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1. What’s new in HEATZ2 version 9

Blocon is proud to present a new version of HEAT2. Many new important features have been added.
Up-to-date information is given on www.buildingphysics.com.

This update manual covers new features that have been added since version 8. New users should also
read the update manuals for versions 6, 7, 8 and the full manual for version 5 at

http://www.buildingphysics.com/manuals/HEAT2 8 update.pdf

http://www.buildingphysics.com/manuals/HEAT2 7 update english.pdf

http://www.buildingphysics.com/manuals/Heat2 6 update.pdf

http://www.buildingphysics.com/manuals/HEAT2 5.pdf

Tips for reading for beginners: For a quick start read Chapter 4 (pages 23-27) in Manual HEAT2
5.0. The example in chapter 8 (pages 117-121) would also give a short introduction. After this, look at
the update manuals for versions 6, 7, and 8. Also see the examples for the test cases: ISO 10211 &
10077-2 validation test cases

1.1 Temperature dependent material properties

HEAT2 now handles calculations for temperature dependent material properties (thermal
conductivity and heat capacity) and phase change (e.g. applications within fire safety design and soil
freezing, etc.). It also handles a variable snow layer and cold spells more convenient. See Chapter 2.

1.2 Import of CAD-files

HEAT2 v9 can import DWG, DXF, SVG, PLT, CGM, WMF, JPG, BMP, PNG, and some other
formats. See Chapter 4.

1.3 Increased sizes for data fields

Many data fields have been increased in sizes. The maximum number of numerical nodes has been
increased from 4,000,000 (2,000-2,000) to 6,250,000 (2,500-2,500). Other changes are shown below.

Maximum number of HEAT?2 version 9 HEAT2 version 8
Nodes 6,250,000 (2,500-2,500) | 4,000,000 (2,000-2,000)
Bitmap size in bitmap editor 2,000x2,000 1,000x1,000

Material boxes 20,000 10,000

Boundaries 10,000 5,000

Number of resistance lines 100 50



http://www.buildingphysics.com/manuals/HEAT2_8_update.pdf
http://www.buildingphysics.com/manuals/HEAT2_7_update_english.pdf
http://www.buildingphysics.com/manuals/Heat2_6_update.pdf
http://www.buildingphysics.com/manuals/HEAT2_5.pdf
http://www.buildingphysics.com/manuals/HEAT2_5.pdf
http://www.buildingphysics.com/manuals/HEAT2_5.pdf
http://www.buildingphysics.com/index-filer/ISOValidation.htm
http://www.buildingphysics.com/index-filer/ISOValidation.htm

1.4 Miscellaneous

Hundreds of minor improvements are made. The most important are shown below:

Several instances of HEAT2 can now be started and active at the same time. This makes it
possible to work on a new project while another one is simulated.

Check for update is now made automatically.

The distance from a reference point to the mouse cursor is now shown in the pre-processor.
This may be useful for e.g. checking the width of a sloping material.

The chart for temperatures/heat (menu item Output/Temperature along line boundaries) has
been updated. The chart editor is also updated.

The Solve-window (F9 and F10) now shows the sum of all positive boundary flows (earlier
the sum of all absolute boundary flows was shown).

The pre-processor is now unlocked after every simulation (option “Always unlock pre-
processor after simulation” in the settings menu).

Better quality (metafile) when exporting pre-processor image.

Bitmap editor: Possibility to set the drawing color to black or white in order to erase areas
using different shapes.

Improved report builder.
Improved calculation of automatic expansion factor.

Earlier versions were minimized when focus was set to another application in Windows. This
version does not have this behavior.

Enhancements in post-processing:

Much faster drawing/updating due to direct video buffering (can be turned off in menu item
“T and Q* in the post-processor).

Mouse cursor sometimes “froze” for a small moment in earlier versions. This has been fixed.

The number of colors (materials) and legends shown in the post the post-processor was
limited to 15 in version 8. This is now increased to 30.

The U-values (1D) in x,y-direction (U, Uy) are shown for any cut.

1.5 Light version

The light (demo) version has the following restrictions:

Data cannot be saved.
Materials cannot be added or changed.
Max 1,000,000 (1,000-1,000) nodes.

Results for heat flows are hidden for larger problems with more than 5,000 nodes and with
more than 60 nodes in each direction.

Thermal coupling coefficients (L2D) will not be calculated.
Report preview is disabled.

Some other restrictions apply.



1.6 Installation and requirements

HEAT?2 v9 requires only about 0.2 GB RAM (a pc with 2 GB is recommended), and less than 10 MB
hard disk space. HEAT2 runs on both 32-bit and 64-bit Windows 8.%, 7, Vista.

Install HEAT2 by clicking on the setup file. If there is any problem (such as HEAT2 cannot find the
material files) please check the below.

Note that HEAT2/HEAT3 cannot be started directly by clicking on the exe-files. The programs
should be started using the short-cuts on the start menu (or your own short-cuts on the desktop, see
below how to create this).

Heat? ﬂ

Mote that HEATZ should normally not be started by clicking on
the exe-file directly.

Use the short-cut on the start menu (or make your own
short-cut on the desktop), Right-click the short-cut and go to
properties. Make sure that the following is set:

"target" to "C:\Program Files (xB6)\BLOCOMN\HEAT2
WHEATZ.exe" (or wherever the file is located)

"Start in" to "..My Docurments\Blocon\HEAT2 8" (or wherever
the material files are located)

By default, the setup program installs HEAT2_v9.exe and some other files to folder
C:\Program Files (x86)\BLOCON\HEAT?2_vo\

The material files (*.mtl) and some other user files are placed in
C:\Documents and Settings\*username*\My Documents\BLOCON\HEAT2 9

This folder contains also user projects files. It needs local write/read rights.

Make sure that the short-cut for "HEATZ2 v9" in the start-menu (right-click properties on the short-cut)
has "Target" set to ”C:\Program Files (x86)\BLOCON\HEAT2 vO\HEAT?2_v9.exe* (or wherever

the exe-file is located) and "Start in" set to "...Documents\Blocon\HEAT?2 9" (or wherever the files

are located).

The installation with the setup file will automatically create correct folders. Administrators rights are
needed for the setup since the setup-program writes in the registry and program folders.

If needed, you can also make shortcuts on the desktop for each user with properties set to
Target: "C:\Program Files\Blocon\HEAT2_vO\HEAT?2_v9.exe"

and
Startin: "...User1\My Documents\Bloco’\HEAT2 9" for userl
Startin: "...User2\My Documents\Blocon\HEAT?2 9" for user2
etc.

Each folder should contain copies of the original material files (.mtl and Mtrl50.txt), ini-file, and
projects files. (The same that was installed). The folders needs local write/read wrights. This way,
each user has his/her own files.






2. Temperature dependent material properties
2.1 Introduction

The thermal conductivity and the heat capacity may change with temperature. This gives a non-linear
thermal problem. For the two-dimensional case, the heat equation governing the thermal process is:

or o oT 0 oT

OX
Where
C The heat capacity JI(m3-K))
A Thermal conductivity W/(m-K)
T Temperature K
X,y Coordinates m
t Time (S)

Fire safety design and soil freezing are typical applications where there are temperature dependent
material properties resulting in non-linear thermal processes.

2.2 Enthalpy calculations

HEAT?2 solves the heat equation using a numerical method as described in “Theory of HEAT2 and
HEAT3, (Doctorate thesis, Blomberg), (PDF), 2.5 MB, 202 pages, 1996, sece
http://www.buildingphysics.com/manuals/avh_TB.pdf

For all areas that have materials with a volumetric heat capacity that depends on temperature another
approach is now used to solve the heat equation using the energy E(T):

E(T)= [ c(T)dT

Tref

The figure below shows an example of the volumetric heat capacity C(T) and the integrated curve
E(T) for steel that has a large change in heat capacity with peak around 735 °C.

File Options

TDEP_STEEL " TIE). er " LambdalT)

TOEP_STEEL Type: Steel

(T
E(T)

|-500
-0

B
100 200 300 400 500 600 700 800 900 1000

Tempersture  [C]

Volumetric heat capacity C(T) and the integrated curve E(T) for steel.


http://www.buildingphysics.com/manuals/avh_TB.pdf

2.2.1 Freezing of soll

When soil is freezing, a moisture related phase change is occurring. Liquid water is transformed to
ice. The thermal conductivity and the heat capacity will change with temperature. We have a non-
linear thermal problem.

Let T; denote the temperature in the soil when it is fully frozen. This temperature will be different for
different soils. In clay, a considerable part of the water may be unfrozen at temperature below 0 °C.
The reason for this is that the water is located in small pores, where a lower temperature is required
to freeze it. The material is unfrozen at 0 °C. If we assume that the major part of the water in the soil
is frozen at —1°C, then the freezing process will take place in the interval 0- (-1°C). We will assume
that the freezing process is linearly distributed within this interval. The energy per volume unit is
called E and the change of energy, AE, associated with a change of temperature equal to AT. We have
the following three cases in the freezing process, see [1] and [2]:

Co-AT
AE = L. AT
=Tt
Ci-AT
Where
AE Change of internal energy in the material (J/m?)
L Latent heat for phase change of material (J/m°)
C Volumetric heat capacity for frozen soil, (J/(m*-K))
Co Volumetric heat capacity for unfrozen soil, (J/(m®-K))
E (J/m®) L (W/mK)
?\'f—\
T | E—
- T (°C) | L ST (0)
/ :
// -L
//

Consider the above figure. The relationship between the internal energy, E and the temperature is
shown on the left hand side. In the right hand figure the relationship between thermal conductivity
and temperature is given. The thermal conductivity for unfrozen soil is A and for fully frozen soil A
with a linear interpolation in the freezing interval. The parameter L is the latent heat. The latent heat
for freezing of water is 330 kJ/kg. The relation between the moisture content per volume in a
material, w (kg/m?), and the latent heat L (J/m®) reads:

L=w-330-10° (J/m°)

The simulated frost penetration is assumed to follow the —1 °C isotherm. By plotting the -1 °C
isotherm, we can analyze the risk for frost heave.

10



2.3 Using temperature dependent materials

It is quite easy to use temperature dependent materials in a calculation. Just draw the geometry as
usual in the pre-processor (or bitmap editor) choosing pre-defined materials from the material list. Go
to menu item “Temperature dependecy, snow, cold spell” in the “Input” menu and check “Use
temperature dependecy”, see below.

Temperature dependecy, snow, cold spell

Temperature dependent options for materials:
Use temperature dependency Graph

Reload Tdep_List. twt

Snowve:

D Snow

Reload Snow, txt

Cold spell overrides value from sinusoidal function 1:

[ Cold spell Start time; 25d  Temperature:
Stop time: ,73%

Update of conductance:

Iteration interval: 100

-15.00

2.4 How to define temperature dependent materials

There is one predefined material in HEAT?2 for steel named “TDEP_STEEL”. It is quite easy to add
new materials that have heat capacities and/or thermal conductivities dependent on temperature.
These should be given in a text file named “TDep_List.txt” (located in the same folder as the
material files). For each material, a name is given which has to have the prefix “TDEP_". The row
after gives the type (“1” or “2”), and the following rows contain data for that type:

TDEP_ "namel”

Type
Data for type

TDEP_"name2”

Type
Data for type

etc.

There are currently two types available, see below.

2.4.1 Type 1, Freezing of soil

Type “1” means data used for freezing of soil with data as follows:

Af Thermal conductivity for frozen soil W/(m-K)
Ao Thermal conductivity for unfrozen soil W/(m-K)
Cs Volumetric heat capacity for frozen soil I(m3-K))
Co Volumetric heat capacity for unfrozen soil J(m3-K)

L Latent heat in for phase change of material Jm?

