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EXECUTIVE SUMMARY

The Federal Aviation Administration has requested that all Air Carrier air-
craft have at least one Halon 1211 tire extinguisher on board. On 29 July 1980,
Advisory Circular 20-42A was issued allowing the use of hand-~held extinguishers
in occupied areas of aircraft cabins. Questions arose about the effectiveness
of hand-held extinguisher agents and the amount of toxic decomposition of the
agents when used on large fires in an aircraft cabin.

This report describes the results of a test program designed to. (1) determine
the amount of toxic decomposition byproducts from the use of Halon 1211 on large
seat fires in an aircraft cabin while in flight: (2) compare relative hazard
levels from the use of common aircraft hand-held extinguishers (Halon 1211,
monammonium phosphate, carbon dioxide, water) on large fires in an aircraft
cabin while in flight, (3) compare the hazards from the hand-held extinguishers
extinguishing a large aircraft seat fire to the hazard of an uncontrollable

gseat fire.

A series of nine tests were conducted during this project. Two tests each
were conducted using Halon 1211, dry powder (monammonium phosphate), water
and CO, extinguishers, and one test in which the seat fire was allowed to

burn uncontrolled.

Hazard level measurements were taken during all tests. They included heat,
smoke, and toxic gas measurements.

It was concluded that Halon 121} can be effectively and safely utilized to
extinguish a severe seat fire in a transport passenger cabin.






| INTRODUCTION
|

PURPOSE. :
— B

The main objectives of the test\program were to: (1) determine the amount of toxic
decomposition byproducts from the use of Halon 1211 on large seat fires in an
aircraft cabin while in flight; (2) compare relative hazard levels from the use of
common aircraft hand-held extinguishers (Halon 1211, monammonium phosphate, carbon
dioxide, water) on large fires in an aircraft cabin while in flight; (3) compare
the hazards from the hand-held extinguishers extinguishing a large aircraft: seat
fire to the hazards of an uncontrolled seat fire.

BACKGROUND. |

On July 29, 1980, the Federal Aviation Administration (FAA) issued an advisory
circular (AC-20-42A) concerning the use of hand-held fire extinguishers for use
in aircraft. The FAA listed Halon 1211 (bromochlorodifluoromethane) as an accept-
able alrcraft extinguisher. Questions arose concerning the amount of toxic
decomposition products that might be produced in an aircraft cabin if a Halon 1211
extinguisher was used in fighting a fire. This program was designed to answer
those questions./

TEST ARTICLE. |

The C-133 full-scale cabin fire test article was used for the tests program
(reference 1). The C-133 cabin was modified to simulate in-flight air ventilation
conditions as shown in figures 1 and 2. The cabin was divided into two (2) sec-—
tions by a galley partition. The test were conducted in the aft cabin section.
Data was taken both forward and aft of the fire source in the aft cabin. Simulated
in-flight airflow was supplied to both cabin sections.

These tests 1n which the seats dere not extinguished by means of the hand~held
extinguishers were terminated using an on-board total flood CO2 system.

FIRE EXTINGUISHER SYSTEM.

A remotely controlled system wasidesigned and built for use with the hand-held
extinguishers, which made it possible for the test fires to be extinguished without
risk to persounnel. As shown 1in figure 3, the remote apparatus consisted of two
hand-held extinguishers mounted such that remotely actuated pneumatic pistons
could depress their actuating handle, thus causing agent discharge. A closed-
circuit video camera mounted on the apparatus provided a picture in the control
room of the fire and extinguishing progress. A double axis camera mount was also
remotely controlled to allow for éamera/extinguisher rotation in both a vertical
and horizontal plane. It was observed that fire extinguishment by the remotely-
controlled apparatus took longer than when extinguishment was accomplished by an
experienced person directly operatihg the extinguisher,

\
INSTRUMENTATION. |

%
Location of all instrumentation isEshown in figure 4. Temperatures were measured
using 24-gauge chromel/alumel (typq K) thermocouples (reference 1). Smoke meters

measured light transmission over ail-foot distance (reference 1). Carbon dioxide
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(C02), carbon monoxide (CO), and Oxygen (02) levels were measured using Beckman
Instrument Company's continuous process analyzers (reference 1). The acid and
organic gases were collected and analyzed as follows.

ACID GAS COLLECTION. Absorption tubes were used to collect acid gas samples during
the tests. This procedure was developed at the FAA Technical Center (formerly
NAFEC) (reference 2) and modified to support full-scale fire tests (reference 3).

The absorption tube 15 glass lined, stainless steel, 16-1/2 centimeters long with
a 4-millimeter inside diameter. It is packed to a depth of 14 centimeters with
glass beads (3 millimeter diameter) which are held in place by a slice of teflon
pressed into the tube at each end. The beads are rinse coated with a one molar
sodium carbonate solution just prior to use, excess solution being blown from the
tube by a syringe. The tubes are then sealed with plastic caps for protection.
The absorption tubes are housed in an ice water solution in an aluminum box which
is insulated with Kaowool™ board. The tubes are mounted horizontally in the box.
They are held in place by water-tight bulkhead fittings. The outside ends extend
just beyond the insulation and the plastic caps are removed before the test. The
interior ends are attached to separate vacuum lines which pass through the bottom
of the box and lead to the vacuum timing assembly.

The main vacuum line is "teed” to two solenoid valves, each connected to a 3-1/2
liter vacuum bottle. As one bottle is evacuated, the other draws a sample into an
absorption tube. A 10-pole relay timer sequentially opens the solenoid valves (one
every 30 seconds) joined to each absorption tube. This technique allows shorter
sampling intervals and can handle a large number of samples.

The anion samples from the fire atmospheres are recovered for analysis by rinsing
the absorption tubes with a 10-millimeter aliquot of 0.05 molar sodium carbonate
solution d{fgepged by syringe. The syringe is adapted to the adsorption tube with
a female swagé lok™ fitting to a female luer connector. The washings are collected
in autosampler plastic cuvettes for subsequent analysis.

