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= Potential hazards
= Fire propagation
= Corrosive gas

= Engineering evaluation

* Thermal runaway
propagation rate

= Generation rate of gas
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Problem Solving Approach
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Previous Work — Lumped Cell Thermal Runaway Model FNEeer
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Previous Work — Lumped Cell Thermal Runaway Model FNFEer

Chemical reactions and rates:
v; = g @ = —(m;/my)™myeA e EI/RD
vhp = ¢+ g; op = —(myp/mypo) hmyApe”Eh/(RD

QISC = NISCcongHisc - Aece_E“/ka

Energy conservation:

dUCV . . . .
dt = Qext - Ql +QIHG _mventhvent

QIHG = AUy + 0, AUy, + QISC

Mass conservation:
M, = Mg + Mg
Mcy = Myent
Species conservation:
Ihs = d)s = d)l + (bh

Mg = —Wg — Myent

Ts (K)
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Previous Work — Lumped Cell Thermal Runaway Model FNEeer
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Thermal Runaway Propagation (TRP) Model

: Thermal runaway
Fire spread :
propagation

Time to thermal
runaway event

Time to ignition mmp

Cell to cell heat

Flame preheating mmp transfer
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= Network concept
= Each cell is a lumped node

= Cell is modeled by cell-
level thermal runaway
model

= Cell to cell heat transfer
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TRP Model PN

Mass conservation:

(a) )

m; = mjg + mj g + z Fjimj'ejsolid

j#i
Species Ejected
inside cell solids from
cell # to #i

m; = Mj yept + Z Fjim; ¢
=1
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TRP Model PN

Energy conservation:

du, @) o0
d_tl = ‘Qi,IHG - rili,venthvent"|‘ Z Qis + z Fji [rhj,ejsolidhej + Wy ej, (hej — hTi)] ' | L

Y = I Ejecta.

Cell-level model

Energy transfer from ejecta of cell #j to #i

Qi,s = _Qi,l + Z(Qj,i,rad + Qj,i,con)
J#L | ]
|

Radiation and effective conduction
between cell bodies

Mass conservation:

m; = M5 + mjg + Z Fjimy ej 0114

j#i

m; = M; yept + z Fjimh; ¢
j#i
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Heat Transfer Analysis between Cells

= Copper slug array

= Heat transfer includes
radiative and effective
conductive heat transfer
between cells

Qis = —Qi; + Z(Qj,i,rad + Qjicon)

Jj#i l ]

Radiation and effective conduction
between cell bodies
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d(c,T)
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CCell >
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—
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—
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Heat Transfer Analysis - Radiation W

* View factor calculation . o(Tt —T%)
* Numerical integration Urad =1, L1 1-e
» Blocking effect e Aihhz o Apg

= A1Fyp0(Ty = TF)

H

Heater Cell

Blocking effect
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Heat Transfer Analysis - Radiation

[EXTERNAL]
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Heat Transfer Analysis - Effective Conduction ENEe

: : d(c,T : :
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Thermal Runaway Propagation Test Design W

= Heater: cartridge heater built
iInside 18650 form-factor
copper slug (50 or 100 W)

= All surfaces coated black
= Two end-surfaces insulated

= Cell temperature measured
by type-K TC welded to
surface
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Thermal Runaway Propagation Test
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Thermal Runaway Propagation - LFP FMEler
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Thermal Runaway Propagation Test Result - LFP W
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Thermal Runaway Propagation Test Result - LFP
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Network Modeling — 1 cell

= Neglect the heating effect of
ejected materials

= Shell was not modeled, the
measured temperature is used
as model boundary condition

dU; .
E — Qi,IHG - rni,Venthvent
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Network Modeling =2 cells W
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Network Modeling — LFP 9 Cells

[EXTERNAL]
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Network Modeling — Takeaways

[EXTERNAL]
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Thermal Runaway Propagation Test Result - LCO

[EXTERNAL]
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Thermal Runaway Propagation Test Result - LCO 1]
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Thermal Runaway Propagation Test Result W
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Thermal Runaway Propagation Modeling - LCO FN et
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: lobal”
Network Modeling — LCO 9 Cells \
: _ 1200
= Model underpredicts propagation o Test #1
—_ —A— Test #2
rate ~‘i—>" 1000 { = Test #3
I I © —— LCO Model
= Energy from ejected materials = oo ee
S 800 -
‘©
=
© 600 -
dUi . . . . . c
Pl ‘Qi,IHG - mi,venthventl'l' Z Qis + ; Fji [mj,ejsomhej + 10y ej. (hej — hry) E
Cell-levell model l Y J g 400 -
Energy transfer from ejecta of cell #j to #i =
g
&£ 200 -
@)
: : 10
Cell #
[EXTERNAL] 29



Experimental Evaluation of Ejecta Heating in TRP W

LIRT T IH
‘f'mun&":ﬂ: T T

u-lls;truq;-v“'

UIIMCy

Open space Enclosure

[EXTERNAL] 0



Experimental Evaluation of Ejecta Heating in TRP
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Measurement of Ejecta Energy W
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LCO TRP Modeling with Ejecta Heating FNEloper
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Summary

Successful
prediction of
TRP of
simple
module

Network
model for
engineering
calculation

Future work

Real Conjugate
module heat

Coupling

with CFD

test transfer
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Effect of Geometry on Ejecta Heating on TRP
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