
Save this Chart,..

Paste 3
Change Mame...

Delete Chart

Add Data

Data Dialog. ..
Spreadsheet...

400 600 800 1000
Time in [d] OR

WeEofH N

The Data Dialog pops up showing which data are stored in ALL charts of the outputfile. With a click on
>> Import Data more result files can be loaded.

f Data Dialog, r;| @|g|
Awvailable Data ’

. Mame |T_l,lpe | N
. Az Azsign

M Srntegral-Fondensat.out 20-Output

A SLuftfeuchte-Diammung extern. out 20-Output
: D& i 20 -Output

. SLuftfeuchte-Diammung interm. out P! Unit not valid
A SLuftfeuchte-extern. out 20-Output for both axis |
lzon Explanation

el in selected Chart

E in ather Chart
x ot referenced

.. "Holz - Temperatur. out 20-Output
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If you import more data, these are not displayed automatically in the chart currently opened.
Therefore, a violet cross on the left of the new imported list entries is visible. To assign them to the
opened chart view, choose the chart in the list and click on >> Display. To choose resp. display more
than one file use the <Shift> button.

#.Data Dialog

Available D ata

Mame | Type | ~

| Auiz Azzigh
0 Luftfeuchbe-DEmmung intern, out 2D-Output (@) Left Asis
D:4. . ALuftfeuchte-extem, out 2D-Output ) Right Auis

D:%. . \Holz - Temperatur.out 20-Output

C:%. \ntegral-Kondenzat. out 2D-Output
|zon Explanation

el in selected Chart

- @ in ather Chart
'. ﬁ Display x ot referenced

D, —

KX

2D-Output

After importing and displaying two more graphs the following postprocessor output can be seen within
this example, the headline has been changed in the previous chapter:

-] Delphin 5 Output
File Edit WYew Data Chart Skyle Objects Apalyze Help Debug
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Adding a legend, customizing appearance and labeling of single lines

A legend can be mapped with >> View >> Legend. If you left-click on the legend and keep the button
pressed, the legend can be moved to any place in the chart.
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-] Delphin 5 Output
File Edit UM Data Chart Style Qf
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Zoom L4
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Wigw 30
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=] Show Position
=
—_ Show Cross

< 0,81

To customize the general defaults of the legend choose after a click on the right mouse button and
choose
>> Legend Dialog.

If you want to change the labelling of single lines, line width or colour click on the Line Data Dialog in
the right vertical bar of the chart view or in the menu bar >> Data >> Line Data Dialog. Depending on
the type of the chart there are more possibilities to access this dialog.

jen 5

JJ\ t'“n

Jnikatiun\IVPU\Sims\DB4_D.DQm_RHb
InikationWPLWSims\OB4_0.02m_RHa(
InikationWVPLWSims\0B4_0.02m_RHalE

P

Here you have manifold possibilities to customize graph related settings according to your
conceptions. To CHANGE THE LINE LABELLING double-click on the desired graph in the list, change
the name and confirm it by clicking on >> OK.

#. Line Data Dialog

D5 zer\UlsKammunikation® Style Data Management
D :AUserUlNKommunikation®
DU zersUlsEammunik ation ’

o Line ] ’ Spreadsheet ] ®.Series Title

’ £ Paint ] ’ *% Delete ] WSimsiDB4_0.02m_RHS55 resultshintegral-Kondensat.ou |

’ A Mame ] ’ 5 Change ]

‘r'ou can change the order of the lines

by moving the roves of the grid

(7o) (Xee]

The LINE WIDTH and COLOUR can be changed by clicking on >> Line in the Line Data Dialog. In the
dialog >> Point the display of lines can be specified more exactly e.g. whether in place of a continuous
line rhombi or circles of different size or colour shall be used.

Via >> Spreadsheet every single stored value at every single output point in time can be revised and,
if necessary, changed.
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Customizing axes and labelling of axes

To customize axes labelling, axes section or character etc. you have to access to the favoured axis
first. This can be done neither by double or right mouse click on the axes or with >> Style >> Axis >>

Top resp. bottom resp....

hben_bearb.cht
Chart BER%EN Objects Analyze Help Debug

5|DA. Chart.., vh®m @
Backaround » densatn

T Frame...

— Lt Title...

— Lt LegendDialog... 50g Kondensat—l

— Lurreucrite 9o0%

[

In the first tab ,Scale® MINIMUM AND MAXIMUM VALUES OF AXIS can be adjusted. In the present
example the maximum for the y-axis is set on 1.2. Maximum and minimum values are set
automatically if >> Autoscale is switched on. In the box ,Majorincrement” the difference between
visible values of the axis division can be defined. If the margin between single numbers becomes too
small for displaying them, Delphin disregards the user value at ,Majorincrement” and uses a higher
value automatically. >> Logarithmic causes the logarithmic division of the axis, >> Inverted inverts the

division.

Axis-Style Y-Axis left

Increment

DateTime:

MinorCount:

Limnits

Autoscale
Minimum: b
M aximumn: iiﬂ,ﬁU?S

Majorlncrement: |01

4 ] Auto

i Title | Grid Style | Axis Lines | Labels | Yalue Label Format |

Options
[] Logarithmic

[ Inverted

[[] Sqrt Time
Multiplier
MultiplyE it
Unit
kg

X

The AXIS LABELING can be changed in the second tab ,Title“. Here, in the box ,Size" the MARGIN of
the axis labelling to the left border can be customized. A ,0“ at ,Size“ causes the automatic calculation
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by the software Delphin. This setting sometimes causes at numbers with many decimal places

overlapping.

fixis-Style Y-Axis left X

| Scale

Angle
oo
® %0
O180°
O 2700

Grid Style | Axis Lines | Labels | Value Label Format |

Owverhygroscopic water mass density in [kg)

Size: Font
o & [avial s
[JBold e ¥
[ italic
[] Underlined .
[ Strikeout

In the same manner modifications of the horizontal x-axis can be carried out. If concrete date display
shall be indicated on the x-axis, activate the flag ,Data Time"“ on the right hand side. The time interval

can be chosen on the lower left hand side.

Axis-Style X-fxis bottom El
Scale |Tit|e Grid Style | Axiz Lines | Labels | DateTime Label Format

Lirnits Options

Autoscale

Minimun: l:l Dlirvered

I awirnuim:

Increment

Majoncrement Muliplis

Unit

MinarCount:

The FORMAT of the date display as well as the SPECIFICATION OF THE FIRST POINT IN TIME can

be set in the tab ,Date Time Label Format®.

Axis-Style X-fxis bottom

Scale | Tite

Grid Style | Awis Lines | Labels | DateTime Label Format

3

Description
depending on th

Year

Specification of the first
point in time Format

taonth:
Day:

One char
Two chars:
Three chars:
Four chars:

W 0K

Strings for the different date or time components

Far pear formating:  Two chare - bao digit number

& seoss D

& localization of the operating spstem

¥ Hour: H
M Minute: m Drate Time Farmat Sting
d Second: 5

number without leading zera
number with lzading zero
short name

long name

Four chars - four digit number
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Adding horizontal or vertical lines

Additional horizontal or vertical lines can be added after clicking on the corresponding button in the
right vertical bar or with >> Objects >> Included Lines.

mengen

Luftfeuchte 50%
Luftfeuchte 50% und 250g Kondensat
Luftfeuchte 55%

\

“WprEoH N

For instance, to separate single years more clearly from each other choose the tab ,Vertical®. Input at
.X Position Selection“ 365 and, to safe additional time and effort in input, choose ,Set max Length®, if
the line shall run on the entire height of the chart. Do not forget to confirm every input with ,Insert®,
otherwise inputs get lost! It is possible to save and load the whole collection of inserted lines. In so
doing, lines have not to be drawn in every chart of similar constructions again.
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Lines @
@ orizontal |

. Position Selection Y Begin Y End

730 | Set max Length

Delete

Deletedll

Line width
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- clBlack ¥

[ wok | [ Xcancel] [ BYsave | [ & Load |

Terminatory, the limiting value of one kilogram per square meter is drawn as horizontal line and
slightly thicker:
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Tutorial (4) Defining of (result) outputs

Delphin offers a number of canned outputs that can be automatically generated. Nevertheless it could
furthermore be useful to define further outputs. Both will be explained in this tutorial.

Usage of the output assistant

This button "= calls up the assistant for the result output. Thereby the following dialogue window will
open:
Qutput Wizard rz|

Field and integral outputs

Fields: Integralsifverages:

v| Temperature field Temperature average value

v| Relative humidity field Relative humidity average value

| Liguid water content field (Walume fraction) Liguid water cantent average value (Mass fraction)

Liguid water content field {Mass fraction) v| Moisture mass integral walue {liquid + vapor + ice)
v Owerhygroscopic moisture mass integral value {condensatio
Outputs for 1D- and 2D-simulations

Local outputsifuxes for 10 constructions only:

Lefttop construction side: Right'hottom construction side:
Surface termperature Surface ternperature
Relative huridity average value Relative hurmidity average value
Conductive heat flux (spatial average) Conductive heat flux (spatial average)
Wapoar diffusion flux (spatial average) Wapor diffusion flux (spatial average)

Output for 1D-simulations with automatic assignment

| Create and assign selected outputs | ’ Cancel ]

The outputs of the area above are automatically assigned to the entire construction. This assignment
can be altered afterwards. The old assignment in the window >> Assignments-/Selections should be
deleted in order to change an effected assignment. Afterwards the requested output can be clicked on
in dialogue window >> Outputs >> Output files and can be assigned with .

Outputs of both areas can be clicked on whereat the outputs of the area below are only useful for a
one-dimensional simulation. They are automatically assigned to each respective surface or more
exact to the outer discretized elements.

Defining of own outputs

Three steps must be executed for the definition of own outputs:

+* Outputs

Output Files GridsfSchedules

WFilename |Output Forrnat |Output Grid |A
Field - Termperature.out Termperature field - single 1a-2.5d__1a_ 1a

2 Feld- RelHumidity.out RelHumidity field - single  1a-2.5d__1a_ 1a
-Integral- Moisture. out Total moisture Hourly

-Integral - Liguid weater {overhyg).out Owerhygroscopic moisture Hourly
-Surface termperature EXT.out Termperature - average Hourly

i

1. Grids/Schedules: Determination of the time grid
2. Formats/Types: Determination of the output type
3. Output Files: Assignment to elements with determination of the output file name
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Determination of the time grid

In general output formats with hourly and daily output rhythm are already predefined under
Grids/Schedules. The definition of further output grids can be initiated with a click on O or a right click
on the table below and >> New output ... . An output grid with different sections should be generated
in the following.

Two-dimensional field outputs, being explained later on explained in a more detailed way, can result
into large output files influenced by a to fine temporal output grid. Their processing in the
postprocessor occupies much time. In principle the outputs are thereby often practical redundant,
since the individual annual outputs differ visually little at a cyclically recurring climate. Therefore it can
be useful to only display the first and the last year of simulation.