" Acid Gas Analysis. Hydrogen fluoride (HF), hydrogen chloride (HCl), hydrogen
bronide (HBr) and monammonium phosphate were identified and quantitated by ion
chromatography.

Anion concentrations are measured with a Dionex model 10 ion chromatograph.
Potentiometric detectors are used for chloride and for fluoride (reference 4). A
conductivity detector is used for phosphate and bromide (reference 5).

ORGANIC GAS COLLECTION. Adsorption tubes were used to collect organic gas samples
in the fire tests. This procedure was also developed at the FAA Technical Center
and has been used during previous testing.

The tube is glass lined, stainless steel, 12 centimeters long, and packed with
30/60 mesh gas chromatograph grade porous tenax adsorbent. The tubes are condi-
tioned in the gas chromatograph prior to use and are sealed with parafilm. The
tubes are ice jacketed by freezing in an inverted Ace-threed adapter.

Three automatic sampling stations are connected to a vacuum pump and solenoid/relay
system for remotely starting and stopping the sampling process. The sampling
station consists of an eight-port rotary valve with actuator, a fine metering
valve, and assorted fittings, insulation, and electrical connectors. Eight



ice-jacketed sample tubes are placed in each station after the fine metering valve
is adjusted to draw 20 milliliters (ml) per minute. A remote automatic timer
actuates the rotary valve every 30 seconds, to give eight 10 ml time averaged
samples, for 4 minutes of coverage. Immediately after the test, the tubes are
removed and stored in a freezer for subsequent analysis.

Organlc Gas Analysis. The adsorbed organic gas sample tube 1s connected in a
backflush mode to a Perkin-Elmer 3720 gas chromatograph equipped with flame ioniza-
tion and nitrogen phosphorous detectors. Data is acquired on a Perkin-Elmer sigma
10B computer data station. A software program for the collection of raw data,
calculation of quantities of identified gases and documentation is utilized.

BIOLOGICAL TESTS.

Four laboratory rats were exposed 1n each test, two at station 650 at a height of
5 foot, 6 inches, and two at station 880 at a height of 5 foot 6 inches. The tests
were of a relatively short duration and the rats were retrieved within 10 minutes.
At the time of the tests, the rats were 3 to 5 weeks old and about 50 percent of
their weight gain curve. They were kept until maturity (10 to 12 weeks).

SCENARIO SELECTION.

The scenario selected was that of an automotive gasoline fire on a triple aircraft
seat, Since a major purpose of the tests was to look at the decomposition of the
extinguishing agent, and since the larger and hotter the fire, the more decomposi-
tion expected, it was felt that extinguishment of this type of fire would create
the greatest hazard that would be encountered in an ailrcraft cabin during extin-
guishment of an in-flight fire.

The test was set up so that the agent was discharged directly at a burning triple
alrcraft passenger seat (see figure 2). The distance between the seat and extin-
gulshers was approximately 6 feet. Omne quart of gasoline was used. This fuel was
poured on the front surface of the triple seat which was directly exposed to the
extinguishers.,

TEST DESCRIPTION AND RESULTS

A series of nine tests was conducted during this project. Two tests each were
conducted using Halon 1211, dry powder (monammonium phosphate), water, and CO2
extingulshers, and one test in which the seat fire was allowed to burn uncountrolled
(see table 1). The following are the results of those tests.



TABLE 1. LISTING OF TESTS CONDUCTED

Weight of Agent Was Fire
Test No. Agent Discharged (Lb) Extinguished

1 Halon 1211 2.35 Yes
2 Halon 1211 3.1 Yes
3 Dry Powder 2.5 Yes
4 Dry Powder 2.5 Yes
5 Water 5 No
6 Water 5 No
7 2 <10 No
8 €02 <10 No
9 None 0 No

HALON 1211 TESTS.

Two Halon 1211 tests were conducted. 1In test No. 1, the seat fire burned for 15
seconds after ignition. This was due to a hesitation of the mechanical fire
extinguisher mechanism. The seat fire was totally extinguished using less than one
extinguisher. A total of 2.35 pounds of Halon 1211 was used. Figures 5 A, B and C
and table 2 show the gas concentrations from test No. 1. The gas levels were very
low, with some of the gases coming from the burning seats and not the agent
decomposition. (This will be discussed in greater detail later 1n this report.)

In test No. 2 (Hazard levels are shown in figure 6 and table 2), the fire was not
as easlly extingulshed. Extinguishment began 10 seconds after Ignition. However a
magazine ignited in the pocket of the seatback and this caused reignition of the
seat fire two or three times before total extinguishment was obtained. Figure 7
shows a sequence of the extinguishing, with final fire out occuring approximately
43 seconds after ignition., One full bottle (2.6 lbs. of agent), and 0.5 pounds of
a second bottle were used.

The Iincrease in time to begin extinguishing between test No. 1l and No. 2, (10 to 15
seconds) would account for the higher gas concentrations for test No. 1 and the
reignition during test No. 2 would account for the slight rise in concentrations of
HF and HCL late in test No. 2.

Figure 5A shows that the highest concentrations of decomposed agent was at the
higher sampling station behind the seat, however, the highest concentratlon of neat
agent was in the vicinity of the extinguisher.