T; Temperature in the soil when it is fully frozen °C

An example is
TDEP_MySoilNamel

1 type
1.40 Lf
1.05 LO
1.76e6 Cf
2.34e6 CO
9.32e7 L
-05 Tf

11



Note that it is OK to write comments after each value (as done above). This example gives the
following curves for volumetric heat capacity C(T), enthalpy E(T), temperature as a function of
energy T(E), and thermal conductivity A(7):

File Options

& CTLET T  Lambda(T)

I G
I E(M

n
o

C(TY [MJAm* K]

u + u u y
08 06 04 02 0 02 04 0E 08
Temperature [°C]

File QOptions

TDEP_MySaiNamel > | comeEm & FE " Lambda(T)

TOEP_MySoilMame!  Type:1

14
12]
11
08
06
]
02
o
024
04t

EiL:E ¥ BN
ol
1
2]
14

B0 .75 70 -B5 B0 55 50 45 40 35 .30 25 20 -
Enthalpy  [MJne]
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File Options

|TDEF_MyS ailtame1  ETLEM & CET

TDEP _MySoikamel  Type:1

18—
1afo

u 4 T u T
02 o 02 04 1]
Temperature ["C]

t
04

T
06

2.4.2 Type 2, piecewise linear volumetric heat capacity and thermal conductivity

The second type “2” means that the heat capacity and thermal conductivity are assumed to vary
piecewise linearly with temperature. Input data for each material are given as a number of
temperature property-value pairs. The data are as follows:

Nc
Ty

The
Ci
Cne
NA
T1
The
v
AN

An example is

Number of pairs for temperature and volumetric heat capacity, (max=100)
Temperatures

Volumetric heat capacities

Number of pairs for temperature and thermal conductivity
Temperatures

Thermal conductivities

TDEP_MyName2

type
7 pairs for T,C

2

7

5
15
20
22
25
27
30
1le6

T1
T2
T3
T4
T5
T6
T7
C1

13



26 C2

26  C3
6e6 C4
10e6 C5
3e6 C6
le6 C7
3 3 pairsfor T, 2
0 Tl
2 T2
10 T3
1.2 A1
15 A2
0.5 23

The above example gives the following curves for volumetric heat capacity C(T), enthalpy E(T),
temperature as a function of energy T(E), and thermal conductivity A(7):

File Options

= CIT)E(T) " Lambda[T)

I Cm
E(T)

CTY MJAm*K)]
oW e m @
Wwihw o inomoin o i

i

y y y u T u u T -
14 16 18 20 22 24 26 28 30 32
Temperature [°C]

File Options

|TDEP_MyName2  CTLEM)  Lambda[T)

TDEP_MyMamez2 Type2

)
0%+
284--t-
ELY
244t
2]t

ENE

Cqgd-

144-

T T
35 40
Enthalpy  [MJin®]
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Eile Qptions

[TDEP_MyName2 =] COTLEn © TE olE

TDEP _Myhame2 Type:2

—ttt
105 005 1 15 2 25 3 35 4 45 5 55 6 65 7 7S B8 85 9 95 10105 M
Tempersture  [*C]

Note that the values are assumed to be constant before and after the end points for both the
volumetric heat capacity and the thermal conductivity.

The following example shows a variable volumetric heat capacity but a constant thermal
conductivity:

TDEP_MyName3_Variable_C

2 type

3 3 pairs for T,C
5 Tl

15 T2

20 T3

le6 C1

266 C2

2¢6 C3

1 1 pair for T, A
5 T1 (any value can actually be given)
1.2 21

This will give a constant thermal conductivity of 1.2, and other curves as shown below.

15



File Options

TDEP_MyMamme3 Yariable C LI (?E[T]E[T] " TIE] € LambdalT]

TDEP_Mybame3_Yariable G Type:2

=2
72

o
E(T)

in
@

143

CTY MIAm™K)]
&

4 5 B 7 5 9 10 11 12 13 14 15 16 17 18 19 20 21
Temperature [*C]

File Options

ITDEP_MyNameS_Variahle_E LI " CITILEM) f"fT[E} " Lambda(T)

TDEP_MyName3_Variable_C Type:2

—
401 2 3 4 5 6 7 8 8 10111213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28
Enthalpy  [MJime]

The following example shows a variable thermal conductivity but a constant volumetric heat
capacity:

TDEP_MyName3_Variable_Lambda
2 type

1 1 pair for T,C

5 T1

1e6 C1

2 2 pairs for T, 2

5 T1

10 T2

1.2 A1

2.6 A2

This will give a constant volumetric heat capacity of 1e6, and other curves as shown below.

16



" Lambda[T]

3 Wariable_Lambda

[TDEP_MyName

G-yl (100

Temperature [°C]

" Lambda[T]

3 Wariable_Lambda

[TDEP_MyName

yMame3_Variable_Lambda Type:2

TOEP_ht

005 041

1

015 02 025 03 035 04 045 05 055 06 065 07 075 05 035 09 095

Enthaly  [Mdim?]
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File Options

TDEP_MuyMame3 “ariable_Lambda j i CITLET] " TIE]

TDEP_MyMame3_“Wariable_Lambda  Type:2

26f--
251
241
231
22}

ga1f--

T
T3
Temperature  [7C]

The following example shows data for stainless steel:

TDEP_SL_Stainless Steel
2 type
13 points for T,C
0

100

200

300

400

500

600

700

800

900

1000

1100

1200

3.533e6
3.731e6
3.889¢6
4.015e6
4.114e6
4.192¢6
4.256e6
4.313e6
4.367e6
4.427¢e6
4.498e6
4.586€6
4.698e6

2 points for T,lambda
0

1200

14.6

29.84
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File Options

@CTLET  OTE) () Lambda(T)

4.7
46
4.5

E(TY [Mdim]

Temperature  [C]

File Options

TDEP_SL_Stainless Stesl (I QT E(T) ® T(E) () Lambda(T)

TOEP_SL_Stainless Steel Type:2

5000 5500

1000 1500 2000
Erthaly  [MJin?]

File  Options

TDEF_SL_Stainless Steel (ICIT)LE(T) ITIE) (®) Lambda(T]

TOEP_SL_Stainless Steel Type:2

t t t T t u u
500 /00 70O @00 900 1000 1100 1200
Temperature  ["C]

19



2.4.3 The material list

All the temperature dependent materials in file “TDep_List.txt” will be imported to the material list
when HEAT?2 is started. It is also possible to edit the file and reload the contents while HEAT?2 is
running using the “Reload” button, see Section 2.3.

Findt | > [ Showdata Edit | |

z0il, sandy diy

steel, alloy and mild 4130, 4340)
steel, alloy, cast

steel, [EA

steel, stainless cal’d, cadl [cast

TLEP_MyMame3

TDEFR_MyMame3 “ariable_C
TODEF_MyMame3_‘anable_Lambda
TLEF_MySailMame1

TDEP_SL_constant
TDEF_SL_Stainlezz Steel
TODEFR_SL_Stainless Steelms
TDEP_SL_Steel

TDEP_SL_ testl
TDER_SL_testEftring
TDEP_SL_testEftring_peak
TLDEF_SL_testEfting_peak2
TDEF_SOIL_CEH
TDEP_SOIL_Efting_s176
TDEF_STEEL

urethane [liquid), no cap.. CEN
wiater [hZa) [gas] [1 atm)

All temperature dependent materials will have the color yellow as default. It is however possible to
change this color to another if needed by double clicking on the material which will bring forward the
material editor, see below. You need to save the material file to keep any change.

File Edit Help

l:li:l llll_’l_ﬂl Itemn: 185 Tatalitems: 231

up3 10

~Thermal properties

Material name TDEPJ‘WNE-"“&Z

Lambda_x: 1 WIm-K)

Lambda_y: 1 Witm-K)

Volumetric cap.: |1 MMy
Color. Pick | Randomize)|
o [WE E M [

—_—

2.4.4 Option for overriding and using constant properties

In order to account for temperature dependent material properties you need to check the box “Use
temperature dependency”. If there are materials with its name starting with “TDEP_" and this box is
not checked, there will be a warning. There is an option to continue the calculation using constant
properties. In this case the values from the material editor will be used (these can be changed from
the default values 1).

20



% Temperature dependent material exists but option for temperature dependency is not checked. Do you want to continue using constant properties?

Cancel

2.5 Update of conductances, heat capacities and stable time-step

In the numerical iteration, there is no a need to update the conductances and heat capacities at every
time-step since this is quite time consuming. The user can choose the update interval for this, see
below. A default value of 100 is used meaning that an update will occur every hundredth iteration.
This is normally sufficient (e.g. the time-step used for the slab on ground calculation in the example
below is 52 seconds which means that update is made every second hour).

Temperature dependecy, snow, cold spell

Reload Tdep_List. txt
Snow:

[5now Reload Snow. txt

Cold spell overrides value from sinusocidal function 1:

[ cold spell Start time: 25d  Temperature:
Stop time: I—E.l:ld

Temperature dependent options for materials: Update of conductance:

|Use temperature dependency Graph Iteration interval:

-15.00

100

2.6 Miscellaneous about temperature dependent material properties

It should be relatively easy to define and use materials with temperature dependent material
properties. The materials are picked from the material list and drawn in the pre-processor in the same
way as constant materials. There are however some noteworthy comments:

¢ Note that you always need to have the file “TDep_List.txt” available when solving a problem
that has temperature dependent material properties. If you e.g. need to email input data files
to another user running HEATZ2 on another PC, this file needs to be present (together with

e.g. input files *.dat and *.h2p and material file *.mtl).

e The current data in file “TDep_List.txt” that describes the material properties are always
used in the simulations. No data is actually saved in the input data files (*.dat or *.h2p) other
than the material names. When HEAT2 encounters a temperature dependent material (i.e.
when the name starts with “TDEP_”), the data are collected from the current file

“TDep_List.txt” matching the name.

e You can make both transient and steady-state calculations. In the steady state case, the heat
capacities do not matter and only the variation for the thermal conductivity is considered.

e Avoid using the same names for the materials. If the same name exists more than once in file

“TDep_List.txt”, the last read data will be used.

o Different temperature dependent materials (and constant materials) can be used and mixed in

a problem just like constant materials.

e There is one predefined material “TDEP_STEEL” that can be used without having to read

the file “TDEP_List.txt.
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2.7 Snow layer and cold spell

This section is put in this chapter because snow layers and cold spells often are used for cases
involving freezing of soil. Thus, the options are on the same window:

Temperature dependecy, snow, cold spell “
Temperature dependent options for materials: Update of conductance:
Use temperature dependency Graph Iteration interval: 100
Reload Tdep_List. txt
Snow:
Snow Reload Snow. txt

Cold spell overrides value from sinuscidal function 1:
Cold spell Start time: 25d  Temperature: -15.00
Stop time: 30d

The snow is considered by adding a resistance to the surface resistance:
RSHOW:dSHOW/ASHOW [mZK/W]

The values should be given in the file “snow.txt”. The first row should contain the thermal
conductivity for the snow Aspw, and the second row 24 values for the snow thickness in cm dgo, for a
year (i.e. a value for every second week, starting at Jan 1). Here is an example:

0.3 Kiruna North Sweden (Latitude: 67.85 Longitude: 20.22)
4848707075756060101000000000 101018 18 48 48

Y

Snow depth [cm]
IS
o

\
\
\
\
35 \
\
\
\
\

Snow depth (cm) for a year in Kiruna.

The resistance due to the snow layer is calculated during the simulation using linear interpolation
between the snow depth values.

