Materials Fire Test Facility
Building 203

The Materials Fire Test Fadyi Building 203, locted in the Safly Research and Development
area of the Federal Aviation Administration (FAA) William J.gHas Technical Center, is
dedicated to small-scale fire testing of aircraft materials. All of the test equipment required to
conduct all of the regulaty tests for aircraft interiomaterials specified in Code of deral
Regulations 25.853 is part of tMaterials Fire Test Fadili. This includes the Ohio State
Universty (OSU) rate of heat release apparatus, the National Bureau of Standards (NBS) smoke
chamber, oil burers for he seat cushion and cargo liner tests, and Buns&eiisubr the

vertical, horizontal, 45-, and 60-glee flammabiliy tests. The facity provides technical

support to the Northwest Mountain Region-Transport Airplane Directorate, Aircraft Certification
offices, Desigated Egineerng Representatives, teggilaboratries, and aircraft matils
manufacturers.

é 3 ' The facilty is also the site for the

- ; == development of newnsall-scale
] flammability tests such as the wet and
dry arcpropagation tests for aircraft
wiring, as shown on the left. While
other test methods are used in some
laboratories, a nuber of the NASA
labs have adoptetid¢ dy arc
propagation test developed in the
Materials Fire Test Facilf with a few
minor modifications. A more realistic
smoke test for aircraft wing using the
NBS smoke chabver was also
developed in this factly. This test
duplicates the behawi of overheated wiresnd smoking insulation in an intght hidden-fire
scenario.

As a result of a fire in a stowage birnoabd
an aircraft and a recommendation from thg
National Transpdation Saféy Board, a
new flammabilly test for aircraft blankets
was developed in the Materials Fire Test
Facility. The new test procedure was
released as a Flight Standartisformation
Bulletin in 1996.

Round-robin testingy interesed parties in
the United States and Europe is monitored
and the test data is colted and ealuated

by FAA personnel at thMaterials Fire Test Fadii. This has led to improvetiimmabilty

tests for aircraft materials. Ongagnple is the “cotton swab” test method for thermal/acoustical



insulation films. This test method will be incorporated into the Aircraft Materials Fire Test
Handbook which is schetkd for release in elgr1998. The FAA is also wonkg with industy
and regulatoy personnel on an international scale to emage use of the cotton swab test
method for selection of thermal/acoustical insulation film coverings.

The Materials Fire Test Fadii
personnel also participate in aircraft
accident invesgations bytesting and
evaluating materials removed from the
aircraft. Otheprojects, such as burn-
through, electrical wing, and seat
component pygrams are also supyed
in this facility.

To find out more about the Materials
Fire Test Facity, contact:

Ms. Patricia Cahill, AAR-422, (609)
485-6571.




Airflow Induction Test Facility
Building 204

The Airflow Induction Test Facity, Building 204, is locted in the Safty Research and
Development area of the Federal Aviation Administration (FAA) William Jhés Technical
Center. The facily contains a 5 %2-foot-diameter subsonic wind tunnel and a low-turbulence,
low-speed wind tunnel atescrbed below.

5 Y5-Foot-Diameter Sulmsic Wind Tunnel
The 5 %-foot wind tunnel is an inductitype nonreturn degn. The induction drive is provided
by two Pratt and Whitney-57 turbine egines &hausting into the diffuser oe. The Igh-speed

exhaust from the two enges provides the prinng flow that induces a secongdlow through

the test section(s). Themeturndesign allows a continuous supjpf fresh air to the facity

essential for combustiagpe work. This design is werugged and unaffectdsy debris passing
through the drive section. Tunnels of this design simulate an increase in altitude as the airspeed
is increased.

Test Section (high speed): The test section (shown on
right) is 5 % feet in diameter and 16 feet in length.
Maximum airspeed in this section is limited to
apprximatdy 0.9 Mach. Te entire bwer lobeof the
section swings asy to allow for the installation of the
test article. A 5- x 16-foot ekator deckmakes raising
the test article into
position simple and
safe.