£ Edit output grid

Cutput grid definition

Mame 1a-2.8d__1a_ 1a-2.48d [] Grid far update of variables
Inter\r &

Interval #1 |Interva| #2 |Interva| #3 nteral #4
Duration 1 a 2a 1a )
Time step 25d 05a 25d 05a
Cutputs 146 4 146
Interval start 0 365d 1095 d 1460 d

Faormat for durationsitime steps: =value= =unit=, for example: 5 h
Available units: s, min, h, d, a
A duration of 0 means ‘infinite’

(o) (o]

Therefore the definition of four different intervals is useful. Initially four years are estimated for one
simulation displayed in the figure above. The first interval for the first year (duration = 1a) is planned
with shorter time steps since at the beginning of the simulation the construction is not yet settled.
Then, in dependence of the construction, a period of time may follow during which hardly any
condition images are saved (here 2 years: duration = 2a). Thereupon the construction should be
displayed at the settled state, which is why a third interval of the length of one year is determined.
Subsequently, if the simulation is to be continued, only one output grid is defined here for ALL of the
following years, which is why a ,0° will be entered for the duration. ,0° stands for unlimited, infinite
period of time.

The rough output grid was selected with 0.5 a, meaning there will only be one output every half year.
The finer output grids add up to 2.5 days = 2.5 d. Thereby alternating between noon and midnight an
output is saved, so that no false impressions accrues especially concerning temperature images.
Would a daily output rhythm be agreed upon, only the cooler temperatures at midnight would be on
display.

Determination of the output type

The output types can be determined under >> Formats/Types in case it should be output more
detailed.
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+* Outputs E|
0 X

outputFiles N Formatsrypes || Grids/Schedules
WName |T\,fpe |Quantity |['I'ime] |[VaIUEA

Temperature - field_single Field Temperature d o3
2 RelHumidity - field_single Field |Relative humidity d %
-WaterCUntent-Vol-ﬂeld_sin Field |Liguidwater content {olurmd maim
-Temperature- average Field Temperature d [
5  RelHumidity - average Field |Relative humidity d %
-WaterCDnt-Vol - average Field |Liguidwater content {olurnd m3im

A Cont-hl - average jeld Liguidwater content (ass (o

The output types can not only be defined in this window, but also with =¥ associated with elements.
The definition of additional output grid can be started with a click on O or a right click on the table
below and >> New output ... .

Edit output format E|
General
MName Mew autput farmat

Type, gquantity and farmat of output data

Type State variable or related guantity v

Quanti P A o B e
ty lux between elements or boundary flux

What format is used if multiple elements/sides are selected?

Single values for each element or side L

Integrationfaveraging in tirme?
Wiite values as calculated at outputtimes v

Unit for output time: | d | Unitforvalues: |©C v

Additional farmat options

['wirite binary data (useful for large 20 fields)

Field width |12 Mumber farmat | Default v

Precision ]

It is advisable to give the individual output types at "Name" meaningful names, so that the name
already clarifies the content of the output. This avoids any possible confusion.

“Type* and ,,Quantity“:

First, at >> Type it must be decided between the output of a condition variable and a flux. The >>
Type: Flux between ... include, for example, the heat flux or the convectively transported water vapour
flux. The >> Type: State variable ... include temperature, air humidity, degree of saturation or mass-
related moisture content.

The self-explaining selection at >> Quantity automatically adjusts to select the combination of >>
Type.

“What format is used if multiple elements/sides are selected?:

Three different formats are distinguished here:

e “Single values for each element or side”
If multiple elements are assigned to this format, a value of each element is saved. With this
format one-dimensional wall profiles or profiles in two-dimensional details can generate

44



s23encult

EFFICIENT ENERGY FOR EU CULTURAL HERITAGE

Deliverable D7.2 Knowledge transfer, training, guideline Simulation

"colourful images". The outputs can get very large for two-dimensional simulations. Larger

output time steps should therefore be chosen here as described in "Determination of the time
grid".

One-dimensional wall construction: Two-dimensional detail:

Construction/Discretisation

NI L=, seale| t00% 2]

Construction/Discretisation

I3 [z, seate WX HERED=

1D-simulations amount to
»Single  values“diagrams
with profiles

2D-simulations  amount to
»Single  values“2D-condition

3

|s.a7133 infhm  selection: 59,34 Elements (seljused)

Dimensions [uh1.25 inmm  selefion: 37,1 Elements (selfused| |cimensions [z 145

25 —
ING— T
Maximales Profil ‘E‘
_ 20 Durchschnittliches Profil A 2
O Minimales Profil S
= 15 £
k=i I g
£ . 3
Z2 10
g
2.
g ° Y
I:) 0 ///
/
5 —
005 01 015 02 025 03 035 04 045 0 0.2 0.4 0.6 0.8 1 12
Location in [m] Location in [m]

If "Single values" are assigned only to a single discretize elements, diagrams arise, similar to

the assignment of "Averaged values ..." or "Integrated values ..." with the time axis as the x-
axis.

“Integrated values in space”
If multiple elements are assigned to this format, only one value is saved of all selected
elements at any time of output. However here the result values of all fields are integrated.

Delphin only accepts summing of reasonable output variables, for example temperatures of
several fields cannot be integrated.

The output diagrams look similar to >> Averaged values ... .

“Averaged values of elements or sides”

If this format is assigned to several elements, all selected elements are saved at each time of
output. This is the average value.
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I Construction/Discretisation

Averaged values amount
to time-depending lines in
x-y-diagrams (below two
possibilities are compared)

IDimensions [w,ih|3.867

| 4.00791 inmm | Selection; 59,13 ... 80,13 Elements (selfused]
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Zeit in [d]

“Integration/Averaging in time*“:

At present only one possibility is given for the exact definition of the time of output or area of output.
There the output value is output at the end of each interval, e.g. the temperature is output at the end of
one hour. Averaging over a period of time is currently not possible.

Notes:

Pay attention to what is displayed in the "Unit for values"! In "Unit for output times" normally matching

units should be selected. In the simulation of multi-year periods days (d) or years (a are
recommended).

Example: Definition of an output format for overhygroscopic humidity

The output of the overhygroscopic humidity is often taken to help if you want to calculate how much
liquid water is generated. In Delphin5 the default is 95%. This preference may be set under >>
Simulation >> Output related options >> Maximum relative humidity hygroscopic. Specifically, this
means that the amount of moisture above 95% humidity is defined and output as overhygroscopic
humidity. The amount of moisture below 95% relative humidity is not considered.

Insert in tab >> Format/Type a new output format, showing the following:
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Edit output format E|
General
MNarne Owertrygropcopic moisture
Type, quantity and farmat of output data

Type State variable or related quantity w

GQuantity Overhygroscopic water mass density v

What forrnat is used if multiple elements/sides are selected?

Integrated values i

Integrationfaveraging in time?
\Write values as calculated at output times w

Unit for output time: |d ~ | Unitforvalues: |kg w

Additional format options

Field width |10 Nurnber format | Default v

Precision 7

If at >> Quantity: Overhygroscopic water mass density is selected, only with the output format
Integrated >> values in space the desired output unit kg is generated.

Often in calculating one-dimensional wall structures a comparison with respect to a size of m? is
desired. This is obtained automatically when the level of the wall structure is 1 m, since by default, the
length in the z-direction, meaning out of the screen plane, is also 1 m. The length in the z-direction can
be changed by right-clicking in the window >> Construction/Discretisation >> Edit construction ... .

Assignment of the output format to elements

Outputs can be assigned to individual elements both in tab >> Output >> Format/Types or in tab >>
Output files

Assignment in tab “Format/Types‘:

Mark the desired discretize elements and the output format. Click on =* then and it appears:

++ Create and Assign new Output File g@@

Qukput File Specification

Filenarne:
Format: RelHumidity - average

Oukput grid: Hourly w

I Create and Assign. .. l [ Cancel ]

Assign under "Filename" a clear, understandable name. . "Out" is the Delphin5 output format. You can
select the appropriate temporal output grid under section "Output grid". After clicking on "Create and
assign ..." the output is generated automatically and is entered in the tab "Output files" and on the
other hand, the output assignment is registered, like all assignments, in the "Assignments/Selections"
window.

Assignment in tab “Output files*:

Mark the desired discretize elements. Then click on O or select by right-clicking on the white-backed
list “New output ...” and it appears:
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Edit output file definition

Outputfile definition

Filename ¢without path) |re\hum_average out |

Output farrat

Select output format: |ReIHum|dlw-average vH Edit. ]

Type State variale of related guantity

Space format. MEAN Walue unit. %
Time format:  NOMNE Time unit:  d

Output grid
Select output grid:

Here you also have to assign a possibly distinct name for the output file ("FileName"). In the "Select
output format" you can choose between the output files that are defined under "Format/Types". In the
rows below the properties of the selected output type are displayed, in particular the spatial format.
Now you only have to choose a temporal output grid at "Select output grid". The output file will then be
created in the list with OK.

You must mark the desired elements, select the output and assign with & for the final assignment of
the output. The assignment is then automatically entered in the list of the window "Assignments /
Selections".

Note 1:
Sometimes it will be less time-consuming if you copy the tab "Output files" in existing outputs. The
name can be changed by double-clicking on the output file.

Note 2:

If an output from the dialog >> Output files is assigned to several different areas of design, all
associated elements are released in an output file. If, for example, the output file was an integral the
values of all assigned elements are counted together. In the exemplary illustration below of a corner of
the building, both the amount of moisture and the horizontally and vertically displayed layer is then
added together. The average value of all assigned elements is made according to an average output
format.

In Delphin only rectangular areas can be processed. Therefore, the vertical and horizontal layer were
assigned sequentially in the corner of the building, meaning the output was first assigned to the
horizontal layer and then to the vertical layer. However, since it is the same output format the order is
irrelevant.

An issue has been

assigned to the
displayed vertical and
horizontal insulation
layer.

ID \\\\\\\\\ [wih|3.867 ||+.09731 inmm | Selection: 59,13 ... 60,1% Elements {seljused]|
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Tutorial (5) Creating and importing of TRY-climate data

On the sides of the BBSR (Federal Institute for Building, Urban Affairs and Spatial Development) free
software for creating TRY climates can be downloaded
(http://www.bbsr.bund.de/BBSR/DE/FP/ZB/Auftragsforschung/5EnergieKlimaBauen/2008/Testreferen
zjahre/03_ergebnisse.html? nn = 436 654 or at an Internet search for "TRY download BBSR 2011"
enter). With this software, climate data for Germany can be generated, while the height and city's
influence can be taken into account by special algorithms.

Creation of climate data

The TRY Software "impressing a city and/or height of effect for a TRY" is kept quite clear. With a few
clicks a TRY (test reference year)-climate is created:

Aufpragen eines Stadt- und foder Hoheneffekts fiir, ein TRY

TRY - Region TRY - Tup

Fegion 1: Bremerhaven mittleres TRY [1988-2007)

Region 2 Rostock extremes TRY - Sommer [1988-2007)
Region 3: Hamburg extremes TRY - \Winter [1988-2007]
Fiegion 4: Potzdam mittleres TRY [2021-2050)

Fegion 5: Eszen extremes TRY - Sommer [2021-2080)
Fegion 6: Bad Marienberg extremes TRY - Winter (2021-2060]

Region 7: Kassel
Region & Braunlage
Region 3 Chemnitz Stadteffekt

Region10: Hof Iv Stadteffekt aufpragen
Fegion11: Fichtelberg

Fegion12: Mannheim Stadtbereich:
Region3: Muehldorf Stadtrand
Fegion14: Stoetten Mittleres Stadigebiet
Fegion1: Garmisch Eng bebaute Innenstadt
Anzahl der Einwohiner: 1}
Hiheneffekt

Iv Hiheneffekt aufpragen

Ende geog. Hohe des Standortes:

Statusinformationen

1. 1 First, select in the window >> TRY region a climate region. The 15 climate regions are displayed
in the supplied Germany map *. pdf files.