The extra resistance due to the snow layer will always be applied to boundary condition type 3 and
added to the normal surface resistance. In the example below, the ground surface (boundary 5) is
coupled to BC type 3 that has a surface resistance of 0.04. The external side of a wall could e.g. have
the same outdoor temperature function but does not have to be affected by the snow layer (boundary
4 connected to BC type 4 as below).
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Mumber of typez > I 4 :

E| Do carection for sloped boundaries

type | Bounds

E Default |
----------------- it L e e e e e e LR L

= ] ] 0 | 22.00000 E-U.‘ISDUDU
----------------- R bty R LI LI e R EE L ELL e
Tit=funct 5 =413
""""""""" { ittty nfiatfiditatadl nfdi ittt it

T(t)=funct i THt=-1413) | 1 0.040000

@ Update graphics

2.8 Example

The following example (Slab_snowl.dat) shows a case with a temperature dependent material (soil),
a periodic outdoor temperature with a sudden cold-spell, and a snow layer.

The location is Kiruna (North Sweden Latitude: 67.85 Longitude: 20.22). For the soil we use
“TDEP_Slab_soil” with the following specification:

1 type

2.6 Lf

1.4 LO

1.85e6 Cf

2.7e6 CO

17.5e7 Latent heat in for phase change
-1 Tf
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IFl\e Edit Layers View Materials Settings Mesh <Update OK>

®xOHF6E voaum® T@il o DM X+ "B 8 T dne  dny
1160
.
[
[m]
. 2] . gx| Bdjust 8;@3.
" e lower
[ F by |
E Lock |x.y=(-1.2,82) dist8.2873
5| Freprocessoris unocked Pre_processor i npUt

I ile Edit Layers View Materials Settings Mesh <Update OK>

File Edit
®xOHF6E voaum® T@il o DM X+ "B 8 T dne  dny
1:30 A
—
| -
w2 dx [ Adjust (®) upper
w1 #2 dy: [ () lower
vl
E Lock |x.p=[-01,77) dist 7 7006 . . . .
s Zoomed detail with an expansion point

The thickness of the insulation, and of the concrete slab, is 1 dm.

We choose a mesh with about 10 000 nodes. The CPU-time to simulate 20 years is about 50 min on a
i7 3770K 3.50GHz.
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Post-processor 241376 Pixels (677x363) -Materials [dx=15m dy=15.1m] - B

File Options Bounds T+Q Tools Settings Plot3D

TDEP_Slab_soil

Slab_insulation

Slab_concrate

Mat T a Iso || Dan Mesh Tools B num Small window | £ Restore M
esh
i Post-processor 136313 Pixels (370x372) -Materials [dx=15m dy=15.1m] — &
Eile QOptions Bounds T+Q Tools Settings Plot 3D
Material
5 3
T
TDEP._Slab_scil
6 2 Slab_insulation
Slab_conerste
1
Mat T [F] lso Qar Mesh Taoals BC rum Small window c BRestare

Boundaries 1-6

Note that BC type 3 is reserved for the optional snow layer (the resistance 0.04 will be added to the
resistance of the snow layer), so we add type 4 for the external vertical side of the slab:

Boundary conditions (F&) “

Mumber of types > 4 :

Do corection for sloped boundaries

type Bounds function q [/ Temp [C] | R [mE k]
1 [=const Drefault 0.00000
2 T=const 3 2200000 10.130000
3 T(t)=funct 5 1Ht)=1+13
4 T(t)=funct 4 THH=-1+13 0.040000
| jI'L Cloze | Update graphics

We use an outdoor variation as follows (the minimum will be at t=24d, i.e end of January):
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Function type

(®) Sinuzoidal

(") Step-wise constant
() Stepwise linear

Sinugoidal function

f=F1+f2%zin[ 2P (-t 0] tp] Tip for variation:

—————————  Daily:  t0=6h, tp=1d
1 [average] -1.0000 Yea}rlly: t0=3q. IE=1}'
[2 [amplitude] 13.0000

td [phase) S506400.0000
tp [period] F1536000.0000 1y

o 0K

We are interested to follow the temperature at the lower left corner of the insulation (3dm beneath
ground) and the undisturbed temperature (3dm beneath ground) 20 meters from the house. The points
are added in the recorder:

File Edit Options Graphics

Record enabled Chart column; 2 E [ Draw 1 Clear |
T
Nunber of cohms > [ 2 E [Max=25) ‘I
Col | Type of output Data | «[m] ‘ y[m] ‘
1 T. point 2.1 B 11.000000 | 14.700000 |
I et
2 | T, point [+y] i 111.900000 [ Rgalare}

< >

Mot validated

First we simulate 5 years and 2 months without any cold-spell and snow layer:

Simulahion ztop bime

Az time gtring: I 5yzc]

In seconds: | 1E62336000.000000

Current time

A time string: I s

I seconds: | 0.000000

q’ Apply x Cancel |

Temperature dependent options for materials: Update of conductance:

Use temperature dependency Iteration interval: I 100
Reload Tdep_List. txt
Snow:

Cold zpell overrides value from sinuscidal function 1:

[ cold spell Start time: | 25d  Temperature: | -15.00
Stop time: |—30d
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We get the following results:

Green curve: Temperature at the lower left corner of the insulation (3dm beneath ground)
Red curve: Undisturbed temperature (3dm beneath ground) 20 meters from the house

File  Options

— Default (2)
— Caol1
— ol 2

Time [Years]

File Options Bounds T+Q Tools Settings Plot 3D

Rotate Mave Coordinates Temp. and flows Materials
< > A w1 T-£5773 T[]=7.0936°C  Lambda(x)=2 6 W/mK] Name: TDEP_Slab_sail Type:1 H:3
y=1451Tm  Absg=18 395 Wind Lambdalyl=2 6 W k) L 1526 WK
<

Zoom 52 -84 qu=-0.5187 Wi/ YHC=1.85 M K]
< Bl i Q=17.831 Wint Enthalpy = -186.27 b 2 Uy=0.0934 W/ [n-K]

Temp ['C]

[va [afa] [ e e sl t=5y 2months

Now we add a cold spell during 5 days in the end of January and continue the simulation for 2 years:

Temperature dependent options for materials: Update of conductance:

[¥]Use temperature dependency Iteration interval: I 100
Reload Tdep_List. txt

Snow:

Cold spell overrides value from sinusoidal function 1:

[¥] Cald spell Start time: | 25d  Temperature: | -15.00
Stop time: I—S(Jd

28



Eile Options

— Detault (29
— Cal1
— ol 2

Options  Bounds T+Q Tools Settings Plot 3D

Mave Coordinates Temp. and flaws Materials
A w=l2izm T= Lambdaiy]
p=15206m  Absge Lambdaly]
ge=
< >v -

Temp[T]
| B

Mot | T 0 || ko | Qar | Mesh Tosls BCrum | Smallwindow l?‘ Biestore t=7y 2months

Now we also add the snow layer and continue the simulation for 5 more years:

Temperature dependent options for materials: Update of conductance:

Use temperature dependency Tteration interval: | 100
Reload Tdep_List. bt

Snow:

[+ 5now Reload Snow. txt

Cold spell overrides value from sinusoidal function 1:

Cold spell Start time: I 25d  Temperature:
Stop time: l—a(m
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Note that during simulation, the current snow layer thickness and calculated resistance will be shown:

Temperature dependent options for materials: Update of conductance:
[]use temperature dependency Iteration interval: m
Reload Tdep_List. txt
Snow:

Thickness: 48
[¥]Snow Reload Snow. txt CkNEss: =3 cm

Resistance: 1.6 m2-K/W

Cold spell overrides value from sinuseidal function 1:
Cold spell Start time: 250 Temperature: I -15.00
Stop time: I 30d

Eile Options

104

& - | | [=— Detaut (2)
B | SR i | R A%l | —cont
— Cal2

Time [ears]

File Options Bounds I+Q Tools Seftings Plot3D

Rotate Move Coordinates Temp. and flows Materials

[< 0 B A wlldm T- Lambdals)
p15107 M Absg Lambdaly]

Zoom a=

< > < >V =

Temp['C]

| B3

005
| BiE
M 65

e a] e aw wen | tw sean e ] tome | t=12y 2months

We see that the snow greatly increases the temperature in the ground. The lowest temperature at the
lower left corner of the insulation (3dm beneath ground) is about 9°C higher (about -6°C for the case
without snow and about +3°C for the case with snow).

A simulation 20 years from the start (with snow and cold-spell) gives:
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File Options

— Default (2)
— Cal1
— ol 2

VLAY

Now we run the case without temperature dependent materials, assuming the unfrozen values for the
soil (L=1.4 and C=2.7e6):

Temperature dependent options for materials: Update of conductance:

[[Juse temperature dependency Iteration interval: I 100
Reload Tdep_List. txt
Snow:

Thickness: 48
Snow Reload Snow. txt cKness cm
Resistance: 1.6 m2-K/W
Cold spell overrides value from sinusoidal function 1:
Cold spell Start time: I 25d  Temperature: I -15.00
Stop time: I 30d

Upon simulation the following meassage appears that we answer yes to:

o Temperature dependent material exists but option for
temperature dependency is not checked, Do you want

to continue using constant properties?

The temperatures are somewhat lower when constant properties are used:
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File Options

4 H----H-41--1--H--4--aF--0--3--0F--H--4--H--H--1--F--H--E-- — Default (2)
— Cal1
MmHTmHmHninnnnaiinnmnnraoaooannnun — Col 2

[=]
T
1
|

9
a4
7+
B4
54
43
31
23
144
04
EES
.24
-3
-4

0 1 2z 3 4 5 B 7 & 8§ 10 11 12 13 14 15 16 17 15 13 20
Time [Years]

For the choosen mesh with about 10 000 nodes the CPU-time on a i7 3770K 3.50GHz to simulate 20
years is about 50 min for the case with temperature dependency, and about 14 min with constant
properties. So, enthalpy calculation takes longer time.
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3. Enhancements in the Bitmap Editor

3.1 Introduction
There are some new features for the Bitmap Editor:

&8 Bitmap editor [PRIDO_FOLDING_DOOR_2.BMP] (1000x251) = B
File Edit |mage Material list Settings
= | | . Trim Tools Tolerance: 10 1000x251
|.,—_h | | H & o aluminum CAD import Scale
Q= TD——_— — M
03
X =
L)
.
N
— e
o s
< >
X463 ¥:116  dedb3p ->0.104279 m  dy:116p ->0.0261261 m  D:0.107502m  R:D G:0 B:153 [butyl rubber (solid), no cap., CEN] Lx=

The Tools button opens this window:

Fix broken lines: Fixes lines that are broken so that the fill tool will work better, see below.

ER Tools “
Fix broken lines Clean
Remap color to new color:
Remap R: 181 G: 181 B: 255 .4.' Left-dick
To —-» R 200 G: 230 B: 230 A' Right-dlick
or pickin list:
e Remap
Remap outline color to nearest color:
Outline color:
(®) Black
() Pick from dropper tool & Lefrdick
. R:0 G:0 B:0
s Remap

Clean: Removes unwanted single pixels from a bad cad-file, bitmap, etc.

Remap color to new color: Use the dropper tool and left-click on a material to get the source color.
Right-click on a material, or pick a material in the material pick list to set the target color. Note that
the tolerance (using the track-bar) can be set for the source color (a higher tolerance will remap
“nearby” colors of the original color to the destination color), see update manual for version 8.

Remap outline color to the nearest color: Normally, the outline color is black. Use the dropper tool
and left-click on the outline to get the source color if this is not black. The pixels at the outline will

be replaced by the most common (non-white) neighboring pixel.
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Press the undo-arrow to undo any changes.

