Part 31: Temperature Distribution and Heat Flux of a Windows Profile 67

Part 31: Temperature Distribution and Heat Flux of a Windows
Profile

The following window profile from ,Porenbeton-Warmebrickenkatalog” Side 908 is
recalculated with the following element groups, thermal conductivities and
convections:

23 22

Comvection = 5.89 WinK

Convection = 20 Win'K " lEMpEsAtUe = 207.C

Temperature =-5°C

Windows Frame

 WL=0.13 WimK
e Estrich
Estrichrandstreifen WL =14 WimK
WL = 0.04 Wimlk -
) o ~ Comvection = 5.89 WimK
Isolution //’ g Temperature = 20 ° C
WL = 0.032 WimK > ~ /

~ Floor-Isolution

8 WL = 0.04 WinK
9"

2 Reinforced Concrete

12

Comvection =20 WinvK Y
Temperature =-5°C

- %

oy Reinforced Concrete b
., - WL=23WimK Isclution
‘“~-H_ — WL = 0,032 WimK

X T Convection = 20 WinfK E6= 7 B
Temperature =-5°C

ON EG=1

ON EG=2

ON EG=3

=4
) : sor Il
7 on - EG=5

ON EG=6
XY-Zoom: ]

133 203 215 oN EG=7

-442

-494
=513
523

21

-800




Part 31: Temperature Distribution and Heat Flux of a Windows Profile 68

Now start the FEM system MEANS V12 via the desktop icon %

Select the "File" tab and the "New" menu and select "2D mesh generator FEMM for
complex element groups" in the project menu to create a 2D FEM model with the 2D
mesh generator FEMM.

a5l NEW PROJECT — O »

() 3D Mesh Generator NETGEN V1 (STEP, IGES, STL)
() 3D Mesh Generator GMSH (STEP)

() AD-Mesh Generator NETGEN V2 for comlex Structures
{® 2D-Mesh Generator FEMM for comlex Blement Groups

() 2D/30 Beam Model with Line-Modus

() 3D Shel Model with a Container Mesh Genenerator

NEW PROJECT

The FEMM user interface now appears. Choose menu "File" and "New" and create
a new project with "Magnetics Problem".
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TAB key

With the Tab key and the icon, all 23 corner nodes can now be entered one after the
other in a dialog box. The coordinates are entered in millimeters but must later be
converted to meters in MEANS to match the thermal conductivities.

E File Edit View Problem Grd Operation Properties Mesh Analysis Window Help
D|a|| [= z]~|o|@| & _[]e] of =0 Sl@im|e|ir]x| of
El_
&
£
@ u] o
2 * 2
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L
Z oo o o
i B o
Enter Paint *
x-coord 133
y-coord ’5_23|—
oK | Cancel |

DXF import

The nodes can also be created first with AutoCAD or MEANS and imported into
FEMM via the DXF interface. Here, however, care must be taken that no
overlapping or double nodes or lines are created.

Edit FEM file with editor

If you load the FEM file into any text editor, e.g. Notepad, you can quickly edit or
delete the node coordinates or lines.

For a correction with the editor you should save the FEM file and exit FEMM. Then
edit the FEM file with the editor and start FEMM again and reload the FEM file.

[NumPoints] = 23

57 -1800 0 0
305 -1800 0 0
306 -721 O 0
305 -800 O 0
1435 -800 O 0
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1435 -721 O 0
1435 -523 O 0
1435 -442 O 0
1435 -494 O 0
215 -523 0 0
57 -721 0 0
0 -7121 0 0
0 -485 0 0
133 -485 0 0
133 -523 0 0
133 -513 O 0
203 -513 O 0
215 442 O 0
215 494 0 0
203 442 O 0
215 721 0 0
203 552 O 0
133 552 O 0

[NumSegments] = 0
[NumArcSegments] = 0
[NumHoles] =0
[NumBlockLabels] = 0

Definition of the 7 element groups

After all 23 nodes have been entered, switch to the icon | 4 to define the lines for
the 7 element groups by clicking on the following pairs of nodes one after the other.