2. Then the >> TRY-type must be selected. Here you can decide whether a future climate should be
created, as it is expected to prevail in the years 2021-2050, or whether a climate based on measured
values of the years 1988 to 2007 is to be created. The climate data record of an average year, a year
with very warm summer and a year of very cold winter are at disposal within the two climate periods.

3. If a city effect should be taken into account >> City effects impose must be clicked on. This way the
location of the building within the city and the size or number of inhabitants is included.

4. A compared to the reference site other high elevation of a building is considered when is confirmed
impress >> height effect. A compared to the reference site other high elevation of a building is
considered if >> height effect imprinting is confirmed.

5. After clicking on >> Effects imprinting and the exclamation “Hossa! Hossa!” the climate data will be
created.

The produced climate data is in a file with the extension * .dat in the folder " _xxx_ / data / results"
created by the software. The file name displays all settings made. The climate data does not include
rain data.
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Further explanations can be found in the manual or project report.

Import of TRY-climates in Delphin

At first you must call up the dialogue of the climate data import in window >> Conditions with the
button = for the import of a produced TRY-climate in Delphine5.

Import climatic data... @

Inside climate
Inside conditions: Boundary conditions:
Condition Walue | Heat conduction
Temperature | Yapor diffusion
Relative hurmidity a0 %

Outside climate

Location: -

Germany

Refresh tree view Italy

Japan
LUSA

Clirnate Data Directary |

Boundary conditions:

Select location of inside climate (for 10 constructions)

- Create conditions H Cancel

Click on >> Add Climate and it appears:

5+ Add climate from external file E]E]

Climatefie: | |D
Climate kind. | DWD_TRY_1985

Output directury:|C:IDOkumente und EinsteIIungenIruisingerIAnwendungsdatenIIBKfcIima| D

Country: | |

Location: | |

Cancel

First, the type of climate to be read should be entered in >> Climate kind, in this case
DWD_TRY_2011. Then *.dat file can be selected in >> Climate file and the output folder in >> Output
directory. A click on >> Add triggers the import into the Delphin project. Thereby an error message can
occur for incomplete data sets, especially for cloud coverage.

If a newly created climate of Delphin is found generally to choose from, it can be saved in the folder
IBK/Delphin 5.x/DB_climate_data/[x_country name_x]. The climate will always be available via the

dialog >>Climate >> " as a result of this.
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2.2 Workshop’s Presentations

- Numerical Simulation
- Application of Delphin

- Moisture damages
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TECHNISCHE Numerical simulation of heat- and moisture transport
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e Transient

- Usage of dynamical boundary conditions (external und internal climate)
- Thermal and hygric inertia of construction is considered

e Hygro-thermal
- Heat conductivity and storage

— Moisture transport (vapour and capillary conductivity) and
moisture storage

e Building elements

— Materials and systems/constructions
— Constructional details

e Simulation
— For analysis (expertises) and prediction (feasibility study/optimisation)

Interior Insulation Workshop 3Encult
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Transient transport processes in capillary-porous building materials

internal external A

/\
AP,

Temperature

>
<
£

7

N4
>
VA

Radiation (short and long wave)
Temperature

///

Humidity
Wind

Rain

Air pressure
Ocecultation

Humidity
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Basic knowledge for the use of simulation software

e Material properties
e Conserved quantity
e Transport processes
e Initial conditions

e Boundary conditions

e Mathematical method
e Space discretisation
e Time steps

e Precision

\

J

\

> Physical state equations

> Numerical solving method

Interior Insulation Workshop 3Encult
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Part 1

Physical basic equations and models
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Mathematical basics and nomenclature

Einsteins’ summation rule:

Ji = ij Usage of direction index implicates sigma sign
k
For cartesian coordinate systems: k = X, V,Z
o6 0 0 0

Usage for partial derivative:

ox, ox oy oz
Example:

Conserved quantity is defined in dependency

= m(t,xk) of time and space

om oOm Om Om
= + +
ox, Ox 0y Oz

Partial derivatives are summed

Interior Insulation Workshop 3Encult
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Conservation equations (Balance equations)

Energy conservation (transient heat conductivity equation):

o 0 00

a?:ax (ﬁax j with O0=0(t,%) and 0=06(t,x)
k k

0 JIm’ Internal energy density

2] °C Temperature

Change of internal energy in time (only heat storage):

o0 00
—. ~— PanCr <
ot ot

Important material parameter:
Pary kg | m’ Density of dry materials
Cr J | kgK Specific heat capacity
A J/smK =W | mK Heat conductivity
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Transient heat conductivity - till achievement of steady-state conditions

Temperature profiles

20- —
1 \
16 N - \\
14-
o 12: — Initial cond.
~ 40 — 10 min
g 1 — 1 hour
® 8 — 4 hours \
o ] — 1 day \ \
=% |
E 6
) ]
2 A\
¥ \\
’ \
0 \\
-2 : :
] Brick wall Wo \
_4-

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Location [m]
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Transient heat conductivity - till achievement of steady-state conditions

Steady-state conditions = no change of conservation quantities in time anymore

0- 0 189
ox, \ Ox,

|:> Heat fllxes constant: q= —/1(2—9 = const
X

|:> Storage term and heat capacity are irrelevant for stationary state

At transient processes the storage term controls how quick
the system responses to boundary conditions:

e high heat capacity - slow achievement of stationary conditions
¢ low heat capacity - quick response
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Conservation equations (Balance equations)

Water mass balance (transient conservation equation for moisture in building

components):
ow 0
— =  \&x T8, with  w=w(f,x
ot O, ( o ’k) (.x,)

w kg | m’ Water mass density

g, kg/mzs Vapour flux density

g. kg /m’s Capillary water flux density
pv 4 W a

gy

Ew

»
»

Vapour pressure gradient  Vapour diffusion Water content difference  capillary conductivity
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Numerical simulation of heat- and moisture transport
in capillary-porous building materials and constructions

Conservation equations (Balance equations)

Gas mass balance (transient conservation equation for gaseous phase in building

components):
op 0
£ = ——(ggc,k +ggg’k) with o, =P, (t,xk) and P, =P, (T, W,pg>
Ot Oox,
P, kg | m’ Gas density
8o kg /m’s Convective gas flux density
g kg /m’s Gas flux density due to gravity
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Transport processes and models

i 00
Heat flux density: qg=—-1—
Ox
5, . D
Vapour diffusion: g, =——uar ap, _ . Op,

U Oox _RVT Oox
0
Capillary water transport: g, =—K, by
ox
K, op
g g
_p_g o | S =Ko 8P

Gas transport: e —

_ 2ycos@ The smaller the pore radius,

Capillary pressure:  p, = - —> the bigger the traction force
and therefore the water height
in the capillary tube

Water pressure: P, =P.TD,

Pressure gradient in liquid phase induces water transport
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Transport processes and models

Evaporative cooling and heat of condensation

Specific enthalpy of water vapour: hv =Cr, (T _TRef)+ Hevap
Specific enthalpy of water: hw =Cry (T _TRef)

6
Evaporation enthalpy: H,,,=3.08-10" J/kg

—> h>h, although  Cr.» = 2¢7,

Enthalpy transport of water vapour is much bigger than of liquid water!

8w 8y

Example: ‘ ::>

=) ()

g.h, g.h,
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Summary

Conservation equations

ow 0

Moisture mass balance: —=—— +
ot OX, (gv’k Ew )
o0 0
Energy balance: = ——— (g, +h +h
> ot ox, URLERAL ™

Solution of equations

Initial conditions (one for each conservation equation), e.g.: 7,¢ or T,w

Boundary conditions (types):

Neumann (2nd) Describes fluxes from surroundings into construction,
z.B. radiation heat flux, Vapour diffusion flux

Dirichlet (1sY) Describes boundary values, e.g. surface temperature

Cauchy (3m) Describes fluxes and boundary values
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Summary

Material parameters and material functions

General parameter:

Pary kg | m’
Cr J / kgK

Transport parameter:

A W |/ mK
IL[ -
K, S

Moisture storage parameter:

w(pc) kg/mz
w(gp) kg /m

Density of dry material
Specific heat conductivity

Heat conductivity
Water vapour diffusion resistance value
Liquid water conductivity

Moisture retention curve (MRC)
Sorption isotherm
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Part 2

The numerical solving method
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Control volume method

Used to transform partial differential equations into systems of ordinary
differential equations

Analytic derivation using the example of heat conduction equation:

oU 0

1. Transformed original equation: —+—(qk)= 0
ot ox,
oU 0
2. Multiplied with function: - —+—(qk) =0
ot ox,
oU 0
3. Integrated lume: | —+— dV =0
ntegrated over a volume ;‘[ { o ox, (qk)}
Presumptions/preconditions:
oU oU
w =const (= 0-order FEM) and I—dV =—V
) Ot ot
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Control volume method
Analytic derivation using the example of heat conduction equation:
oU 1 ¢ O (q ) v
4. Equation transformed/simplified: _:__J_
quation transformed/simplifie Py % ) axk k
oU 1l -  —
5. Gauss-Green-Theorem: P __CJSnkAk 0 dA
o V3
oU l - —~
6. Application for discrete areas: 5 = —?Z”i 4, qy,
oUu 1
Example: 1D —=—[Alq, —Arqr]
o vV
oUu 1
E =E[q, —qr] with the borders of the volume | = left, r = right
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Balancing of conserving quantities (mass + energy)

L

3
o
b =]
S
o

Outflow

Inflow

Inflow

Change of density in the discrete volume = Difference between inflow and outflow
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Control volume method

Derivation at concrete example: vV
q
= ; =
q,
Al Ar
/IV Ax /IV

Change of absolute conservation quantities per time = difference of fluxes

AU -V =At(A4q,—-A44,) atwhich 4, =4 =4 and V=Ax4d
hence A—U—é( - ) and A—U—i( - )
NV 9, — 49, A Ax 9, — 494,
o . ou A
and for infinitesimal time steps: 5 = ?(q, —qr)
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Discretisation

Discretisation for numerical solution Definition of local state variables
~ Material macroscopically homogenous 6 Water content
Isotropic transport properties T Temperature

Properties of volume elements, o Relative humidity

representative for the material
p, Vapour pressure

P.  Capillary pressure
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DRESDEN in capillary-porous building materials and constructions ‘.

Discretisation of partial derivation

o6
Example: Heat fluxes between control volumes q, = —/18—
Xk
Taylor series expansions:
of Ax* 0
f(x+Ax)= f(x)+Ax f+ +..
ox 2!
Estimation of 1. derivation of function (with fault 2nd order):
0 x+Ax)— f(x
f_SEHAD @) o
ox Ax
:> Discrete formulation of heat flux g, =—1 A0
Density between control volumes: k Ax,
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Numerical solving methods at a glance
ou 0 P 06
ot ox, \ Ox,

+
Control volume method
+
Discretisation of partial derivations

System of ordinary differential equation
(one equation per control volume and conserving quantity)

e.g. 1D heat cond- 0U, 1 P 0._, -0 P 0.-6,,
ductivity equation ot T A | T2 Ax__ i+1/zAx_
i i-1/2 i+1/2
i—1/2 i+1/2
| | | | ||
I j | i1 | ]
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Numerical solution

Discretised differential equation (example: moisture mass balance)

O 1
@_v: — _A_V ;(gvapour T 8liquid )A

Numerical Integration

A I Iterative calculation of solution
V..