Note: An imported CAD image will automatically be “fixed” and “cleaned” unless menu item
“Settings/Fix and clean image when importing from CAD” is unchecked. For more info about CAD
import, see chapter 4.

There is a “Trim” checkbox in the upper tool-bar. If this is checked, the material pixels in the bitmap
will “inflate” to better assure that materials are connected when the geometry is updated. See also the
update manual for version 8.

A white and black rectangle is added in the upper left side. You can e.g. choose the rectangle tool on
the left hand side tool bar and pick the white color (by clicking on the white rectangle) and erase
areas. It is now possible to use the mouse scroll to zoom in/out.

3.2 Setting the scale of the geometry

There is a new feature to specify the scale for the geometry (button Scale). This is illustrated by an
example. Assume we have the following dwg-file:

i CAD Import = =
=& =2 Q@ fH Be
Model v MBimapcip 500 2 10001000

Image | Stucture

ALUMINIUMSBELAGT
u

TREVIND
[ EEERRRETEs CETS TECPPISRRRPRRRRORN n

TAPE/VINDTETTDUK
VANNBRETT | ALU 6{/
15mm ISOLASJON ><

ALU KASSETTER ————=

BINDINGSVERK 48x198

UTLEKTING 30x48 ——— o e

13 mm GIPS

PLAST

PLAST

GU 9mm GIPS

< >
D100DWG 00:00 |30393.470 » 15101.650 464.458: 308.821

The image is imported and edited to the following simplifed bitmap:

@ Bitmap editor [scalet.bmp] (445x600) - =
Fle Edit Image Materiallist Settings

0 & H‘ © ‘ &5 Update Remzp | Tolerance: 1u| 445600

W W B @ wodone (ithoan) Fodtn Clean Scale

Q| *

B

OO0 e /¢ &N L

198
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Now we want to specify the measurements. We know that the insulation is 198 mm wide. Open the
scale window by pressing the scale button.

| Draw marking

| Erase marking
Use type of length
() Width w
() HeightH
(@) D=sgrt{W~2+H"2)

Length: 1E-1

| ¥ Calculate scalefactor

Scale factor: |1E+3 pix/m

Adjust bitmap size in pre-processor

Do as follows:

1. Press “Draw marking”. This will make it possible to draw a red line in the editor. The line is
here drawn just beneath the insulation.

File Edit Image Materiallist Settings

D@R| v o] Suee [ m [ e | o o] e
e 2O | comot | Fen [ cen | scake
a
7
&
LY
&
9
e
&
O
O
O

198
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Give the length for the line (0.198 m) and press “Calculate scale factor”. The scale factor is
calculated to be 1.57577E3 pix/m. Here we use the default option “D” for the type of length since
this is the same as the width.

| Draw marking

| Erase Marking

Use type of length
() width W

(_IHeight H
(@) D=sqrt{iW~2+H"2)

Length: In, 194 m

| e Calculate scalefactor

Scale factor: Il.E?E??E+3 pix/m

Adjust bitmap size in pre-processor

W=391-79=312
H=469-468=1
D=312
D=312-> 1575.8

3. Press the ”Update” button in the Bitmap Editor to generate the final geometry as shown in the
post-processor. It may be a good idea to check the geometry using the mouse (in this case we
look at the x-coordinates where the wall insulation starts and ends). Also note the resulting
total width and height as shown in the window title (dx=0.2488 m and dy=0.2843 m).

File Options Bounds T+Q Tools Settings Plot3D

Rotate Move Coardinates Temp. and Aows Materials
< > ’T #=0.043 m T=0 Tliil0"C Lambida(x)=0.033 W/ A k)
y=0.0778 m Abs g=l W frré Larnbdaly)=0.033 WA k] y
Zoom neti i L=l 1575 W e )
< > [« ¥ W qu=0"w/ne Up=0.1715 %/ A K)
Material
wood, oal
I glass-wog)
I wood, pir|
( zypsum b
e
I Mat T ¥} lzo Qarr Mesh Taols BC num Small window e Restare
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A few comments:

The bitmap rectangle in the pre-processor will always be adjusted to match the scale, unless
“Adjust bitmap size in pre-processor” is unchecked. There may be times that you need to
adjust the bitmap rectangle size yourself (e.g. if the scale is not the same in x- and y-
directions).

You can set a scale factor directly (if you know this) without drawing a red marker line.

The size of the red line can easily be checked using the zoom tool. Here we adjust the line
end using the eraser tool (or rectangle tool and white color):

ile Edit Image Material list Settings

0O = n| a3 H o Update H Trim ‘ | Remap || Tolerance: 10‘ U 445600

I =T | comot | mem | den | sck m

* -

L1

X | -

%

&

~

3

(i

e

O

]

O v
< >

Line a bit too long.

File Edit |mage Materiallist Settings

ID#E‘-@UH £ Update ‘|Tl'ln||RE'nap||TnlErancE:1ﬂ‘D 445x600|
(N = ) | CAD import || Fixgin H Clean ” Scale |
Q  :m

[y | cm

£

% O]

NGl

N

=

0

o

0

O

O v

Adjusted line (end of line erased).

It would have been possible to draw the red scale mark line on the geometry as well, see
below. However after the scale factor has been calculated (as above), the red line needs to be
erased since it will not be recognized as a material upon updating. Erase the line using the
undo-arrow in the editor or press button “Erase marking”.
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File Edit Image Material list Settings

D@ M| 0| Cude | mwm || femo || oo 0| U 45600

(5 PRI ] | compert | men | cen | scae

o002 /F ¢niip

198

Red marker line needs to be erased after scale factor is calculated.

Type of length

The width W is just the extension for the red color in the x-direction (max_x-min_x), and the
height H the extension in y-dir (max_y-min_y). The distance D is calculated as
D=sqrt(W?+H?). See example below where W=312, H=199, D=370.06. In this case we need
to use the width W to calculate the scale factor correctly. The distance D is typically used to
calculate the scale factor for a sloped measurement (not vertical or horizontal), but can also
be used for horizontal lines (D=W) or vertical lines (D=H).

Arkiv Editera  Bild Materiallista |nst3llningar

D@H|no eprdatera ||Tri-rrna||ﬂten'nappa||Tderans:lOU

Draw marking

2

Erase marking

Use type of length
(®) Width w

() HeightH

() D=sgrt{Ww~2+H"2)
Length: |1.98E—1 m
E 8 Caloulate scalefactor |

Scale factor: |1.5?5?GE+3 pixfm

Adjust bitmap size in pre-processor

7
Zz
N

%
AN
3

o
L]
]
O

W=392-80=312
H=442-243=199
D=370.06
W=312-> 1575.8
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The scale marking does not have to be made using one line. You can put two lines with the
red marker color (or even two pixels). A tip is to zoom in the area for better precision. Below
we have two areas giving W=312 which is used to calculate the scale factor.

Arkiv  Editera  Bild Materiallista  [nstallningar

D@E|00H % Uppdatera ||Tm‘|5temﬂppa H Tolevans:lﬂ|U 245600

) | Cetmpet | Fe | e | see

| Draw marking |

| Erase marking |
Use type of length
(®) width W

() Height H
() D=sgrt(w~2+H"2)
Length: |1.98E—1 m
mv Editera Bild Materialista [nstallningar | ecdﬂ date scalebacion |
DD"‘H|-00H £ Uppdatera ‘|Tm|‘ﬂtemﬂppa“To‘erans:1ﬂ|U d -

Scale factor: Im pix/m

L -
Adjust bitmap size in pre-processor

O0O%= e/ @nilp
Y

| csmoot | me | mensr |

W=392-80=312

D=315.67
W=312 -> 1575.8

COo0z= e /¢ #niln
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3.3 Bitmap rectangles and bitmap underlays

The bitmap rectangle in the pre-processor that maps the geometry from the Bitmap Editor is now
automatically created (if it is not already is drawn). See also the update manual for HEAT2 v8.

File Edit Image Materiallist Settings

D@ E|o 0| Quee || || rew | o o U soniso0
w2 @ bk | cadmpot | mx | e | scae
el ~
o=
o
i
S|

0002w/ ¢ #niip

| Circle drawn in the Bitmap Editor

o A BITMAP rectangle and a BITMAP underlay rectangle

will now be created in the pre-processor.

ok | cancel |

Message when pressing ”Update”

x

File Edit Layers View Materials Settings Mesh <Update OK>
* G5 Y@ @@ OB [ M X 5B S T dux dmy
11.3
(=
[m]
yaf dx[ Adiust side: (®) upper
1 2
w1 ﬂ [’ dy | O lower
“ Lok |x.y=(0116, 0038)  dst01221 ; .
= e Created bitmap rectangle in the pre-processor
-
File Options Bounds T1+Q Updating Settings Plot 3D
Material
brick, TEA

s |16 o n| e || s [ | e (S e | Fipg geometry as shown in the post-processor
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A bitmap underlay will also be created if the area is not continuous. The reason for this is that the
final geometry (created by pressing “Update’) will not be valid if the area is not continuous and we
cannot check the result in the post-processor. Using a bitmap underlay will allow us to edit and see
the result in the post-processor during all steps in the input process.

File Edit Image Materiallist Settings

DM oo Cuee || m || ceww | 1w o U sa0xs00
w8 @ bigeE | cagimpot | e [ cen | sk
Q em

T3 e

< =

X o

N

NE

S 5

et

o

0
I%

_ Circle added in the Bitmap Editor

The area must be continuos. If you are using bitmaps,

try to check the "Trim"-box.

Atip is to use a BITMAP underlay during editing. Do you
want to create this now?

File Edit Llayers View Materials Settings Mesh <Update OK>

% O3 THMQF'EE@(::E OB B M X B8 e

dim % dim y

m)
vaf | Adiust side: (®) upper
w0 w2 oy () lower
il
“| Lock |x.y=(0215, 0063]  dist0.2258
ID brick, 1EA 1+=0.45 1=0.45 C=1.43

File Options Bounds I+Q Updating Settings Plot3D

Message when pressing “Update”

An underlay is created beneath the bitmap

o ] e | v | e | e | e (2] e | Result as shown in the post-processor
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The underlay is just a dummy material in light-blue color. You can of course use any other material
but the name BITMAP_UNDERLAY is reserved and not allowed when a calculation starts. The
following message appears if we try to start a calculation for the geometry:

o There is a BITMAP underlay rectangle in the

pre-processor that has to be removed before a
calculation starts, Do you want te remove this now?

0K 1| cCancel |

If we choose to remove it, we still cannot start a simulation (or even update the geometry) because
the area is not continuous. When pressing ”Update” we will get the earlier message about creating a
new underlay, see above.

We continue with our project in the bitmap editor. Now the area will be continuous:

File Ecit Image Material it Settings

(= H| o O || £ Update ‘ ‘ Trim ‘ ‘ Remap H Tolerance: m| U 500%500

[ WM | & € conaet, lightweicht, EA | Cad import ‘l Fix ” Clean ‘l Seale

..... 7

Em®EHZSN

002 e/ ¢ #ni

Updating the geometry gives this result (still with the bitmap underlay):

x

File Options Bounds I+Q Updating Settings Plot3D
Material

BITMAP_UND

3 [

/74%“ concrate, lighte

4 \UHU/ 2
concrate, IEA

1

brick, [EA

Materals mm| io | Gar || Mesh | | Updating || BCrum || Smalwin nel F(Esln:e
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Now we should remove the bitmap underlay, by hand or by trying to start simulation:

o There is a BITMAP underlay rectangle in the

pre-processor that has to be removed before a
calculation starts. Do you want to remove this now?

ok ]| cancel |

Press OK. After updating again, we get the final geometry as shown in the post-processor below. We
can now see the final boundary numbers allowing boundary conditions to be set.

