Part 32 - 3D-Mesh Generator SOLIDGEN for Heat-Exchanger and Battery-Structures 67

Part 32: 3D-Mesh Generator SOLIDGEN for Heat-Exchanger and
Battery-Structures

With the new 3D mesh generator SOLIDGEN (MEANS-Update from July 2023)
Cylinders and Quaders can be extruded from the 2D view in depth.

Likewise, entire cylinder groups (see battery pack) can be generated in relatively
small and precise hexahedron meshes, which are otherwise only possible with
the common tetrahedron mesh generators (e.g. NETGEN or GMSH) with a great
deal of modeling and time expenditure.

Heat-Exchanger made up of 22,542 hexahedra and 24,674 nodes

Structure consists of 3 pipes, 2 isulations, 1 layer of concrete and 3 layers of air
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Battery-Pack

A 10 battery pack consisting of 10 cylinders is generated with SOLIDGEN and
calculated with MEANS and the Add-On TEMPERATURE with air cooling. Cooling
is very important because the batteries connected in series can overheat, leak or
age very quickly due to the higher current output. If only one battery fails, the entire
power storage device is short-circuited and, in extreme cases, can even explode.
Since large temperature differences also produce higher deformations and stresses,
the battery pack should be cooled down as gently and evenly as possible.

FEM model made up of 26,680 hexahedra and 34.424 nodes
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16 Battery Pack with three different Cooling Systems

In the following, the unsteady temperature distributions on a 16 Battery Pack
calculated with the following three Cooling Systems:

all outside surfaces

1x1 Cooling

+ all horizontal surfaces
4x1 Cooling

+ all vertical surfaces
4x4 Cooling

Mesh Generation with SOLIDGEN

First, 4 cylinders and 4 cuboids with the diameters, centres, widths and heights are
entered in a user-friendly and clear SOLIDGEN form.

8 Mesh Generetor SOLIDGEN for Cylinders 2nd Quaders - o x
Mesh-Density  XNDCYL: [ B VND-CYL Z-ND-CYL: wno-ou [ o 10Battery Pack 16 Battery Pack with Cooling Spaces  Heat Exchanger
Number of Element Groups: Statangel | 0] End-Angel 360 vnoous [ o 16 Battery-Pack with 4 modsls, each with 4 Cylinders and 4 Quaders
Inside-Cylincier 1
o | 1 pa | 18] xhp: [ o yup: | o] xva [ o] NGR
zP: | o zu | 70| xva | o] v o] yva | 0] Name
Quader |
xvi: | ET | 0] xvz | 10] vz | 0] xva | 10| NGR:
znP: | o zi | 0] xva | 10 v 0] v 10 name [N
Inside-Cylinder 2
Di Da: | 18] x| 20 vup: | o] xva [ o] NeR
ZuP o zi | 70 %3 [ o] v | o vug o] MName
Quader2
Di Da XMP: | 30 Ve | 10] xva: [ 10 NGR
ZHP o z | 70 xva: [ | 0] v | o[ = Name
Insice-Cyinder 3
Di Da: | 18] XMp: | s v | o] o | o] NGR .

e | o] oz | 70| xvs | o v | o] v | o] neme [N f(
Quader3
Di Da: | 0] %P | s0] v | 0] xva: | 30] NGR
Z-WP I:| zL | 70 xD: | 50 v | 0] yva | 0] MName
nside Cylnder 4
bi | i ba | 18] xne | 50 v | o] xva: | o] ner
zip: | o] zu | 70 x| o v | o] yva | o] neme [
Guader 4
Di Da: | A0 e | ) vwe | 0 xva | 50/ NGR
P | o] oz 70 xva: | 70 vvs 0] vva: | 0] Mame
Df 1400 D 1500 WP [ P 0 0 NGR 9
; 0 500 - P o & o neme [N Save | Load | [ cenem
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Then the 2D QUAD mesh is generated and extruded into a hexahedron mesh with
the Z height and Z length.
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In the last step, 4 meshes are offset by 20 mm in the y-direction and loaded together
to a FEM model with 54 303 Hexahedrons, 65 171 nodes and 20 element groups.
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FEM model with 16 Cylinders and without Cuboids
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1x1 Cooling System after 15 Time-Steps and 585 seconds
max. Temperature = 251.3° C; min. Temperature = 94.1° C
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4x1 Cooling System after 15 Time-Steps and 585 seconds
max. Temperature = 69.9° C; min. Temperature = 20.1° C

