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Large Scale Testing — An Expensive Tool! W
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“Scale Up” Using CFD Modeling W

— Flammabillity test provides parameters for pyrolysis model

— CFD deals with heat transfer, fluid mechanics, chemlcal
reaction in gas phase
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Li-ion Battery Related Risks W
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Battery ESS: Hazard Evaluation
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Cell Testing: Flammability Characteristics W
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Cell Test: 1 —Fire Propagation Apparatus FN
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Cell Test: 2 — Double Slug Battery Calorimeter N
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Lumped Model & Parameters Extraction

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

QISC = NISCconaHisc - Aece_EeC/ka

Energy conservation:

dUy

dt - Qext - Ql +QIHG _rhventhvent

Qg = MAU; + opAUL + Qisc

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

Mg = —Wg — Myent
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TR Propagation Experiments F
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TR Propagation Test Result - LFP W
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TR Propagation Test Result - LCO W
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Effect of Ejecta on TRP Rate - LCO W
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Network TRP Modeling — LFP

Temperature (K)
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Large Format Battery Cells

63 Ah, 4.15V
(940kJ)
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Battery Hazard Evaluation: Scale Up W
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Single Cell Test — 63 Ah Pouch Cell

_ Far Side
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Temperatures for Different Heating Rates
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TR Propagation Test with 6 Pouch Cells FNE
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Thermal Runaway Propagation Modeling FNEe
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Chemical Heat Release Rate and Mass Loss W
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6 Cell Test With Aluminum Barrier FNEEser
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12-Cell Module to Module Propagation

* No external ignition source

* Quasi-steady state
propagation

 Slower propagation

compared to 6 cell case due
to greater contact resistance
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 External ignition source

* Propagation to upper module
through flame heating
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Summary — Scale Up M

Single cell Thermal

and array runaway
validation propagation
data modeling

Future work

Module to
module
fire spread

Coupling

with CFD
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