TABLE 2. HALON 1211 TESTS

Concentration PPM

Test No. 1 Test No. 2
Sample Sample
Gas Location 1 2 3 4 5 1 2 3 4 5
HCL Sta. 650 5'6" 23 34 16 14 7 14 12 6 6 -
Sta. 650 3'6" 4 10 12 7 5 22 15 7 15 =~
Sta. 880 5'6" 12 20 16 10 9 14 12 7 9 -~
HF Sta. 650 5'6" 5 12 5 4 3 14 11 4 3 -
Sta. 650 3'6" 2 10 4 3 3 5 7 4 3
Sta. 880 5'6" 5 3 5 3 2 10 9 2 3 -
HBR Sta. 650 5'6" -14.7 6.9 - - 4.4 3.4 - - -
Sta. 650 3'6" - 549 - - 0 2 - - -
Sta. 880 5'6" - 8.9 5 - - 3.1 2.6 - - -
HCN Sta. 650 5'6" ZERO
Sta. 650 3'6" CQONCENTRATION
Sta. 880 5'6" RECORDED
HALON Sta. 650 5'6" 112 290 480 384 - DATA
1211 Sta. 650 3'6" - 190 400 316 50 NOT
Sta. 880 5'6" 45193516341072 260 TAKEN

Sample collection times are as follows:

No. 1- O to 30 sec.
No. 2- 30 to 60 sec.
No. 3- 60 to 90 sec.
No. 4~ 90 to 120 sec.
No. 5- 120 to 150 sec.

DRY POWDER.

Two dry powder extinguishment tests wetre also conducted using monammonium phos-
phate., In test No. 1, the left extinguisher failed to fire. The right extin-
gulisher was filred 19 seconds after ignition of the seat fire. The hazard
measurement of test No. 1 are shown in table 3 and figures 8 and 9. Two and 1/2
pounds of agent were used to completely extinguish the seat fire. In the second
test, the fire did not spread from the right seat, and was less Intense than {n the
previous test. Extinguishment began 10 seconds after ignition. Agaln, 2-1/2
pounds of agent was used to fully extinguish the seat. A peak concentration of
538 ppm of monammonium phosphate was measured near the extinguisher.



TABLE 3. DRY POWDER (MONAMONIUM PHOSPHATE) TESTS

Concentration PPM

Test No. 1 Test No. 2
Sample Sample
Gas Location 1 2 3 4 5 1 2 3 4 5
HCL Sta. 650 5'6" - - - - - 0 7 4 2 -
Sta. 650 3'6" 9 13 11 8 - 4 8 0 2 -
Sta. 880 5'6" 9 26 13 11 - 0 7 0 2 -
HF Sta. 650 5'6" - - - - - 1 12 12 7 -
Sta. 650 3'6" 1 1 1 1 - 1 7 12 9 -~
Sta. 880 5'6" 1 2 1 1 - 2 12 1 3 -
HBR Sta. 650 5'6" o7 0o .3 - - - 3 - - -
Sta. 650 3'6" - .5 .3 - - - 0 - - -
Sta. 880 5'6" .6 0 .1 - - 9 0O - - -
HCN Sta. 650 5'6" ZERO
Sta. 650 3'6” QONCENTRAT ION
Sta. 880 5'6" RECORDED
MON- Sta. 650 5'6" .2 97 37 - - - 126 - - -
AMMONIUM Sta. 650 3'6" - 31 26 - - . ~ 82 - - =
PHOSPHATE Sta. 880 5'6" 21 538 160 - - -110 - - =

Sample collection times are as follows:

No. 1- 0O to 30 sec.
No. 2- 30 to 60 sec.
No. 3- 60 to 90 sec.
No. 4- 90 to 120 sec.
No. 5~ 120 to 150 sec.

WATER.

Two water extinguilshment test were conducted. 1In each case, two full water
extinguishers (1-1/2 quarts each) were used, and in both tests the fire could
not be completely extinguished. Figure 10 shows a sequence during one of the
tests. The hazards during a water extinguishment attempt are shown in figure 1l.
The water quickly knocked down the fire, but was unable to completely extinguish
it, Hazard levels were very low, except for smoke and temperature. Flame spread
on the seat was slow (due to water on the seat), but did occur to some degree. In
both tests extinguishment of the seat fire was accomplished by using the aircraft
total floor (02 system.

CARBON DIOXIDE.

Two C02 hand-held extinguisher tests were conducted. Due to the inabllity of the
remote control apparatus to fire the larger and much heavier CO2 bottles, a tech-
nician with protective gear performed the attempted extinguishment in the aircraft.
This gave the C02 an advantage over the other extinguishers, since the human
reactions are much faster than those of the remote control apparatus. In both
tests over 10 pounds of agent was used, and in both tests the fire was not com-
pletely extingulshed (see figure 12). The C02 provided an initial knockdown of the
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flames, however the fire quickly reintensified. The hazard levels for the first
CO02 extinguishment test are shown in figure 13. Note that the hazard levels are on
the rise during the second minute of the test (the curves showing only the first 60
seconds also increase during that period). The CD2 extingulshing tests were the
only extinguishment tests 1n which hydrogen cyanlide was recorded. Both tests
were terminated after approximately 2 minutes using the CO2 total flood system
in the aircraft.

UNCONTROLLED SEAT FIRE.

One test was conducted in which no extinguishment was attempted. This was done in
order to determine the hazards produced by the burning seat itself. Figure 14 are
photographs of the seat during the test. The hazards measured are shown in figure
15. High levels of all the hazards were measured, particularly hydrogen chloride,
temperature, €0, HCN, and smoke. These measurements were made using only one
triple seat as a fire load. In a real situation the fire could quickly 1involve
other seats and interior aircraft material, producing even greater hazard levels.

ANALYSES OF DATA AND TEST RESULTS

VISUAL OBSERVATIONS.

All extingulshers tested reduced the hazard level buildup compared to the unextin-
guished seat fire. Both dry powder and Halon 1211 extinguishers were able to
completely control the fires. However, the fires could not be extinguished
with two water or CO02 extinguishers. The water extinguishers slowed the burning
rate of the seat to a greater degree than did the C02 extinguishers.

BIOLOGICAL TEST OBSERVATIONS.

The test rats survived all tests. They were kept for observation for 10 to 12
weeks. No 111 effects were detected for any of the test rats during this obser-
vation period.