4 FEM-System MEANS V12 - <
@7 -
Datei  Ansicht  Netgenererng  FEM-Projekt bearbeiten  FEM-Analyse | Ergebnissuswertung | Training
Knotenwerte picken |Legende 1 | Verfor aktor FEM NP -
[ Ergebnisse auswerten i sl sl g;f ; Bemessungen fur max - |
\ Knotenwerte editieren Diagramm 1~ | VI - Animatio - STA  FRD |

5 Dateienlisten i | Bemessung/Nachweise s

(5]

623

557

486

415

4

273

2.1

www.femcad.de
www.fem-infos.com

4x4 Cooling System after 15 Time-Steps and 585 seconds
max. Temperature = 36.5° C; min. Temperature = 20.2° C
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SOLIDGEN form

Select the "Mesh Generation" tab and the "SOLIDGEN" menu to display the
SOLIDGEN form to generate battery structures from cylinders and cuboids:

° Cylinders, up to 9 cylinders can be generated

o Cylinder contacting the other, e.g. 10 battery pack with Y-ND-CYL = 20
° Cylinder in a cuboid, e.g. 16 battery pack with Y-ND-CYL = 24

o Cuboid, e.g. for layered structures, e.g. underfloor heating (in future)
Several meshes can be connected to a main mesh with a FEM Merge.

To generate a 2D mesh with circle and rectangle enter the following in the
SOLIDGEN form:

Mesh-Density,  X-ND-CYL: 6]  Y-ND-CYL: 24 Z-ND-CYL: 25| xNoQu: [ o
Mumber of Element Groups: 2 v Start-Angel: 0 End-Angel: 360 Y-MO-CiU: 0
Innen-Zylinder 1

Di: 1  Da 18] xmP; ol e o] xva 0| nNeR: 1
Z-WP o] zL | 0] xva | o] v 0| vva: | 0| MName

Guader 1

X1 10| v | 0] xvz | 10] v 10| xva: 0] NGR:

ZMP: o] =z | 70] xva3: | 10]  vva Y-V4: 10| Name

Mesh densities:

X-ND-CYL: Number of nodes in X-direction or radius

Y-ND-CYL: number of nodes around the circumference (the larger the more circular)
Z-ND-CYL: Number of nodes in the Z direction

X-ND-QU: Number of nodes in the X-direction in a cuboid

Y-ND-QU: Number of nodes in the Y-direction in a cuboid

Cylinder datas:

Inside diameter Di = 1 mm (here small hole to avoid pentahedron)
Outer diameter Da = 18 mm

X-MP = X-Center

Y-MP = Y-Center

Z-MP = Z center point for cylinders or Z starting point for cuboids
Z-L = length in Z direction (for2D =0)

Cuboid datas:

X-V1 = X point 1
Y-V1 =Y point 1
X-V2 = X point 2
Y-V2 =Y point 2
X-V3 = X point 3
Y-V3 =Y point 3
X-V4 = X point 4
Y-V4 =Y point 4
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Select the "Mesh Generation" menu to generate a 2D mesh of 140 QUA4S
elements and 168 nodes with Z-L = 0.

Select the "Mesh Generation" menu to generate a 3D mesh of 3456 HEX8 solids
and 6400 nodes with Z-L = 70.
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Creation of the 4x1 model

Click on "16 battery pack" and the datas for 4 cylinders and 4 cuboids will be
displayed and select the "Mesh Generation" menu.

