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Modeling & CFD

Modeling
Battery module
e Simplification
Hi E{2| Cooling Plate2| 7 Z(Channel) Creo 2 &2

"Serpentine”

’ J\ ALTAIR



Outlet

Modeling & CFD
Modeling
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v HiE{2] HE2 SIEM D2 Lol

v HE{2|= YTt heat generation

v F9IZo| @AM B (THE)

Heat Flux

=
=38X
Solid Density Specific Heat Thermal Conductivity
Aluminum 2700kg/m? 908J/kg 237W/mK
Fluid Density Specific Heat Viscosity Thermal Conductivity
Water 998kg/m? 4182J)/kg 1Pa-s 0.598W/mK
AAZH

v Heat flux : 5000W /m?

v' Mass flow rate : 0.1kg/s

Jarrett, A., & Kim, 1. Y. (2011). Design optimization of electric vehicle battery
cooling plates for thermal performance
Ye, B., Rubel, M. R. H., & Li, H. (2019). Design and optimization of cooling plate

for battery module of an electric vehicle
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Modeling & CFD

Design Parameter
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Data Sampling
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Altair SIMLAB
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Modeling & CFD

Data Sampling
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Data Analysis

Objective function

T P
Score = 100X% [ax—+ (1—a)X —
Tref Pref

EX) T‘ref = 30: Pref = 3000 El-—_ll— 7|-XC'>|

IfT = 30,P = 3000
>  Score = 100% ax§+(1—a)x%] = 100x[1] = 100%™

_ 20 _ 2000] _ 2, x4
>  Score = 100x[a><§+(1 a)xm] = 100x[Z] = 66.67% a

IfT = 20,P = 2000 l
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Data Analysis

Objective function

Reference

T[°C] P [Pa]
41.08 2567.38

DOE
A5 7ot

T [%] P [%] T [%] P [%] T [%] P [%]
10.19 -7.00 6.30 -0.20 -2.17 12.00
Score : 95.90 Score : 97.03 Score : 99.52
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Data Analysis

Analysis L1~L6 & T, P 2+A| It
Pa[:aeriig’tr;rs Resul

1 # T = f1(Lq,Ly, L3, Ly, Ls, Le)

_— ‘ I
‘

T— -Q@
é/

) N/

16 > f.f, 20t Moz FHEX|? 2\ ALTAIR




© Altair Engineering, Inc. Proprietary and Confidential. All rights reserved.

Data Analysis

Analysis
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Data Analysis
Analysis
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Artificial Neural Network
CFD & ANN

3D Geometry & Parameters
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Response
Meshing & Calculation (T P)
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Artificial Neural Network
CFD & ANN

3D Geometry & Parameters
(Inpu‘"‘ P e

Response
(T, P)

CFD

Meshing & Calculation
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L1~L6 array (Input) Neural Network
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Artificial Neural Network
CFD & ANN

3D Geometry & Parameters
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Artificial Neural Network
CFD & ANN

ROM (Reduced order model)
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Artificial Neural Network

Process
* DOE %|X 3} Process
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Artificial Neural Network

Results
-
DOE olgMF
729 cases S| A A|Zt - 43hours 1,000,000 cases S|4 A|Zt: 41 sec
> 100# & S A|Zt: 5.9 hours (21,240sec) > 100# & SilA AlZh: 4.1 ms (41 x 107* sec)

Orok DOEE 1,000,000 casesE 25 S{ASICIH AE2|= A|72H22

“6.83 years”

s EY - A z=4dr
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Artificial Neural Network

Results
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Tavg[%] P [%] Tag[%] P [%] Tavg[%] P [%]
10.19 -7.0 6.30 -0.2 -2.17 12.0
Score : 95.90 Score : 97.03 Score : 99.52
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. e=03 w=0s  a=07

Tavg[%] P [%] Tavg[%] P [%] Tavg[%] P [Pa]
9.36 -13.6 7.58 -5.2 5.29 -0.593
Score : 90.82 Score : 95.91 Score : 98.31
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Summary
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Conclusions

Summary
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Conclusions

Conclusion
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