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Why COMSOL and MATLAB® RWTHAACHEN

3D CAD import 0
FEM and CFD O
Monitoring o o
Large System
Integration O

Objective of this Work

Combination between COMSOL and MATLAB® for
a liguid cooling system of a battery pack
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Battery Pack RWTHAACHEN
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Second Floor

Diagram of the Cooling System RWTHAACHEN
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Simplifying the Cooling System RWTHAACHEN

First Floor SIDE A Fourth Floor

‘ e
Inlet [ Outlet
e

|_
I_
= e P PR R e
Second Floor 7~ T SIDE B "\ Third Floor
Coolant inlet Series Cooling
T=constant Coolant outlet

\—L/:» 1BM > 2"BM » 3BM > o oo o > 9"BM > 1othsmﬁ{
/\ J Flow rate in each
channel, 12.5 %

T = f(t)
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Simulation problem RWTHAACHEN
Coolant inlet Series Cooling

v J

— 1BM > 2"BM > 3BM & o o o o > 9"BM » 10"BM —>

N _J )

Q= f(t) T = f(t)

—t et bl b b L—

T = constant value T = f(t) T=1(1)

Heat generation in each battery module depends on electric load.
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Techniques for Simulation RWTHAACHEN

COMSOL with
COMSOL Only MATL AR
Time of ”.‘eSh - Medium Medium
Generation
bata Not Required Medium Automatic
Management
Computer High Medium Low
Performance
Total runtime - Normal Faster
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Soildworks ® — 3D CAD Making RWTHAACHEN
3D CAD from E> COMSOL V4.2
Solidworks® Heat Conjugate
Input& QUL |y il of Lst
m Battery Module

m.file for | IPUL& QUL fije of 2nd

Running ;aTne Battery Module
Management |

(o]

MULEQ i file of 10th
«—  Battery module

SolidWorks Parasolid.file

* * txt. file

Output
txt. file
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COMSOL - Setting
3D CAD from E> COMSOL V4.2
Solidworks® Heat Conjugate
IMpUL& QUL | file of Lst
M Battery Module
mfile for | MPUt&OUPUt - m file of 2nd
Running «—  Battery Module
Management '
S i file of 10th
m N Battery module
Output
txt. file

................................................

Parasolid.file @

N COMSOL

\ 4

Running

Material Property /
Boundary Condition
Mesh Generation
Heat Conjugate Module
Laminar Flow
Transient Study

To test model in COMSOL V¥V
m.file
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MATLAB ® —m. file of Battery Module modify R\NTHAACHEN

Manual Modification

3D CAD from I:> COMSOL V4.2
Solidworks® Heat Conjugate 0 So that the m. file from COMSOL can
VMATLAB® . file ﬂModify exchange parameters between m.files.
s o : _ Normal Values
E Ry fileof st |! : L
; - Bgt'te'ryef/lo ol - Values in form of txt.file, in case the
i o fl ; values as a function of time
é mfile for | MPut&Ouput o fije 6F ond i .
; . — ' 5
| g | ey Mo | m.file from COMSOL
.| Management | | |_
) Modify
; PLESRE L mfile of 10th
n <. | Battery module {/
; Output :
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MATLAB ® — m. file of Battery Module modify RWNTHAACHEN

How to import txt.file?

model. func.create('intl', 'Interpolation');

model.func('intl'") .model ('modl"') ;

model.func('intl') .set ('source', 'file');

model.func('intl').set('filename', 'D:\running model\Versionl\Heat Loss.txt');
(' ) -
( ) .

model.func ('intl') .setIndex('funcs', 'Heat', 0, 0);
model.func('intl"') .importData;
Heat Loss.txt
0 80
Time (s) — 0.1 80 Heat Generation(w)
1200 2.5

How to use txt.file?

model .physics ('nitf').feature('hsl').set ('Ptot', 1, 'Heat(t)');

How to use normal parameter (Constant Value)?
model.physics('nitf').feature('inll') .set ('U0in', 1, 'Flow/Area');
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MATLAB ® —m. file of Battery Module modify R\NTHAACHEN

Solidworks® Heat Conjugate
InpuL& QUPULH m file of Lt
«— || Battery Module
xt. file

Running +—
txt. file
Management

3D CAD from I:> COMSOL V4.2

m.file for | IPUL& QUL fije of 2nd
Battery Module

(o]

PP file of 10th

Manual Modification

o So that the m. file from COMSOL can
exchange parameters between m.files.