Elementgruppe 1 = g
1-2,2-3,3-6,6-7,7-10,10-21,21-11,11 -1 & on EG-1

[ on EG=2
Elementgruppe 2 Bon =3
4-55-6,6-3,3-4 gon [ =

(4 o - EG=5
Elementgruppe 3 mon I =
10-7,7-9,9-19,19-10 o i
Elementgruppe 4

19-9,9-8,8-18,18-19

Elementgruppe 5
12-21,21-10,10-15,15-14,14-13,13-12

Elementgruppe 6
16-17,17-22,22-23,23-16

Elementgruppe 7
15-10,10-18,18-20,20-17,17-16,16-15
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Define Materials

Only the FEM mesh is required to be saved to an ANS file, but the FEM mesh must
first be generated and an analysis performed. To do this, simply select the material
"Air" for analysis from the "Properties/Material Library" menu.
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baterials Library >

a Llhrary Materizls a Mn:u:lel Materizls

(23] Hard Magnetic Materials

~[Z] Soft Magnetic Materials

~[Z] Solid Mon-Magnetic Conductors

|:| Copper AWG Magnet Wire

-] Copper SWG Magnet Wire

~[Z7] Copper Metric Magnet Wire

|:| Metals Handbook DC Magnetization Curves
|:| 15% Copper Clad Aluminum Magnet Wire
|:| 10% Copper Clad Aluminum Magnet Wire

Cancel | oK |

Move Materials

The material must be moved in each element group with the icon 2/ by first
placing the material with the left mouse button and activating it red with the right

mouse button. The material "Air" can now be selected with the icon ﬂ’

E fernm - [fensterprofil-eckknoten]
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Analysis in FEMM

Finally, the FEM mesh is generated with the icon and the analysis is carried out with
the icon. If no error message is displayed, there is now a new file with the

extension .ANS in the project directory, which can be imported and processed with
MEANS. FEMM can be closed and is no longer needed.

g femm - [fensterprofil-eckknoten]
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FEMMe-Interface

In the MEANS user interface, select the "Mesh generation" tab and the right button
"FEMM" to import the ANS file.

w Files View | Mesh Generation | Edit FEM-Project FEM-Analysis Postprocessing Training

3D Mesh Generators : i Check Node Numbering SOLIDGEN  SILC
QUAD-Meshes, Refine, Delete.., i i Il
| Local Refinement [ = Il || Jacohi-Determinante FEMM GMSH |
3D Mesh Generaticn = 2D Mesh Generation I Manipulate Meshes I Check Meshes I Mesh Generators &
T » Dieser PC » Boot(C:) » projekte » fensterprofil v O ofil durchst
ganisieren = Meuer Ordner E=
”
Perflogs b Mame Diaturm fvp GroEe Markierunc
ProgramDiata | Fo— ANS-Date 240 KB
Pragrameme | fenster_fermnm 14,04 2025 16:58 ANE-Diake 118 Ki
Programme (xB&] | fensterprofil-eckknoten 24042028 1034 ANS-Diates 200 K8
projekte | grundriss 05042023 20:33 ANS-Date 257 KB

A 2D model consisting of 4046 TRI3S, 2232 nodes and 7 element groups is created.

Q7MW -
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Enter the Thermal Conductivities

The Thermal Conductivities in W/mK for all 7 element groups are entered with the
"Edit FEM-Project" tab and the "Material-Datas" menu:

Element group 1 - Reinforced Concrete WL = 2.3 W/mK
Element group 2 - Isulation-WL = 0.032 W/mK

Element group 3 - Floor-Isulation-WL = 0.04 W/mK
Element group 4 - Estrich WL = 2.3 W/mK

Element group 5 - Window Frame WL = 0.13 W/mK
Element group 6 - Estrich Strip WL = 0.04 W/mK
Element group 7 - Isulation-WL = 0.032 W/mK

an | Edit FEM-Project I FEM-Analysis Postprocessing Training
D—+ |1. Boundary-Condition: v| D
ndary-Conditions 7] Show Boundary-Conditions | Element-Groups

s

Material-Datas

Editor

ﬁ Edit Material Datas

Materal Diatas

EﬂrneriGrmg::l‘I_Elana# TRIES

(O Isotrop (® Temperatur

Material Data Base

Copy Materal Data
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Entering the Convections
The window profile is loaded with an outside and inside convection.

