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® = Company overview Frifvaxus
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9.5 Plorc gl Product overview FX faxus
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= Contents FX fvaxus

mAxXuUuUsS

» 3D simulation of liquid cooling
pack

» Electrochemistry-thermoelectric
coupling simulation
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= Contents FX fTvaxus

IC MO mAxXuus

» 3D simulation of liquid cooling

pack
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J@g ==~= Case Description FxiTvaxus

Questions

« How to do liquid cooling pack transient simulation ?
« How to do flow and temperature coupling simulation ?

« Huge amount of grid caused by complex module structure
* Problem solving difficulty in dealing with the influence factors involving in

heat transfer process

* Meshing by hypermesh and fluent meshing
* Solving with steady flow field and transient energy field

Main object : Predict Tmax and AT within the pack
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LA - Limcim Conte ntS ﬁi‘i‘MAXUS

1.1 3D CFD Simulation Workflow
1.2 Hypermesh Meshing

1.3 SCDM Geometry Clean-up
1.4 Fluent Meshing/Auto Mesh
1.4 Cell Heat Generation Rate
1.5 Solving Method

1.6 Result and Analysis
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& <> 443D CFD simulation workflow X s

SAIC MO mAxXuUuUsS
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< 19 Hypermesh meshing FX FTornxue

ic T mAxXuus

Lithium cell module

Q||:>
&i

Heat transfer path

Silicon cell foam holder sink

Interface
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ﬁ 1.3 SCDM clean-up FX ffunxus

Interface

Volume extract

Inlet outlet

Reynolds Number

5L/min  10L/min  15L/min
inlet 1895.5 3791.1 5686.7
channel 410.7 821.4 1232.1
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“= 1.4 Fluent meshing/auto mesh X ffnxus

088 | SRSE

Auto mesh

* Realizable k-Epsilon turbulence model
« Cell min size:1mm

* First boundary layer cell size: 0.12mm
* 5 boundary layers with rate 1.2
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& <= 1.5 Cell heat generation rate X F-fanxuss

Q=1 X (U-E) +1 XTX (dE/dT)
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DCR vs SOC & Temperature
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L.;@,.m . 1.6 Solving method LEr

The key point of the liquid cooling pack
simulation is to balanc_e the calculation Steady flow field
scale and the calculation accuracy.
3 tips:
» Ignoring the temperature impact of

material property ;

* Focusing on the forced convection of
coolant (major thermal transfer path);
Transient energy

» Adding heat transfer coefficient field
(experiential)
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&> 4.7 Results and analysis FX T funxus

ic T mAxXuus

The mass flow difference between up and down side is in an acceptable range
(2% from a perfect 50/50 distribution)
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& <= 1.7 Results and analysis R e

Flow Details @10L/min:

1.4%-C1
11901
B.95e-L2
5.95e-L2
2902
= 0.00E+00

Low velocity zone Increase the area for the flow deflection regions
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&> 4.7 Results and analysis FX Twaxus

mAxXuUuUsS

T at one vehicle constant speed T-curve: experimental vs modeling
55 | = experimental
& | €  modeling
45 -
5 4
= | AT=1°C
30 |
T e e N B s s s s e S B s s s e
96% 5% 54% 32% 11%

insufficient thermal transfer capacity
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m..a < Contents FX fTunxus

» Electrochemistry-thermoelectric
coupling simulation
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J@g ==x= (Case description: FxiTvaxus

Questions

* How to obtain the temperature distribution of the module?
* How to tell the temperature status of the busbar (sensor position)?

Non-uniform heat generation rate of cell
Voltage varies with the change in SOC, |-V curve varies with the change in C rate

Using MSMD electrochemistry module
Applying calibration of temperature rise with different C-rate discharge

Main object: Predict Tmax of the module
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g,gw”;,eg-; = im Contents X fTvaxus

2.1 MSMD Modeling Approach

2.2 NTGK Sub-model

2.3 Experimental Data and Parameter ldentification
2.4 Calibration

2.5 Modeling Description

2.6 Result
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;;@’,g 2.1 MSMD ( multi-scale Multi-Domain ) Fx i fvaxus

* Separate meshes are used for different domains
* Each finite-volume cell is treated as a mini-battery

Passive zone

Electrode scale sub-model Active zone

(NTGK for example)
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= . 2.2 NTGK sub-model X FHnaxos

VAo, Vg, )=—j | L Current
— Newman & Tidemann: 1D \I\|\< N I
—Gu: 1D V-(c V¢ )=+ H'\ g TQ‘I

; -
— Kim et al: 2D j,= Currert Vecfors /
g at Cathods plate "“-‘- .= Gurrent Vectors
—ANSYS: 3D f .‘-"‘-’.— :d at Anode plate
i=¥(¢. —¢_—U) DoD = (J Jdt)! Or J = Current Density
[} . ‘.-"'". J (L X,
. Q
s 2y (2 S -
Y:[Zb"(DoD)“ ]g | T T (] =(§aﬂ(Dc}D} J_CE(T_T.-g} Calhoae i
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3.2

LS. Kim et al, “Modeling the Dependence of the Discharge behavior of a Lithium-lon Battery on the
Environmental Temperatur” J. Electrochem. Soc., 158(5), A611-A618 (2001)
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J@ :%,, 2.3 Experimental data and parameter identification  F% f¥uaxus

=] TOR mAaxuUs

e Data input: Voltage curve at different C-rate

’ SR SSSB(E) MESL0) =BV

| Z2Eh(H) | |
fdefine/models> battery-model Crate 1.0 s
L1 4. 1309 \‘
Jdefine/models/battery-nodel> pet a0 4 (b4 E
Parameter Eatimation for Model: 60 4. 0449 | ‘
1: NIGK Model a0 4. 0301 0
EoE o ] 120 4.0161
3: Thermal Abuse Model = CE
Model option: [1] 1 igg % 8883
Number of discharging curwves: [4] 4 210 3: 936
-—— Make sure every input file has this format — 240 3. 97§E |
Crate 1.0 2?0 3. 96bb
time 1 wvoltage 1 300 3. 9564
time 2 voltage 2 330 3. 9464
360 3937
———————————————————————————————————————————————— 390 3.9277
_ 420 3.9146
file name for curve 1 [] 450 3. 8993
480 3. 8878
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S . 2.4 Calibration: Voltage X ffmnxus

Cell dimension : 6=7.5mm Voltage curve at different C-rate: Modeling VS experimental
< 45 <>l 45 >
4 -
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N 34
—— experimental
3.2
€  modeling
3 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
100% 75% 50% 25% 0%

<151 ———
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2.4 Calibration: Temperature FX ffunxus

Temperature @ 3C discharge:

2017/11/22

.18e+01
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Max temp at P_tab

— |

| < AT=13.4°C

Temperature rise at 0.3C and 1C discharge
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—— experimental
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em smam 2.9 Modeling description FX Ffunaxus

2PNS module

Busbar

Sink Foam Cell
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