Mesh-Density ~ XND-CYL [ 6 Y-ND-CYL Z-ND-CYL:

ra
n

H-ND-QU: E

Mumber of Element Groups: Start-Angel: EI End-Angel: 360 Y-ND-QU: ljl
Innen-Zylinder 1
Di: Da: | 18] e | o] vur: [ o xwa| o] nNeRr
Quader 1
XVA: Yvi: | 0] xvz | 10 vvz X-v4: NGR:
zwe: [ o] zi | 0] xv3: | 0] vva: Y4 Name
Innen-Zylinder 2
Di Da: | 18| X4P: | 20 vaup: [ o] xva [ o] neR:
zwp: [ o oz | 0] xva: | o] vwa [ o] vwa[ g Name
Guader 2
DI Da 0] P Y-HIP: X-v4: NGR
zue: [ o oz | 0] xva: | 30 v Y-va: Name
Innen-Zylinder 3
Di Da: | 18] x| w0 vwe [ o] xva [ of nNeR
zwe: [ o] oz | 70| xvs: | o] wa [ o vwa[ o Name
Guader 3
Di Da: | 0] XM | 50| v X4 NGR:
zes |9 zL | 70, %D: | 50 vD: Y-va Name
Innen-Zylinder 4
D Da: | 18] %up: | 0] vwe [ o] xva&[ o] Newr
Quader 4
Di Da: | 10| P | 70l R XV 50| MNGR:
zwe: [ o] zu| 0] xva | 70 v V4 Name

1400 2 1500 I 0 0 /4 0 9

0 500 0 0 A i}

A FEM mesh of 13 824 HEX8 elements, 16 275 nodes and 5 element groups. Save
the model under the name "Part1.fem".
Coordinate factor

In the right menu, select the "Nodes" and "Coordinate Factor" tabs and add the
model by 20 mm in the Y direction as shown in the image.

The coordinate factor can also be started via the "Edit FEM project" and "Node
coordinates" tabs.
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FEM-Merge

Then load the saved model "Part1.fem" to the current model using the "FEM
Merge® menu and delete the overlayed nodes with a node check radius of "0.001".

A~ 4 | Diatei | Ansicht Metzgenerierung FEM-Projekt bearbeiter

FEM-Zuladung | Import 5T|_ v
|| MPC-Kontakte | Export: DXF - |

Meu Elnladen | Sichemn & Wereinen CAD

Creation of the 4x2 model

After creating the hidden line, save the model as "Part2.fem" for the next FEM-
Merge .

B! Bitte warten...

Ohne Ubemprifung:

Strukturmodell hat 32550 Knotenpunkte und 27648 Elemente sowie 10 Blementgruppen|

Mit Dberprifung:
Strukturmodell hat 31525 Knotenpunkte und 27648 Elemente sowie 10 Elementgrupp

Fargaces

[ Einzelne Knotenpunkte ohne eine Elemert-Verbindung l5schen

| cancel | | onyHddenine | [ Mumersungprifen
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Creation of the 4x4 model

Now add the Y coordinates by 40 mm again with "Coordinate Factor".
and merge the two models via the FEM-Merge and delete the overlayed nodes with
a model check and the snap radius "0.001".

An FEM mesh is obtained from 62235 nodes, 55296 hexahedron elements and 20
element groups.

85 Bitte warten...

Ohne Dberprifung:

Strukturmodell hat 62850 Knotenpunkte und 55296 Bemente sowie 20 Elementgruppen|

Mit Uberprifung:
Strukturmodell hat 63225 Knotenpunkte und 55296 Elemente sowie 20 Elementgrupper

[] Einzelne Knotenpunkte ohne eins Blement-Verbindung ldschen

| cancd | | onyhiddenine | | humsieungpufen

Calculation of convection

The 16 battery pack is air-cooled, from the literature a heat transfer coefficient of
120 W/m#K is selected for “strongly moving” at an ambient temperature of 20°C.

Warmelbergangs-
Luft an der Wand koeffizient
o (WIm=*K))
Luft senkrecht zur Metallwand [&] ruhend 3,9..35
Luft senkrecht zur Metallwand [6] malkig bewegt 23..70

Luft senkrecht zur Metallwand [6] kraftig bewegt 58...290
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Generation of the air cooling with a convection
The batteries are cooled over the outer and inner walls with a medium air flow.