—

Test Section (low speed): This test section (shown on the
left) is 9 feet in diameter and 20 feet in length and is
located upstream of thegh-speed section angeraes at

a lower speed. Maximum airspeed in this section is
limited to approximatey 150 miles per hour.




The 5 %-foot wind tunnel hd®en used for aariety of research applications includitesting of
airport runvay sgns to determine the dgs requirementseeded to withstand turbinegine jet
blasts and simulated in-gint testirg of hand-held fire extiguishers used in general aviation
aircraft.

Low-Turbulence, Low-Speed Wind Tunnel

This wind tunnel was originl designed to provide an environment to calibrate wind speed
instruments. The ghly accurate airspeed measurement capgbii conjunction with the six
component force balansgstem, make this facijitideal for model testing. The fadifialso
contains a model shop and a data acquisgystem.

The low-turbulence, low-speed wind tunnel consists of an
Aerolab low-peed @en circuittype wind tunnel and force
balance. e dimensions of the test section are 20 x 28 x
48 inches. Thelectricaly driven wind tunnel can achie
speeds ranging from 0 to 160 mph in the test section. The
six component balancgsiem can accuralg measire lift,

yaw, pitch, drg, side force, and rollgpgmoment.

The low-speed wind tunnel has been used to amturealibrate air flow and vetity devices
and is now confured to conduct model testing.

Environmental Test Chamber

The environmental test chamber isigasd to simulate
preset temperature, humigliand air pressure (altitude)
conditions. Chamber controllers can be programmed ft
simulate an entireifjht from takeoff to climb-out, cree,
approach, and lanalj. Thetest chambemeasures 72 x
71 x 93 inches. The environmental clmhas been
used to stuglthe behavior of in-fhht fires at altitude, to
evaluate th@erformance of wig icedetecbrs, and to
calibratevarious environmentaensors.

To find out more about the Airfle Induction Test Factly, contact Mr. Harry Welter, AAR-
422, (609) 485-4183.



FAA Engine Nacelle Fire Simulator
Building 205

The Engine Nacelle Fire Simulator, Builay 205, locéed in the Saty Research and
Development area of the Federal Aviation Administration (FAA) William Jhés Technical
Center, is designed to mimic the environment found iaytsdnodern Ingh-bypass ratio
turbofan egines. he simulator is useby the Fire Safiy engineers at the Technical Center to
evaluate substitutes for halon as fire suppressants.

Currenty, halon replacement is an important issaedviation. As a result of work spaned

by the Fire Safty Section, in the Airport and Aircraft SageResearch and Development
Division, a document titled “The Minimum Performance Standard for the Engine and APU
Compartments” (MPSE) was drafted. This documestriges the geometry of amgine

nacelle simulator, operational parameters, and testing requirements required tie @valua
material or technolgy being considered astamlon replacement within thexgine or axiliary
power unit (APU) compartmentn support of this mission, a basmg@e nacelle simulator was
fabricated in Building 205. The simulator will simulate the proper engineamaent, meeting
the intent of the MPSE.

The total fire suppression simulation requires iagire nacelle geomet, an air flow, a fire

scenario, and a fire suppsast delivey. To address each element of the simulation, various
systems are used. Adystems are housed in a teay having a volume aproaching 12,000

cubic feet and a floor area of 4,00Quare feet. The control room is adjacent to the tagiind
houses support personnel and control and data gathering equipment necessary to operate the
simulator.

The simulator is an 80-foot+hg duct comaining the air sudy equipment, appach and ehaust
ducts, and a test section. Three additional components are required; the first provides different
aviation-specific liquids, such
as fuels, at the desired
temperature and quatyito the
simulator interior. The second
component provides a gaseous
§ fire suppresant to the simulator
interior, and the third
component provides the
simulator control and data
gathering functions for the
entire process.