Correct till differential equation is fulfilled
result :

- Polynomial extrapolation
Known

solution ——m8

I\,

Conserving quantities
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Numerical solving methods at a glance

2 balance equations * n elements = number of equations & unknowns

Vector with unknowns: Y= { i,Wi}
System of differential equations: % =1(z,y)
4

Solution of equation systems by time integration:

y(6) =y, + [f(ty) di

">  Simulation software DELPHIN
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DELPHIN: Program operation

Steps - New Project
® Open new project
template

Choose memory location
of the project

¢ Delphin project name

DELPHIN opens a
standard template (*.dpj).

L Delphin 5 - [no project loaded]
File Edit View Simulaton Tools Help

=2

O 5 |
Open... '

()

@

Reload

e

N

Create new project...

—Select a template for the new project...

=lolx]

= Pre-defined pro;ecttemplates (from 'templates’ folder

- default_prolectdpl

= Example proje

(= AirFlux Effects on HM
Exdiltration-1¥all.dpj
Exfiltration-6Walls.dpj

(- Benchmarks
3_layers_lwconcrete.dpj
airflow_1D. dpj

il M A
SO J S S UPJ

hamstad_benchmark_4.dpj
(=} Brick Airgap Buoyancy
Buoyancy only.dpj

etely empty, you have to create evenghing from scratch)

~Projectlocation

Filename:

=

Directory: |C:\Program Files (x86)yIBK\Delphin 5.6.8

Help | Ok

Cancel

> Choose folder
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L Delphin 5 - [d:\temp\test3\New project.dpj]
. File Edit View Simulation Tools Help
Steps - Construction 0 = O o @ ‘ = = 5 ‘ >

New... Open... Save Sav;e as.. Reload Materials Conditions Outputs Undo Redo ‘ Sim...

¢ Define type of
construction, here:
1D horizontal

I Setup new construction... _ ol x|

—General construction properties:

Construction type |2D construction (planar transport) j
¢ Adjust number of material N T - 7]
. = 4

Iay_ers ”.1 Pie slice angle |EE (1F ., 3607) %

x-direction >
® Adjust thickness of Inclination: fo (-90° . 90%) i

different layer in [m] ’ X axis
Only transport in
x-direction:

~Initial grid setup

. . . Select number of columns/rows (vertical and horizontal layers) and define initial
The height (y-direction) widths/heights in meter {m].

und depth (z-direction)

N\,
Columns: |5 ) [ 13 1= s
should be 1 m to &#@ oot 001 036
calculate a wall area Rows: [1 =]

of 1m2. [

DELPHIN then opens the
construction view and
shows the succession of
layers — initially without
materials.
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L Delphin 5 - [d:\temp\test3\New project.dpj]
. File Edit View Simulation Tools Help
Steps - Material O = O o @ ‘ ) B 5 ‘ o ox

New... Open... Save Sav;e as.. Reload Materials Conditions Outputs Undo Redo ‘ Sim...

¢ Import material

® Choose program or WNB [, scale:| 100%~] | Wi ETaX | MIFEEEI=E | @&
user data base

¢ Choose import modus

¢ Choose material and
Import |t L Import material data

—Select material

Categorization: |1BK Laboratory |

VIE S

Layers 12 34 5

Historical Brick Cluster
Historical Brick Cluster (edye)
Historical Brick Cluster 4-D[J
Limesandstone
Wienerberger Normal Brig

- Gypsum

DELPHIN shows the e S
imported materials in the

. . Reﬁ'eshmateliallist..l View material... I Text-edit material |
material list.

\/

Material file: |6V

« Keep link to external material file
< ¢~ Import material data into project

rMaterial Data Info

The material data was measured, and the material functions and files were generated in the
Iaboratory of the Institute for Building Climatology of the Dresden University of Technology.

For more information or special material properties, or if you would like to obtain material
properties for your own materials, please contact the IBK Iaboratory.

Head of laboratory: Dr. Rudolf Plagge
Webpage of IBK Laboratory. ink to Hom: | I

Help | Jomen [ [
Interior Insulation Workshap-3Encult
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Delphin 5 - [d:\temp\test3\New project.dpj]
File Edit View Simulation Tools Help
Steps 0 = O o @ ‘ - 5 5 ‘ o =

New... Open... Save Sav;e as.. Reload Materials Conditions Outputs Undo Redo ‘ Sim...

I5

NoMaterial A
1 Historical Brick Cluster
2 Calciumsilicate

=

® Mark material and

favoured layer
N L=, scale:| 100%=. [ WX | IESEEEIE | ¢

® Click on green assign
button

;}Luﬂe Plaster (hist')

DELPHIN generates a
material assignment data
set and colours layers
with material assignment
corresponding to the
colour of the material.
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DELPHIN: Program operation

Steps

® (Call discretisation
dialogue

¢ Set grade of
refinement (higher =
more refined
discretisation)

® Set minimal/maximal
element thickness
eventually

® Start discretisation
(>> Ok)

DELPHIN divides material
layers in discrete volume
elements.

Delphin 5 - [d:\temp\test3\New project.dpj]

File Edit View Simulation Tools Help

0O = [ | = (7 = El g ) o E
New... Open... Save Save as.. Reload Materials Conditions Outputs Undo Redo Sim...
Construction/Discretisation =1o]x|

002 L, scate:] 100% = | hia 3 dEFEESE = TO®
F ° = | | D x [@ | ,
|No|Material

Automatic Discretization £|
~Discretization options
" Equidistant discretization
¢ Variablg discretization — — = — — _
- ~ -
” - ~
( ¥ minimum element width: I1 mm ;
~ : I
\I:riaﬂmum element width 20 _ ’mm -,
[v Discretize in X-direction
I~ Discretize in Y-direction
Detail level o
Low | | High
Elements (assignediotal):  |75/75
Stretch factor: |1,233
min dx: |1 mm min dy: |1000 mm
max dx: |31.69 mm max dy: I1000 mm
Co e |-
S 2

1 Historical Brick Cluster
Calciumsilicate

Adhesive Covering Plaster
Lime Cement Plaster (Transputz SG)
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DELPHIN: Program operation encult

Al:

Steps - Climate

® Import climate
conditions

® Adjust internal and
external climate
data

® Import and assign
boundary conditions
data sets

DELPHIN shows the
imported climate and
boundary conditions in
the conditions windows
and enables the
assignment to the
construction.

L Delphin 5 - [d:\temp\test3\New project.dpj]

File Edit View Simulaton Tools Help

D = o o @ 2 &l 2 - B
New... Open... Save Save as.. Reload Materials Conditions Outputs Undo Redo Sim...
Construction/Discretisation =[olx|

M e, sealer| 100%°] | W XEX | MFFEHE | ¢OB
[ i i
DX m e
|No[Material

x| 2 Calciumsilicate
~Inside climate ) Adhesive Covering Plaster
Inside conditions: Boundary conditions: Lime Cement Plaster (Transputz SG)
Condition \v] Heat conduction
Temperature v| Vapor diffusion

Relative humidity

[~Outside climate ==
Location: & China al = e et
= Germany 0 xJ@l'

Refresh tree view I

Climate |[Boundary, Initial | Field | Contact |

Climate Data Directory,

Boundary conditions:

E
3 " . | AT
rogram Files (x86)IBK\Delphin 5.6.8\DB_climate_data\Germar EI
eat conduction
por diffusion
ort wave radiation

ng wave radiation

RSIEYLYIYY

ide climate (for 1D constructions)

S S
 left or top side " right or bottom si(
TTEEe——

Create and assigrm>

"

Create conditions I Cancel I

}Heat conduction

Heat conduction
3 Vapor diffusion
4 Vapor diffusion

yrid): 1/75/75

Inside Heat Conduction
QOutside Heat Conduction
Inside Vapor Diffusion
Qutside Vapor Diffusion
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L Delphin 5 - [d:\temp\test3\New project.dpj]

File Edit View Simulaton Tools Help

Steps - Outputs 0 = O o @ = o 5 Z o F
New... Open... Save Save as.. Reload Materials Conditions Outputs Undo Redo Sim...
o .
Start Outputs-Wizard _iaix
) [N scae| w0 | i xEaX | HEEEHE= | ¢O&
¢ Deactivate VOC- TR &
outputs, activate water
content D& X &
No|Material
® (Generate and assign 1 Historical Brick Cluster
- 'Calciumsilicate
tput fil |
outpu es Adhesive Covering Plaster
Lime Cement Plaster (Transputz SG)
x|
rField and integral outputs
Integrals/Averages:
(AR
st VOC /Pollutant mass integral =
oliutant m ntegral jx‘@l“‘-};
Climate |[Boundary, Initial | Field | Contact |
rLocal outputs/fluxes for 1D constructions only: ‘ -
Inside Heat Conduction
Eeliion copeibcig e Eabbotiom Conetiiconakie: Outside Heat Conduction
%32“" elativ amdiw ggg« elativ ax:idity p 4 x|
ce r e i ce It e P = !
[] surface moi densi [_] Surface moi densi < S TR <
DELPHIN generates ;»;eg 3&"2’#&2& Mgcem %}fn”wg"ﬁ"&ig&fs sty fa e TS 2 M@ ) EG _—
[ I istur In tur i j
output files and enables | | rsznecrs fxsoee o et s |_owaries | NESEEREI NEESEE|
the assignment to the [T Aciutins By dcssos oxricy FEMghaiie oot e No [Filename OutputFormat [Output Grid
g9
geometl’y_ No output specified yet
—
| Creatzmdmﬂedzdmmmsj’ Cancel I
I —— —
[Dimensions [wjh]: [12.45033973526! 1000 inmm  [Selection: 63,1 Elements (sel/used/grid): 1/75/75
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ONIVERSITAT DELPHIN: Program operation

DRESDEN

1 1 Fie Edit View | Smulation Tools
Steps - Simulation = s

D Modeling/Simulation settings.
New..  Of soiver settings... | Materials Conditior

II#E: [, sc  Outputrelated options...
B run smulation...
Run batch fle...

