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creases with T

o self-heat and reach TR

* TR inone cell release d debris to propagate to the nearby cells

eventually burning down even very large battery packs
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es, effective mainly for

O  Fire supr 5, too slow to prevent TR propagation within
the module

Battery fires continue to occur despite these, suggesting ey are either not used (cost, weight, volume, logistics issues) or
are inadequate
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ficient than discharging water

from outsic

O  They still rely on
O Water must still penetrate various barriers to reach the hot ce

O  They flood the entire pack with water, so the battery cannot be salvaged
O
/ i ientific Products LLC




to activate TR

preve o

4. Passive TR and Fire Propagation Prevention: revents thermal propagation of TR

and fire from the failed cell to the surrounding cells
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* Active system that draws energy from the battery for refrigeration and pumping
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* |nitial condition

O Ty = 20°C (293 K)
O Tcoolant,inlet =20°C (293 K)
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Temperature
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CFD simulations performed by Dr. Ankur Jain from the University of Texas at Arlington using ANSYS
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2sults

o AT, Ineach cell ~1°C

o AT, between coolant inlet
and outlet ~0.006°C

o h~160 W/m?K
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Electrically iso
Start or increase coolant flow to ule to potentially avert failure
Collect data for analytics
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A
O This expression yields h of 140,000 W/m?K for a T, of 125°C: heat transfer is ~875x faster than the liquid based TMS
o Our activation mechanism discharges the liquid at high speed on the cell which increases the h even fuirther
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1\\5 BOILING HEAT TRANSFER

Teen < ~107°C: h is low (convection)

130°C < T < ~220°C: h decreases significantly with
AT (transition regime)

Teen >~220°C: h increases exponentially with AT (film

boiling)

Our concept harnesses the extremely high heat
transfer flux (104 — 10% W/m?) within the nucleate
boiling regime to rapidly quench the overheated cell
and prevents it from reaching TR
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Boiling crisis
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* cooling curve
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Superheat  ATq = Ty — Tea [°C]
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18650 36 13.7
21700 53 20.3
26650 42 16.2
4680 351 135.3

* In reality, we need to remove only ~85% of the energy to cool the failed cell adequately to prevent TR propagation
# Tesla battery packs typically use 3 gallons of coolant for TMS
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IMPINGEMENT ON HOT CELL: COMPUTED

\\; COOLING RATE PROVIDED BY LIQUID

/
O
* 18650 cell heated to different T before the start of Cooling due to Jet
liquid coolant discharge " Impingement &
* T, <~105°C: heat transfer is governed by liquid 1000 — SOl anss rapRiEeling
impingement Liquid Jet Impingement
*  Te >~105°C: heat transfer is governed by nucleate

boiling
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Cooling Rate (°C/min)

* Cooling rate increases significantly as T, increases:
timely coolant discharge prevents TR

** Cooling rate with our technology is much faster than
the heating rate required by the UL 9540A: Battery ‘ - -
packs equipped with our technology should easily Sali il i
satisfy the thermal abuse standard - ell Wall Temperature {*C)
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COOLING RATE PROVIDED BY LIQUID DISCHARGE
ON HOT CELL: TEST DATA

Constructed a 16-cell battery pack with 18650 cells equipped with
TR detection & prevention system. One cell is heated at
~11.3°C/min

Measured T, with a thermocouple located away from the wetted | Notaul=Boilig
region |

Liquid flow stopped

Passive discharge of coolant started at T, ~108°C

Observed a cooling rate of 13.7°C/min that caused the cell reached a
Toeax Of 132°C. We noticed significant nucleate boiling at T, of
~125°C.

First drop of liquid
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Our “test” system quenched the overheated cell. Improvements are
underway to further increase the heat transfer rate:

O Increase the pressure in liquid line 10
O Increase the amount of liquid available to cool the cell time (min)

O Provide confinement for the coolant to ensure that it does not disperse
away from the hot cell module
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0°C reduces

ell to the nearby cells
o Spla
nearby cells .

osit on and preemptively cools

O Evaporation of the liquid dilutes any flammable gs released by the trigger cell reducing its flammability

2

Analytical Scientific Products LLC

Pioneering protection for your products




ution that
prevention

ur system to the
eXist| Dagation prevention

R

3. Battery pack cu e forced air, PCM, etc.): integrate a coolant
line into the battery pack to provide TR detection, TR prevention and fire propagation
prevention
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O Ensures tha

* Low size, weight, power consumption and cost (SWAP-C)
O * Ability to customize the implementation depending on battery system design
/ Analyt?cal Sciterji_:ific”Pro#ducts LLC




ons and power grids
O Power tools

O Medical devices
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