HAZARD LEVEL ANALYSIS.

The use of each of the hand—-held extinguishers resulted in the hazard levels, after
initial flame knockdown, below the dangerous level. However when two water, or CO2
extinguishers were used, and the seat fire was not completely extinguished, the
seat fire reintensified after total agent discharge (and initial fire knockdown)
with the hazards 1ncreasing towards a dangerous level. The Halon 1211 tests
produced slightly more of the acid gases (HF, HCL, HBR) than did the dry powder;
however, the dry powder produced more loss in visibility. The concentrations of
acid gases produced by the decomposing 1211 and the burning seat was still far
below the dangerous level (reference 6).

Table 4 compares the peak aclid gas concentrations measured with the dangerous
levels. Moreover, when extingulshment was completed using the Halon 1211
extinguisher, the acid gas concentrations disappeared within several minutes
because of ventllation, diffusing and adsorption effects.



TABLE 4. PEAK CONCENTRATION - DANGEROUS CONCENTRATION

Peak Concentration Dangerous *
Measured (PPM) Concentration (PPM)

HCL 34 1000-2000
HF 14 50-250
HBR 14.7 50-250
1211 1935 40,000
MONAMMONIUM
PHOSPHATE * Reference 6

The main decomposition products of Halon 1211 (HF, HCL, HBR) are also by-products
from the combustion of many aircraft interior materials. The seat foams and cloth
coverings can produce high yields of HCL, the plastic components can produce HBR
and the panel finishes high yields of HF. Since the tests conducted used only one
set of triple seats, and no other interior materials, the hazard levels are not
fully representative of a burning cabin. As shown in figure 15A, the major acid
gas byproducts of the seat fire is HCL. Relatively little HF or HBR is produced by
the seats.

In order to determine the amount of decomposition of 1211 during extinguishment of
a seat fire, the quantity of gases produced by the burning materials must be
subtracted from the total, thus leaving the 1211 byproducts. This 1is a rather
difficult procedure, because of the time dependency of the gas concentrations.
However, since the tests using extinguishers other than 1211 produce little or no
HF or HBR, it can be assumed that almost all of the HF and HBR shown in table 2
are byproducts of the decomposing 1211. A large quantity of HCL can be produced by
burning seats, as shown in figure 15A. Therefore the quantities of HCL shown in
table 2 are that of both Halon 1211 and seat material decomposition. Figure 16 is
an attempt to determine the amount of HCL due to the decomposing 1211. For each of
the Halon 1211 and dry powder tests, a point having the peak concentration of HCL
recorded for its X coordinate and the time of initial agent discharge for its Y
coordinate, was plotted. A straight line was then used to connect the two Halon
1211 test points and likewise the dry powder test points. Assuming all of the
HCL in the dry powder tests came from the decomposing seat material, and similar
levels would be produced for a given seat burn time no matter what extinguishing
agent was used, the vertical difference between the two lines between the HCL
produced when 1211 was used to extinguish the seat and when dry powder was used
shows that approximately 12 to 15 PPM of the HCL came from the decomposing 1211.

The data for the uncontrolled fire was for only one triple seat in an otherwise
noncombustible interior. Fire in a fully furnished cabin would result in
greater hazards and much ealier attainment of nonsurvivable levels. Figures 17
through 19 are an attempt to predict hazard levels for a fully furnished cabin,
based on a previous fire test in the C-133 test article (reference 7) given an
uncontrolled seat fire ignited on a single triple seat using gasoline. The
predictions are made by using data from a test conducted in which six sets of
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triple seats were installed in the C-133 and a fire was ignited under one seat in a
carry-on bag. In-flight conditions were simulated the same as for the extinguish-
ing tests. Assuming that the majority of heat, prior to flashover, is produced by
the seats, this six-seat test may be considered to represent a fully furnished
cabin from a thermal standpoint. The buildup of the fire is much slower because of
the carry-on bag ignition source, the time must be shifted to predict the results
of a gas fire. Figure 18 attempts to do that. The temperature from a single
triple seat test is plotted, then the temperature from the six-seat test is
plotted. The curve from the six-seat test is then shifted to the left. This is
done so that the rise in temperature from the six-seat carry-on bag test corres-
ponds to the rise 1in temperature of the single seat gas test. This prediction
indicates the flashover would occur approximately 90 to 100 seconds after ignition
of a seat doused with 1 quart of gasoline, if the fire is 1left uncontrolled.

Figure 17 predicts temperatures in an adjacent cabin 40 feet from the initial
fire. The temperatures are from the six-seat test using the new start time
determined in figure 19. The arrow indicates the point at which all the seats are
ablaze. Data after that point is affected by the fact that there are no more
materials in the cabin to support combustion.

As stated earlier, the HF and HBR are produced mainly by the panels and thermo-
plastics. Since the large test used for extrapolation only consisted of seats, no
prediction of HF or HBR could be made. However, since HCL comes primarily from the
seats. figure 19 is the prediction of HCL for a full cabin.

SUMMARY OF RESULTS

1. Acid gases and 1211 concentrations were below "dangerous" levels when a
gasoline ignited seat fire, in a simulated in-flight aircraft, was extinguished
with Halon 1211.

2. Acid gases and 1211 disappear due to ventilation, diffusion, and adsorption
effects.

3. Halon 1211 and dry powder were more effective than COy or water.

4. Uncontrolled gasoline ignited seat fire is predicted to flashover in 90 to
100 seconds.

5. All four extinguishers evaluated reduced the fire to some degree.
CONCLUSIONS

1. Effective utilization of Halon 1211 to extinguish a severe seat fire in a
transport passenger cabin is safe in terms of agent decomposition (HF, HCL, and
HBR) and neat agent concentration.

3. Halon 1211, dry powder, COp or water extinguishers can provide an initial
reduction in A/C seat fire severity with little or no toxic gas by-products from
the agent.



