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Outside Wall with Interior Insulation

In this tutorial a typical old masonry will be @sedyzedhat is modeled and simulated before andrafianting
an inside insulation.

outsid{

60 mm Insulation (+gypsum boarc
5 mm Glue mortar
15 mm Gypsum plaster
240 mm Masonry
________ | I sy pps—— 20 mm Lime plaster

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

1 Part 1. Sinmlation of Previous Construction.

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

1 Project Setup and Modeling of the Construction

After starting DELPHIN one can see different buttons for the project setuprdaral tothe left top area of the

main window. The first stepgenerating mew project. Th€reate projestton (or FileY New...) opens an assistant
for creating a new project:
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Delphin 6.0.16
File Edit View Window Tools Help

New Project Assistant ﬂﬂ
Z Introduction

This wizard guides you through the basic steps
in setting up a DELPHIN simulation project

) Creste project... | [l open project... ‘ !Imporl del\\nipm]!d._|

[ Recently opened projects ] [ Examples/
validation cases ]

DELPHIN Version 6.0.16
Recently opened projects

MediaFlow_2D.dé6p News
cf

Version 6.0.16 was released on 01/31 2018, The n
report.

< Back ‘ Next > Cancel ‘

This assistant guides you through the first steps. After confirmation with Nickadialog opens where one can
add some project information (see next pictderthe current projeatan be described. This descriptighbe
shown in the projesklection list next time you start DELPHIN.

New Praject Assistant ﬂ!]

Project information
You can enter a description of the project here.

BIUESTSEEHN

[No ist =[Arial |
|

<pak || mext> cancel |

The next dialog allows you to select a location. One can select a location fritimteolisty weathedlata fronthe
DELPHIN climate database. For this tutorial project the location TRY 2010 PotsdamyGhoulal be selected.
After a ¢ick onNextthe construction property selectwiti be shown

New Project Assistant 2|

Geometry setup
Please select the geometry to be used in the project. The geometry type can later be changed by adding rows and columns and changing
the rotation-symmetric geometry option.

Geometry type: 1D Vertical (Wall) |
Number of columns: [§ =
Number of rows: 1

¥ ads

X s

<dack || nex> concel |

Here one can select the basic geometry type and the main construction grid. We want to caldintesiesionak
wall structure therefore 1D Vertical (W&iBuld be selectebhe type of construction can be changed at any point
in time laterThe existing historiconstruction has 3 layer (columns). The thickeesthese layers can be eglit
later. The next dialog allows to select a small amount of predefined outputs and the basic output schedule.
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New Project Assistant

Setup predefined outputs
Select the outputs you want to create and the assaciated output grids. The profile outputs will be already assigned ta span the initial

geomelry.

[ Skip generation of predefined outputs
Predefined outputs (assigned to entire construction)
"~ Temperature profile
" Relative humidity profile
" Molsture content profile
" Integral moisture mass

Predefined outputs for 1D constructions (assigned to boundaries)
" Surface temperature

" Surface relative humidity

I Surface heat flux (total heat flux)

Stepby-Step Tutorial 1

2|

Output grids

Define output frequency for

Fields/profiles: | i -

Scalar values: [ 1 |n =
<pack || Finisn cancel |

With the chosen settings aballdieldandprofile outputs will be created each 1
hourly schedule will be dse

.5 days. For all other ontputs a

This is the last dialog of the new project assistant. Aftergaickeinistthe main window will be shown and one

can proceed witle selection of the materials.

Delphin 6.0.16 - unnamed.d6p*

File Edit View Window Tools Help

QINEmE SHEEE5 8 e i % B A

Q

New project created

@ imported into the project.
[~ Do not show this dialag again.

x|

The project has been created. Now, the material
database will be shown so that materials can be

o]

The main window shathe basic construction and a message box which let ychestaatérial database

selectionThe displayeduestiorcan be skippefdr further projects.