File Options Bounds T+Q Updating Seftings Plot 3D
Material
conerete, lightw
conerste, [EA
brick, IEA
L TE—
Materials T Q lso Qar Mesh Updating BLC rum Small win e Restore
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3.4 Drawing geometry using a script

The geometry in a bitmap can now be specified using a script file, see menu item “Edit/Script” in the
bitmap editor. A script file can be opened and edited in e.g. Notepad. Running the script will draw all
entities in the bitmap editor. If “Empty bitmap before running the script” is checked, the existing
bitmap will be erased before the geometry of the script is added.

i} Script “

| Set script file Cpen

Rur script

[]Empty bitmap before running script

A script file is an ordinary text file (*.txt) containing commands for drawing:

L x1 yl x2y2...xnyn name I draws line segments

E x1ylx2y2 name I draws an ellipse

R x1yl x2y2 name I draws an rectangle

M x1 yl x2y2...xnyn name I draws a closed polygon

N x1 yl x2y2...xnyn name I draws Bezier fitted lines

P x1yl x2 y2 x3y3 x4 y4 name I draws a pie

A x1yl x2 y2 x3y3 x4 y4 name I draws an arc

X x1yl name I draws a pixel

Y x1lyl name I fills region bounded by black

Z x1lyl name I fills region bounded by material

3 A

Comments begins with “!”. The optional “name” refers to the material name. The color of the
material is used for both pen and brush. Make sure that the correct material file (*.mtl) is active in
HEAT?2. If the name does not exist, or no name is given, the drawing color will be black (and the
ellipse, rectangel, and polygon will not be filled).

A few comments:

M: draws a set of connected beziers with the end point of the first curve being the start point of the
next and so on. So the number of points in the array should be 4 + (n*3) where the number of curves
required is n-1.

P and A: The wedge/arc is defined by the ellipse bounded by the rectangle determined by the points
(X1, Y1) and (X2, Y2). The section drawn is determined by two lines radiating from the center of the
ellipse through the points (X3, Y3) and (X4, Y4).

Y: The boundaries of the region to be filled are determined by moving outward from the point
(x1,y1) until a black boundary is encountered.

Z: As Y except that the boundary color should be the same as the filling color (the material color).
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Example “Script_1.txt”

r 350 100 400 300
p 10 10 100 100

a 10 100 100 200

e 100 100 200 300
e 150 150 300 200
e 300 300 400 400
e 300 200 400 300
e 200 300 150 380

100 100 1055
100 200 10 150

XXX

File Edit Image Materiallist Settings

brick, IEA

Frame ex. (d) EPDM

Frame ex. (d) EPDM

cork, IEA

concrete, IEA

I material name does not exist => black color
I no material name gives black color

Frame ex. (d) EPDM

DD”H|“O|| 5 update

|500x500| Trim } | Remap || Tolerance: 10| D

.| [ © Frameex. (d)EPOM

| CAD import " FixBin ” Clean

w
1

13
V-4
N
y |[E
NO
5 m
?;

O m
O g
Ol

I
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Example “Script_smiley.txt”

e 20 40100 120 gold I left ear

e 400 40 480 120 gold I right ear

e 20 20 480 480 cork, IEA I big yellow circle

e 100 100 400 400 Example 1, concrete I blue circle mouth

e 100 80 400 380 cork, IEA I yellow circle mouth

e 20 200 150 330 cork, IEA I left end mouth

e 350 200 480 330 cork, IEA I right end mouth

e 160 140 220 220 Example 1, concrete I left eye

e 280 140 340 220 Example 1, concrete I right eye
& Bitmap editor (500x500) - B
File Edit Image Materiallist Settings
D& | « £ Update 500x500 | Trim ! Remap Tolerance: 10
L || @ Frameex. (d)EFDM CAD impart FixBtn Clean Scale
Qal +

A1

@ ®
o0

N’

COOFRe /£ Fni
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Example “Script_Bezier.txt”

L 100 100 200 150 250 300 250 330 brick, IEA
N 100 100 200 150 250 300 250 330 aluminum
L 20 350 100 300 200 310 250 400 350 330 370 360 430 390 brick, IEA
N 20 350 100 300 200 310 250 400 350 330 370 360 430 390 aluminum

IEME Edit Image Material list Settings I

I = = | < 3 | eUpdahe ‘500)(500{ Trim } ‘ Remap H Tolerance: 10‘ U
” Scale ‘

-'| H |2 @ rameex (derom | CAD import ” FixBm H Clean

[al +

""" 1:1

[

CO0O%¥= e /& &KL
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Example “Script_fill_1.txt”

L 100 100 200 150 250 300 250 330 100 400
L 180 50 180 450

L 220 50 220 450

Y 200 230 concrete, IEA

File Edit Image Materiallist Settings

0= ﬂ| © O || ) Update |souxsou{ Trim } ‘ Remep H Tolerance: m‘ U
T E 8 @ Fancex (dEPDM ‘ CAD import H FixBin H Clean H Scale
+

5 1m

K| =

A

L

AN

3

i

[

O

O

O

Example “Script_fill_2.txt”

L 100 100 200 150 250 300 250 330 100 400 concrete, IEA
L 180 50 180 450 concrete, IEA

L 220 50 220 450 concrete, IEA

Z 200 230 concrete, IEA

File Edit Image Material list Settings

0= El| © O H £ Update §|samcsnn{ Trim } ‘ Remap H Tolerance: m‘ U
W H B € Fameex derM CADimport | Fwein | Cean | Scae
*

L | 11

L |-

%

R

AN

)

]

O

O

O
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3.5 Tips

Areas with shading/hatches/etc.

Always try to use a “clean” picture/cad file without shading, etc. If a certain layer cannot be turned
off in the CAD editor, you can try to remap the color to e.g. white using the remap tool:

IEME Edit Image Material list Settings I

I DeH ‘ LIS | ﬂ“pﬂim |&||Tﬂleranc&: "—|— 10 ‘ 600507
D] " 2O CAD import Hle i Clean | Salal
m
0| 73 ]

Z N
5 | H N
N E 8
N B

§ m g

fil I
o e

O

O

@]

Fix broken lines | |

Remap color to new color:

Remap - R: 176 G: 176 B: 176 z Left-dick

To —= R: 255 G: 255 B: 255 Z Right-click
or pick in list:

| e Remap |

Remap outline color to nearest color:
Outline color:
(@) Black

() Pick from dropper tool z Left-click

-R:UG:UE:U

| Qe

Note that the tolerance (using the track-bar) can be set for the source color (a higher tolerance will

remap “nearby” colors of the original color to the destination color).
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We now have a cleaner image:

File Edit Image Materiallist Settings

D@u| "70| 3 Update ‘rTnm

Remap

HTolerance' -—n | 5007507

mhE 2O CAD import | Fisx | Clean Smlel
aQ
i)
[£
%
2
~
3
&
O
O
O

| S

It’s now easy to use the Fill tool:

File Edit Image Materiallist Settings
HToIeranoe' “F——n | 500°507

D@u| 'OU| £ Update ‘FTnm |

Remap

- M | € butylrubber (solid), no cap., CEN CAD import | Fix | Clean SG!IeI
2w
3| A
&
S | H
AW E
N B
§ | m
I

®

L

O

O

=




Broken lines

If the picture/CAD file has thin lines there may be a need to fix broken lines in order to use the fill
tool:

Bitmap editor = =

File Edit Image Materiallist Settings

DEd o o Update ¥ Trim Remap Tolerance: —)— 10 | 600*s07

| | B @@ butyl rubber (sold), no cap., CEN CAD import Fix Clean | Scale

2l | "

[y

* .

X H .IE

w @ !

N B I b

5 m r

fi” —_ —_——. gt

£ - _.i.-'l r - 1

O L— L L

@)

C .
< >

This sealing has about 25 holes.

Bitmap editor - B
File Edit Image Materiallist Settings
Ded | = £ Update ¥ Trim Remap Tolerance: = ———— 10 | 6007507
| W | € butyl rubber (sofd), no cap., CEN CAD import Fix Clean | scale
Q ~
-y
&
LY
&
o
<

Result with leakage using the fill tool (not good).

Bitmap editor = =

File Edit Image Meateriallist Settings

[N=ay = = %> Update W Trim Remap Tolerance: fji 10 | 600%507

| W | €  butyl rubber (solid), no cap., CEN CAD import Clean | Scale

Ll | "

[y

&

X H

NE ﬁ"'-.

N B

8 m

& l::-'-'-—."-.-l |-: —.‘f/—l:j:

© .
< >

“Fix broken lines” applied.

The “Fix broken lines” tool binds together most part of the boundary line. There are still four holes
that need to be fixed manually.
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&R Bitmap editor = =

File Edit Image Materiallist Settings

DM | « ¥ Update ¥ Trim Remap Tokerance: = f———— 10 | e00*507
- | E] o CAD import ‘ Fix | Clean ‘ Scale

B

~

COOF=2 @ /& &K i

Use any color (usually black or the same material) to fix the line (here in red to illustrate the four
holes).

Bitmap editor - 0
File Edit Image Materiallist Settings
e d P eUpdate W Trim Remap Tolerance: —J— 10 | 600%507
. | | B € butyl rubber (solid), no cap., CEN CAD import | Fist | Clean | Scale
Q|/m :
7
&
W | E
AW B
N B
§
i
o
O
v
< >

The filling tool can now fill properly with a material.

Bitmap size affects the numerical mesh and number of boundaries

A larger bitmap size will lead to that more numerical nodes will be used. Try to avoid too large
bitmap size since this will increase the calculation time, especially for transient cases. You should on
the other hand of course check that you have enough nodes to get a sufficiently small numerical error
for your problem (see e.g. EN I1SO 10211). Consider the two cases below with similar geometry
where we illustrate the number of nodes that are required.
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The first case is drawn on a 300x300 large bitmap canvas:

® Bitmap editor - olEN|
Ble [t Image Msterallist setings
D@ M| = 1 e Tk || Toramce: 10 000
B wEHE@ wkgud cadimoart sesle

Rl
|mRETY

- .
3=

D002 %/ # #n]

BB Post-processor 102803 Pixels (397x376) -Materials [dx=0.134m .. — =
File Options Bounds T+Q Tools Settings Plot3D

Material

cellplast

conerate, ealhils

<ork, gromnd

Materials T Q lso

Qan Mesh Tools BC num

MNomal window

The resulting smallest mesh will have about 8000 nodes and 346 boundaries:

@B Post-processor 173988 Pixels (562x532) -Materials [dx=0.134m dy=0.127m] = O
File Options Bounds I+Q Tools Seftings Plot3D

Material

ealiplast

conersts, callular

cerk, ground

Mat T Q Iso | Qan Mesh Taols BCrum || Smalwindow | &8 Be.

Note that we can can change the mesh in the mesh dialog (menu item “Pre-processor/Mesh”). We

will still have 346 boundaries:

ER Mumerical mesh

(®) Use [max M) cells for max (Lx. Ly) and apply density in all directions
() Usge [M«, My] cells in each direction

Mazimum cells, N=

] | 50(100200| | Get max N=2500]

The mazimum number of cells will apply for the widest direction.

