COMSOL

CONFERENCE
2017 ROTTERDAM

UNIVERSITY OF APPLIED SCIENCES

FH AACHEN

Implementation of an

Active Fluid Cooling Design
in a 48 V High-Power Battery Module

Ziyi Wul2, André Stawarskil, Hans Kemper?

1 Energy Storage Systems, FH AACHEN - UNIVERSITY OF APPLIED SCIENCES
2 RWTH Aachen University

© FH AACHEN UNIVERSITY OF APPLIED SCIENCES | LES Lehrgebiet Energiespeichersysteme | COMSOL CONFERENCE 2017 ROTTERDAM 19.10.2017 | 1



Active Fluid Cooling Design in a High Power Battery Module
Contents

Motivation

= Ground Model

Partially Lumped Single Cell Model
Battery Module

Thermal Analysis

Ground Model (GM)

GM & Active Fluid Cooling (ACF)
GM & Internal Cooling Fin (ICF)
GM & ICF & & ACF

Summary

© FH AACHEN UNIVERSITY OF APPLIED SCIENCES | LES Lehrgebiet Energiespeichersysteme | COMSOL CONFERENCE 2017 ROTTERDAM

19.10.2017 | 2

UNIVERSITY OF APPLIED SCIENCES

FH AACHEN



Active Fluid Cooling Design
Motivation

in @ High Power Battery Module

o) (o) (o)
Capacity DOD 100% 88% 76 %
Technical Data . Retention (%) @ 25 °C
- SAMSUNG INR18650-33G @ 45 °C moT T
100
Cell Chemistry NCA 95
Nominal Capacity 11.4 Wh / 3300 mAh
90
Voltage 2.5V (2.8V)/4.2V
Standard/Rapid 85
Discharging Current 0.3C/1C
Pulse Peak Current 10 A 10 s (Rest 30 s) 80
AC Impedance
(1kHz) 27 m -
DC Impedance 40 mQ
Temperature -10 °C ~ 45 °C XL WO E AT P OO
(Charge / / -20 °C ~ 60 °C MY © A KNI
Discharge) Cycle Number (-)
[Source: SAMSUNG SDI, Cell Development Q.A “Cylindrical 18650 (11.4Wh) EV Technical Report”, January 2015.]
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Ground Model
Partially Lumped Single Cell Model
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4
z
+ Pole 3
Gap between + pole
and active material
Mandrel
Active material
z = P0|e

y\L'x

© FH AACHEN UNIVERSITY OF APPLIED SCIENCES | LES Lehrgebiet Energiespeichersysteme | COMSOL CONFERENCE 2017 ROTTERDAM 19.10.2017 | 4



Ground Model
Battery Module
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Ground Model
Battery Module
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Ground Model
Battery Module
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Case

© FH AACHEN UNIVERSITY OF APPLIED SCIENCES | LES Lehrgebiet Energiespeichersysteme | COMSOL CONFERENCE 2017 ROTTERDAM 19.10.2017 | 8



Thermal Analysis
Ground Model

= Software COMSOL Multiphysics ®
= Principle: Stationary FEM

= Scope: 3D, transient model

. {tt ,;f \\ i R \\\\
= Coupling of Non-Isothermal Flow: & [t LRl \j\i\
\‘i : g\ : E = S \‘:\\\s
: : n N &Sl PN
- Navier Stokes Equation: '\ 'ﬂi \\, 1 Nl
fluid p(T)(u -Vu)=-Vp+ u(?‘)Au +F « lf( T |
TN
- Temperature Field x"l\‘ .\ Ll
IR ]
Bl ‘
Heaft Heat Transport Equation: A PR |
Transfer pC,u-Vr+V-(—kVT) =Q IR L oSSR
i I i g

Velocity Field \\ L S g S R QRS
= Parametric sweep for module \ 504t = LSS ) g

heat generation rate: p =
NG =

[¥] Auxiliary sweep \ /

Sweep type: | Specified combinations - |

" Pararmneter name Pararneter value list Parameter unit

[ P_30cell (Gesamtv v||range|;m,5, 30) W |
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Thermal Analysis
Ground Model
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Objective 2 JENEYS

Objective 1 J |
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Thermal Analysis
GM & Active Fluid Cooling (AFC)

= Fluid channel is embedded in Al cover Cooling Fluid Outlet

= Inlet at module center

= Qutlet at module edge

= Temperature probes along the fluid
channel to visualize the heating of

cooling Water
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Thermal Analysis
GM & Active Fluid Cooling (AFC)
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Thermal Analysis
GM & Active Fluid Cooling (AFC)
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Thermal Analysis

Fin (ICF)
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GM & Internal Cool
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Thermal Analysis
GM & Internal Cooling Fin (ICF)
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Thermal Analysis
GM & Active Fluid Cooling (AFC)
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Thermal Analysis
GM & AFC & ICF

iow 15w 20w 25w 30w 10w 15W 20W 25W 30W

UNIVERSITY OF APPLIED SCIENCES

z
Z
GM —— —— —A— —%— —B— <
I
[K] R - - A  -—x- -—-m- GM&AFC&ICF *
405
395
385
375
365
355
345
335 W—H—W
325
m- _m | B [y
315 x I N //./ x\\ - ,x \\.\\ //X X
\\x\ =~ —— //x//( A ’.\\ - N /// \\\x\ o - ’ Ve -
305 A g A-ANE_ o Em gy E o S R ) S X A
¢ ..o A "“/—““"\A\*/_/-i‘::i?\g”fi AT RE LA X A L TX X e g A A e ®
295 ¢-g 00 o ¢ ¢ 4 o - e S A--~A’_’j.0—"‘:"~oLZ{L_Q———ml{iii’.{}»x-*:0-"-' -
A & -9 og & -0 ::0 B SSRGS % *---¢
285

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

© FH AACHEN UNIVERSITY OF APPLIED SCIENCES | LES Lehrgebiet Energiespeichersysteme | COMSOL CONFERENCE 2017 ROTTERDAM 19.10.2017 | 17



Active Fluid Cooling Design in a High Power Battery Module
Summary

Simulative thermal analysis is a helpful step before conducting actual tests

Temperature distribution in GM (no cooling concept is involved) is uneven

- differences in cell cycle life within the same battery module

- a shortened cycle life of the entire module

By involving detailed measurement data of employed cells, both the complexity

and the accuracy of the simulation models can be increased

Effects of passive cooling concepts are analyzed

ICF AFC
Temperature uniformity ++ 0
Reduction of cell temperatures + ++

Combined systems with different passive cooling principles shall be involved for

large and high power battery module
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