Category: |Bui|ding brick j Name: | Language: |English j
m | | Name | Category | Producer | Rho [kg/m3] | cp [I/kgK] | Lambda [W/m2K] | pl--1 | W80 [kg/m3] |ﬂ
509. Lime Sand Brick Building brick 1754.6 830.0 0.779/-- 15.7 42.0
508 Perforated Brick Building brick Wienerberger AG 1400.0 1000.0 0.350/— 18.8 11.4
505. 0Old Building Brick Elbphilharmonie Hamb... Building brick 1885.2 851.6 0.808/--- 239 3.0
504. 0Old Building Brick Dresden ZP Building brick 1980.7 841.1 0.891/-— 451 29
503. Old Building Brick Dresden ZO Building brick 1881.7 827.2 0.838/--- 46.2 44
502. 0Old Building Brick Dresden ZN Building brick 1741.2 880.8 0.528/--- 351 26.0
501. Old Building Brick Dresden ZM Building brick 1719.6 917.4 0.642/-— 19.1 4.1
| 500l old Building Brick Dresden 7L Building brick 1676.5 933.8 0.521/-— 13.2 4.7|
d »
[~ Show material properties [~ Show depricated or removed materials Close

For the original construction we need three materials:

1 MasonryNormal Brickwith ID 512
1
1 Outside plasteLime cement plasteith ID 145

Inside plastetime plaster (historicaljth ID 148
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The material database view showaterial names, produséf known) and some basic paranset&liso important

is the material ID (see first column). This is a uliyjtleat facilitateghe identification of a material. tharmore

thereis a filter forthe material category and a name filter. As example for selecting the brick masonry one can use the
category 06 Bdicklodimporgddithe matekiad to the project. Proceed in the same way with the two
plasters. The picture below shele main window after this process. One can see in the right top etigeethe
materials gray and italic.iSTineansthat the material are importéato the project buarenot assigned to the
constructioryet In the next steps the materials should be assigned and the thickness of the layers must be changed.

Delphin 6.0.16 - Tutorial1_1.d6p*

- =] %]
File Edit View Window Tools Help
we (IS8 A ] Bal nin T= =2 B3 el FR S Materials #x
C7 M= EER e N = T = X B Tl
= B+ c
7 e
Temperature profile =
W Relative humidity profile
Il Hoisture content profile
Il oisture content integral
O oo —_— — —a : =
Dimensions: s = mm Selection: [~ Elements (sel/used/grid): [0/0/3 Coordinate Range: [ u

Once you have selected a material, eithérle-clickt he mat er i allmpordér beultitcokn o(n3 )t.h eT h
import dialog opens allowing you to select some properties of the material reference.

Note, thatimporting a materialkctually meargeating a reference to a materighfitech contains all parameters of
a material used in theopect. The dialog gives some options on how to reference materials:

7~ Matenal reference { T | )
Mame: Gypsum Plaster [71] ‘.\
Color: @\ ? 1
Material data file: C:/Program Files/IBK,/Delphin 6.0 /resources/DB_materials /GipsputzMAXIT_71.m6 [:] Import...
Reference: §{Material Database}/GipsputzMAXIT_71.ma

) Reference with file path relative to project file

@ Reference with file path relative to material database directory

/ ") Reference with absolute file path

The name (1) is just an identification for this material and can be changed to any descriptive text. In addition, the color
(2) can be adjusted so that materials are easily distingpaistiyd/ou can choose how the file path should be stored

within the project (3). This is important when project files are copied around or moved across the network, because
of which relative paths should be preferred normally. In this tutoriedngimply keep the defaults in this dialog.

Once done with all three materials, you can close the material database view. You will now see the central modeling
window:
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7> Delphin 603 - unnamed.d6p* [E=SIEE™
e mmw i " 4 we 15 M0 EE 5 P Bk T Matens & x|
oneEE 2 s o= I fa X B 'IE”"" - f
Geometry Modeling Toolbar
=
Material List
0 Construction, View
— .
Main, Toolbar
(]
i
| Other Definition, Lists

Blements (seljused/ond): 0/0/3 Coordnate Range: — Reastances Contact Condibans Sourcesforis

The layout of the windows can be adjusted at will. The various definition lists can/béaldlen via the Window
menuon the upper leftAlso, they can be dragged around and put together in tabs. For thifolodithgtutorials,
we will use the standard layout.

2 Assigning materials and sizing layers

For changing the thickness of the layer click on the left column and change the size in the edit field left of
6Di mensimmsd to 15

Il rela

Mois

Mois

Il

Dimensians: 5] 1000 mm Selection: [0,0 0,0 Elements (selfused/orid): [57073 Coordinate Range: [0.300) (0.015;1.000) !

After changing thehicknesses of thether columns assign the materials to the construction.