B0 Get max Nx=2500)
50 Get max [My=2500]

Expansion coefficient for point wdir
8 Automatically chosen increasing
Automatically chozen decreasing
Let me specify it (0.5-2]:

Mumerical cells in x-dir, Mx=

MNumerical cells in y-dir, My=

it

1100 1100

j'L LCloze

@ Post-processor 173988 Pixels (562x532) -Materials [dx=0.134m dy=0.127m] = =
File Options Bounds I+Q Tools Settings Plot3D

Material

cefiplast

concrat, callslar,

cork, ground

Mat T 0 Iso || Qar Mesh Taols BCrum || Smallwindow | £ Eel
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The second case is drawn on a 1,000x1,000 large bitmap canvas:

a Bitmap editor (1000x1000) - o]
Fie Gt imegebsteie it _Setge
nE@l .« D - Tok | Tornce: ] -
M E B0 Q =y s =
g )
0|
£ -
y -
Lo
N o
I m
Ll
®
Om
0 m
Qs
m

The resulting smallest mesh will have about 400,000 nodes and 2,300 boundaries:

@R Post-processor 154453 Pixels (466x474) -Materials [dx=0.835m dy=0.85m] - a

Post-processor 157636 Pixels (629x532) -Materials [dx=0.835m dy=0.85m] - ©

File Optiens Bounds T+Q Tools Seftings Plot 3D

Material

cellplast

conersts, esliular,

Eile

Options  Bounds

T+Q Tools Settings Plot 3D

Material

cellplast

conerate, eelinlar,

corl, ground cork, ground
at T Q lso || Qan Mesh Tools BC rum Sall window e Re Qarr Mesh Took BC hum Sall window e R
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4. Import of CAD-files

4.1 Introduction

HEAT2 v9 can import DWG, DXF, SVG, PLT, CGM, WMF, JPG, BMP, PNG, and some other
formats. Here is a short description:

e DXF (Drawing Interchange Format, or Drawing Exchange Format) is a CAD data file format
developed by Autodesk[1] for enabling data interoperability between AutoCAD and other
programs.

e DWG (from drawing) is a binary file format used for storing two- and three- dimensional
design data and metadata. It is the native format for several CAD packages including
DraftSight, AutoCAD, IntelliCAD (and its variants) and Caddie.

o Computer Graphics Metafile (CGM) is a free and open international standard file format for
2D vector graphics, raster graphics, and text, and is defined by ISO/IEC 8632

e Scalable Vector Graphics (SVG): is an XML-based vector image format for two-
dimensional graphics with support for interactivity and animation. The SVG specification is
an open standard developed by the World Wide Web Consortium (W3C) since 1999.

Note that Google Sketchup Pro can export dxf-files.

4.2 Introduction

The CAD import window is reached from the bitmap editor (button “Cad Import™). The figure below
shows a page with window frames from an imported dxf-file.

i) CAD Import - olEN|
=2 & =2 96 & i "alff "]

Page-03 w [ Bitmap clip 1000+1000  w E zport

Image | Stucturs

W INDOW-ARCADIA-THERMAL-N200T-ALL-SERIES DiF 00:03 10625 13.750)6.662: 12146
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There are basic functionalities regarding zooming and panning. The figure below shows a zoomed
detail.

& Qa @ f =1

v|  [CIBitmap cip [1o00st000 v | | Evport

Image | Slluclurel

INDOW-ARCADIA-THERMAL-NZ00T-ALL-SERIES Di<F 0003 10625 MS.?50|5.543, 1.563

There is a layer manager that allows different layers to be visible. The color can be changed for any
layer.

M ame On Freeze  Color Plot
1]

Defpoints
Arcadia-Profile
Arcadia-Muview
Arcadia-Test
Arcadia-Title
Arcadia-Hidden
Arcadia-Shade
Arcadia-Dim
MOTES

ejetetateietatetele

" 4
" 4
W
¥
" 4
" 4
i g
¥
" 4
&

ENEENONEE.
EREMERDERDERE

)

The following picture is now suited to be imported in the bitmap editor.
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28 = Qaa ® f A:

| Fage03 v| [] Bitmap clip |'|EIEIEIRT 000 v| | Export

Image | Structure |

INDOW-ARCADIA-THERMAL-N200T-4LL-SERIES. DxF 00:03  10.000 = 11.662|5.636; 1.346

The final window to be exported to the bitmap editor is choosen using a bitmap clip (if no clip is used
the whole window area will be exported). The size of the bitmap is choosen to be max 1000x1000
pixels.

& = Qe @ 0 =)l

| Page-03 v | Bitmap clip

Image | Structure |

INDO%/-ARCADIA-THERMAL-N200T-ALL-SERIES. DXF 00:03 10,000 11.662/5.523; 1.363
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Imported bitmap in the bitmap editor (final size is 1000x796 pixels):

File Edit Image Materiallist Settings

DSHE|w 0| Cuee [ mm || row | 1o o U 1000756

H W B @ sayicresnnocap., CEN caDimport | Rt | Cenn | s

N

o0z = e / # ¢ ni
EnNEEzaNm0|7 i 7.

} N

C 9

With a few clicks we have now generated the sealings and aluminium profile using the fill tool.

File Edit Image Material list Settings

DE |0 o Quwaee || tm || remp || roeme 0| U 10005705

B N |8 @ butinbber (o) nocap, BN CDimport | FoBin | Cen | scae
2w

o

: ]
A =

R

N B

S m

e

| [

O

@]

(@]

]
-
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4.3 Example

Consider the test case D6 from EN 1SO 10077-2 concerning a calculation for a window frame. The
time to input and solve this case should not take more than a few minutes for an experienced user. All

steps are shown below. See example d6_example.dat.

Dimensions in millimetres

43 52
3 i 8 19 9 15
2 3 2 2
z ? i
A 3 3 2
'| 3 L L 3
|
| =
| ot 2 III d
~| l |
i —— e ———— - i
. : L ]
> e | -
- |
E
] | 2 E E g
[aa un
3 ™~
R
oy o |- f
= HTH ~ Vaval Lt
u -] E ,_1-’_
G M | — I W ——— *
E o !
| o ._i "'-I
| ! | 1 d
= ﬁ I
- = Nyl g 3
: . i k .
I|
|II
)
|
” 3]
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Sliding window frame section and insulation panel (bf = 95 mm)
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First, open the file d6.dxf:

=& = Q@ ® H =0
[ Model v|  [JBimap cip [“1o00 =4

Imags | Structure|

10 2dzb2 2 4 423
Y aEL g

I

18

J

| 0000 [195134 190,197 |65 98E; 416.454

Check ”Bitmap clip” and draw a clip rectangle around the area we want to export. Choose size 500
and press Export:

& =2 8@ ® MO =0
[ Model v| [ Biimap dlip [0 =

Imags | Structure|

e
T
N
-
I
]
1=
o
T~
o
=
Ta=
N
=]
=]
S
2

Y

18

J

00:00 195134 « 190,197 123.648; 406556
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Exported bitmap to the Bitmap Editor:

File Edit Image Materiallist Settings
I 0= | | o) H cUpdabE | | Trim | | Tools || Tolerance: 10| D 500+419
B om o - ‘ CAD import H Scale |

L

s

O0O%= e/ # &5
EME@zZSmMO| TV 7 a

Use the Fill tool and fill the areas with materials from the pick list (12 clicks are needed):

File Edit Image Materiallist Settings

I O | w g H eUpdabe | | Trim | | Tools || Tolerance: 1D| D 500%419
. m_ B o Frame ex. (h) Aluminium ‘ CAD import. H Scale |
aQ .
s B
£
» H
W H
N B
$ [
ﬁw.gs
O
O
O

v

We need to draw a vertical line to the left in order to enclose a frame cavity. Pick the line tool,
choose black color (from the upper tool bar) and draw a line (the start point should be where the
black outline starts (RGB colors should be 0 at the lower toolbar).



File Edit |mage Materiallist Settings

low@|oc| Qwse | m [ e | e O —
hE 2O | cpmport | s |
Q sm -

O00Oz2elds #»i
Q

X25 ¥:393 delp-> Om dy:-4p->-0004m D:004m R0 G:0 B:D J

Use the Fill tool with material “Frame cavity” and fill the left area (all other enclosures will be
automatically recognised as frame cavities):

File Edit |mage Materiallist Settings

ID#H|~OOH 4 Update HTmHTools HToleranoe:lU‘U s007419 I
[h m | @ Framecavity | copimport | scde |
Sl | ~
i
V4
% H
X H
N B
S m
i
[l
@]

O

Open the Tools dialog and remap the black outline to nearest color:
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Fixbrokenlnes | |

Remap color to new color:

Remap R: 239 G: 240 B: 240 .{ Left-dick

To—= R: 239 G: 240 B: 240 .ﬂ.' Right-dlick
or pick in list:

@ Remap

Remap outline color to nearest color:
Outline color:
(@) Black

() Fick from dropper tool & Leftdik

.R:O G:0 B:0

File Edit |mage Materiallist 3ettings

OD& | ‘ Lt H 3 Update | | Trim ‘ | Tools H Tolerance: w| [ S00x412
hom O Frame ity | cmimpart | sak m
aQ ~

0002w /£ #ni

Press “Update” to check geometry in the post-processor:

EH
File Options Bounds T+Q Tools Settings Plot3D
Material

I Frams =x. (k) Al

Frame ax. (i) Mok
Frame ax. (§) EPL
Frame ex. () Ins
Frame ax. (D PU

Frams =x. (k) Dot

I T

Mat IL“i‘ lso Qarr Mesh Tools BC rnum Small window e ‘Be‘slore .
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Draw a white rectangle to cut the right end of the insulation panel:

File Edit |mage Materiallist Settings

I = = | LY || O pdate | | Trim | | Toos H Tolerance: 10‘ U 500x419
h m Li ] [ caomport | sak |
Q ~

OOz = e/ # ¢ni
SpEEzSEOE]T § &

Open the “Scale” dialog and press “Draw marking”. Zoom in the upper part and draw a marking (see
red line):

File Edit |mage Materiallist Settings

I 0w ‘ < H o Update | ‘ Trim | ‘ Toals || Tolerance m‘ {J 500x419
wHE 2@ | cwmpot | sake |
[ORRIET | A Erase marking

""" m Use type of length
() width w
3= () Height H

(®) D=sqrt(W~2+H~2)

Length: lj_E-j_— m

| 3 Calculate scale factor |

Scale factor: |1E+3 pixfmi

Adjust bitmap size in pre-processor

OO0 e F ¢ m i
o

Draw a marking at the lower part. Choose the “Height” option and set the length (85mm) in the scale
dialog. Press “Calculate scale factor”. The scale factor will be 4411.76 pixels per meter.
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Draw marking

File Edit |mage Materiallist Settings

Erase marking
I 0O ‘ w0 ‘ ‘ cUpdahe | ‘ Trim | ‘ Toals || Tolerance: 10‘ D
Use type of length

- | 0 O\ﬂﬁdﬁ"l W
* (®) Height H

IR |

; _ () D=sqrt(Wi~2+4H~2)

% Length: Iu,usj m
S

N | &3 cCalaiate scale factor |
)

i Scale factor: |4.411?6E 43 pix/m
7 Adjust bitmap size in pre-processor
D W=83-41=42

O H=400-25=375

O D=377.34

H=375->4411.8
< >

X:67 V:378  diel2p-> 0012m  dy:-22p->-0.022m  D:0.0250599 m  R:255 G:255 B:255

Important: since we have drawn the marking on a material we need to delete it. Press the undo-
arrow twice (since we drew two markings) in the upper tool bar (or press “Erase marking”).

Press Update and check the geometry in the post-processor (the total width and height are shown in
the caption and dy=0.085 is 0k).

File Options Bounds T+Q Tools Settings Plot 3D

b at mlil lso Gar Mesh Tools BC num Small window Bestore
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We have a couple of problems to deal with: the insulation panel should extend 190 mm to the right,
and we need to specify different surface resistances according to EN ISO 10077-2.