® Open modelling and
simulation properties

MEEESH=

® Define starting point
and total duration of

simulation Hodeing and Simulation settings L IR

Model features IDefau!lsl

—Balance equations
¥ Energy balance
[ Include air flow model (quasi-steady/decoupled) I~ linclude buoyancy effect
Update interval for air pressure calculation IU Is 'I
[¥ Moisture balance (water vapour and liquid water)

Reference temperature for.isothermal moisture balance IZD IC 'I

[~ VOC/Pollutant balance PollutantyOC simulation options... |

—Liquid Transport Modeling

¥ Use Kirchhoff potential generated from liquid water transport functions KI(Ol) or DI(Ol)
[~ Include gravity effect (requires liquid conductivity)

—Simulation time
Start dateftime for simulation 0o ~| lno-00:00 il"
Duration of simulation s d -
End dateftime of simulation | 6 Jan 2000 TOOOT

o | _omen |
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DRESDEN

Delphin 5 - [d-\temp\test3\New project.dpj] *
File Edt View Simulation Tools Help

0 -2 =] B @ =] g Ce) i ‘ B =
New... Open... Save Saveas.. Reload Materials Conditions Outputs Undo Re:

Sim.. JCharls.. Post-Proc

Construction/Discretisation I [=1E3] | - Assignments/Selections

Fil= scale:| 100%*] | i EERX

Start DELPHIN simulation

| HEEEH=

| ¢O®

Filter  [Waterial

Lime Cement Plaster (Transputz SG)
(Calciumsilicate

|Adhesive Covering Plaster

Lime Plaster (hist)

Historical Brick Cluster

Steps — Simulation-2

¢ Start solver dialogue

Start simulation ‘!l
¢ Start simulation T
er (standard) Solver parameters... |
—Start options
Verbose Level: |1 - Normal output (detailed init + output time) j

Run options: [~ Testinit
[~ Close console window after finishing simulation
[~ Wait after each output

Command line:
['SUNSTALL_DIR)\delphin_solver.exe” v1 “d:templtest3\New project dpj” Name Historical Bick Cluster
Selection type Material
Add to batch file | Condiiontsoe
Selectedrange 40,1751

/ Location ELEMENT
( Run simulation from sMntinue simulation Check simulation log files... I

N -

~—— e D& -X|®|E k|5 o

Help I Close | OutputFiles Formalsfypes | _Grids/Schedules |
DELPHIN starts the —m“m Mo [Filename
numeric so{ver in a e P [ T = LJW 2 RH_eld.ou
separate windox.

Warnings and error log console (click right to delete messages)
WARNING: Invalid or deprecated keyword 'SOLVER' in this section!

liquid_content_field out
moisture_mass_integral.out
surface_temperature_left out

6  surface_RH_lefLout
surface_heat_fiux_integral_leftout
surface_temperature_rightout

9 surface_RH_right out
& surface_heat_flux_integral_right.out

4

anl 2@ 8 @ @ W Brewnxt | @ ;,;m&pl...mtc/cnmm:..,[ﬂndﬂmamdg..]@mzw !mas-d:..,[mm_&mz..] Dﬁm”rﬂ”w”m|m
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&

While the numeric
simulation runs, the
results can be evaluated
at the same time

Steps - Interpretation

® Open output folder

® Choose output file

DELPHIN pictures the
results.

#1/16-88 7:08:
A1/16-00 8:08:
A1/16,8080 9:08:
A1/16,00 18:00:
A1/16-00 11:08:
A1/16,00 12:08:
A1/16,6080 13:080:
A1/16,00 14:00:
A1/16,80 15:00:
01/16-00 16:08:
A1/16,00 17:00:
A1/16,00 18:680:
B1/16,80 19:00:
A1/16-00 20:08:

AcAoALAAAAS A

d:\temp\test3\New project.dpj

A1/16-,00 21:08:00
A1/16,08 22:00:
A1/16,80 23:00:
A1/17/08 ©B:00:
Ba1/17/88 1:80:
a1/17-88 2:80:
A1/17/086 3:00:
01/17/88 4:00:
a1/17-,88 5:08:

d
d
d
d
d
d
d
d
d

0w

LI I I I I )

0w v

L I

= =]

0 o 47 g g g © A t://’;\\\
New.. Save as... Reload Materials Conditions Outputs Undo Sim. Charts. Post-Proc
. =]
HESEE = ¢g Filter  |Material
I i
| Lime Cement Plaster (Transputz SG)
' Calciumsilicate
E Adhesive Covering Plaster
| Lime Plaster (hist)
Historical Brick Cluster
x
Search in: | New project results j (€] T e Er
Name = |+ Anderungsdatum |+ Typ | +| Groge I~]
| constr. txt 28.08.2012 13:38 Textdokument 1KB
liquid_content_field.out 28.08.2012 13:39 OUT-Datei 68 KB
|| moisture_mass_integral.out 28.08.2012 13:39 OUT-Datei 61KB
 restart. tet 28.08.2012 13:39 Textdokument 2KB
RH_field.out 28.08.2012 13:39 OUT-Datei 68 KB
|surface_heat_flux_integral_left.out 28.08.2012 13:39 OUT-Datei 61KB
surface_heat_flux_integral_right.out 28.08.2012 13:39 OUT-Datei 63KB
| surface_RH_left.out 28.08.2012 13:39 OUT-Datei 4KB
__|surface_RH_right.out 28.08.2012 13:39 OUT-Datei 4KB
| surface_temperature_left.out 28.08.2012 13:39 OUT-Datei 4KB
| surface_temperature_right.out 28.08.2012 13:39 OUT-Datei 4KB
| temperature_field.out 28.08.2012 13:39 OUT-Datei 68 KB

wha o o o ol e o D R R o D e R o e D B

i File Name  |*dat; “bd: “out; “.ccd

lData Files

[V N N O Y

wwounn

[ N ]

VN )

wo

ical Brick Cluster
Bl

751
ENT

A

il

1314

2|
2

Output Files

No |Filename

Formats/Types | Grids/Schedules

2 RH_field.out
liquid_content_field.out
moisture_mass_integral.out

surface_temperature_left out

6 surface_RH_left.out
surface_heat flux_integral_left out
surface_temperature_right out

9 surface_RH_rightout
surface_heat_flux_integral_right out

6 & & W Prews [

, Windows Exp...[|| & cfc++Forum :... | $) Delphins - Code... [ ] 02 Applicati... i Deiphin 5.6 -d:... | [T 8 Exractor2.. | Desktop » Tooks » Programming » DE|[ . |
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DELPHIN: Program operation

While the numeric

simulation runs, the
results can be evaluated
at the same time

Steps -
interpretation

- Delphin 5 Output
File Edit View Data Chart Style Objects Analyze Help Debug

@@ | || ID:\...\mnislure_mass"inleglal.nul

® Updating while
calculation

Delphin 5 - [d:\temp\test3\New project.dpj] *
Fie Edt View Smuation Tools Help

[B] = =) b < ] g g ) (i e ]
New... Open... Save Saveas.. Reload Materials Conditions Outputs Undo Redo) Sim... Chars... Post-Proc
Construction/Discretisation TEI || Assignments/Selections

W (e, scalee| 100%>, [ >iFaX | MIFREE= | €O

Fitter  [Material

Lime Cement Plaster (Transputz SG)
Calciumsilicate

Adhesive Covering Plaster

Lime Plaster (nist)

h¥ ©

possible

¢ Manifold
adjustment of the
charts

¢ Export into other
software via
clipboard

wassermassendichte (fliissig + Dampf) in [kg]

55

&0

45

40

35

30

25

20

15

104

D:\temp\Vorlesung\Beispiel_1.results

Info

Name Historical Brick Cluster
Selectiontype  Material
Condilion type
Selectedrange 40,1..751
Location ELEMENT
DBy - (o] 2[5
Output Files [ | |

Explicit increase of moisture:
Improve driving rain protection!

.
........ 4..............A..‘.v..v..v.,.s..............J.‘......v.....,...........v...rl
y t t t y T

RH_field out
liquid_content_field.out
moisture_mass_integral out
surface_temperature_leflout

6 surface_RH_leflout
surface_heat_flux_integral_leftout
surface_temperature_right out

9 surface_RH_rightout
surface_heat_flux_integral_right out

1 2 3 4 5 6
Time in [a]

Mo Update necessary

All data selected

Changed i .

A

Osan| @ 6 © & (W Brenw

| 3 Wndows Bxp...[| & c/c++Forum ;... | ) eiphins - Code... [[] V02 Appicati.. B3 Delptin 5.6 -d:... | [ M Extractor2... | Deskion » Todls  Programming  DE|[J |
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DRESDEN

Different materials

Surface Material Variation
60
1 | | | |

1 Surface Material = Brick, Exposure Coefficient = 1
55— Surface Material = Clinker, Exposure Coefficient = 1

50

| i .

| | \\ \‘\ \\ | \\ |
|, L | O
IR o N

. , | | .
N I VI AL \ i }V
Lo OS] SO SN L SO L SN

!’w\\w < AR S RIS RS

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5
Time in [a]

Moisture mass density (liquid + vapor) in [kg]
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DRESDEN

Rain protection/roofing:
Exposure Coefficient Variation

20
] I I [ I I

| Surface Material = Brick, Exposure Coefficient = 0.5
181 | — Surface Material = Brick, Exposure Coefficient = 0.4
1 Surface Material = Brick, Exposure Coefficient = 0.3
Surface Material = Brick, Exposure Coefficient = 0.2
Surface Material = Brick, Exposure Coefficient = 0.1

|

l (-

LN

. |V

RV N AT
. RN

16-

Moisture mass density (liquid + vapor) in [kq]

\
\ 1 Q\\i\.l‘.\\\\ I “'\l l‘ll\\\ !

=
L
L
—
Vel
e

0 0,5 1 1,5 2 2,5 3 3,5 4 4,5
Time in [a]

Interior Insulation Workshop 3Encult
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DRESDEN

Konstruktion/Gitter
IIE (=) skalenng! 100% 2| W =B X HESFEH= &0
Wall with hydrophobisated

surface

Area with faulty hydrophobisation

Konstruktion/Gitter E‘@‘EL - Zuy
W= skaienng, 100% 3

e b e e N e | im0 P aan S AN gt

Filter &

Glue
Calci
Clima
Histori
Histo
Histori
Histo
Histo
Histo
Lime M
Lime
Lime
Lime
Lime
Lime
Hist.
Hist.

2D grid after
discretisation

T T T O Y e T R RN P NN
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E.E?\'?E"Aéﬁ'i-% DELPHIN - Analysis of 2D problems

DRESDEN

> —— N o R NUSI— S s | Analysis of variants
i — 3 B ccensosaesnsosaess A S |
| [——AWBestana |
! AW, ohne Hydrophobierung, mit 8 cm CaSi f----------- I
; AW, mit Hydrophobierung, mit 8 cm CaSi
AW mit Leck in Hydroph., mit 8 cm CaSi f----------- 1
: ! 5 5] k\

Uberhygroskopische Feuchte

Location in [m)]

Field of humldlty with 0,05 0.1 | D,15 0.2 025 03 0,35 04 045 05 0,55

Location in [m]
faulty hydrophobisation Mo %G1 2l el o4l a0l 760 20 el Gl G0l 560 520 487 24

40 © 36 0 32 0 28 0 24
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DRESDEN

-
-
inside o ' outside
(@)
Te]

.A 3 El .f ;'“‘ | Y'
Discretisated 2D Construction

: 4
¥ % o § . i i ' _ B
n 1F .. - -
W -
A i » ” 4
i v

1fre 29 s1gus
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DRESDEN

Detail 2.1 wis Detall 2.5 wis

Fensteranschluss seitlich Fensteranschluss innen

mit vorhandenem Innenputz Mauerwerk mit Anschlag
(Putz Leibung innen entfernt) mit vorhandenem Innenputz
Fenster mittig

auBen auBen

~2—=2—2 Thermal bridge?