Outside Convection
Convection = 20 W/m2K
Temperature = -5°C

Inside Convection
Convection = 5.89 W/m2K
Temperature = 20° C

Outside Convection
Comvection = 20 Win'K
Temperature =-5°C

Outside Convection
Convection = 20 Wim‘K
Temperature = _5°C
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Create a Range of Nodes

Select the "View" and "Node-Modus" tabs and first create all edge nodes with
"Edges" and "Show nodes".

Select "Delete Range of Nodes" and delete all nodes of the inner area for the
Outside Convection with a rectangle and all nodes of the outer area for the Inside
Convection.

ling

:][ ..... / 6. Loads -

Matsaitate || Eior

B - O X

Suface Modes  Lines

Number of Nodes = 2509

|Edges e |

-

until: | 416

| Show Nodes |

Create a2 Range of Nodes
| Create a Range of Nodes |

| Surface Nodes |

| Edge Nodes Suface |

Defete 3 Range of Nodes
| Delete Range of Nodes |

Edit 3 Range of Nodes
| CoordinateFactor |

X
v
[] Mede numbering
[] Blement numbering

[] Element groups

[] Temperature
Edit Node-Size:




Part 31: Temperature Distribution and Heat Flux of a Windows Profile 78

‘&

@
Use the temperature icon Temperatur  from the "Edit FEM project” tab to generate the
two convections with the "Convection, load type 8 (W/m?K)" menu with the selection

"Select all showing nodes" in load case 1.

o5 Temperature-Analysis

MNodal Temperatures (C)
(@) Stationary () Transient (") Statics

Point Heat Source, Load Type 2 Material Dataz
(W)

Material Data Base

Surface Heat Source, Load Type 7
i
Q) Convection Data Base

Convection, Load Type 8 (W./m3*)
Intemet-Links:
Wameleitfahigkeit fur unter. Materalien

Spez. Wamekapazitat fir unter. Matenalien

Radiation, Load Type 9

G

o5 Convection

Current Loadcase
Mumber of Loads D MNew

edles [ ] wag

Deqgree of Freedom
() inx direction () in z direction

) iny direction (@) Vericalto Suface

Selection:

() Dragging a model region
(O Select Nodes (®) Select all showing nodes
(") Define a coordinate range

Cancel Editor Create Convection

Delete Convection
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Change node coordinates from millimeters to meters

WLs and convection were entered in meters but the coordinates in millimeters, so
the coordinates must now be divided by "1000" using the "Edit FEM project" and
"Editor" and "Node coordinates" tabs.

Datei  Ansicht  Metgenerierung | FEM-Projektbearbeiten | FEM-Analyse  Ergebnissuswertung  Training

1. Knotenbelastung  ~ 1. Randbedingungen - |

stungen [ Belastungen darstellen | pandbedingungen [ Randbedingungen darstellen  Flamentgruppen | Materialdaten | Editor

. Knotenkoordinaten

) 1. | Elementgruppen
Izl 2. | Elementknoten
: n EERES = 3K
N, KKoodnaten  YKoordnaten  ZKoordinaten ~ S| Materiaklaten
7 e 56 5 Faktor setzen : 5. |Randbedingungen
2 057 179918 0 O multiplizieren @ dividieren 6. Belastungen
5 a0
3 0572221 ET 0 ) addiersn O emetzen | Fomepinisng
8. |Leschen
4 057 1.79707 0
5 prass, s o Achaen vertauschen
5 0597488 T o O XWerte mit Y-Werte vertauschen
7 057 -1.79457 [ O *-Werte mit ZWerte vertauschen
8 0597184 -1.79565 0 O Y-Wette mit Z:Wests vertauschen
9 0607091 -1.79827 ]
5 e T 3 Koordinaten mit Fakior verandem
11 057 -1.79076 0 Koordinaten Koordinaten Koordinaten
12 05897 179286 0
13 0635961 -1.7978 0 [ rur die angezeigten Knoten im Knotenmadus vervenden
14 0536568 -1.79209 0 vkt [
15 0655208 18 0
16 057 -1 T2 0 e ke 232
17 0613593 -1.78865 ] Koot W Fioou
18 0580915 178581 0
13 0696342 178717 [ - [ Mullpurktsverschisbung durch Knctenpunit
T T Koardinaten mit Fakior verandem I