To be able to specify different boundary conditions we need to create some more boundary segments.
This can be done by the following “dirty” trick. Just draw two small boxes (using e.g. the line tool or
the pencil tool) located according to EN ISO 10077-2:

File Edit |mage Materiallist Settings

u|nu|| £ Update ||Tr'rn||Tools ||To~erame:1o|U 500x419 |

. H B o Frame ex. (h) Aluminium | CAD import " Scale
v
< >

Eile Edit |mage Materiallist Settings

00O@= el f ¢ niio

IDD’“E|~OU|| £ Updote ||Tr'm||Tools ||Toxerame:1o|U 500x419
Th W _| B € Fremeex. @) Insulation panel | cimport | sk |
] -
[y | -m
Z | sm
LY
¥
9
b
O
@]
QO
>
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Now we have some more boundary segments where we can put the resistance R=0.20 (boundaries 95,
96, 101-104). The resistance R=0.13 is assigned to the other upper boundaries.

File QOptions Bounds T+Q Tools Settings Plot3D

mlil lso Qar Mesh Tools EC rum Small window

We can solve the other problem with 190 mm extension using another dirty trick and just change the
length for those input mesh segments involved (or we could have imported a wider bitmap). First,
check menu item “Options”/”’Input mesh coordinates” to see the mesh coordinates:

File Options Bounds T+Q Tools Settings Plot3D

IFrmex.(h)Alm
IFrmex.(i)Mot
IFrmex.(d)EPl
Ianeex.(a)[nm
Irmu(l)lrm
IFrme(.(]()Pul

EZHEAEY | oo | mcem | smolwiden | @[ Bee
Press F3 (or go to menu item “Input/Text input (old style)/Mesh in x-dir”’) to see the lengths:
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Between Length [m]

80 and 81> | 0.00023
81and 52> |0.01451
82 and 83 »
83 and 84 »
84 and 85 >
85 and 86 >
86 and 87 »
87 and 88 >
85 and 83 »
89 and 90 »
90 and 91 »
91 and 32 >
92 and 93 »
93 and 94 »
Mand35> (000113 1.000

| ﬁ LCloze | | e Update graphics |

The last three lengths (between 92 and 95) should sum up to 0.190 m so we change the last length to
0.190-0.00023-0.00363=0.18614. Now the sum Lx is 0.285 which is fine (95mm+190mm=285mm).

Between Length [m]

0and 81> 000023
81 and 82 >
82 and B3>
83 and 84 >
84 and 85 >
85 and 86 >
86 and 87 >
87 and B8 >

88 and B9 >

89 and 90 >
90 and 91 >
91 and 92 >
92 and 93 >
93 and 94 > | 0.00023

94 and 95> JUEREERES

I’?‘{ LClose e Update graphics

Press “Update graphics” and look at the post-processor window. We can also see in the caption that
the total width is dx=0.285.
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ER Post-processor 28637 Pixels (589x176) -Materials [dx=0.285m dy=0.085m] = O
File QOptions Bounds T+Q Tools 5Settings Plot3D
Material
Frame ex. (h) Alm
|| I Frame ex. (i) Mok
4
Frame ex. (d) EPL
n=.
Frame ex. (2) Insu
Frame =x_ (1) BU |
Frame =x. (k) Pot
tat T [F] lso Gar Iesh Tools BC num Small window c Restare

Press the mesh button and zoom up. We need to fix a numerical mesh better than this in the x-dir:

&

File Options

Post-processor 198912 Pixels (764x358) -Materials [dx=0.285m dy=0.085m]

Bounds

I+Q Tools

Settings

Plot 3D

_— )

Material

Frame =x. (h) Al

I Frama ax. (i) Mok

Frame =x. () EPL

Frame ex_(2) Insu

Frame ex. (D PUY

Frame ex. (k) Pol

[t} Iz

Qar

Mesh

Toolks

BC num

Small window

]
e

Restare

Goto F3 and press e.g. the “+” sign twice to increase the number of cells in x-dir, press “spread” and
“update graphics”:

Mesh in x-direction (F3) H
Between Length [m] | Cell: | Expansion
90 and 31> | 0.00023 1 1.000
M andf2: 001451 24 1.000
92and 233 | 0.00204 3 1.000
83 and24 > | 0.00023 1 1.000
84 and 285> | 0.00861 14 1.000
85 and 86> | 0.00023 1 1.000
86 and 87 > | 0.00204 3 1.000
87and82> 000181 3 1.000
88and89> | 0.00023 1 1.000
89and90> | 0.00295 5 1.000
90and 91> | 0.01473 24 1.000
91 and 92 > | 0.00023 1 1.000
92and 93> | 0.00363 E 1.000
93 and 94 > | 0.00023 1 1.000
94 and 95 » 1.000 v
Lx=0285 = Mx=H17 Spread
jI'L LCloze S Update graphics
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Post-processor 198912 Pixels (764x358) -Materials [dx=0.285m dy=0.085m] - b
File Options Bounds T+Q Tools 5ettings Plot 3D
Material

Frame ex. (h) Alw

I Frame ex. (i) Mot

Frame =x. () EPL

Frame ex. (2) Insu

Frame ex. (1) PU |

Frame ex. (k) Pol

Mat T ¥ leo Qar Mesh Taols BC hum Small window e Restore

We don’t need so many cells in the x-direction at the right end of the insulation panel since the heat
flow is mainly in the y-direction towards the end. Choose e.g. 100 cells with an expansion factor of
e.g. 1.02 for the last segment:

Mesh in x-direction (F3) “
Between Length [m] | Cells | Expansion

80and 81> |0.00023 1 1.000
g1 and 82> |0.01457 24 1.000
82 and 83> |0.00204 3 1.000
83and 84> |0.00023 1 1.000
94 and 85> | 0.00851 14 1.000
85 and 86> | 0.00023 1 1.000
86 and 87 > | 0.00204 3 1.000
87 and 88> |0.00181 3 1.000
98 and 89> |0.00023 1 1.000
89and 90> |0.00235 ] 1.000
I and 31> |0.01473 24 1.000
91 and 92> | 0.00023 1 1.000
92and 93> |0.00363 g 1.000

93 and 94 > | 0.00023 1 1.000
S4andgs> 016614 [TTONNI1.020 .
Ls=0285 & Mx=309 Spread

i'L Lloze s Update graphics
R Post-processor 198912 Pixels (764x358) -Materials [dx=0.285m dy=0.085m] = =
File Options Bounds T+Q Tools 3Settings Plot3D

Material
Frame ex. (h) Alwm

I Frame ex. (i) Mot/

Frame ex. (4) EPL

Frame =z, (2) Insu

Frams =x. (1) PU |

Frame ex_(k) Bol

Mat T 7] lzo Gar Mesh Tools BC num Smal window s Bestore

Resulting mesh expading to the right.
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Finally, we specify the boundary conditions. For the first calculation we choose not to do correction
for sloped boundaries:

Mumber of typez > I 4 %

E| [ Do comection for sloped boundaries
|functi0n q [ /] Temp ['C] |R [meKow]

10.00000
12000000 0.1:30000

----- e T L O OISttt
! 0.00000  0.200000

--------- [foooocoooood]

T=const - i 00000 10.040000

A good tip is to check the boundary condition types (menu item “Bounds/BC types”):

File Options Bounds T+Q Tools Settings Plot3D
Material

I Frame ex_ (h) Alw

Frame =z (i) Mot

Frame ax. (d) EPL

Frame ex. (a) Insu

Frame 2. (1) PU |

Frame ax. (k) Pol;

L e ——

I at L“il (L) Gar Mesh Tools BC num Small window

Q

Bestore

Now, start the calculation for steady-state. The calculated heat flow is 13.182 W/m which gives the
thermal conductance L?°=13.227/20=0.661 W/(m'K) (this value should be 0,659 +/- 0.008 according
to EN 1SO 10077-2). The CPU-time for this case with 60,000 nodes on a i7 (3770K 3.50GHz) is
about 15 seconds.

¥ oin: 13.227 Wem

Heat flow for sach BC type:
q [W/m]
12,228 (T=20 R=0.13)

-13.224 (T=0 R=0.04)

C
[2]
[3] 0.9991 {T=20 R=0.2)
[4]
bk 0.0026
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File Optiens Bounds T+Q Tools Settings Plot3D

Temp ['C]
20
| Bt

[GE L“i‘ lso Qar Mesh Taoolz BC rum Small windows BRestare

Temperatures and isotherms

File Options Bounds T+Q Tools Settings Plot3D

El lzo Qar Mesh Tools BC num Srnall wing

Heat flow intensities

The above heat flows shows critical areas that could be improved regarding the thermal bridge effect.
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Correction of surface resistances for sloping external boundaries

There is a smaller need (maybe only academic) to adjust the thermal resistance of a numerical cell
lying at a boundary when a sloping boundary is approximated by steps in order to simulate a
boundary condition with a temperature and a surface resistance, or a given heat flux, correctly. See
Section 4.4 in the update manual of version 8. HEAT2 makes a guess of what boundaries are affected
and corrects the surface resistances each time a simulation is started if the option “Do correction for
sloped boundaries” is checked:

Mumber of typez > I 4 %

E| Do corection for sloped boundaries
[function [l [ Temp ['T] [R [mekaw] |
: 0oooo : :

T=caonst

T=const

e Update graphics

Turn on “Do correction for sloped boundaries”, start a steady-state simulation and open the info log
(F12) to see what boundaries are guessed by HEAT?2 to be affected:

Copy | | Clear

Correction for sloped boundaries:
Including:

2-25

30-45

50-77

86-89

According to the figure below, we should however not do the correction for boundaries 76-77 and
86-89 (the other boundaries should be corrected because these are approximated by steps).

File Options Bounds I+Q Teols Seitings Plot 3D

Frame ex. (b))

Frame ex. ()

T

Frame ex. (¢)

Frame ex. (a)

Frame ex. (1)

Frame ex. (&),

-
I Mat LIILI o | Qan Mesh Tools BCrum | Smalwindow | £ Bestore

I N
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Press the button to the left of option “Do correction for sloped boundaries”, and give the exclusion
for boundaries 76-77 and 86-89 (it is ok to enter 76-89 here):

Boundaries: |7e-89 (14 OK)

E wample: "-3579"=1235783

Start the steady-state simulation and open the log window (F12). Now we see that the correction is
made for the sloped boundaries only:

Copy | | Clear

Correction for sloped boundaries:
Exclude list: 7&-85

Excluding: 7& 77 8 87 88 83
Including:

Z-Z25

30-45

50-75

¥ oin: 13.216 Wem

Heat flow for sach BC tvype:
i aq [Tem]
[2] 12,218 (T=20 R=0.13)
[3] 0.998 (T=20 R=0.2)
[4] —-13.213 (T=0 E=0.04)
pR 0.0026

So, without the correction, the boundary resistances will be somewhat too low (leading to a
somewhat too high total heat flow). On the other hand, the surface temperatures will be too low on
the cold side, and too high on the warm side. This means we are on the safe side when calculating e.g.
psi-values but not for condensation risk estimation.

The difference for the total heat flow is less than one per-mille, so the correction here is a bit
academic.
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Alternative method for input

This method shows how to add materials in the pre-processor to the materials given in the bitmap
editor. We will illustrate how to add the insulation panel in the pre-processor. See example
d6_example_alt.dat.

