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EXECUTIVE SUMMARY

Previousreseach and testindghave shown that ago compartment fies involving aerosol cans
may be paticularly dangerous. Heded aerosol @ns will eventudly overpressurizeand rupture
releasirg the flammablehydrocarbon-lased popellant with eplosive force. The resultant
ovepressue in the compartmat is of paticular mncen, sincethe compartmat lining systam
may become disloded, allowing the potective firesuppressiongent to esqae.

The problem with conductinfire tests using actualesbsol cans is the inconsistencie®f the
catastrophidailure seqence. It is oftendifficult to reliably predict wren the ruptue sequece
will occur as there are inheent differences in the fire growth from test to test which directly
impactthe dgree of heattranser o the nmetal can surhce. For these easons, a siulator device
was construed which ca repliate anexplodingaerosol an in a consistent maen

The deviceconsisted of aylindrical pressure gsselfor storage of flammablepropellantsand
base productand a hgh-rate dischaje (HRD) valve for quick release ofthe constituents.
Simulator tests were condedt using repesentative constituents ampdopellant quantitiesfor

comparisorwith actual canseatedto the point of ruptur@nd gnition. This report degibes the
tests conducted with the simulator in unconfinedcsg,a B-727 cargo compatment, and an

LD-3 Unit Loadirg Device (ULD). Subsequent wé& is planned withthe aim of matching the

pressurepulse producedby the exploding agosol can smulator with that measwed durng an
overheatd aeosol canexplosion.

The exploding aerosol @n simuldor will then beusal to evaluae halon replacement agentsin
calgo compartment fie suppressionystems. Prior regarch hasshown the suppessionand
inerting of a cargo fire with Halon 1301 will preent the eplosion often associated with an
aerosolcan failure. It isimperatve thatreplacement agent be equaly effective ashalon against
camgo fires involving aerosolans.
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INTRODUCTION
PURPCSE.

This reportdescibesthe developmentof an exploding aerosotan simulatorusedto replicatethe
releag and gnition of propellant whie an @&osol canexplodes in a fire. Testswere conducted
in both unconfined and céined spaes, includiy a B-727 cargo compartmentand an LD-3
container.

BACKGROUND.

The Montreal Protocol is adaty signed by nearly all industrializd nationsworldwide thatbans
the manufactue of ozone deplketing halons. Halons ae efective gaseous dinguishing agents
thatareusedin avariety of appicaions n conmercia aircraft, including cargo conpartment,
engne naalles, hand-bld extinguishers, and dvatory trash receptacles. Becaug of the
diminishing availability of hdons, the Federal Aviation Administraion (FAA) has bea
devebping minimum perfamanc standardgor replacement agent and ysterms in theseareas.
In commercial transportaircraft, the largest quantity of halon is usé in thecargo compatment,
as mary aircraft are required to povide protetion against in-flight fires while taveling over
large distances. The minimum pe&formance standard beng developed for cargo compartmats
encompassedour fire test scemdos, including suface burnirg, bulk loaded I|ggage,
containeried luggaye, and eylodingaegosol cans.

Theexplodingaaosolcan senario is basl on previous test wonkhich showed tat cago fires
involving aerosolcans my be prticularly dangerous. Heatd aerosol canwill eventually
overpressuze and rupture, releasing the flammable Ilydrocarbonrbased popellant with
explosive force. The resultant overpessure ina cago compament is of particulaconern,
sincethe compatmentlining system mg becone dislodged, allowig the dispersedaseous f&
suppression amt to escapeHaon 1301 hagprovento be extremely effective at mitigating an
explosion causedby heated aerosol cans; therefae, replacement agens and sgtems nmust also
provide equivalent péormance. An alterrative ajent keing evaluated is ater mistwhich has
provenits effeciveness agast class A ype camo fires. Water mist systens areeffecive at
suppressingsimulated bulk loade@&nd contaierized fires, but thg typically function in a
cycling manna. The mist is ativated or deativated, depending on the compartment
tempeaature The primary concen is wheher or not awater mist g/stem has the ability to
mitigate the effeds of an a@osol can falure, paticularly when themist is in theoff mode

