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The Cleveland Fire Tests were unique in many w ays. T re were many vtz!ua ?e fessons
learned which would have been lost, had it not been for ¢ Ufn.uSi cooperation of many
agencias, including Union, Manogemsnt, Indusiry, and Government, both Local and Fedorel,
The ALPA Rescue und Fire Cominiitee initicted this project, but only through the cooperative
efforis of many was it beought to a successful conclusion.

The arganizations parficipating actively in the tests were the Alr Line Pilots Assecia-
tion, Unitea Alr !..in@ﬁ MNaiional Aeronoutics and S spcc,@ Administration, Clevelond Hopkins
A?"Nﬂ? Fire D et ’F.z.\, Bliss-Rockwood Corporation, The Ansul Com;mny, Duracote Cor-
poration, £. W % Company, Crowbaugh Lcmoz'c;vrmxes and Waiter Motor Truck Company.

Originofion
he two test aircraft were retired by NASA and given to the Clevelond Airpert Fire
en f’c' i"rt'"-irn"r“g purposes, cznd subsaquantly provided to uwe for the testz, Requests
cErlie %u the organizotions we have iisted for their aid in providing matericl and

3.

fenl wssistanca in varipus aspacts of the tests. A meeling was h
ton, D C., ot which time they expressed interest in the res

held with the FAA in
sults of such o project.

A

later maeting wus held in F?eve!onu, when mpfeswﬁm‘wes from all the participating orgoniza-

ne of the

tioms discusied the o,/;“ﬂwms and outlinad test procedures. These mee
ir

schadul e Clevelund Fire Tests on June 30 and July 1.
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and other preducis of combustion.  Thus, we would provide cool, breatheable atmesphere for o
prolonge Ci pecicd of time for the occuparnis, pending ultimate evacuation or rescue.

As a secondery objective, we hopad fo defermine the ®xact nature of the smoke, goses

LAY

., thal may be present in a post-crash fire in which typical modern aircroft cabin mczfends

¢
such as vinyl, polypropylene, polyvinyl chicride, etc., and plastics are installed and are
involved in the firc.

To these ends, the tests were only fo prove the concept, since the foam equipment used
was Voff the shell” hardwere, and not suitable for vse as an installed system. |t would also
not be suitable f&r use in its present form by ground fire fmhhrrg personnel, since it is tco slow

L

andd cumbsarsome to put into operction.

Procedure

Aireraft: Two North American AJ-2P paircl bombers. The airplanes were in an oll-gear-up

fanding configuration with the wings leved.

Cobin Mock Up:  The center section (bomb bay) of each dircraft was fitted out as closely
as possibic to rupscsen? the msu'@.acn ond interior of @ typical commercial aircroft passenger
cabin. The cabin mock-up section measurad approximately 5' wide, 5-1/2' high, and 14-1/2'

roximately 3" ihlck) with a resin binder and en aluminum color
;,!:ashr skin, waos installed H' 1e sidewalls and ceiling. Interior finish panels were vinyl-coaied
dynei febric, fibergless sheet, vinyl-coated dynel fabric bonded to sheet aluminum, msd vinyl-

fong, fiberglass insulation (0
in

.

cocted fiberglass with vinyl foom padding. The forward and aoft bulkheads of the cobin szction
were honeycomb ponels. The forward hm resin~impregnated poper core; the oft was oluminum-
cored. Plastic sheets were bonded to the honeycomb panel. Twelve complete seat cushions
and bocks were susper»f"4~ d from stee! wires in the cabin. Halfofthe cushion moterials were latex
foum, and the remainder were urethana foom. The floor was covered with carpeting composad

a polypropylene pile with a Jute base and polyethylene back. The total weight of cabin
materials ond insulation was 238~3/4 lbs. per airp!cme, '

Instrumsentation: Twelve thermocouples were located in mock-up sections and cockpits.
The thermocouples were located ot floor 1evel, seat back height, ceiling level, and the high
point of the aircrafi benzath the cockpit canopy. Eight of the thermocouples had simple
metallic tubing shields and four were completely shielded, each in o blackened copper sphere.
All thermocouples were connzcted to 3-12 channel continuous recorders to provide a constant
temperature record throughout the test period. The recorders were remotely located, about 75

from the test aircraft.