The following three cooling systems are available:

Outside cooling + horizontal cooling + vertical cooling

Convection of the outer walls

S
Select the "Edit FEM project" tab and the icon iu...-i and select the "Convection,
load type 8 (W/m?K)" menu. Then, in the new window, select "Surface mode" and
click on the 4 outer surfaces 1, 6, 11 and 16 to generate the convection of 120
W/m?K at an ambient temperature of 20°C.
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]
‘ Knoten-Temperaturen { °C ) |
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(O Koordinatenbereich definieren

Cancel

‘ Cancel ‘ | Editor | | Konvektion erzeugen |

| Konvektion loschen |
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Convection of the horizontal walls

For the horizontal interior surfaces, the element groups 6, 7, 8, 9 and 10 as well as
the rows 16, 17, 18, 19 and 20 are hidden and a new surface model must be
created in "surface mode". Now the horizontal surfaces are on the outside and can
be selected as convection surfaces.

With "Activate all" and the "Refresh Hidden-Line" menu, all 20 element groups are
displayed again:

EG= 20 n

N EG=15
[]oN EG=16
L]on EG=17
[] o EG=18
C]on EG=1%
[]oN EG=20
ON EG=21
Fiir neue Farbe auf Farbrahmen kicken

als Drahtaitter sichtbar

Gruppet |V
Gruppen 1- 7
Gruppen 8- 14
Gruppen 15 - 21
Alle aktivieren

Alle deaktiviersn
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Convection of vertical walls

In order to be able to select these surfaces, the element groups 3, 8, 13 and 18 as
well as 5, 10, 15 and 20 must be hidden. Then a new surface model must be
created and the 3 vertical walls must be loaded with convection.

4 on - EG-2
Oon

Gruppen 1- 7 <

Neue Elementgruppen szsugen

Control of the outer and inner surfaces with wire frame and a Range of Nodes:

e O

Fachen Knoten  linien

Anzahl Eckknoten = 63225
N 1 VB é
p——— e wn

Knotenbersich erzeugen
| !(ncrt_enbereich erzeugen
Pachenknoten
Flachen-Randknoten
Knotenbereich ioschen
Knotenbereich laschen
Knotenbereich andern
Koordinaten-Faktor
Knoten: | 31988 EDIT
X: 56.6225
w

[] Elemerte numerieren

|:| Elementgruppen numerieren
[1 Temperatur-Werte

Knoten-Size editieren:

o

==
-g
-

L=z d il
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Input of a coolant cooling

In order to simulate coolant cooling, the convection surfaces have to be converted
into temperature boundary conditions with a node temperature of 20°C.

Use the "View" and "Node Mode" tabs to display all nodes of the convection load.

Then select the temperature icon and create the temperature boundary
conditions with the selection "Select all displayed nodes".

Then the convection must be deleted with "Edit FEM project", "Editor" and "Delete".

B8 Randbedingungen — = X ot — O x
Fachen Knoten  Linizn
Anzahl Randbedingungen aktuel: -5625 ‘ Neu
- Anzahl Eckknoten = 63225
Wertder Randbedingung
Freiheitagrad spemen: won:
Temperatur bis: | 1056
in Y-Richtung
Selectieran
(O Fachenmodus (O Rechteck aufspannen
() einzelne Knoten anklicken (® alls angezsigten Knoten wahlen
() Koordinatenbersich definieran alle angezeigten Surfaces wahlen
RB-Symbole anpassen
RB-Symboie umcrehen | REFate: [
ok =
Cancel i | Editor | | RBs erzeugen X
v ]
| RBs loschen

[[] Knoten numerieren

[[] Blemente numerieren

[] Elementaruppen numeriersn

[1 Temperatur-Werte
Knoten-Size edtieren:
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Entering the material data

Batteries mainly consist of zinc-carbon or lithium-graphite material compounds with
a liquid electrolyte and a coated separator.