The air supfy equipment is
capable of 0.9-3.0 Ibm/s air
flows heated as high as 500°F.
The appoach ductng cortains the air flow and is 3 feet in diameter and axpnatdy 40 feet
long. The approach houses airflow sensors and stream flow aggrewtchanisms. The test




section, measurg 18 feet log and 4 feet in diameter, follows and is the heart of the simulator.
The test section contains gednyerepresentng an @gine compartment, hardwarepomduce

two different fire scenarios, sens to record the enviromental data, and portals to vislyal

record firebehavior. Two fire scenarios, either pool- pray-based, are possible. The fires are
fed by the external el suppy system which is capablaf delivering fuel at 150°F and up to 1
gallon per minute. The gaous fire supressants are deliverég piping from the agent
extinguisher into the diffuser cone entrance of the test section. These fire sapizrearbe
stored in various quantities at diffegipressures and temperatures. Four gaseous fire
suppressants (Halon 1301, HFC125, HFC227ea, agldl &#€ on-sitedr near-term work.

Rounding out the capabilities of this fagilis the abiliy to record the testing. For edest, a
record is emblished describg the fire suppression event. Thearecwill contain a
concentration profile within the test section recorbde@ Halmyzer gas malyzer for gaeous
fire suppresant events; a computer file daming sener activity measumg tenperatures,
pressures, air flows, and amht relative humidy; and finaly, a visual recoralig of the fire
zone and its actity during the event.

The FAA Engine Nacelle Simulator was completed in 1997 and the test program uateval
materials or technobgiesbeing considered ashalon replacement within thengine/APU
compartments will be completég Decenber 1998. By using a simulator and not aiéraircraft
engne for the bulk oftte halon replageent work, mainteance costs will be reduced.
Additionally, the geeric geanetry of the simulator can be useddevelop abetter
understandhg of the fire suppression environment. The specifiergy of an isting engne
nacelle nay present a unique sa which mght cloud geeral understanding and inhibit
widespread application of the generated data.

To find out more about the FAA Engine Nacelle Fire Simulator, contact Mr. Doungjarson,
AAR-422, (609) 485-4945.



Full-Scale Fire TestFacility
Building 275

Completed in 1980, the Full-Scale Fire Test FagilBuilding 275, locted in the Safiy

Research and Development area at the FAA William ghklsi Technical Center, is thedast

U.S. Government operated fatyliof its kind. A 40-foot-Igh fire-hardened ceiling allows
testing with large poolifes under controlled conditions. There argenty two aircraft

fuselages inside the fadyiwhich can be set up to simulate a vigrief test conditions. The
narrow-baly Boeing 707test article can be cagured for cabin water mist, seat comparison,
and burnthrough tests, while the 132-foot-Itnwbrid DC-10 test artie has the added capatyili

of supporting cargo compartment fire simulations in thrdg foktrumered sections.

Continuous gas sampling, temperature measurements, smoke levels, heat flux, arsgscahga
be monitored in eactf the test sections. Tiuata obtained from the fire tests damtransferred
into hazard models degied to generate estimated survival times at particular cabin locations.
All testing is conducted from a remote area thataios state-offte-art video monitoring
equipment for continuous obsation. Both in-flight and postcrash fiseenarios havebeen
studied, which has led to thevddopment of vastly impnreed fire safey stardards br aircraft

cabin interiors and cgo compartments.

In addition to the two test articles, there are small test chambers located within thetlfetili
are capablef supportng existing and new ladratary-scaletests, as well as quick miecip work
often required dung accident inveggations. A full-lexgth attached warehee seves as an
enclosuredr the may aircraft componentsnd equipment required to support the fulldeca
tests.

Currenty, there are two may research pograms underay at this facilty: halon replacement
and fuselage burnthugh.

Halon Replacement. Halon, a gaseoustmguishing agent used in aircraft cargo compartments,
ergine nacelles, lavaty trash receptacles, and hand-held exfishers, is the most effective fire
extinguishing agent on a vgit basis. Although effective, halon depletes stratospheric ozone.
Halon manufactung was baned under the
1994 Montreal Protocol, a trigasignedby
countries around the world. The FAAis in
the process of developing minimum
performance stadards by which

replacement agents’ effectivess carbe
measured. Canditiafire protection

systems for lhe cargo compartment areas
include gaseous agents, pyrotaciaiy
generaed aerosols, and wex mist. The
photograph on the left degts the initial
stageof a cargo compartment fire s@io
against which the varioug@nts will be
evaluated.