; - Normal Values

- Values in form of txt.file, in case the
values as a function of time

m.file from COMSOL

=
Modify

— Battery module {/
Otttut .
bl m. file of Battery Module
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MATLAB ® —m. file of Battery Module modify R\NTHAACHEN

3D CAD from I:> COMSOL V4.2
Solidworks® Heat Conjugate
LA mfileof 1st |
¥oe || BatteryModule \
| milefor | gl it | —> [ M. file of Battery Module
/| Running «— | Battery Module
.| Management |
UL il of 101 |
m . | Batterymodule
. Oupu . **One m.file for all Battery Modules**
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MATLAB ® — m. file for running management R\NTHAACHEN

3D CAD from COMSOL V4.2 -
. . Functions
Solidworks® E> Heat Conjugate _ _
_ o Start running each m.file of Battery
MATLAB® m. fle | Moy Module in serial
moute g [ e ot 1 o Set palrarr|1eters both txt.file and
<« | Battery Module | normat vaiues _
i | | o Collect and save the results to txt.file
| mfile for Input& Uty il of 2nd | o Calibrate the results of previous
.| Running “—  Battery Module | battery module before setting the inputs
1 XL TIe .
:| Management ! of next battery module
i i o Show runtime of each m.file of Battery
§ | o | Module
; PLESRE L mfile of 10th
H . | Batterymodule
; Output :
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MATLAB ® — Running Process BM-1 RWTHAACHEN
MATLAB® m. file ﬂ Modify
Input & Output m file of 1st . .
— j Input of First battery module
. | Battery Module :

m.file for | MPU&QUPLL L 1y file of 2nd o Inlet temperature is constant, 298 K.

Running . | DBattery Module ; o Flow rate of coolant is 1 L/min
Management
° time(txt.file).

Input & QUL 1 file of 10th
«—  Batterymodule

* * txt. file

Output
txt. file

° 0 Heat generation as function of

“'ffu Lo Lol ol o lol ol ol ol

T=Ti" T=ft) T=f) T=f) T=ft) T=f1) T=ft) T=f©) T=f) T=f) T=f
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MATLAB ® — Running Process BM-1
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m. file | | Modify —T_Inlet_ BM1 —Q_Generation
_ MATLABR Qress g
5 : | 1 L 80 =
; LA m file of st | 2o 2
: <+“— i - 2
: S | Battery Module | 70 2
_ 297 - 60 S
| mfilefor | AR mfileofond | & I n u t >
/| Running «—  BatteyModule | £ 296 - - 50 2
;| Management | - B [ 05
! 8 205 - g
i o ! e c
! 0 LR - 30 .9
! 294 | o
; MUEQU i il of 10 ! 20 B
“ m Battery module 293 I 1o§
: i Flow Rate 1L/mi &
i Output : 202 jjjj_{jjjj ow Rate ZLmin 0 T
L e ] 0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Running Time (s)
15th H.-u;n(fjl‘m
"
[ Sy S S S S S S S E—
T=Ti" T=ft) T=ft) T=ft) T=ft) T=ft) T=ft) T=ft) T=ft) T=f1) T=Af(@)
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MATLAB ® — Running Process BM-1 RWTHAACHEN
MATLAB® m. file ﬂ Modify
Input & Output : |
— m.file of 1st :
| Batery Mo | Output of First battery module

mAfile for | LSRN S m fill of 2nd 0 Outlet temperature depends on heat

Running «— Battery Module ; generation of BM-1(txt.file)
Management

(0]

(0]

PSR  filg of 10th

| Runtime ranges between 34 to 37 hours.
. | Batterymodule !