3. The hazards associated with an uncontrolled severe seat fire will quickly
exceed those transient hazards associated with Halon 1211 extinguishment.

4, Because of the rapid buildup in cabin fire hazards, it is crucial to reduce the

flaming of a large seat fire (or any cabin fire) as soon as possible, with whatever
means available.
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	EXECUTIVE SUMMARY 
	The Federal Aviation Administration has requested that all Air Carrier air­craft have at least one Halon 1211 tire extinguisher on board. On 29 July 1980, Advisory Circular 2o-42A was issued allowing the use of hand-held extinguishers in occupied areas of aircraft cabins. Questions arose about the effectiveness of hand-held extinguisher agents and the amount of toxic decomposition of the agents when used on large fires in an aircraft cabin. 
	This report describes the results of a test program designed to. (1) determine the amount of toxic decomposition byproducts from the use of Halon 1211 on large 
	~. seat fires in an aircraft cabin while in flight (2) compare relative hazard levels from the use of common aircraft hand-held extinguishers (Halon 1211, monammonium phosphate, carbon dioxide, water) on large fires in an aircraft cabin while in flight, (3) compare the hazards from the hand-held extinguishers extinguishing a large aircraft seat fire to the hazard of an uncontrollable seat fire. 
	A series of nine tests were conducted during this project. Two tests each 
	were conducted using Halon 1211, dry powder (monammonium phosphate), water 
	and COextinguishers, and one test in which the seat fire was allowed to 
	2. 

	burn uncontrolled. 
	Hazard level measurements were taken during all tests. They included heat, smoke, and toxic gas measurements. 
	It was concluded that Halon 1211 can be effectively and safely utilized to extinguish a severe seat tire in a transport passenger cabin. 
	Figure
	INTRODUCTION. 
	PURPOSE.. 
	! The main objectives of the test iprogram were to: (1) determine the amount of toxic decomposition byproducts from tihe use of Halon 1211 on large seat fires in an aircraft cabin while in flight; i( 2) compare relative hazard levels from the use of common aircraft hand-held exting~ishers (Halon 1211, monammonium phosphate, carbon dioxide, water) on large fires in an aircraft cabin while in flight; (3) compare the hazards from the hand-held extinguishers extinguishing a large aircraft; seat fire to the haza
	BACKGROUND. 
	On July 29, 1980, the Federal Aviation Administration (FAA) issued an advisory circular (AC-20-42A) concerning 'the use of hand-held fire extinguishers for use in aircraft. The FAA listed Halon 1211 (bromochlor.odifluoromethane) as an accept­able aircraft extinguisher. Questions arose concerning the amount of toxic decomposition products that might be produced in an aircraft cabi.n if a Halon 1211 extinguisher was used in fighting a fire. This pr.ogram was designed to answer those questions. 
	TEST ARTICLE. 
	The C-133 full-scale cabin fir~ test article was used for the tests program (reference 1). The C-133 cabin w~s modified to simulate in-flight air ventilation conditions as shown in figures 1':and 2. The cabin was divided into two (2) sec­tions by a galley partition. Th~ test were conducted in the aft cabin section. Data was taken both forward and afit of the fire source in the aft cabin. Simulated in-flight airflow was supplied to hoth cabin sections. 
	I 
	These tests in which the seats l/iere not extinguished by means of the hand-held extinguishers were terminated using an on-board total flood C02 system. 
	FIRE EXTINGUISHER SYSTEM. 
	A remotely controlled system was i designed and built for use with the hand-held extinguishers, which made it possi~le for the test fires to be extinguished without risk to personnel. As shown in figure 3, the remote apparatus consisted of two hand-held extinguishers mounted ~uch that remotely actuated pneumatic pistons could depress their actuating handIe , thus causing agent discharge. A closed­circuit video camera mounted on ~he apparatus provided a picture in the control room of the fire and extinguishi
	I 
	INSTRUMENTATION. 
	Location of all instrumentation isishown in figure 4. Temperatures were measured using 24-gauge chromel/alumel (type K) thermocouples (reference 1). Smoke meters 
	I 
	measured light transmission over ail-foot distance (reference 1). Carbon dioxide 
	1. 
	(C02), carbon monoxide (CO), and Oxygen (02) levels were measured using Beckman Instrument Company's continuous process analyzers (reference 1). The acid and organic gases were collected and analyzed as follows. 
	ACID GAS COLLECTION. Absorpt1.on tubes were used to collect acid gas samples during the tests. This procedure was developed at the FAA Technical Center (formerly NAFEC) (reference 2) and modified to support full-scale fire tests (reference 3). 
	The absorption tube is glass lined, stainless steel, 16-1/2 centimeters long with a 4-millimeter inside dLameter, It is packed to a depth of 14 centimeters with glass beads (3 millimeter diameter) whi,ch are held in place by a slice of teflon pressed into the tube at each end. The beads are rinse coated with a one molar sodium carbonate solution just prior to use, excess solution being blown from the tube by a syringe. The tubes are then sealed with plastic caps for protection. The absorption tubes are hous
	The main vacuum line is "teed" to two solenoid valves, each connected to a 3-1/2 liter vacuum bottle. As one bottle is evacuated, the other draws a sample into an absorption tube. A 10-pole relay timer sequentially opens the solenoid valves (one every 30 seconds) joined to each absorpt Ion tube. This technique allows shorter sampling intervals and can handle a large number of samples. 
	The anion samples from the fire atmospheres are recovered for analysis by rinsing 10-mi1limE~ter aliquot of 0.05 molar sodium carbonate solution d~~£~efed by syringe. The syringe is adapted to the adsorption tube with fitting to a female luer connector. The washings are collected in autosampler plastic cuvettes for subsequent analysis. 
	the absorption tubes with a 
	a female swage 10k
	N 