Fuselage Brnthraugh. After an accidentyuél fire flames can enter the cabin thgh an
inadvertenty open scape it or, in a more severe impact, thgh abreak in the fuselage. Fire
can also enter the cabin by penetratimgftiselage structure, which is the focus of this research
project. In an accident in Manchester, England, in 1985, 55 fatalities occurred due to the rapid
burnthrough from anxgernal fire. As a result of this accident, fire tests were cdeduo
determine the burnthugh paths and the time frame involved irder to better uderstand the
accident scenario. The emphasis of the current tegtgmm is on evaluaig improvements to

delay the burnthrogh time and thetgy increase the escape time and to validate test work being
performed on a medium-scale burntigb rig. Todate, seeral technalgies have emerged that
have the capabily of debying burnthrough for several additional minutes. The photograph
below shows thex¢ernal pool fire ged durng these gperiments.

To find out more about the Full-Scale Fire Test Fggitontact Mr. David Blake, AAR-422,
(609) 485-4525.



Chemistry and Materials Sciences Laboratory
Building 277

The Chemisty and Materals SciencesG&MS) Laboratoy located in Building 277 in the Saje
Research and Development area at the FAA William ghetsi Technical Center provides FAA
chemists, fire scientists, and materialgieaers the facilities and equipment to quigntine
amount of toxic gas produced during full-scale aircraft cabin fire tests. The FAA is committed to
developing he enabing materials technoby for a totaly fireproof cabin. The goal of the
program is to eliminate cabin fire as a cause of death in aircraft accidents. To achigeal this
we will need interior [astics with an order-afagnitude reduction in fire hazard compared to
current méerials. In theC&MS Laborabry, research and deelopment of new, wre fire-
resistant materials is conducted using state-of-thiedaoratoy equipment for thermal ahgsis,
calorimety, spectroscop rheolog, surface chemisg, microsc@y, and multiaxial mechanical
testirg. Flammabiliy and combustion parameters of cabirtenals are determined in bench-
scale fire calrimeters. Prottype components up to 1/2 meteuatg carbe fabricated. C&MS
Laboratoy equipment includes:

* Netzsch High-Speed Theagravimetric Andyzer (TGA) for evolved gas argsis

* Perkin ElmerSystem 7 TGA and Differential ScangiCalorimeter

* Nicolet Magna 550 Fourier Traiorm Infrared (FTR) Spectraneter

» Parr &ygen Bomb Calorimeter for heat of combustion determinations

* FAA Microscale Combustion Flow Calorimeter (patent pending)

» Dionex DX 500lon Chromatograph with Thermo-Separations AS 3500 Autosampler
* Rheometrics RDA{IDynamic Andyzer for rheolgical testig of fluids and solids

* Instron Model 1125 UniversdMechamcal Testing Machine

* Rame-Hart Contact Agle Goniometer for surfacdemisty measurements

e PHI Heated_aminating Press—50 Ton/1000°F cap#pili

* Gruenberg Curing Oven—800°F (426°C) capéabili

» Atas Scientific Cone Calorimeter—measures flapuombustion paranters of materials

A unigue instrument, the microdeacombustion calorimeter which was developgdrAA
researchers, is located in t6&MS Laboratoy. The calorimeter is used to measure
flammability parameters of milligram pgmer (plastic) samples under conditions which
apprximate aircraft cabin fires. The tests
performed usig the calorimeter provide a
guantitative measure of the fire hazard of ne

F =
materials in an aircraft cabin fire whenlyn t" E'll!:‘: '-‘E.a '|
research quantities are available, thus saving | ‘1 H D T b+
guantities of new matels. The phatgraph ;

the xpense of manufactung and testg large
on the rght shows the microscale combustior | .
ae

calorimeter, showing, from left taght, the
samplepyrolysis stage e heded oxygen
mixing manifold, and the combustion hace
and xygen aayzer.