- :BR
= "'.
L s S R T e e T s s A Tl L ea TN T e T e e e I

innen

innen

Window frame

— Plaster, Brick, Plaster, Glue mortar, Insulation, Plaster
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Analysis with DELPHIN

Delphin 5 - [D:\WUser\Andreas\ghorwin\server\abkfs3\projekte\Lehre\Grunewald\Vorlesungen Architekten\2008 WS\ppt-Quellen\sim\2_1_DIN.dpj] *
Datei Bearbeiten Ansicht Simulation Werk Hife

D & =] @ g g g W

Speichern Neu laden iali i 1 R Sim... Ergebnisse... Post-Proc

\_z| Materialli

Filter | Material

Lime-Cement plaster (MASEA)
Historical Brick Cluster 4-DD
Lime Plaster (hist)
adhesive_FKA
ffffffffffff B ——— PUR mit Falimértel Therm
adhesive_FKA
PUR mit Fillmartel Therm
PUR mit Fiilimartel Therm
Antischimmelputz
Antischimmelputz
PU-Foam
Lime-Cement plaster (MASEA)

iacro ain

Lime Pla
2 adhesived

R mitg?

4 Antischime

Klima FI
N [Typ 3
2 Dampfd
.wamew{:

4  Dampfdi

Zuweisungsinformationen j
Name Spruce SW_Fi across grain
Typ der Zuweisung  Materialien j
Bedingunastyp ‘
Zuweisungsbereich  21,1..31,21 (
Ortder Zuweisung ~ ELEMENT 1

Ausgaben

11.1616 i Markierung: 57,36

Meldungsfenster fiir Fehler und Warnungen (ldschen mittels Kontextmeniisl) | Water content field Field
- e S - . - Rl A N N G N e N et e
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DRESDEN

 Detail 2.1 - with window rabbet

outside inside

Location in [m]

1] 0,05 0.1 015 0.2 0,25 0.3

Location in [m]
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Eﬁ?\'?e"n'?ﬁ*&? DELPHIN - Analysis of constructional detailsgg3encult
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e Detail 2.1 - without window rabbet
8. =12,1°C

Incorrect! DIN 4108-2 demands:
(@)
3. >12,6°C

outside

Location in [m]

u} 0,05 0.1 0,15 0.2 0,25 03
Location in [m]
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BE'E‘QE,,"ESJT‘T DELPHIN - Analysis of constructional detaﬂsgigemcult

o Detail 2.5 - with window rabbet

— o Ok, thermal protection fulfilled.
3 =13,8°C p

06

inside

Minimum thermal protection of the guideline
ensures, that the dew point temperature resp.
minimum pretensions for mould are not reached
or exceeded (e.g. on wallpaper).

0,2

0.1

What about the internal condensate?

0 ooz o1 015 02 025 03

Location in [m]
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CIEN T ENERGY FOM B CULTURAL HERIT)

 Critical moisture content: Condensation and drying behaviour

»=92,7%
@ =56,6%

06

05

Condensation periods

P
=

Drying period

Location in [m]

P
[<=]

Relative Luftfeuchte in [%]

Critical point in the construction

0 005 01 015 02 025 03

SR ®l___1Ican dryout during summer.
EEE §.§i SR No moisture accumulation!
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UNneRgTar O Verview

DRESDEN

icult

Introduction

Damages due to Moisture
Current state of damage assessment

Surface effects
Mould
Algae

Moisture inside building elements
Introduction
Ice forming
Insect infestation
mechanical damages
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Introduction
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DRESDEN

Possible moisture damages:

e Destruction of moisture-sensitive materials (e.g. rotting,
degradation)

e Biological damages due to mould, fungi, insects
e Corrosion of metals

e Penetration of frost boundary into the condensation zone
(Freeze/Thaw-cycle, crystallation pressure)

e High vapour pressure due to high temperatures in moist areas
e Shrinkage and swelling (cracks)

e Salt transport with moisture transport (efflorescence, spalling).
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TECHNISCHE - Moisture assessment 52 cult

DRESDEN

Current state of moisture assessment in Germany

Standard compliant assessment for different constructions
according DIN 4108-2, DIN 4108-3 und DIN EN ISO 13788:

N— _—
—~

Avoidance of...

e Moisture damages at surface (Condensation, Mould)
e Interstitial condensation
e (Avoidance/Reduction of driving rain penetration)

Interior Insulation Workshop 3Encult 5



TECHNISCHE - Moisture assessment Ao cult

DRESDEN

Standard compliant assessment for different
constructions according DIN 4108-2, DIN 4108-3 und DIN
EN ISO 13788:

Methods partially old, with many simplifications and restrictions.
New numerical methods only mentioned.

: | : | : |

Which climatical influences, damage potentials, boundary
conditions (e.g. climate, initial conditions) or physical processes are
considered?

Are the results meaningful for the damage or will be the calculation
methods of the current procedures leads to excessively critical or
wrong declarations?

Interior Insulation Workshop 3Encult 6
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Properties and restrictions of calculation methods

DIN 4108-2, DIN 4108-3 and DIN EN ISO 13788:

- All methods: steady state
- Thermal methods: 1D - (Minimum heat protection R),
2D or 3D (fg-factor)
- Hygrothermal methods (,,Glaser"): only heat and vapor transport

More analytical methods (COND) :

- Steady state, one-dimensional, heat, vapor and liquid water transport
as well as moisture storage

Numerical methods (Delphin, Wufi):

Arbitrary climate conditions (e.g. rain) and initial conditions

one- and two-dimensional (in future also 3D)

heat, vapor and liquid water transport and more physical phenomena (e.g.
air flow, pollutant)

Detailed information from every position in the construction

Interior Insulation Workshop 3Encult 7
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DRESDEN

ncult

Feuchteschaden an der Oberflache (Red. der Warmeenergieverluste):

Mindestwarmeschutz R_. =12m2.-KIW < R:iﬁ
(AuBenwand, DIN 4108-2) min ~S;
Mikroklima auf der Innenoberflache fR _:‘93/_99 >0,7

(DIN 4108-2, DIN EN ISO 13788) s 0,0

Feuchteschaden in der Konstruktion:

Verdunstung des Tauwassers mWTS le/
(DIN 4108-3, DIN EN ISO 13788) ’ ’

Begrenzung der Tauwassermenge* = 5
(DIN 4108-3, DIN 68800-2) My, < ..kglm

* Grenzwert abhangig von Art und Kapillaritat des Materials
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[,5‘5\5;",;3,‘;%; Feuchtebeurteilung - Mindestwarmeschutz af3e cult

DRESDEN

Mindestwarmeschutz / Heizenergieverluste
(AuBenwande, DIN 4108-2)

n i A - Warmeleitfahigkeit
R =12m?-KIW < R ;S—' s - Schichtdicke
stationar
7 trans — Transient (instationar)
/.? _1 2m2-KIW < R”ans si,HP HP - He!_zperlode
6. -0 q - Warmefluss
LHP _"eHP si - Innentemperatur
instationér q - Temperatur

FUr Simulation: Definition des AuBBenklima

Definition des Innenklima,
(evtl. entwickelt aus dem AuBenklima EN 15026)
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[,5$¢'EN,{§,°T§$ Feuchtebeurteilung - Mindestwarmeschutz l_cult

DRESDEN

Mindestwarmeschutz / Heizenergieverluste
(AuBenwande, DIN 4108-2)

trans - Transient
q. HP - Heizperiode
— 2. — si,HP
Rmin =12m?- KW < trans — g ) q - Warmefluss
e,HP si - Innentemperatur
g - Temperatur

-101
-151 [ ]
20Helzperio
-251

Heat Flux in [W/m2]

Heizperiode

Jan Feb Mrz Apr Mai Jun Jul Aug Sep Okt Nov Dez
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[,5‘53;,{3‘;*;; Feuchtebeurteilung - Mindestwarmeschutz - cult

DRESDEN

Mindestwarmeschutz / Heizenergieverluste
(AuBenwande, DIN 4108-2)

trans - Transient

T ——

: HP - Heizperiode
_ 2. — HP
Rmin_1’2m KIW < frans% g - Warmefluss
/,H e,H, si - Innentemperatur
o] - Temperatur

30, 90
25 o
201 .70
g 151 0 -
£ 10 50 3
5 @
c 40 3
=< 0 30 g
3 3
b 20 =
g 101 110 O
T 15] 0 =
201 0
25 -20

Jan Feb Mrz Apr Mai Jun Jul Aug Sep Okt Nov Dez
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Surface effects
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[,ﬁnyN,ggﬁg; Relative humidity at surface af 3er Cll_lt

DRESDEN

Relative humidity at construction surface - steady state

Surface temperature

qzei_gezgi_‘leoi — 90/'29/_ 9/-—99
R ges. - R ges. O
a;
Surface vapor pressure If (r By s> 1
v,ges i
g, = Lo Pe =p""_1p“"" = Py =p,-iPe pxp,
ﬂvge:s . ,;/,ges. ) IB/
B

Surface relative humidity
0 = Poi =@, ’05(6/)

7 ps (00/) / ps (00/)
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Surface effects

Mould
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TECHNISCHE I -
BE'E‘Q%"EilW Moisture assessment - Mould gg3encult

EFFICIENT ERERGY FOR EU CULTURAL IAITAGE

Micro climate at inner surface
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E,E‘I;;\',S*%'R'E%‘?,ﬁ% Moisture assessment - Mould

Robert-Sterl-Haus, Naundorf / Pirna
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TECHNISCHE MOU|C|
(L) et ag3encult

Health hazards due to mould:

Allergy
o Proof is complex (prick test)

o Tests shows that 5% of the german population has antibodies against
mould (contact)

Toxic effects

o Some metabolites of mould can be toxic (Myco toxine, Glucans) or
carcinogenic (Ochratoxin, Aflatoxine)

o Plays normally no role for indoor air pollution (more in case of food and
work places with high loads)

Infections

o Is possible in case of immunodeficient persons

o Plays normally no role for indoor air pollution (maybe for hospitals)
Odour nuisance

o Negative effect on quality of life

o Sometimes used as proof for mould growth.

Interior Insulation Workshop 3Encult 17



TECHNISCHE V| O[] | d

Especially proplematic kinds of mould:

e Increase of risk for allergies with high spore formation (Penicillium
marneffei, Aspergillus fumigatus)

e Infectios must likely from Aspergillus fumigatus, Aspergillus flavus,
Cladophialophora bantiana

e Stachybotrys chartarum can emit a toxin (seldom and very
demanding)

Aspergillus fumigatus Stachybotrys chartarum

Interior Insulation Workshop 3Encult 18



TECHNISCHE — 1
g:gg%fgr” Mould - Bacteria aa3e c_u.lt

It can be assumed that a greater growth of bacteria exists if
the conditions are favourable for mould growth

Studies have shown that, especially for high relative
humidities, bacteria can growth also without visible mould
growth

Health risks are possible — up to now not studies about this
topic exist.