	Acid Gas Analysis. Hydrogen fluoride (HF), hydrogen chloride (HCI) , hydrogen brohide (HBr) and monammon:i.um phospha.te were identified and quantitated by ion chromatography. 
	Anion concentrations are measured with a Dionex model 10 ion chromatograph. Potentiometric detectors are used for chloride and for fluoride (reference 4). A conductivity detector is used for phosphate and bromide (reference 5). 
	ORGANIC GAS COLLECTION. Adsorption tubes were used to collect organic gas samples in the fire tests. This procedure was also developed at the FAA Technical Center and has been used during previous testing. 
	The tube is glass lined, stainless steel, 12 centimeters long, and packed with 30/60 mesh gas chromatograph grade porous tenax adsorbent. The tubes are condi­tioned in the gas chromatograph prior to use and are sealed with parafilm. The tubes are ice jacketed by freezing in an inverted Ace-threed adapter. 
	Three automatic sampling stations are connected to a vacuum pump and solenoid/relay system for remotely starting and stopping the sampling process. The sampling station consists of an eIght-epor t rotary valve with actuator, a fine metering valve, and assorted fittings, insulation, and electrical connectors. Eight 
	Three automatic sampling stations are connected to a vacuum pump and solenoid/relay system for remotely starting and stopping the sampling process. The sampling station consists of an eIght-epor t rotary valve with actuator, a fine metering valve, and assorted fittings, insulation, and electrical connectors. Eight 
	ice-jacketed sample tubes are placed in each station after the fine metering valve is adjusted to draw 20 milliliters (ml) per minute. A remote automatic timer actuates the rotary valve every 30 seconds, to give eight 10 ml time averaged samples, for 4 minutes of coverage. Immediately after the test, the tubes are removed and stored in a freezer for subsequent analysis. 

	Organic Gas Analysis. The adsorbed organic gas sample tube is connected in a backflush mode to a Perkin-Elmer 3720 gas chromatograph equipped with flame ioniza­tion and nitrogen phosphorous detectors. Data is acquired on a Perkin-Elmer sigma lOB computer data station. A software program for the collection of raw data, calculation of quantities of identified gases and documentation is utilized. 
	BIOLOGICAL TESTS. 
	Four laboratory rats were exposed in each test, two at station 650 at a height of 5 foot, 6 inches, and two at station 880 at a height of 5 foot 6 inches. The tests were of a relatively short duration and the rats were retrieved within 10 minutes. At the time of the tests, the rats were 3 to 5 weeks old and about 50 percent of their weight gain curve. They were kept until maturity (10 to 12 weeks). 
	SCENARIO SELECTION. 
	The scenario selected was that of an automotive gasoline fire on a triple aircraft seat. Since a major purpose of the tests was to look at the decomposition of the extinguishing agent, and since the larger and hotter the fire, the more decomposi­tion expected, it was felt that extinguishment of this type of fire would create the greatest hazard that would be encountered in an aircraft cabin during extin­guishment of an in-flight fire. 
	The test was set up so that the agent was discharged directly at a burning triple aircraft passenger seat (see figure 2). The distance between the seat and extin­guishers was approximately 6 feet. One quart of gasoline was used. This fuel was poured on the front surface of the triple seat which was directly exposed to the extinguishers. 
	TEST DESCRIPTION AND RESULTS 
	A series of nine tests was conducted during this project. Two tests each were conducted using Halon 1211, dry powder (monammonium phosphate), water, and CO2 extinguishers, and one test in which the seat fire was allowed to burn uncontrolled (see table 1). The following are the results of those tests. 
	TABLE 1. LISTING OF TESTS CONDUCTED 
	Weight of Agent Was Fire Test No. Agent: D:lscharged (Lb) Extinguished 1 Halon 1211 2.35 Yes 2 Halon 1211 3.1 Yes 3 Dry Powder 2.5 Yes 4 Dry Powder 2.5 Yes 5 Water 5 No 6 Water 5 No 7 on <10 No 8 CO2 <10 No 9 None 0 No 
	HALON 1211 TESTS. 
	Two Halon 1211 tests were conducted. In test No.1, the seat fire burned for 15 seconds after ignition. This was due to a hesi.tation of the mechanical fire extinguisher mechanism. The seat fire was totally extinguished using less than one extinguisher. A total of 2.35 pounds of Halon 1211 was used. Figures 5 A, Band C and table 2 show the gas concentrations from test No.1. The gas levels were very low, with some of the gases coming from the burning seats and not the agent decomposition. (This will be discus
	In test No. 2 (Hazard levels are shown in figure 6 and table 2), the fire was not as easily extinguished. Extinguishment began 10 seconds after igniti.on. However a magazine ignited in the pocket of the seatback and this caused re.ign.i tion of the seat fire two or three t Ime s before total extingui.shment was obtained. Figure 7 shows a sequence of the extInguishing, with final f Lre out occurI.ng approximately 43 seconds after LgnLt.Lon, One full bottle (2.6 Lbs, of agent), and 0.5 pounds of a second bott
	The increase in time to begin extInguishing between test No.1 and No.2, (10 to 15 seconds) would account for the higher gas concentrations for test No. 1 and the reignition during test No. 2 would account for the slight rise in concentrations of HF and HCL late in test No.2. 
	Figure 5A shows that the highest concentratLons of decomposed agent was at the higher sampling station behind the seat, however, the highest concentration of neat agent was in the vicinity of the extinguisher. 
	TABLE 2. HALON 1211 TESTS. 
	Concentration 
	Concentration 
	Concentration 
	PPM 