A new, potentidly fire-resistant material beytested in the
C&MS Laboratoy is the Geopkymer resin. This material
is being @aluated as a resinrfuse in fireproof aircraft
cabin interior paels and cargo linersde test at right).
Geopadymer is a twopart, wder based, liquid potassium
aluminosilicate resin which cures at’80(176F) to a
fireproof solid haung twice the densy of water.
Geopadymer has the empiricabfmula: SgoOggH24K7Al.
The fire response and ntemical prerties of !
Geopdymer composites were measured and compared @i
lightweight organiamatrix composites and aluminum use (s

in aircraft. . |

Carbon fahic reinforced Geopkymer crossly laminates
were found to have compatahnitial strength to phenolic mm
resin composites curreptused in aircraft interiors. Unlike| it
the phenolic laminates hower, the Geopgmer
composites did not ignite, burn, or redeany heat or
smoke even afterxéended gposure to fgh heat flw.
Geopadymer composites retained 67 percehtheir
original flexural strength after firex@osure while organic (@., phenolic) composites and
aluminum had no residual strengthesfthe test. Geojpymer composites have higher strength
and stiffness per unit wght, higher temperature capalbylj and better fague resistance than
steel or aluminum.

Work in the C&MSLaboratoy is continuing on understanding how the Gdgpr resin

protects the carbon fibers from oxidative degradation at 800°C (1500°F) in air, on optimizing the
processing of materials made with the Gdgp®r resin to obtain maximum strength, and on
improving the toughness of lamileal composites made with the Gelymoer resin.

To find out more about the Chemmsand Materials Sciencésborataoy, contact Dr. Richard
Lyon, AAR-422, (609) 485-6076.
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Aircraft Co mponents Fire TestFacility
Building 287

The Aircraft Components Fire Test Fajililocated in the

Safday Research and Development area at the FAA

William J. Hughes Technical Center, houses two tegs b .
designed and used for componenintermediate-scale | .-
fire tests. The larger of the testyls is 2000 sqg. ft. and the 2 E
smaller is 1600 sq. ft. Botlays are 20 feetigh and have :
access through a large roll up door. Badsbare

constructed of firepraf materals and contain large

blowout panels forxglosion protection. A centrigl

located instrumentation and control room contains test monitoring and data collection equipment
and is connected to theys via under floor conduitsln addition to the test lpg, the building

includes a small work and buildup area, a conference room, a cortgiytand office gace for

six fire safey personnel.

Recent testing in the builay has includedie
development of new fire test stiards for flight déa
recoders. Thedesting incluled propae burner tests,
shown on the left, as well as long-termvelied
temperature tests, using @temperature
programmableen. The results weresed in the
development of aew Technical Standard @ar (TSO)
for flight recorders.

The testing of solidxygen generators was conducted
under various scenarios. This included the testing of a
single canister (see photo aght) under various
conditions up to full-scale tests of over 100 generators i
Boeing 727 cargo copartment. The results were used a
part of the Valujet investigation and as part of the
justification for rulemakig to eliminate class “D” cago
compartments.

Testing was conducted to develop a methodology
to use HFC 125 as a substitute for Halon 1301 in
certification testig of fire
suppressant/extinguishiggstems. By

substituting HFC 125 for Halon 1301, less Halon
1301, an ozone depleting gas, xpended dung

the certification tests of negystems.
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The testiig of thermal/acoustic insulation maias
included the standardization of a small-scale
flammability test method. This method has been
included in the Aircraft Materials Fire Test Handbook
and has been adoptbd major airframe manufacturers.
Additionally, larger scBe mockup tests were camtted
(photo on right) in sections of an aircraft fuselage. Tr
results of those tests have lead to the modification of
specification for thermal/acoustic insulatioy &t least .
one major airframe manufacturer. k _—

The cargo compartment fire suppression
testing included comparisons of class “D”
and class “C” compartments fearious

fire threats and suppressisystems. The
test article used was a Bogi727 cargo
compartment. Fire soarios included
exploding aerosol cans (photo on left) and
suppressioystems ranging from the
presenity used Halon 1301 to
nonconventional water misystems.

Work was in support of ongoing
rulemaking.

To find out more about the Aircraft Components Fire Test Faodontact Mr. Richard Hill,
AAR-422, (609) 485-5997.
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