©

Delphin 6.0.16 - Tutoriali_1.d6p* % 3 == E
File EdiL View Window Tools Help

p N ] BEBREREE | v i 525 5% BB 4 LEETS o
© I 61| BEL A ; A A

.

To do this, you need to select a layer (or séageas) with the mouse (1). Then select the desired material in the
material list (2) and finally press the green assignment buftbe (8¥ler of the actions can be reversed as well.

After assigning all materials the construction view should shayetiseof the construction with the corresponding
material colors. Furthermore the material names in the list will be shown bold. If you now select a material in the
material list, the corresponding layer or layers will be highlightéugfltghtimgindependent of the actisglection

in the construction view.

In general all assignments can be checked in detail in assignment lists. The material assignment list is opened by pulling
the lower margin of the material view to the top.

Next you have to cage the interfaces (boundary conditions) for inner (left) and outer (right) side.
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3 Interfacesd boundary conditions

Firstonehst o create the interfaces for inside and outsi de.
dialog. For this torial standard interfaces will be used.

! Interface/Boundary condition ﬂﬂ
Surfaces{Boundaries 5%
3 7 e Specficton
Name: [Outside
Type: [Standard interface for outdoor climate [EngineeringOutdoor] ]
Surface Properties
Orientation [0..360 Deg): [270 =]
Inclination [0..180 Deg]: [00 =

Outside Conditions

[User-defined cutdear dimate [OutdoorUserData) ]
F Heat conduction h_c - Convective heat conduction exchange coefficient [W/m2K]: [12 =]
h_r - Radiant heat condudtion exchange coeflicient [W/m2k]:  [5
Effetive heat conduction exchange coefficient [W/m2K]: 2
F~ vapor diffusion Vapor diffusion mass transfer coefficient [sfm]: [75e-08 +] Compute with Lewis relation
sd-value of painting / surface coating [m]: O
" Short-wave salar radiation Salar adsorption coefficient [-]: 0.7 -]
" Long-wave radiation exchange Long-wave emissivity [-]: 0.8 B
F~ Wind driven rain (DIN EN ISO 15927-3) Reduction/splash coefficient [-]: [z 4

The right picture shathe dialog with the settings for an outside interface. The orientation is set to 270 Deg (West)

and the inclinatioto 90 Deg Verticalwall). The selected p St andar d i nterface for outc
climate data from the selected | ocation (see <<reate
definedo. Here one <can s e tothevihasiccséttirgpNext aidtexrface fordhe mside t | on i
boundarywill be createdJse the settings shown in the next picture.

Interface/Boundary condition ﬂ!]
Spedification
Name: [Inside
Type: [Standard interface for indoor dimate [Engineeringlndoor] B
Indoor Conditions

Temperature [C): [

Relative humidity [3]: |

Surface heat transfer coefficient (convective-+radiative) [W/m2K]: | 8
[

Surface vapor diffusion coefficient [¢/m]:

After creating the interfaces they need to be assigned to the boundaries. This works similar to the material
assignment.

Delphin 6.0.16 - Tutoriali_1.d6p* - & 5]
File Edit View Window Tools Help

OINEEE BEBEE = WHEST X d oterils ox

7
- @B *Z20=u€
P Normal Brick [507]
Lime Plaster (historical) [148)
p Lime Cement Plaster (145]
(]
< 3
suvfxes/ﬂoundan& & x
P2 V=Rl &
% 1 I
2 =M

The inside climate wilebocated to the leffelect a column (1), select the interface to assign (2) and last click on the
button for assignment @left side (3). Proceed with the right siddgHewoutside interface. One can check if the

interface is assigned correctlyickidlgonai nt er f ace in the &éSurface/ Boundar i e
in the construction view with a dashed line (see picture below).
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Delphin 6.0.16 - Tutorial1_1.d6p* -=%
ONEFE BIESBEL = s B B A ﬂ”;*‘“‘;/”:‘e i
[ I'.‘w:?l::ass‘l‘:rk(flsuti]nm\} [148]
’ Lime Cement Plaster [145]
=
- S«.!rfacesfﬁuundar\ws &%
e # (= F
iy B outside
For furtherinformation to climate and boundary conditiongsee
4 Outputs
Now outputs can be set. For this tutorial the following outplitse used:
1 Temperature profile - temperatures in the whole construction over time
1 Relative humidity profile - relative humidities in the whole construction over time
I Moisture content proé - volumetric moisture content in the whole construction over time
1 Moisture content integral - moisture mass in the total construction
1 Surface temperature left side - temperature on the inner surface
I Surface relative humidity left siderelative hundity on the inner surface
Al | outputs are defined fr om tfdueare@locadyg assigned porlagle ct 6 as
constructi on. This is shown by the 6Output dnotl esd di

assignedonstructiongalic.