Two siacke detectors were located in each aircraft cabin section; one suspended about
6" from the ceiling and the other chout 20" from the ceiling. The smoke detectors consisied
of o light source, lens and photo celi, all mounted in o suitable frame. A shroud was provided
to eliminate sfruy light from reaching the photo cells. The detectors were wired to @
continuous recorder to provide a constant record of smoke density from ignition of the test fire
the

to destruction of detector by the fire.

--%—4 Smcke and gas samples were obfained from three points in each aircraft. Stainless steel
tubing sample lines were used for this purpase, taking samples from the cockpit at head height,

iy

cabin certer seat height, and cobin center hecd height. The sample lines were connzscted by
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copper tubing to banks of 500 cc copper flusks. Thirty flasks were available for each test, ten
connected to each sample point. Each bank was connected to ¢ vacuum pump to draw fhe gas
cample through the flask as it was opened. Simultansous samples from the three sampling points
vere taken of approximately 20-second intervals.

Fuel Pan: A 3" x 5 x 10" d‘,cp steel pon was located immediately adjacent to the fuse-
lage, the lTong dimension of the pun parcllel to the longitudinal axis of the airplane. The pan
straddied the bulkhead between the cabin mock-up and the vacant after section of the fuselags.

- An approximaiely 4" de ep water bottem was placed in each pon to provide a leve! base for the

§ .
fuel. Two pans were positioned of each aircraft. Only theupwind pan, however, was fueled and
ignited in each test.

Test #1 Set-up:  The port pan was fueled with 20 gallons of Type A (kerosene) aviation
’ .

Test Fire 1
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' was vc.naoie Velocity was 0-3 K.

All times referred to in this text shall be construed as total elapsed time in minutes and
seconds from ignition of the fuel pan. All temperatures referred to shall be those token from
the recerds of thermocouples located throughout the aircraft in degrees Fahrenheit.

As previously staied, four of the twelve thermocouples in each aircrefi were completely
shielded in copper spheres. These shielded radiometers meosured only radiant heat, whereas
the other eight were exposed direcily to the flames, measuring ambient heat. The temperature
chort Figure 5) waos made from reodings token from the shielded radiometers. Temperatures

referred to in the text are from the unshielded instruments.

Although the temperature c.u. es for both types of instruments would be similar in
appeuarance, Figure 5 WIH show slower temperature reactions thon those outlined in the text,
because of the shielding.

The initial burn~through of the fuseluge skin occurred in the arec at the left rear of the
mock-up section, approximately two feet above the cabin floor. The skin thickness at this
point was .035 inches, ond skin failure occurred ot 1:03. The first indication of smoke in the
cabin was at 1:30 (See Figure 4), and the first temperature rise occurred ab 1:40 at the cabin
ceiling. At cpproximately 2:45, the smoke detector located & inches from the ceiling
indicated smcke saturation. Al fhe same time, the detector located 14 inches lower indicated
only 30 per cent indicating extreme stratification in smoke density (Figure 4). At 2:30, the
ambient center cabin ceiling recorded 200°F and at this time no other stations had receorded a
sgmﬂcam temperoture rise. At 4:30, the center cebin ceiling hod reached a temperature of
570°F., while af seat height indication was 150°F. At approximately 5:30, the ceiling
temperature had risen to 5»50 F., while of seat height it was 200°F. At cbout 7:40, the
ceiling temperature had risen to 760°F and the seat height temperature to 3009F., while the
cockpit terperature was still ambient. At this point, the recorder tapes indicaie o flash-over
of the entire cobin and within seconds the temperatures soored to the 1700°-2000°F, range.
The fes’r was allowed to continue until the fest section of the aircraft wes totally czesfroyw!,
although no additional significant data was obtained.
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Test #2 Set-Up: Cabin mock-up and instrumzntation were identical with Test #1. Forty
gallors of fuel were ploced in the pori pem. The odditional fuel was used to p.C\')QC a fire with
¢ longer pariod at rr;ﬁximum intensity. Since the exposed surface (3' x 5') remained constant,