	Test No. 
	Test No. 
	1 
	Test No. 
	2 

	Sample 
	Sample 
	Sample 

	Gas 
	Gas 
	l.ocation 
	1 
	2 
	3 
	4 
	5 
	1 
	2 
	3 4 5----"--­

	HCL 
	HCL 
	Sta. 
	650 
	5'6" 
	23 
	34 
	16 
	14 
	7 
	14 
	12 
	6 
	6 

	TR
	Sta. 
	650 
	3'6" 
	4 
	10 
	12 
	7 
	5 
	22 
	15 
	7 
	15 

	TR
	Sta. 
	880 
	5'6" 
	12 
	20 
	16 
	10 
	9 
	14 
	12 
	7 
	9 

	HF 
	HF 
	Sta. 
	650 
	5'6" 
	5 
	12 
	5 
	4 
	3 
	14 
	11 
	4 
	3 

	TR
	Sta. 
	650 
	3'6" 
	2 
	10 
	4 
	3 
	3 
	5 
	7 
	4 
	3 

	TR
	Sta. 
	880 
	5'6" 
	5 
	3 
	5 
	3 
	2 
	10 
	9 
	2 
	3 

	HBR 
	HBR 
	Sta. 
	650 
	5'6" 
	-14.7 
	6.9 
	4.4 3.4 

	TR
	Sta. 
	650 
	3'6" 
	549 
	0 
	2 

	TR
	Sta , 
	880 
	5'6" 
	-
	8.9 
	5 
	3.1 2.6 

	HCN 
	HCN 
	Sta. 
	650 
	5'6" 
	ZERO 

	TR
	Sta , 
	650 
	3'6" 
	OONCENTRATION 

	TR
	Sta. 
	880 
	5'6" 
	REillRDED 

	HALON 
	HALON 
	Sta. 
	650 
	5'6" 
	112 290 
	480 
	384 
	DATA 

	1211 
	1211 
	Sta. 
	650 
	3'6" 
	-190 400 
	316 
	50 
	NOT 

	TR
	Sta. 
	880 
	5'6" 
	45193516341072 
	260 
	TAKEN 


	Sample collection times are as follows: 
	No. 1­oto 30 sec. No. 2­30 to 60 sec. No. 3­60 to 90 sec. No. 4­90 to 120 sec. No. 5-120 to 150 sec. 
	DRY POWDER. 
	Two dry powder extinguishment tests were also conducted using monammonium phos­phate. In test No.1, the left extinguisher failed to fire. The right ext.in­guisher was fired 19 seconds af ter igni t ion of the seat fire. The hazard measur.ement of test No. 1 are shown in table 3 and fIgures 8 and 9. Two and 1/2 pounds of agent were used to completely extinguish the seat fire. In the second test, the fire did not spread fr.om the right seat, and was less intense thal'1 in the previous test. Extingu.ishment be
	5. 
	TABLE 3. DRY POWDER (MONAmNIUM PHOSPHATE) TESTS 
	Concentration PPM Test No. 1 Test No. 2 Sample Sample Gas 1 2 3 5 123 45
	Location 
	4