Zinc-carbon battery Lithium-graphite battery
Metallkappe (+) + Deckel
Kohlestab Kollektor
(Kathode)
Ez;:::;cuer i Kathode: 50CI, + Graphit
Mangan (IV)oxid i Lithiumanode
it Ammoniumchlorid
Py et Separator
(Elektrolyt)
Becher (Edelstahl)
Metallboden ()

Table-2.1: 21700 Lithium-1on cell specification

Item Specification™
Rated discharge capacity (1C-rate) 3.2Ah
Nomimal Voltage 356V

Rated Discharge energy 11.4 Wh
Density 2560 kg/m3
Heat Capacity 1000 Jikg*K)
Radial Thermal Conductivity 1 Wim2K)
Axial Thermal Conductivity 25 W/imz2K)
Tangential Thermal Conductivity 25 Wim2K)
Internal Resistace 50 mL}

Table-2.2: The physical and mitial conditions are as shown in the table below:

Battery Imitial Temperature 20 oC

Coolant Inlet Temperature 20 0C

Coolant Inlet Velocity (.1 -1lm/s

Heat Generation 0.5-2.5 wiCell

Cell conductivity Kr=1 wm*k
Ka=25 wm*k

Quelle:
International Research Journal of Modernization in Engineering Technology and Science

Volume:02/Issue:07/July-2020 Impact Factor- 5.354 www.irjmets.com
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Element group Air

Airflow and coolant are assumed to flow around the cylindrical battery cells through
air gaps with a thermal conductivity of 0.0242 W/mK.

Enter the material data of air with tab "Edit FEM project" and "Material data" in
element group 1. Then copy them to the element groups from 2-20 with "Copy
material data".

o’ Daei Ansicht MNetzgenerierung FEM-Projekt bearbeiten FEM-Analyse Ergebnisauswertung Training
Fl 1. Knotenbelastun - D—+ 1. Randbedingungen |= D [ [
- Kr nbel ng . Rar gungen .

=

Belastungen [] Belastungen darstellen Randbedingungen Randbedingungen darstellen Elementgruppen | Materialdaten

Infozeile
BB Materialdaten
| Bezsichnuna Materialwerte o5l Anzahl Gruppen= 20 = O *
EXTE
. Poisson-Zahl . ] . Elementgruppe deren Materialdaten kopiert
.Dic:h'te : 1.3[.‘3 - werden sollen:

0
u

Waemekoeffizient
3 ."."\-'ammelei't'féhigk...
.spez. Wamekap. .. | 1000
. ﬁeferenztempera... : Geben Sie bitte die Elementaruppe ein, die obige

Warmestrom Elementgruppe mit den Materialdaten ethalten soll:

—T I — 1 ]

Dampfung

-

Einzelne Elementgruppen mussen durch Semikola und

Elementgruppen-Bereich durch Bindestriche getrennt

werden, wiez.B. 1; 3; 5-12

Bementgruppe: | 1 Elementtyp: HEXZ < >
() Isotrop (® Temperatur
Cancel Kopieren
Material-Datenbank oK

Element group Battery

The following material data are taken from Table 2.1:
Thermal conductivity = 25 W/mK

Specific heat capacity = 1000 J/kgK

Density = 2560 kg/m?

Enter these values in element group 1 and copy them to element groups 6, 11, 16.
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-lﬁ Materialdaten

Bezeichnung
E-Modul
Poizson-Zahl

Materalwere

Dichte 2560

Waemekoeffizient | 0

Waemeletfahigk... | 25

spez. Wamekap... | 1000

Referenztempera... | 0

'Warmestrom 1]

Dampfung

() lsotrop

| Matenial-Datenbank

| Matenaldaten kopieren

Eementgruppe: | 1 Elementtyp: HExZ <

(®) Temperatur

B8 Anzahl Gruppen= 20 i O >

BElementgruppe deren Materialdaten kopiert

werden sollen;

Geben Sie bitte die Elementgruppe ein, die obige
Elementgruppe mit den Materialdaten erhalten soll:

E11;16

Einzelne Elementgruppen mussen durch Semikola und
Elementgruppen-Bereich durch Bindestriche getrennt
werden, wie z B. 1; 3; 512