Aerosol containers arhigh-strergth metal units with cagities raging from a fw ounces upo
aquart. The topand base fothe containeare generally domed,and the unit workig pressues
range between 210and 280 pounds per sae inch (psi). A base product is tranfemred into the
aerosol contaner, an actuator assenbly is fitted to thecontane body, and thecontaner is then
pressuried with propellant (flgure 1). The propellants i@ chosenby the pakager for the
charateristics that the provide for disclarge of the bae product. Over the past decae the
chlorofluoro@rbonpropelant usedin agosol cans has éen eplaced with hyrocarbon blends
that include propane, bute, and isobuta These flammable gases would normally be
prohibited on passeger arrying airplares, but there is amxception for up to 75 ounced o
persond care items per personfor medicind and toilé articles when carried in checked baggage



only. The Research and Spe@ Prograns Administrdion (RSPA), theFederal agency
responsiblefor the regulation of haardous materials transpp states “Persah care items
containing hazardous materialse(g., flammable prfume, agosols) totalingno moe than 75
ounces mgbecaried on boad. Contents of ezh containemay not exceed 16luid ounces’[L].
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Pressing on this button opens the valve.

Valve

Various openings in the valve control how
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* Ingredients like water that dissolve, dispense,
/ and stabilize the product.

|_— Dip Tube

When the actuator is pressed and the valve
is opened, the product comes up through the
dip tube.

[~ Can

Section View

The airtight metal container has a specially
designed bottom and top to add strength.

FIGURE 1. SCHEMATIC OFTYPICAL AEROSOLCAN

Several aitraft accidents involvingfire hawe occured ower the st seved years in which
aerosolcans phced n passemer baggage hawe nearly exploded. Previous testing has shown
that when typical nonventilg agosol cansare exposed to a fire the may causea violent
explosion [2] The cans are degiedto fail atdifferent pressues,depending onthe canstrength.
A standard can (STDwill rupture at 210 psi, a 2P cat 240 psi, and 2Q can at 280 psi
(minimum stregths and othe critica limitations for a@rosol @ntaines aresd by the RSPA to
ensuresafetranspat in interstdée commece) [3]. The FAA also evaluated theeffectiveness of
animprovedcan agart d a Small Bisinesdnnovative Reseach (BIR) Phase Zontract. The
testingdeteminedthat the improvedcan desgn was &ss haardous and did not gtode when
involved in aircrét fire senaios [4, 5].

The problem with conductirg fire tests usingactual &osol @ns is the vgaries of the
catastrophicdlure segence. In mary instances the metal can con&iwill not completey fail,
releasiny the contents slowt and thus producoa blowtoch effect. In other tests, theonients
are eleasgd in a pdect vapor cloudyhich produce themostexplosiveforce. Combinationsof
the blowtorch and vapocloud also occuras the flamedront is dependnt uponthe ignition



source aswell as the ate of Eleae of theflammable propllant. Moreove, it is virtually
impossibleto rdiably predict when the rupture sequence will occur as there are inherent
differences in thefire growth from test to test whidch directly impact the degreeof heat transfe to
the netal can surace. For thesereasonsa simulator devce was constucted which canreplicae
an eylodingaerosokan.

TEST REQULTS AND DISCUSSION

DESCRIPTION OF INITIAL SIMULATOR.

Previoustestinghasshownthatwhen anaerosol ca is exposed to a fire, therppellant and ase
productcontentsexpandand eventually overpgressurie the @n causig it to burst. The most
feasible method foreplicating this sequece of events ves to develop a simulatdhat was
capable 6 storingand quicky releasirg a sgecific guantity of hydrocabon propellant antbase
productat pressues similar to the can bst presswes. The initial simulator desig usesa steel
pipe pressurevesselmated to a fgh-rate disclarge (HRD)electrialy actuaté solenoid valve.
The vessel contaad ports and vales to allow for the amsferof base product(initially isopropy!
alcohol) and fidrocarbon popellant (ypically propang. The conénts could then be hted ly
blowing a hot-ar gun against the surfa@ of the steel vessé, effectively raising the pressure
Whenthe pressurewas sufficientto burst a standard stigth can,approxmately 210 psg, the
conent were released oer a &t of direct current (D.C.) spak igniters (figure 2). The electic
spark was prodred ly a high-voltage transforme that bricged a 1.5cm gap betweena pair of
electrodes.
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FIGURE 2. SCHEMATIC OF INITIAL EXPLODING AEROSOL CAN SMULATOR