Output Flles #x
7 P=E )

Temperature profile

Relative humidiy profile

Moisture content profe

Moisture content integral

Surface temperature - Ieft side

Now thetwo surfaceelated outputs shak assigne@lick on themost leftcolumnwith the surface (1), click on
the output file in the list (2) and then on the assignment buttoni(8jeversed order

Output Files LR
g =g F

Temperature profile
W Relative humidity profile

) Dimensions: 15 1000 mm. Seledtion: [0,0 0,0 Elements (selfused/arid): [1/3/3 Coordinate Range: H00) (0.015;1.000)

After clicking on the assignment button a dialog will occur. Here one can decide if the output should ke related to
volume element or to a position. For a surface output a position related assignment should be used. The coordinate
system for the geometyns from left to right. That means the left most side has the x coordinate 0. Please fill out
the dialogsthe picture below shows.
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Create single-slement o

T Hement assignment

2lx

* Coordinates [m] (x/y): ] 0.5

oK Cancel

Stepby-Step Tutorial 1

After clickng on Ok the assignment will be performed and a small red dot will mark the po#igoconstruction

view As next step assign the surface relative humidity h e

Ssame

way .

The

60Out put

fi

outputs bold. One can add, remove or change the outputs by using the buttons on the top of the dialog. The other tab
me a n s (or Anether)ab m aot shavh ehdclor tkesipper left

showst h e

OQutdpwt tdat
in the>> M ain menuw>> Window item

Add
Edit

Copy
l femove

[l Temperature profile

(B Relative humidity profile
Moisture content profile
Moisture content Integral
Surface temperature - left side
Surface temperature - right side

| _Outpat Files [ Output Giids |

5 Discretization

Next you can discretize the constructioa, divide in

Output Grids

Scalars

Fields and Profiles

many small elements. For this youssathe dialog for

t hi

Automatic Discretization, accessible from the menu buttons in the construction view (see left screenshot below).

Delphin 6.0.16 - Tutorial1_1.d6p*

File Edit View Window Tools Help

Y]

ER =

Tyl i

nh

Automatic grid generation

Auto-Discretization Options

P X-Direction

I™ ¥-Direction

I™ ZDirection (only for 3D grids)

Varlable Grid Options

Minimum element size: 1 fmm ¥
Maximum element size: 5 [em =]

Streteh factor: —_f————— 13

Grid statistics
Grid elements (totalfused):

Smallest grid dimension in [m] (x/y): 0.001/1
Largest grid dimension in [m] (x/y): [ 0.0447499/1

Grid Preview

—

Cancel |

2%

4747

Aoty |

In the Automatic Discretization dialog we will only discretize the constructidméntdn- aswe haveo deal with
awall with horizontal transport directiomy. 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

enlaged.

Important parameters in this dialog are: Minimal and maximal element withand 50nm are good default

values), and the stretch factor. The discretization detail can be adjusted with the slider which adjusts the stretch factor

and consequentlhe number of elements. A stretch factor otd 2.4is suitable for 1ionstructions. For 2D
constructions a higher stretch factor of approx. 1.5 is advisaad@tong simulation duratien

As soon as this dialog was confirmed, the constructimwis 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 elanestsown with the same dimensions,
regardless of their actual size. This simplifies the selettionooboundary elements.
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i

Z]

-

o

e

[]

L

| |

- -

© Diensicns: [ — [ — mm seection:[— Oarr | =— © Dimensins: [ — [ — mm Sdedion: [ Elements [selwedjgric): [4747 Cooedinate Range: [

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

6 Initial and Simulation Conditions

After specifying the boundary conditions it is time to select the simulation and modeling options. Open the modeling
dialog by click on the selected button in the tool bar(btain menuw> View, or F7):

File Edit View Window Tools Help

o= CEEE A R e VM ES i B W
&

-

[

ol

L]

9

"_,

%\

|

This dialogcontainghree different tab® chang options. The first tab allows to select the basic properties of the
physical model. For this example you need to enable the balance equations for heat and moistonéytransport
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