First, import the dxf, fill the materials (except the insulation panel), set the scale, and remap the black
outline as above. We end up with this figure:

Eile Edit Image Material list Settings

I D e | | 2R || cUDdate | | Trim ‘ | Tools H Tolerance: 10| U 500x403
I-.——h m_ e o Frame cavity ‘ CAD import ” Scale |
Q|

= |
]
2]
E
m

= .
L

COOB=e/ ¢ @5

Press “Update”. Open the pre-processor, zoom in the bitmap rectangle and put a reference point at the
lower left in order to set origo:

File Edit Layers Yiew Materials Mesh <CLICK TO UPDATE=>

v] . OB B EMa X "B

PO
ErRrenaes,

EY

£

2| d (@) upper

w1 2] y: () lowirer
yl:

" Lock |x.yp=[0.0053, 0.0021] dist0.0063
I Select object
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Now, draw a rectangle using the insulation material (“Frame ex. (a) Insulation panel”’). Change the
width to 205mm (this gives 190mm extension) and height 25 mm. Move the rectangle so that the

lower left point at (0.080,0.052). Use the zoom to make it easier

File Edit Layers View Materials Settings Mesh <Update OK=
MO B Jome OB FI @3 X *
y2| 00700 de | 020500 Adijust (®) upper
[ 0.05000 “2! 0.28500 dy:[ 002500 () laweer
i X
dist:0.2777 v (008, 0.285) w0052, 0.077) dx=0.205
1x=0.035 ly=0.035 C=1

Lock |#.p=[0.2574, 01041 )

| Frame ex. (] Insulation panel

We can now put an ”Open boundary line segment” point at (0.099, 0.077)

Mesh <CLICKTO UPDATE>

O B @A X+ "B T

L
Rl

Adjust (®) upper
() lower

i |
dy: |

dist:0.1254

" Lock x,y=[0.099, 0.077)

| Open boundary line segment
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We create the other boundaries using the dirty trick as before:

Eile Edit |mage Materiallist Settings

ID = ﬂ| L2 H £ Update || Trim | | Tools || Tolerance: 1n| J 500x403

I.,—_h m | B o Frame ex. (h) Aluminium | CAD impart ” Scale |
Q| om 2
T | rm

X cm

B -

&

a

o

[]

O

-
< >

X234 ¥:9  dx8p ->0.00181818 m  dy:-24p ->-0.00545455 m  D:0.0057496 m  R:255 G:255 B:255

Boundaries shown in the post-processor:

File Options Bounds I+Q Tools Settings Plot 3D

Small window Bestare

Now set the boundary conditions, (and optionally excluded boundaries if correction is checked for
the surface resistance):

Mumber of typaz > I 4 %

E| Do comection for sloped boundaries
type |[Bounds  [function [qwird] [ Temp [T] [RImekew] |
B=const Default | 000000 : :

---------------- e L Lt L |

T=corst |87 1 1 | 10.130000
a0, ‘0200000 Boundaries: |?2-85 (14 K]

'
_________ SRS el SO oyl PR

LD @ Example: "-3579"=>1236789

ﬁ LCloze

77



We need to improve the mesh:

Numerical mesh u

(®) Lse [max M) cells for max [Lx, Ly) and apply density in all directions
() Use [Mx, My] cells in each direction

b amimum cells, N= EIll |50 100|200) | Get max [M=2500)
The maxirurn nurmber of cells will apply for the widest direction.
Murmerical cells in x-dir, Mx= 50| Get max [Nx=2500)
Murmerical cells in y-dir, My= 50| | Get max [Ny=2500)
Expanszion coefficient for paint wdit y-dir
(®) Automatically chosen increasing
() Automatically chosen decreasing
() Let me specify it (05-2): 11000 | 1.100
fL LCloze
This resulting mesh with about 60,000 nodes should be sufficient:
ER Post-processor 187058 Pixels (688x368) -Materials [dx=0.285m dy=0.085m] = =
File Options Bounds T+Q Tools Settings Plot3D
Material
Frame ex
IHM
Frame ax
Frams ax
Frams ax
Frams ax
Mat T 7] lso Gar Mesh Tools EC num Small window c Bestore

The calculated heat flow is 13.226 W/m which gives the thermal conductance L?°=13.226/20=0.661
W/(m'K):

e Boundary heat flows (F11) = =
¥ oin: 13.226 Wem s
Heat flow for sach BC type:

BC g [Wrm]

[2] 12,235 (T=20 RE=0.13)

[3] 0.9913 (T=20 R=0.2)

[4] —-13.223 (T=0 RE=0.04)
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5. Miscellaneous

5.1 Several instances of HEATZ2 are now allowed

Several instances of HEAT2 can now be started at the same time. This will allow you to work (input
and solve) multiple cases at the same time. All instances of HEAT2 will share the available cores in
the CPU (this is automatically handled by the OS system). The following table shows how efficient
the OS system runs 1-5 number of instances of HEAT2 on an Intel Core i7-3770K (which has four
CPU cores but 8 threads which means that 8 logical cores that can be used due to multi-threading).
Assume that a problem to be solved in this case takes 52 seconds by one instance of HEAT2. If you
e.g. run three instances of HEAT2 simultaneously, it will take 58 seconds to solve the three cases.
This may be good to know if you need to solve several large transient cases that each can take several
hours. Solving 3-4 cases parallel on a CPU with four cores, or 5-6 cases on a CPU with 6 cores
should be very efficient.

1 instance 2 instances | 3 instances | 4 instances | 5 instances
52s 53s 58s 71s 88s

5.2 Improved handling of modifications

In the old version 8, types and areas for internal modifications had to be specified/checked each time
after the pre-processor content was updated via “<Click to update>”. Version 9 handles this better
and there is only a need to check the modifications shown in the post-processor with the given data
for the input for internal modifications types and areas.

5.3 Improved handling of input via text

The old-style input using text has been improved for the thermal properties list (F5), and for mesh in
X,y directions (F3 and F4) where lengths, number of cells and expansion coefficients are given. The
connection to the post-processor is better.

5.4 Multilingual option

5.4.1 Introduction

The figure below shows the language option (menu item “Options/Language”). A click in the list will
change the language. The most current language files are listed at
http://www.buildingphysics.com/index-filer/Page1724.htm

The list of languages is given in a text file “Lang.txt” in the “Languages” folder.
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http://www.buildingphysics.com/index-filer/Page1724.htm

Basque -

go‘sniar\ Language setting:

o () Use default initial language (English)
ChineseSimp

Crotion (®) Use languags files below

Caech

Danish e text

Dutch .

Estorian File: LANG_MEMNL_SWE . TXT

Farsi Persian] -

Finizh Change | | Edit | | Clear | | Create |
French

Gemman

Greek. Chart editor:

Hebrew

Hindi

Hungarian Swedish Set
}[\slh Malaysian

alizn -
Japanese Mesican (Swedish)
Karean Monwegian

Ltn (Latin] Falish

Latvian

Lithuanian Portugusse

Momwegian Hom‘_anlan

Palich Russian

Portuguess Serbian

Romarian

Russian Slovak

Serbian [Seibian Latin) Slovene

Cyrlic (Serbian Cyrilic) Snanish

lovene

Sk Slovak q

Spanish Turkish

Swedish Ukrainizn v

Turkish

Ukrainian
Vietnamese

Get latest lanquage files [Buildingphysice. com

Dialog for changing and editing languages (list is defined in file “Lang.txt”).

New language files can easily be created and edited. For each language there is a file
“Lang_menu_*** txt” where the string “***” should be replaced by the 1SO 639-2 Code, see e.g.:
http://www.loc.gov/standards/iso639-2/php/code_list.php

E.g. the Swedish files should be named “lang_menu_swe.txt” and the German “lang_menu_ger”.

If you create new language files please consider to email these to info@blocon.se and we will make
these available to others. All strings are also in a excel file in the folder
“...Documents\Blocon\HEAT?2 9\Languages”.

To edit a file just open it in a text editor (e.g. Notepad). You can also use the button “Edit/add
languages” which will open a new “Language” window, se above. As an example we choose Swedish
and then click “Edit”. This will bring out the following window where you can edit each string. Click
<Update> to see the updated text in HEAT2.

File Font <Update>

Swedish

Rrkiwv

Ny

Gppna

Spara

Spara som
Frojektnotering
Avsluta

Indata

Oppna temperaturfzlt
Spars temperaturfilt
DPre-processor
Textinmatning (istdllet £or immatning via pr
Inmatningsgitter

Beskrivning av zindez

Numeriskt gitter i x-riktning
NHumeriskt gitter i y-riktning
Termiska data

Hellstill alltid berZ2kningsgitter
Visz paneler

Randvillkor

Modifikationer — Typer
Modifikationer — Areor
Begynnelsetempersturer
Funktioner

English

File

Hew

Open. ..

Save

Save Rs...

Project notes

Exit

Input

Load temperature field
Save tempersture field
DPre-processor

Text input (old style)
Input mesh

Description of boundaries

Mesh in x-dir

Mesh in y-dir
Thermsl properties
Always reset mesh
Show panels

Boundary conditions
Modifications - Types
Modifications - Areas
Initiel temperatures
Functions
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5.5 Saving project files to zip-file

All projects files can be saved to a zip-file for backup purposes. This makes it easier to share all
needed files to another user by e.g. email. Use menu item “Save to zip-file (for backup and email)”

in the File menu.

The name of the zip-file is automatically generated and will always start with the name of the dat-file
followed by a date (yyyy-mm-dd), e.g. “TEST1_2014-11-20.zip”. If this file already exists, a time
string (h-m) is added, e.g. “TEST1_2014-11-20-8h-9m”.

For the simplest project, the following example shows what files typically will be zipped:

Testl.dat Input dat file

Testl.h2p Pre-processor file

DEFAULT.MTL Used material file

ZippedFiles.txt Shows a list with the above files including paths
HEAT2_v9 ﬂ

Files saved to zip-file:

-Test1.dat

-Test1.HZP

-DEFAULT.MTL

-ZippedFiles.te (list of abowve files)

==TEST1_2014-11-20.zip

(Ch\Users\Thomas\Documents\Blocon\HEATZ S\ Projects\P1)

Here is an example for a case containing many files:

HEATZ2 v9

Files saved to zip-file:
-Test2.dat
-Test2.H2P
-TEST2.bmp
-TEST2.bml

-TEST2_ a.FUM
-TEST2_b.FUN
-TEST2_c.FUM
-DEFAULT.MTL
-TDep_List.bed
-Snow.bd
-ZippedFiles.bd (list of above files)

=>TE5T2_2014-11-20-8h-19m.zip

(C:\Users\Thomas\Documents\Blocon\HEAT2 $\Projects\P2)

The zip-files are very small (around 10 kB in size). Even with the largest material file “General.mtl”
(about 100 kb uncompressed) containing over 1200 materials and a 1000x1000 bitmap (around 1 MB

uncompressed), the resulting size of the zip-file will only be around 30-40 kB.
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5.6 Enhancements in the post-processor

The U-values (1D) in x,y-direction (Ux, Uy) are shown for any cut when the mouse cursor is moved
on to a material. In the figure below, the U-value of the wall is shown as “Ux=0.2406 W/(m*K)”
which is calculated from 1/R= where R is the total resistance for the layers and the specified surface
resistances, here 1/(0.13+0.04+0.2/0.2092+0.1/0.033). The value “Uy” can be ignored in this case.

&R Post-processor 43400 Pixels (125x351) -Materials [dx=0.3m dy=0.84m] = =
File Options Bounds T+Q Tools Settings Plot3D

Ratate Move Coordinates Temp. and flows Materials

40 > A w=0135m T=01665 T[I01726°C  Lambdafxj=0.2092 W/(mK)

v=0.7023m A q=0.2408 W/ Lambaly}=0.2092 W/ (k) o
Zoom 128 12 =0 2405 Wine WA ZHERAGEAY
< > [[< v aqu=1.6E-006 Wi/ Uy=0.2541 Wi/
Material
E)
conerate, lightweizht
4 2

glass-wool, IEA

Mat T8 lso || Qar Mesh Took BC rumm Small win = Restare Buttonl
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