Interior Insulation Workshop 3Encult 19



I,ﬁ‘f\;'EN,:gﬁ;{% Moisture assessment - Mould A cult

DRESDEN

Micro climate at the inner surface

Mould growth depends on the following factors:

e Combination of temperature and relative humuidity
- Germination and growth happens only for specific limit values
- Isoplethes are lines of same growth in a ¢(6)-diagram (time dependend)

e Nutrient content
- Isoplethen differs according nutrient content

- Mould cannot growth without nutrients

e pH-value
- Optimal around 5 - 7
- Tolerated from 2 to 11
- Especially alkaline surfaces can supress mould growth

Interior Insulation Workshop 3Encult 20



TECHNISCHE  Mojsture assessment - Mould
(W) yrvesii a23encult

Spore concentration in outer air over a year

12000

=
S 10000 -
Tg o
0
Q8000
5 "
£ 6000
{
(]
N -~
| o=
2 4000 «
o
o
o
w
X 2000
o

o.m

N= 22 20 19 22 19

1 2 3 4 5 6 7 8 9 10 1 12

Quelle: Koch, A., K.J., Heilemann, J., Heinrich, H.E., Wichmann; W., Bischof (2000): Indoor viable mold spores — a com-
parison between two cities, Erfurt (Eastern Germany) and Hamburg (Western Germany). Allergy 55: 176-180
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Moisture assessment - Mould

et
DRESDEN ‘- Clllt

Lime cement plaster Lime cement plaster  Wallpaper .
100 without paint with paint without paint ISOp'GtheS fOF dlfferent types
A \\ \1\ of materials and surfaces.
) AN \
= \ Differences between infection
5 postion and normal material
5 ‘ surface.
()]
= Source: IBP Mitteilung 457,
& 32 (2005)
Gypsum plaster with _
100 Paint Lime sand stone
o . \o
& 95
&, -
ggo N —
E 85 S !
=
[ —
2 80 :
: N
= N ~
70 S~ e
5 10 15 20 25305 10 15 20 25 305 10 15 20 25 30
Temperatur [°C] Temperatur [°C] Temperatur [°C]
LIM O
[ infection position
[:I Original material surface ©IBP
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AS:

Minimum, optimum and maximum growth requirements of different mould
species for temperature, relative humidity and pH according germination and
mycelial growth for different risk classes.

cult

Species Risk | Growth requirements
class
Temperature [°C] Rel. Humidity {%] pH [-]
Germination Mycelial growth Germination | Mycelial
growth

min | opt max | min | opt max | min opt min opt min [ opt | max
Asp. Flavus A 10 30 45 6 40 45 80 100 78 98 25| 75| >10
Asp. Fumigatus A 10 40 50 10 43 57 80 97 82 97 3 6.5 8
Asp. Nidulans A 10 37 50 6 40 48 75 95 78 97
Asp. Niger A 10 35 50 6 37 47 77 98 76 98 1.5 9.8
Asp. Penicillioides | A 5 25 37
Asp. Versicolor A 8 30 42 4 30 40 74 91 75 95
Stachybotris atra | A 5 25 40 2 23 37 85 97 89 98
Risk class A A 5 33 50 2 40 57 74 96 75 97 2 7 10

Source: Dissertation Dipl.-Ing. Klaus Sedlbauer, Universitat Stuttgart



Water activity (a,,)

TECHNISCHE M ojsture assessment - Mould
UNIVERSITAT s23encult
"’lL "Aspcrﬁh-nmbthmi o A. candidus

\\' 77T Isoplethes for different species

090k . ,’u '\‘ &.’.,./ ! of Aspergillus on optimal
\Q/f.':" \' / nutrients.
080k z/u g'_-;s

'S ! o1 Quelle: Nielsen, K. F.; Nielsen, P. A.;
ool 3]3/ Holm, G.:

Growth of moulds on building materials

10f \\Q&m//;g R \t;.yﬁ.: under different humidities.
[ i Proceedings of Healthy Buildings (2000),
o \i._/ '%” Vol. 3, S g283 - 288 Y o |
s/ | vel3s
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TECHNISCHE  Mojsture assessment - Mould
UNIVERSITAT a23encult

Micro climate at inner suface:

Temperature factor fi; (according DIN 4108-3 S. 17f)

p 0. —0, 0.7 Corresponds for 6,=20°C and 6.,=-5°C —» 0,>12,5°C
Rsi0.—G, — | This corresponds to ¢;=50% K ¢4~80%

2 T Temperature 140
Mould growth: 244 Rel. Humidity 130
Under very 22 120 3
favourable conditions T 20 1102
from g 18 7 S 100&[
75% rel. humidity S 1) Luftfeuchte oo 2

§ 14 [, 80 =
10 60
8 50

Jan Feb Mrz Apr Mai Jun Jul Aug Sep Okt Nov Dez
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TECHNISCHE M pjsture assessment - Mould
W) g ka3encult

Micro climate at inner suface:

Mould growth prediction
—> Isopleth-model (Sedlbauer, WTA-Merkblatt 6-3-05)

—> Viitanen et al. (dynamic model)

(e.g. 1997. Modelling the time factor in the development
of mould fungi in wood—The effect of critical humidity and temperature conditions.
Holzforschuna 51(1):6-14.)

90 Germination after 16 days
851 Lirrjit.forgermination
S x  Building corner surface
Isoplethes for spore < &0
germination (lines) with s -
averaged data ¢(0) ata 2 o]
inner surface of a § 65
building corner T oo
55

12 13 14 15 16 17 18 19 20 21 22 23 24 25 2¢
Temperature in [C]
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E,ﬁ'f\',*E",ggﬁ';% Schimmel - Isoplethenmodell

DRESDEN

gg3encult

Example - storey ceiling between normal room and unheated attic

Area for mould risk

prediction Air exchange with attic

Open wood boarding

upper air space

Mineral wool

vapor retarder(1m)
wood

Wooden| | Sand
beam | /
wood
air space
wood

gypsum board

Possible air
flow

Gaps 5mm

Construction

This construction is
calculated with Delphin in
different variants /with and
without air flow through the
construction)

Gebdudeenergiemanagement

27



TECHNISCHE 1 —
(KRS Schimmel - Isoplethenmodell a@3en Clllt

Example - storey ceiling between normal room and unheated attic

100 ---ﬁ..-.ﬂ{.-"-r.; g

90 @
S
= 80
£
3
=
S 70
QL
S
a
2 o0
©
© e n=1, ohne DB o
o 50 —— Keimung 1 Tag R K J °

—— Keimung 2 Tage . oo ALK LI AR
Keimung 8 Tage ° e, 7
—— Keimung Grenze ° . *e °
40 . L B S
-10 -5 0 5 10 15 20 25 30

Temperatur in [C]

Isopleth diagram, without vapor retarder, airtight construction
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TECHNISCHE 1 —
B’EE‘Q%'ESJ"‘T Schimmel - Isoplethenmodell ‘_cult

Example - storey ceiling between normal room and unheated attic

100p *ow % *°0 3o PR PR g0 00 o,
o °g° o
° oo .. °9° o . 8
.
90 ° PY o... . °
—— % o°
§l ’ Po °
= 80 o .
£ o
g e PR
= ‘- &
S 70 %,
2 .
: “
60 &
_“2’ n=1, mit Durchstrémung ac
© Keimung 1 Tag \,
) Keimung 2 Tage R,
Keimung 8 Tage *\
Keimung Grenze ‘&Q‘
40 ’ "1-.
a:".
-5 0 5 10 15 20 25 30
Temperatur in [C]

Isopleth diagram, without vapor retarder, with airflow
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E,EEV:%*R'E%% Mould- Viitanen Model ga3encult

e The mould prediction model from Viitanen is an empirical dynamic
modell

e Basis for calculation are the hourly values of temperature and
relative humidity at the building surface

e Calculation procedure:
o control of temperature limits (between 0 and 50°C)
o Calculation of critical relative humidity for germination

o If humidity is higher - calculation of mould growth intensity
(depends on temperature, moisture, material, surface)

o From this calculation of a cumulative mould index

If humidity falls below the critical value - calculaion of a
declining intensity

—  Will be subtracted from mould index
e Result is a time depending mould index
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TECHNISCHE
UNIVERSITAT
DRESDEN

h.

cult

Mould Growth Description

index

0 No growth Spores not activated

1 Small amount of mould on surface Initial stages of growth
(microscop)

2 <10% coverage (microscop) -

3 <10% coverage (visual) New spores produced

4 10-50% coverage (visual) Moderate growth

5 >50% coverage (visual) Plenty of growth

6 100% coverage (visual) Very heavy and tight growth




TECHNISCHE — Viitanen M 1
G fges Mould viitanen Mode ag3encult

Calculation approach
critical relative humidity:

o 7>20—-0.00267-72+0.16.72-3.13-7 +100.0
|7 <20 > 80%

Mould growth intensity (¢>RH_;):
am 1

= 'k1 'kz
dt  7-exp(-0.68In(7)-13.9In(RH)+0.14 -0.33Q +66.02)
M - Mould index W - Material factor
Q - Surface quality factor ki, k, — correction coefficients

Interior Insulation Workshop 3Encult 32



I,E,?\;'E",ggﬁgg Mould- Viitanen Model

DRESDEN h— S et CUIt
Calculation approach
Correction factor 1:
M<1-51.0
ki = M>1-
¢/t —1
t, — time for germination until the first visible appearance
t,, — time for germination
t, =exp(-0.68In(7)-13.9In(RH)+0.14// —0.33Q +66.02)
t, =exp(-0.74In(7)-12.72In(RH)+0.06W/ +61.5)
Correction factor 2:
k,=1-exp(2.3(M-M,,,))
M,..x — biggest possible mould index under given conditions
2

M. —1+7 RH_ ., - RH 5 RH_ ., - RH

RH_ . —100 RH_ . —100
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TECHNISCHE I - Vi
g:gg%fg:m Schimmel - Viitanen Modell aa: cult

Calculation approach
Declining rate:

t—t <6h -0.032
%: 6h<t—t <24h 0.0
t—t, >24h -0.016

t-t,- Lenght of dry period

These value will be added to the mould index and can diminish this
under poor conditions.
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TECHNISCHE himmel - Viitanen M |l
GpmeEns Schimmel = Viltanen Mode g23encult

Example — storey ceiling between normal room and unheated attic

| /f \\fo ]

N Maximum Mould Index
% 4 —No air flow 0.233

Q

g —With air flow 5.999

T

=]

(o]

s

i
s .

0 1000 2000 3000 4000 5000 6000 7000 8000
Time [h]

Mould index acc. Viitanen, without vapor retarder, with and without air flow

Interior Insulation Workshop 3Encult 35



ONIVERSITAT
DRESDEN h- o CUlt

Surface effects

Algae
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TECHNISCHE M ojsture assessment - Algae
UNIVERSITAT J a23encult

Algae growth at outer building surfaces

Up to now no model exists for algae growth at building surfaces.
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TECHNISCHE )
=™ Voisture assessment - Algae g23encult

| — B View of a facade retrofitted with a insulation
composite system.
— B The differences of algae growth is related to thermal
~ bridges from mounting elements.
. Source: Helmut Kiinzel, Angewandte Okologie,
': ) po j ~  ARCONIS 2/03
.L-l.l! - l

—_—
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[,5‘5\5;",;3,‘;%; Moisture assessment - Algae A cult

DRESDEN

Algae growth at outer building surfaces

Up to now no model exists which can be used for
calulating algae growth based on hygrothermal state
variables like the mould models.

Temperature and (high) relative humidities are the
dominating factors

Possible model:

9
yearly period with moisture content near condensation

tcond,e:
(> 98% r.L.) and temperatures over 0°C at the outer surface
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Moisture inside the construction
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() SRS Moisture assessment - Condensation ga3encult

DRESDEN

Condensation: DIN 4108-3 (Glaser-Method),
DIN EN ISO 13788

Limits:

- Only heat and vapor transport, no moisture storage,

- (constant climate conditions,

- Material properties constant (not mousture or temperature

dependend),...

inside | | outside

| Inside insulation
|| Glue mortar

B plasters
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E,EE\',S*%'R'E%% Moisture assessment - Condensation

Condensation : Calculation with sophisticated methods

“"Reale” climate,

Moisture storage,

Vapor and liquid water transport,

Material properties as functions of moisture content,...

inside outside

LW

e T
w -, Ny,

%

Inside insulation

Glue Mortar

B Plasters

~ | Condensation area

?
f’
2
7
z\
47
hy
i
]
7
hy
%

%
4
)
A
7
o
o
5
%
o
)
"’
v
v
)
A
;
7

e T e N S R G

s s s sss

—> No rain, no condensation at outer surface

—> Comparison with standard: Only condensation at inside insulation
and inner half of wall
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reeHNiselle - Mojsture assessment - Condensation
() R aa3encult

Condensation : Calculation with sophisticated method

“"Reale” climate,

Moisture storage,

Vapor and liquid water transport,

Material properties as functions of moisture content,...