* * txt. file

Output
txt. file

° o Temperatures of each battery cells (txt.file)

“'ffu Lo Lol ol ol ol oL ol

T=Ti" T=ft) T=f) T=f) T=ft) T=f1) T=ft) T=f©) T=f) T=f) T=f
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s 8 & &8 8 = 8
Heat Gerneration per Battery Module (W)
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MATLAB ® — Running Process BM-2 RWTHAACHEN

; Input of Second battery module

Input & QuipUt | file of 1st |
“— | Battery Module | o Inlet temperature is outlet temperature of

first battery module (txt.file).
o Flow rate remains constant at 1 L/min
Running «— | Battery Module ;

ot file : 0 Heat generation as a function of time
Management — (txt.file).

m.file for | MPU& QUL y file of 2nd

(0]
(0]

Output of Second battery module
o Outlet temperature depends on heat

Input & QUL 1 file of 10th
«—  Batterymodule

txt. file
ojttut generation of BM-1 and BM-2 (txt.file)
C bfile 0 Temperatures of each battery cell (txt.file)

ﬂu Lol ol oLl L5l s |

T=Ti" T=ft) T=f) T=f) T=ft) T=f1) T=ft) T=f©) T=f) T=f) T=f
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MATLAB ® — Finished Process BM-1 RWTHAACHEN
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MATLAB ® — Finished Process 10 BMs i S

m.fileﬂModify —T Inlet BM1 —T Outlet BM1 —T_Outlet BM2 —T_Outlet BM3
__M'?‘-I-_Lib‘?@ _________________________________ —T Outlet BM4 —T_Outlet BM5 —T_Outlet BM6 —T_Outlet BM7
: 209 —T_Outlet BM8 —T_Outlet BM9 —T_Outlet BM10 —Q_Generation
Input & Output : ;
— m.file of 1st | L 80 s
<—m | Battery Module |! Son - =
. —~ - 70 2
. . : maan 3
m.f|Ie.for USSP mfileofand 297 ;Qrf: N L 60 =
Running +—  Battery Module i} = P e o A >
] I~ D
txt. file : D 996 - r/\(\ - 50 &
Management - % T~ ©
. o A=sgRNN L 0%
0 & 295 - /Ay N i 8
(o] i g (\r\r\’\\r\ L 30 g
Lo an'in N N =
LS mfileof10th 29 f\\\\\\\\ .-
~—
«—  Batterymodule :: 1 D —— =
** txt. file : 293 0 )
! Flow Rate 1L/min I
O LUy , I
tXt |e | T T T T T T T T T T T
TTITITTiTrTrmimrmrmmrmimmimimimemimmem o 0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Running Time (S)
15th Banery Cell

Gth Hattery (.ni Gh Batery un‘ Gth Hattery “nﬂ Gth Hattery uni Gh Batery uui Gth Hatrery “"i

v ‘
“M.f"‘ Wi Y

T=Ti T =1(t) T =1(t) T=

Gth Batiery “uﬂ Gh Batery mli

&

Sth Batiery (;lli

f) T=f0 T

a
a
a

K
|

{!’
{

|
—h
—~
—
=
_|
I
—h
—~
—
=
_|
]
—h
—~
—
=
_|
]

(t)

—

I
—h
~
~—+
N—r
—
I
—h
—~
~+
A —

24.10.2012 Manop Masomtob

N
N



m Institute for

Power Electronics and
. Electrical Drives
Conclusions RWNTH

0 The m.file of the Battery Modules from COMSOL is able to run
with the m.file for Running Management to investigate the
temperature distribution of the cooling system in the battery pack

0 Running time of each battery module in COMSOL with MATLAB
Is faster than running time in COMSOL, 2 times ( Intel(R) Core
(TM) i7 CPU 930 @ 2.80 GHz 2.80 GHz and 6 GB of RAM)

Furture work

The m.file of Battery Module from COMSOL will be
connected with Simulink/MATLAB for Large system
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Thank you for
your attention
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