CANCEL

Temperature Analysis

Save the FEM model under any name in the project directory and select the "FEM
Analysis" tab to carry out a temperature analysis with the triangles TRI6S or CPS6.
a E S
L2 I O
Datei Ansicht Netzgenerierung FEM-Projekt bearbeiten | FEM-Analyse Ergebnisauswertung

Infos zum FEM-Modell
3. Temperatur - FEM-Solver wahlen
- Modell-Abmessungen

= 4

AEANS V12

m2.fem

FEM-Analyse Ia FEM-Ablauf 1 Infos Strukturmedell . FEM-Assistent Iu

) Quick-Solver

Nermal Precision (® 2D-Scheiben CPSE or CPS8 {quadsic plane stress element)

' (0) 3D-5chalen 56 or 58 (6- or 8-node quadric shell elsment)

Path for INP-Solver: |C.'-.Prugram Files".FEM-Syslem_l\"IEANS_\-’T2".Debug".inpsulver"mpsulverﬁdbﬂ.:| Browser

Path for INP Files | C:hprojekte fensterprofil'femm2.INP |

Select Solver
@ InCore-Solver () Out-of-Core-Solver

Start FEM-Solver with INP-Interface

Show and edt last INP Resolve last INF

Setting 1T Help + Infos 1T Cancel
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Postprocessing

The temperatures and the heat flow density are displayed with the icon and
the "Postprocessing” tab.

ol Postprocessing == O P

Results:

Load Cas 1
(®) Steady State Temperature =

() Heat Flux Density (! Reaction Forces
| Blement Stress Cortour () Contour of Forces
Accuracy:
Edit Accuracy: | Displacemertt Factor |
[ | Edit Colours for Legend |
1 3 4 8 | Pick, Search, Save Values |
Select Result Component :
|Steady State Temperature R |
| Cancel | | Start Postprocessing |

Steady State Temperature Distribution

Temperatur

Stationare
Knotentemperaturen

200
164
125

83

57

Bearbeiten

2[5
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Heat Flow Density

The heat flow density must be set to the value "20" W/m? using the "Deformation
factor" menu be scaled, otherwise too high values will be seen.

Datei Ansicht Netzgenerierung FEM-Projekt bearbeiten FEM-Analyse | Ergebnisauswertung ‘ Training
& 4 : Knotenwerte picken |Legende 2 = Verformungsfakior FEM INP ————————————
4 [] Ergebnisse auswerten || . | = r —— |Bemessungen fur max -
Dﬂ || Knotenwerte editieren || |Diagramm 1 - ‘ |Value-Animation - | STA FRD | —_—
Ergebnisauswertung {F] Knoten-Anzeige 1 me (. Skalieren/Animation r, | Dateien listen 1y | Bemessung/Nachweise iy

8 Legende ven C:\projekte\ fensterprofil\fernm2.FRD

Wiarmestromdichte gesamt

B8 Verformungsfaktor

Verformungen darstellen
(O verformte Struktur alleine darstellen
(® verformte und unverfomte Struktur zusammen

Drahtgitter (® Kantsnmodell
ohne Verformung: - mit Verformung: -

(O unverfonmte Struktur alleine darstellen

Verformungen mit einem Faktor Gberhdht darstellen

Verformungsfaktor = ‘ 1 ‘ | Ubemehmen |

kein Faktor ‘ ‘Mpassenl ‘ Drehen | l:l

Max/Min Werte setzen {um untere Bersiche hervorzuheben)

Maximalwert |ZD ‘ | Zuriicksstzen |

Minimalwet: [ 0001041747 | [ Zuricksetzen |

[ Spitzenspannung oder Sekundarspannungen ausblenden

[ Spannungsbereich ein- oder ausblendsn

Bersich ausblenden ! Bersich einblenden
vonX: |-100000 bis X [100000
von Y. -100000 bis ¥ 100000
i won Z:  |-100000 bis 2= 100000

Sesver

| Cancal | ok ]