7

the mavimum intensity of the fire, i.e., maximum heat output, was not significantly increased
H
ahooe the Test 71 level.

y

-~ -

In this test, a 2,000 CFM, Rockwood X~2 high expansion foum generator was instelizd
in the cmd\pn, |occncd so the finished foam would flow down the short access pmsagmvay ()
into the cabin mock-up section. Five gallons of foam liquid concentrate was lccated odjacent
to the generator and connzcted to a device which metered the concentrate into the water
s*rec:"n at the prcmde%ermmm two per cent rate.  Water supply for the generator was a fire
denortment },umr:,-erni‘m ker, connected via a 1-1/2" hose‘ line. Water pressure was a constant
125 psi d ring the periods of operation. ' '

Wind Direction: ENE Velocity: 10-12 Kits.

All times referred to in this text shall be construed as total elopsed fime in minutes cnd
seconds from ignition of the fuel pan. All temperatures referred to shall be those token from
the records of thermocouples located throughout the direraft in degrees Fohrerheit.

. . . . .

As with Test #1, the temperature chart for the second test (Figure 7) depicts readings
from shielded memﬂ'f ors, while temperatures referred to in the text are from unshieldsd instru~
meants.

The initial burn~-through of the fuselage skin occurred in the vacant section of the

fus lrz ge, afi of the mock-up cobin, and progressed through the aft cabin bulkhead which

consisted of @ melumine lominate (Formica) bonded to aluminum sheet and aluminum honeycomb
mcs"rer a! The actual time of this bu;n--‘m.ough was not precisely detected. In this test, the
first indication of smoke in the cabin occurred at 1: 15, and at 2:00 the smoke detector 6"
from the ceiling indicated smoke saturation. At the same time, the lower detector indicated
26 per cent shoving almost the same stratification as Test #1 (See Figure 6). At 2:30, the foam
generator wos turnad on and ollowed to run for o period of 45 seconds. Because there was no
foum readily apparent, it was restarted of 3:20 and allowed to run an odditional 45 sec. The
first indication of o temperature rise was recorded at 2:00 on en ambient thermocouple,
olthough at 3:00 the center cabin ceiling temperature had risen only 20° above ombient. At
4:10, the ceiling fen'vpbrdfure was 125°, and at 4:50 had reached 200°. At 4:50, the thermo-
couph’; at seat height had reached only 130° and did not reach 200° until 5:35. Af about
6:10, the temperatures at various stations started rising very rapidly and reached over 1500°
at 7:00, when the fest was.discontinued.

Test #3 Reason & Purpose

It was apparent from visua! observation of Test #2 that for some reason we had not reached

our chijective of smcke control, even though o preliminary readout of the temperature data showed

the ccbin femperatures remained of or nzar ambient for a much longer period after burn-through
than in Test #1. in Test #2, the foam generator depended on ambient cabin air which was
heavily charged with smoke and other products of combustion/pyrolisis for foam generation.
After care fu”y checking for possible mechanical failure of the foam generating equipment, the.
i'hem"y wos advanced that some ingredient in the smoke, etc., wos "poisoning” the foam,

causing an early breckdown or only partial formetion. Calcu!cmons mode prior fo the test had
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econd:, 1-1/2 aircraft \fo:urms of foam should have
est F2.

shown that with ths
bezn gener ';\,J ™

generator running 45
o

& 5
foom wos visible in T
. n .
ensid cmbie amount of the cabin mock-up remained after Test 12, it was
he aireraft, fusling the starboord pan with 40 gatlons of "f'ypez A (kerosene)
v :
f!ze!. Prm %!:» w.ii on of this n_u;i, the cabin would be pre~filled with fo 1 made from fresh

While the resulis of this test COUH net be considered conclusive, since the mock=-up had

ially destroyed, pﬂx’nonb were water socked, and complete instrumentation was not
avoilable, it wos mh@ "Cv that vcduc: e additional duta could be obtained concerning the
foum's resistancy to breckdewn under flame attack, ability to hold temperatures down, and
smcke control.