Input total time, time step and start temperature

The parameters for a transient temperature analysis are entered via the temperature

gl Instationaere Temperatur

Gesamtzeit:
Zeitzchrittweite:

Starttemperatur;

CANCEL

: Total time = 2000 sec, time step = 1 and start temperature = 300 °C.

asl Temperatur-Analyse — 5| .4
‘ Knoten-Temperaturen { T )
(O Stationar (@ Instationar (O Statik
s m| x
| Materizldaten |
| Matensl-Daterbank |
-

©

Lok ]

| Konvektions-Datenbank |

Intemet-Links:
Wameleitfahigkeit fir unter. Materalien

Spez. Wamekapazitat fir unter. Materalien
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Change coordinates from millimeters to meters

The coordinates are generated in millimeters and must be converted to meters
using the "Edit FEM project" and "Node coordinates" tabs.

' —
Datei Ansicht Metzgenerierung | FEM-Projekt bearbeiten | FEM-Analyse Ergebnisauswertung Training

1. Knotenbelastung - D—+ 1. Randbedingungen - I j ‘ / 3. Knotenkoordinaten

stungen [ Belastungen darstellen Randbedingungen Randbedingungen darstellen |

il Elementgruppen | Materialdaten | Editor T Eleentiippen
e 2. |Elementknoten
notenkoordinaten — O e | 3. |Knotenkoordinaten
| Nr. X-Kpordinaten ¥-Kpordinaten Z-Kpordinaten at | - . L & ik
7 el 1] 0 | oW Koo hnatefr bakiar B 3. |Randbedingungen
Z 0622 0 ] ‘ ‘ Faktor setzen : b rlshingen
7. | Formoptimierung
3 0635 0 [1} izi ividi
O muttiplizieren (®) dividieren .| Loschen
4 656 g 0 O addieren () ersetzen
5 (06730001 0 ]
6 069 0 ] Achsen vertauschen
7 060483 00012941 0 O X% Werte mit Y-Werte vertauschen
8 062125 -000563402 0 () K-Werte mit Z-Werte vertauschen
il 37671 000 b O Y-Werte mit Z-Werte vertauschen
0 06540521 00144939 0
i 0670513 .00188338 0 Koordinaten mit Faktor verandem
e SRS sl o X-HKoordinaten Y-Koordinaten Z-Hoordinaten
13 (060433 .00025 0
4 013053 oo 0 ] rwr die angezsigten Knoten im Knotenmodus verwendsn
15 0633775 00195 0 - k‘t
ot A
15 0648437 0028 0 von netened
17 066322 00365 ] bis Knotenpunkt: 53225
18 0677942 (0045 0
- Koordinatenfaktor
13 0603535 000353553 0 v
- i [ Mullpunktsverschiebung durch Knotenpunkt:
| OK | Koordinaten-Faktor
Koordinaten mit Faktor verandem |

| CANCEL |

FEM Analysis

Save the two FEM models under any name and use the Quick Solver to calculate
the node temperatures and heat flow density with the "FEM Analysis" and
"Temperature" tabs.

- YU |
V Datei Ansicht Metzgenerierung FEM-Projekt bearbeiten | FEM-Analyse |

| . Infos zum FEM-Modell
3. Temperatur F] FEM-Solver wahlen
| —= r Meodell-Abmessungen

| . | Statik

il FEM-Ablauf Infos Strukturmodell FEl

]
2
3. | Temperatur
4

. |Beulen

Postprocessing

After the FEM analysis, evaluate the temperature distributions for convection and
coolant for time step 15 with the "Postprocessing"” tab.
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Air cooling after 582 seconds

max. Temperature = 157 °C; min. Temperature = 17.8° C

Instationar
Nr.15=582.85s

1356

1157

-
- 178

Coolant cooling after 582 seconds

max. Temperature = 134.1° C; min. Temperature = 20° C

Temperatur n
Instationar
Nr.15=582.85s
- 1341
1164
1001
838
675
512
- 350
- 200
Bearbeiten  [£] [+