INITIAL OPEN-ARTESTS

Prior to testingthe simulator,seved tests wee condwcted in an uncdimed spae usirg agosol
cans head b the pont of rupture. These ésts seved asa bass with which the simulator could

be compaed. Large, 16-oune hairspay cans wee placed ove a small, 4- by6-inch heptae
fire for saveral minutes. Upon bursting the cans prodceda firekall measurig 6 to 8 feetin

diameter. The resultsraried consideralg] and inspection of theuptured ens reealed svera

failure metanismsfor reeasing the contents. During someof thetests, thelongitudind seam

was the point of initial release of the contents, whilein othe tests theentire bottom domdailed.

The combustiorof thecan contentsvasnoticeably more violent durig bottom dome failwes, as
the products we rdleased mee rapidly.

Initial simulator tests wee peformed in an open area to observethe flame propagation patern
and to test the gergoperation of the devie. To produe arepresentativeexplosion,the proper
guantiy of propellant and basproduct lad to be used.Prior to the initial test,tabulateddata
illustrating the variey and quanti of typical constituents used in cant aerosol producisere
provided ly several aerosol indugtr consortiums includingthe Chemical Specialties
Manufacuring Assocation (CSMA) and the (snetic, Toiletry, and Fragrance Asscciation
(CTFA). Appendix A lists the gneric persoal cae prodwt types along with the range
(percentag) of propellant and bas product quantities used. Although some migs of
antiperspirants and bgdsprys contain hgher fractional conentrations of hydrocarbon
propellant than hairspys (35% vs.25%), they generally exist in muchsmallercontainers.Body
spray andhairsgay alsocontainrelatively high levels d ethanol basproduct, but undecurent
guidelines, thecombined hgrocarbon blendand ethanol basproductcannot egeed 8% of the
total massof the product. The initial tests used a mif constituents in which the propellant
quantiy was repesentativeof a large hairspay can (16 ounes) consistig of 3.5 ounes
(weight) of liquid propaneand 2.5 ounes (weight) of isopropyl alcohol, as masured usig a
digital 50-poundcapacity scale. Seveal trials wee condeted at arious pressues, but the HRD
valve failed to pdorm above 200 pgi At 200 psig a large fireball about12 feet in diameter
couldbe produedrepeataby. The simulated fireball ws compaed to the rsults of a test using
an acual hairspray canplaced abowe a small burning panof hepane. During tis event the
aerosol en burst afte seveal minutes of eposure, teatirg a firebal approxmately 8 feet in
diameter. Sincethe initial test condition usinghe simulator apgaed reasonabldurther ests
wereconducted in @onfined spce.

CONFINED-SPACE TESTS

The initial simulator setup was mounted to the forward bulkh&éadBe727 cargo compartment.
The dischage nozzle of the HRD vdve was instdled through a cutout in thecompartmat
bulkhead sut tha a mgority of the simuldor was outsideof the compatment. The cutoutwas
located midway beween the compatment floor and celing a a height of gproxmately 18
inches (fgure 3). The pessue vessel vas a@in filled with 3.5ouncesof propane and 2.5
ouncesof isopropyl alcohol as in the initial tests. After heatirg the \essel to increase the
pressureof the contents to 200 mgithe mixwas released into theompartment over thspark
ignitors, whit were situged approxmately 3 feet from thenozzleexit. The ensuingexplosion
caused sexe damage to the enire conpartment, including the collapseof the forward and aft
bulkheads. Major sectionsof the cabin floo above tle compartmenteiling liner wee blown



out of place and mjecied seveal yards away from the st aricle. There wasalso evidene of
severeoverpressurenside he stucture,as seveal rivet heads on lhie exerior skin surfacefailed
under tension.
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FIGURE 3. B-727 TEST ARTCLE