. &
Test Fire 73

In Test 73, the fusclage was allowed to completely fill with foam before the fuel pan
was ignited. Abzut two-thirds of the thermocouples in the aircioft were stll ("»pf»?-rcxb’o and

from these 1t was apparent that the foam had very good insulating properties. Any thermocouples
that were COVQZ“""@ L»y foam remained aof or near ambient temperatures, and only after o prelongad
burn (m exce :30) did the foam start to break down r*oficc*abiy The foam g@nf-‘*ra‘}'or WS
restorted vf en is- aperatures reached o)proxnncmﬂy 180° at the cobin ceiling, and the fu:,ewg
again M!a 4 with foom. The fou m cooled all the temperotures recorded to near ambient, and

i’*elu them there fur a period in excess of 5 minutes, when they slowly started to go up in the
orea of the ceiling where foam b: ak d wn was occurring. After about 17 minutes, the remaining
insulation was pJH”d gwuy permitting the foom free access to the pan fire. The foam promptly
flowed cut and extinguishad the fire.

Conclusions
1. Further research must be done to find the specific reason for the cpparent failure l//
Hoy

of the foam to form properly or break doWn at a rapid rate, as happened in Test #2,
| At the time of this writing, o series of tests are scheduled wh\:u the smcke, etz.,
| of burinng cabin materials will be inrentionally ducted through an operating foam
| gererator. The liquid from the foam will be analyzed to defermine the chemical
composition. This knowledge is extremely important since all proposals known to
the writers for an airborne foam fire suppres ssion system are predicated on using "
ambiert cobin air for generation. This air could be heavily simcke-charged under
post crash fire conditions, ‘

2.  While the Iabom:ory reports are not yet available concerning the specific

components of the smcke and other products of combustion/pyrolisis, which may

or may not have significant toxic values, it is apparent that the sheer volume and

density of the smoke generated early in o pest—erash fire involving cabin materials ,

cdn severely yestrict vision ond have an extremely adverse efiect on evacuation. (
i -

y materials used in the mock-up cobin met or exceeded existing FAA

‘or flame resistance. This criteria is bosed on a small loboratory sample
tested under ambient temperature conditions. The Cleveland test only added to
the mounting evidence ih*d the existing stendard tests do not simulate conditions

£ k5
Lo
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ires. 'lne standards are now under re~evaluation and

encouniered in oost cras
b

ent flame spread i‘:\.‘UHEF'? ents will bz made.

- ] .
revision, und undoubted

4

However, inview of the ir::fc,o armounis abdanse blgcle sroke and possibly tosic

products contained herein, it s felt tholthe new critaric should include realistic

fimitations on permissinie smoke generation and highly toxic prodiucis of combustion
and/or Fyroliss

We strongly feel that high expansion foam could be of major volue in extending
surviv u} times under post cras sh fire conditions. While existing hardware for
foem generaiion is noi' suitable for oirborne use, and all proposals for this appli=-
cation have s f?rz e serious drawbacks, research and development should continue to
attempt to produce an affactive, practical, and economical airborne unii(s).
Further d&.fﬁ:!(;?’\h‘rﬁﬁ? is also nceded on eauxpmonf for use by ground fire fighting
personnel. Hardweare ovaileble today, while paobmb!y c,fmci"'vc, is too difficult
and slow to ba set up to be of real value in post crash fire where time is of the
utmost importance.,