6

5

2. Integral moisture mass
— |nterstitial condensate

Moisture mass in [kg/m2]
w

0 . 42~ | s~ | 2~ | Vi
0 0.5 1 1.5 2 2.5 3 3.5 4
Time in [a]
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TECHNISCHE V][O |styre assessment
UNIVERSITAT a23encult

Hygrothermal load indicators

e Freeze/Thaw-cycles (Temperature and moisture profile)
e Biological vermin growth inside the construction

e Weathering load can lead to hygrothermal induced damages
(swelling, shrinking)

Interior Insulation Workshop 3Encult 44



IRschs
DRESDEN ‘- . CUIt

Moisture inside the construction

Ice
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TECHNISCHE
@ UNIVERSITAT
DRESDEN

Moisture assessment - Condensation

a23encult

Freeze/Thaw-cycles: Modell is based on thermo dynamical
considerations: Freeze/Thaw-Cycle (TTC) = f(w,0) (Xu 1996)

inside

Temperature in [C]

30

25

20
5]

—_—
o

L A
o o

o o

100 -
-n
Temperature - Maximum 80 &
R Temperature =unins 70 R‘)
e at ini =
Freeze| Thaw Cycles (FTC) 60 T
FTC - unir s
30 A
<
40 %
30 3
20 &
10
, I___,_._._. : : —— 0
50 100 150 200 250 300
Inside <<< Location in [mm] >>> Outside

Temperature and Freeze/Thaw-Cacle profiles
(rated risk of FTW, no real damages)

Modell from: P. Haupl, Y. Xu; Numerical Simulation of Freezing and Melting in Porous Materials under
the Consideration of the Coupled Heat and Moisture Transport, Thermal Envelope & Building Science,
Volume 25 No 1, July 2001, pp. 4-31)
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@ UNIVERSITAT
DRESDEN

Moisture assessment - Condensation

a23encult

Freeze/Thaw-cycles: Modell is based on thermo dynamical
Freeze/Thaw-Cycle (TTC) = f(w,0) (Xu 1996)

considerations:

innen

100

90

D N
o O O
Il Il Il

Relative Humidity in [%]
= N W b~ O
S S 9 0 O

o

Charakteristische Profile der relativen vrufifeuchte und Frost-Tau Wechsel

120

b

Y

i Rel. Humidi Maximum
Rel. Humidity - Average

[ Rel. Humidity - Maximum
Freeze Thaw Cycles (FTC)
FTC - uninsulated

50 100 150 200 250 300

Inside

<<< Location in [mm] >>> Outside

-100
190
-80
70
160

50
40
30

[e/--] ul s8j9AD mey | 9zoai4

10
0

aullen

(bewerten Risiko von FTW, nicht tatsachlich zu erwartende Schaden)
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Moisture inside the construction

Inner vermin growth



TECHNISCHE M ojsture assessment - Funagi
° ag3encult

Vermin growth inside the construction

Aims to common and dangerous biological wood pests: Dry rot
(serpula lacrymans)
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Historical building in Luckau
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I,ﬁ‘f#g,{gﬁg% Moisture assessment - Fungi

DRESDEN Bf o¢

ncult

Vermin growth inside the construction

Aims to common and dangerous biological wood pests:
Dry rot (serpula lacrymans)

Standard (DIN 68800-1): Moisture content > 20 M% only “for
short times”

Limiting factors:

e Temperature: Germination begins at 3-5°C
e Germination: From fibre saturation: 27-30 M% (Spruce)

e Growth: From 20 M% only, if fugi has ist own
~water supply®

—> Long continually periods with high humidity is positive!

Interior Insulation Workshop 3Encult
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I,ﬁ‘f#g,{gﬁg% Moisture assessment - Fungi

DRESDEN ‘_ DG

cult

Vermin growth inside the construction

Aims to common and dangerous biological wood pests:
Dry rot (serpula lacrymans)

thev 20,26 Yearly time period with temperatures higher than 2°C
and moisture content >20 or 26 M%

thev 20/26,max+ longest continually time period with

temperatures higher than 2°C and moisture content
>20 or 26 M% (Unit: d)

PGV - Possible Growth of Vermin

Interior Insulation Workshop 3Encult
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TECHNISCHE
(U) niversivir Wood damages g2 3encult

Wood-destroying fungi (dry rot, brown cellar rot)
Fresh wood insects ( bark beetle, shipyard beetle)

Dry wood insects (old house borer [xylophages], gnawing beetle
or wood worm)

Wood dwelling but not destroying fungi (mould or blue stain
fungi)

Loss of strength of the wood if moisture content is high, for all
kinds of strenght; if moisture content is higher than 18M%
strenght should be attenuated by 1/6.
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(@ Jias Wood damages

DRESDEN

e Wood-destroying fungi (dry rot,
brown cellar rot)

Fruiting body of dry rot
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() fifmess Wood damages

DRESDEN

Wood-destroying fungi (dry rot,
brown cellar rot)

Mycelium of dry rot

Interior Insulation Workshop 3Encult
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DRESDEN

0 R Wood damages g23encult

e Wood-destroying fungi (dry rot, brown cellar rot)

Blight — caused by dry rot or brown cellar rot
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Wood-destroying fungi (dry rot, brown cellar rot)

——

—— —— ————

Fruiting body of brown cellar rot



TECHNISCHE \\/O Ol damaages
(W) ynveesi g s23encult

Fresh wood insects (bark beetle, >

shipyard beetle) 4
s
*
®
__4—. z = ——
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Teeamsce Wood damages
G e ¢ Ad3encult

e Dry wood insects (xylophages,
gnawing beetle or wood worm)

Common gnawing beetle
(larvae are known as wood worms)

Xylophagae
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TECHNISCHE
@ UNIVERSITAT

N R Wood damages

a23encult
Dry wood insects (xylophages, gnawing beetle or wood worm)

\
\ ’
-,' Xylophages J/
< | Ny Gnawing  /
Q, ' !
£ \ S beetle )
& Voo £
o \ Gnawing beetle 15 Xylophages
! )
8 ! “\ 5 ‘,."’
T T T T T T T T (A
0 1 20 30 W 50 67 0 80

12 106 1820 22 M B K NK B
Moisture content in M% Temperature in °C
Influence of temperature and moisture content of wood on

development of larvae according Becker (from Kempe, K., Holzsch&dlinge)
For common gnawing beetle:

Optimum of development around 30M%

Minimum moisture content 10 - 12M% - below - no development of larvae
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UNIVERSITAT Wood damages

DRESDEN

Schaden an Balkenkdpfen durch
den gewdhnlichen Nagekafer

Aus: U. Muller, Holzbalkenkopfe in historischen
Mauerwerk, Prasentation bei 2. internationaler
HolzBauPhysik Kongress in Leipzig, Feb. 2011
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e holzbewohnende aber nicht
zerstorende Schimmel- oder
Blauepilze

Schimmelpilze auf Holz
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Moisture inside the construction

Mechanical loads



TECHNISCHE V| |stre assessment :
UNIVERSITAT a23encult

Hygrothermal damages induced by weathering load

Moisture and temperature differences at the
building surface can lead to stress and cracks

Moisture and temperature differences between building surface and
deeper layers can lead to shear stress — Spalling (flaking, chipping)
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E’EE":%IRIE%% Moisture assessment - swelling, shrinking

s
h & F M l
- S (B §
- e lw r[ L] u
EFFICTENT ENERGY FOR EU CLLTURAL MERTTASE

Hygrothermal damages induced by weathering load

Moisture and temperature differences at the
building surface = Cracks

Interior Insulation Workshop 3Encult 65



E,E‘fE\',s*%'R'E%‘?,ﬁ% Moisture assessment - swelling, shrinking

Hygrothermal damages induced by weathering load

14
121
X
3 104
. =
| £ 8-
E With inside insulation
5 6
(0]
w
8 4
=
2,
0% : : : :
16.Jan-12:00 17.Jan-00:00 17.Jan-12:00 18.Jan-00:00  18.Jan-12:00
14
121
£ 10
=
s 8
8
5 6 No insulation
b
8 4
=
2,
0,

16.Jan-12:00  17.Jan-00:00 17.Jan-12:00 18.Jan-00:00  18.Jan-12:00
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E,EE\',S*%'R'E%% Moisture assessment - swelling, shrinking

14
12
% 10
=
£ 8
E With insulation
o
[0
w
8 41
=
‘I L—a
0+ : : : :
16.Jan-12:00 17.Jan-00:00 17.Jan-12:00 18.Jan-00:00  18.Jan-12:00
14
12
10

Without insulation

Wassergehalt in [Vol%)]

here: WLy, with 10 > WLy without ID

WL,,: Weathering load related to moisture
0- : " T
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3 Summary and conclusions

The Institute for Building Climatology at Dresden University of Technology (Faculty of Architecture)
investigates the theoretical basis of combined heat, moisture, air, and salt transport in building
materials, and also researches other areas of building science. An important goal of our research work
is the dissimination of new knowledge to other research institutes, and practitioners. Therefore, we
continuously integrate new findings in our user friendly software and calculation tools.

Our software programs shall help other research institutes in their work, assist students in learning
fundamentals of builing physics, and support the work of civil engineers, architects, and others
working in the field.

The longterm experience in the area of combined heat, moisture, and salt transport processes also
benefits expertises and research reports. For instance, our software can be used during the planning
phase to estimate the condensation risk of a construction under various environmental conditions, or
to investigate the impact of thermal bridges. The software can be used to determine the causes of
damage to constructions or materials, or to test new materials for potential application areas and limits
and help optimize materials accordingly.

The laboratory measurement technologies and experiments deliver physical HAMT material property
data. The experiments are able to provide reliable and secure/safe material information for numerical
simulation tools. Classical methods and extended experimental procedures are applied to a large
number of building materials.

The methodology is providing the significant increase of quality control in the chain: material porperty -
material function - computer simulation - building constructions. The universal performance evaluation
methodology can be used to assess the applicability of new materials and constructions, moisture
damages and durability problems and restauration methods.

In total TUD have already organized and carried out a teaching and training courses and workshops
on the hygrothermal simulation for project partners at the industrial partner location Remmers in
Loningen (Germany) between 3rd to 5th September 2012.

The Institute for Building climatology in Dresden University of Technology has delivred Delphin license
(the latest Delphin version) for each partner to do hygrothermal simulations for their case studies. TUD
organizes also the relevant weather dates and its preparation as input file for the Delphin software. As
well as TUD carries out service measurements of characteristic material properties of the existing
building components and generation of hygrothermal material functions for numerical simulation tools.
Weather data and measurement of characteristic material properties are important to have for the
hydrothermal simulation of their case studies.
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