Thenex testwasconducted to measel theeffectiveness oHalon 1301 at mitigatinghis event.
The damaged compatment was reonfigured and thesimuldaor was again filled with the same
mix of propaneand isopropl alcohol. The entie compament was first ineed with Halon
1301 to a concentation of 6.5%. This corcentation was measad usilg a continuousyas
andyzer tha sampled in thecenter of the compatment at a height of 2 feet, which was within
closeproximity of the sparkigniters. The constituent mixvas heated to 200 psandreleased
into the inerted compartmenbover the spak ignitors. No explosion event took place and no
perceived pressug rise inside theompartment \as obsered.

Severaladditionalproof-of-coneepttests emplging the &osol simulator wee condwted usig
fiberglass LD-3 Unit Loading Device (ULD) contdners & the confining spae. Prior to
conductingthese tests, a hapray aerosol en placal in the LD-3 containerover a small pan of
burning heptane fuel was evaluated for comparison with thesimuldor results. After several
minutes of heatingthe hairspay can bust and ovempressuried the LD-3 containg enowgh to
disenggeandpartially swingopen the bi-fold doar Seved additional tests wereonductedand



verified the results with consistent finding. Tests vere thenconducted using thaerosol
simulatorcontainingthe mix previousy used in thd3-727 test. A small hole vas cut in one side
of the LD-3 containerat a heght of 2 feet, and the dthamge nozle of the simulator was
installed. The hot-air gin was alsomounted eternally, and the identical sk igniter assmbly
was placed ear the @nter of the containg also at a @ight of 2 feet (figure4). Uponreleas, the
mix exploded with violent force, blowinghe bi-bld door off d its hinges and catapultirg it
severa yards into awdl. The contaner sustined heavy damage in the form of long cracks due
to overpress& During the simulation, a @ssure rie of 8 psig wasmeasuredn the container
using an Onega pressure @nsduce high-speed dat acquisition monitored and recaed the
input sighal from the tansducer. The initial results indicated theamhage incured duing the
B-727 compament and thd.D-3 containe test wasmore extensivethan that sustainedduring
actual &osol carexplosions.
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FIGURE 4. TEST ARRANGEMENT IN LD-3 CONTAINER



As with the B727 tests, theffectiveness oHalon 1301 at mitigating thitype of eventwasalso
investicated. Several additional tests wereonducted in th&D-3 containe which was inertedto
variousconentrationsof Halon 1301 pior to simulator activation After ead test, the contaen
was compldely vented of al gases and an inspetion was male of dl equipment to ensure
repeatability. The results of 10 tets ae summaized in teble 1. As shown, there was no
explosion inthe LD-3 containe evenwhen theconcentation of halon 1301 waaslow as1%.
At this point, it wasthought that the simulator malyave been nalfunctioning soan additional
test was conductedithout halon inerting The result matodd the first testin thatthe containe
door was completey blown off the hirges, totaly destring the condiner. These esults
illustrated the effectiveness of on aginst this ype of thred, even at substatialy reduced
concentations. Although the tests demonsiied the abily of Halon 1301 to suppss at 1%
concentation, the results differ from published literarwhich indicates a minimum 6.7%
concentation is required to inera compartmentgainst this ype of explosion pB]. Further
testing will be conduceéd to tiy to better understand this apgar discreancy, including
determiningthe roleof the ignition soure, as an opn flame nay produe@ a diferentresult than
the sparkgniters usedn the coriined spae ests.

TABLE 1. TEST RESUO'S, AEROSQ. EXPLOSION SMULATORIN LD-3 CONTAINER

Isopropyt Tota
Halon 1®1 | Propamr| Alcohd | Water | Weight of
Concentration | Weight | Weight |Weight| Produds
Test (%) (Ib) (Ib) (Ib) (Ib) Results
1 0 0.23 0.16 0 0.39 |violentexdoson, dar Hown df
2 6 0.22 0.16 0 0.38 |no exposon
3 5 0.22 0.16 0 0.38 |vave malfunction, corterts rotfully
releagd
4 3 0.22 0.16 0 0.38 |contentsfrom prevous est reeasedno
explcsion
5 4 0.26 0.16 0 0.42 |no exposon
6 3 0.23 0.16 0 0.39 [no exposon
7 3 0.24 0.16 0 0.4 no exposon
8 2 0.24 0.16 0 0.4 no exposon
9 1 0.23 0.16 0 0.39 |no exposon
10 0 0.23 0 0.16 0.39 |violent expodon, 8 psi presure rise,
contane destroyed

A more suitdble test aticle is under development to dlow for repeded measurement of the
pressurerise eyeriened during future agosol can eglosion tests. A steel, cylindrical test
chamber capable of withstanding eevated pressue and tempeaature will be outfitted with quick
response @ssure @nsduces to acuratey measure tle explosion sequencefigure 5). By
determining the pressurepulse generated from adud aerosol @n explosions, thesimudator will
be adjusted to prodaecequivalentesults. An improvedversionof the simulatoris alsounder
development which usesnaore Hiable solenoid valve.
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SUMMARY

During tests usig the a&rosol @n simulator, the uncontainefiteball was 10 to 12 feet in

diameter. The initial results with the simulation appedreasonable soe the amount abase

productand progllant was within the raye used in a fge arosol hairspay can. However,

confinedspace testscondicted in aB-727 @rgo comm@artment and an LE3 continer evealed

the exceptiond explosive powea of the simuldions. The damage incurred during these tests
indicated thesimulaions produed a more severe event than theactud burstirg agosolcan. A

mgor reason for the consistat potency of the simulaor lies in its dility to form alarge,

combustiblevapor cloud, promoting complete combustion.When an etual canruptures, the
ovepressue often causes an incomplde failure of the contaner, réeasing smaler quantities of

propellant in a streanr @ther shae that is less conducive tomplete combustion.

A seriesof tests also @monstrated that Halon 130Xgventd the eyplosion gnerated ly the
simulator, even at reded lon conentrations. Halon 1301lat a concentration of 6.5%
prevented the ydrocarbon cloud prodeed ty the simulator fom exploding in a B-727 cargo
compatment. During tests in theLD-3 contaner, concatrdions ranging from 6% to & low as
1% also eféctively prevented the apor cloudfrom igniting andexploding
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APPENDIX ALl DESCRIPTION OF CONSTITUENTSUSED IN TYPICAL AEROSOL

PRODUCTS

List of vaious aerosolyipe persoal cae items andhe propellants and base productsused
(Courtey of the Aerosol ndustly Consortium).

Product Amount & type/class Amount &t ype/class Classification by Europe
hydrocarbon other flammables NFPA 30B
Antiperspirant | HFC 18a 15-25% Cyclomethicone  2527% Level 2 Isobutane 80%
Hydrocatbon A-17 35-45% Fragrance <1% Cyclomethicone 14%
Level 3
Body Spiay Hydrocaron blend  30-35% Ethand 50-60% Level 3 Same as 5
Fragrance >1%
Deodorant Propane/n-butane 14% Ethanol 2% Level 2 Isobutane  20-45%
Fragrance <1% Ethanol 55-75%
Hairspay HFC 152a/hydrocarbon blend Ethanal 40-65% Level 2 Many sane as U5
35-45% Fragrance <1% DME/hydrocaron
Hairspay Dymel A 1035% | Ethand 4560% Level 2 blend 40-50%
Fragrance <1%
Hairspay n-butane/propane 10-25% Ethand 45-60% Level 2 Ethanol 3540%
Fragrance <1% n-pentane 20%
Hairspay HFC 1%a 20% Ethand 80% Level 2 N/A
Hair Mousse Isobutanépropane (/butane) Ethanol 4-5% Level 1 Saneas B
5-10% Fragrance <1%
Shave Creans |sobutané(propane) 2-5% Fragrance <1% Level 1 Saneas B
Shave Ge$ |sopentanélsobutane 3% Fragrance <1% Level 1 Hydrocabon 9%
Plusisobutane 4-6%

A-1/A-2
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