	-----_._­
	MCL 
	MCL 
	MCL 
	Sta. 
	650 
	5'6" 
	0 
	7 
	4 
	2 

	TR
	Sta. 
	650 
	3'6" 
	9 
	13 
	11 
	8 
	4 
	8 
	0 
	2 

	TR
	sea, 
	880 
	5'6" 
	9 
	2:6 
	13 
	11 
	0 
	7 
	0 
	2 

	HF 
	HF 
	Sta. 
	650 
	5'6" 
	1 
	12 
	12 
	7 

	TR
	Sta. 
	650 
	3'6" 
	1 
	1 
	1 
	1 
	1 
	7 
	12 
	9 

	TR
	Sta. 
	880 
	5'6" 
	1 
	2 
	1 
	1 
	2 
	12 
	1 
	3 

	HBR 
	HBR 
	Sta. 
	650 
	5'6" 
	.7 
	0 
	.3 
	.3 

	TR
	scs , 
	650 
	3'6" 
	.5 
	.3 
	0 

	TR
	Sta. 
	880 
	5'6" 
	.6 
	0 
	.1 
	0 
	0 

	HCN 
	HCN 
	Sta. 
	650 
	5'6" 
	ZERO 

	TR
	Sta. 
	650 
	3'6" 
	00NCENTRATION 

	TR
	Sta. 
	880 
	5'6" 
	REOJRDED 

	MON­
	MON­
	sta , 
	650 
	5'6" 
	.2 
	97 
	37 
	-126 

	AMMONIUM 
	AMMONIUM 
	Sta. 
	650 
	3'6" 
	31 
	26 
	82 

	PHOSPHATE 
	PHOSPHATE 
	Sta. 
	880 
	5'6" 
	21 
	538 
	160 
	-
	110 


	Sample collection times are as follows: 
	No. 1­o to 30 sec. No. 2­30 to 60 sec. No. 3­60 to 90 sec. No. 4­90 to 120 sec. No. 5-120 to ISO sec. 
	WATER. 
	Two water extinguishment test were conducted. In each case, two full water extinguishers (1-1/2 quarts each) werE! used, and in both tests the fire could not be completely extinguished. Figure 10 shows a sequence during one of the tests. The hazards during a water extinguishment attempt are shown in figure 11. The water quickly knocked down the fire, but was unable to completely extLngul sh it. Hazard levels were very low, except for smoke and temperature. Flame spread on the seat was slow (due to water on 
	CARBON DIOXIDE. 
	Two (x)2 hand-held extinguisher tests were conducted. Due to the Lnabt.lI ty of the remote control apparatus to fire the larger and much heavier C02 bottles, a tech­nician with protective gear performed the attempted extinguishment in the aircraft. This gave the CO2 an advantage over the other extInguLshers , since the human reactions are much faster than those of the remote control apparatus. In both tests over 10 pounds of agent was used , and in both tests the fire was not com­pletely extinguished (see f
	6 
	flames, however the fire quickly reintensified. The hazard levels for the first C02 extinguishment test are shown in figure 13. Note that the hazard levels are on the rise during the second minute of the test (the curves showing only the first 60 seconds also increase during that period). The CO2 extinguIshing tests were the only extinguishment tests in which hydrogen cyanf.de was recorded. Both tests were terminated after approximately 2 minutes using the CO2 total flood system in the aircraft. 
	UNCONTROLLED SEAT FIRE. 
	One test was conducted in which no extinguishment was attempted. This was done in order to determine the hazards produced by the burning seat itself. Figure 14 are photographs of the seat during the test. The hazards measured are shown in figure 
	15. High levels of all the hazards were measured» particularly hydrogen chloride, temperature» 00» HCN, and smoke. These measurements were made using only one triple seat as a fire load. In a real situation the fire could quickly involve other seats and interior aircraft material, producing even greater hazard levels. 
	ANALYSES OF DATA AND TEST RESULTS 
	VISUAL OBSERVATIONS. 
	All extinguishers tested reduced the hazard level buildup compared to the unextin­guished seat fire. Both dry powder and Halon 1211 extingui shers were able to completely control the fires. However, the fires could not be extinguished with two water 0 r CO2 extinguishers. The water extLnguLshers slowed the burning rate of the seat to a greater degree than did the C02 extinguIshers. 
	BIOLOGICAL TEST OBSERVATIONS. 
	The test rats survived all tests. They were kept for observation for 10 to 12 weeks. No ill effects were detected for any of the test rats during this obser­vation period. 
	HAZARD LEVEL ANALYSIS. 
	The use of each of the hand-held extinguishers resulted in the hazard levels, after initial flame knockdown» below the dangerous level. However when two water» or C02 extinguishers were used, and the seat fire was not completely extLnguLshed , the seat fire reintensified after total agent discharge (and IniUal fire knockdown) wI th the hazards LncreasLng towards a dangerous leveL The Halon 1211 tests produced slightty more of the acid gases (HF, HCL» HBR) than dLd the dry powder; however» the dry powder pro
	Table 4 compares the peak acid gas concentrations measured wIth the dangerous levels. Moreover, when extInguishment was completed usLng the Halon 1211 extinguisher, the acid gas concentrations disappeared wIthin several mInutes because of ventilation, diffusing and adsorption effects. 
	TABLE 4. PEAK CONCENTRATION -DANGEROUS CONCENTRATION 
	Peak Concentration Dangerous * Measured (PPM) Concentration (PPM) 
	nCL 34 1000-2000 
	HF 14 50-250 
	HBR 14.7 50-250 
	1211 1935 40,000 
	MONAMMONIUM 
	PHOSPHATE * Reference 6 
	The main decomposition products of Halon 1211 (HF, HCL, HBR) are also by-products from the combustion of many ai rcraft Lrrt e r Lor materials. The seat foams and cloth coverings can produce high yields of HCL, the plastic components can produce HBR and the panel finishes high yields of HF. Since the tests conducted used only one set of triple seats, and no other interior materials, the hazard levels are not fully representative of a burning cabin. As shown in figure 15A, the major acid gas byproducts of th
	In order to determine the amount of decomposition of 1211 during extinguishment of a seat fire, the quantity of gases produced by the burning materials must be subtracted from the total, thus leaving the 1211 byproduct s . This is a rather difficult procedure, because of the time dependency of the gas concentrations. However, since the tests using extinguishers other than 1211 produce little or no HF or HBR, it can be assumed that almost all of the HF and HBR shown in table 2 are byproduc ts of the decompos
	The data for the uncontrolled fire was for only one triple seat in an otherwise noncombustible interior. Fire in a fully furnis hed cabin would resul t in greater hazards and much ealier attainment of nonsurvivable levels. Figures 17 through 19 are an attempt to predict ha:zard levels for a fully furnished cabin, based on a previous fire test in the C'-133 test article (reference 7) given an uncontrolled seat fire ignited on a single triple seat using gasoline. The predictions are made by using data from a 
	The data for the uncontrolled fire was for only one triple seat in an otherwise noncombustible interior. Fire in a fully furnis hed cabin would resul t in greater hazards and much ealier attainment of nonsurvivable levels. Figures 17 through 19 are an attempt to predict ha:zard levels for a fully furnished cabin, based on a previous fire test in the C'-133 test article (reference 7) given an uncontrolled seat fire ignited on a single triple seat using gasoline. The predictions are made by using data from a 
	triple seats were installed in the C-133 and a fire was ignited under one seat in a carry-on bag. In-flight conditions were simulated the same as for the extinguish­ing tests. Assuming that the majority of heat, prior to flashover, is produced by the seats, this six-seat test may be considered to represent a fully furnished cabin from a thermal standpoint. The buildup of the fire is much slower because of the carry-on bag ignition source, the time must be shifted to predict the results of a gas fire. Figure

	Figure 17 predicts temperatures in an adjacent cabin 40 feet from the initial fire. The temperatures are from the six-seat test using the new start time determined in figure 19. The arrow indicates the point at which all the seats are ablaze. Data after that point is affected by the fact that there are no more materials in the cabin to support combustion. 
	As stated earlier, the HF and HBR are produced mainly by the panels and thermo­plastics. Since the large test used for extrapolation only consisted of seats, no prediction of HF or HBR could be made. However, since HCL comes primarily from the seats figure 19 is the prediction of HCL for a full cabin. 
	SUMMARY OF RESULTS 
	1. 
	1. 
	1. 
	Acid gases and 1211 concentrations were below "dangerous" levels when a gasoline ignited seat fire, in a simulated in-flight aircraft, was extinguished with Halon 1211. 

	2. 
	2. 
	Acid gases and 1211 disappear due to ventilation, diffusion, and adsorption effects. 

	3. 
	3. 
	Halon 1211 and dry powder were more effective than C02 or water. 

	4. 
	4. 
	Uncontrolled gasoline ignited seat fire is predicted to flashover in 90 to 100 seconds. 

	5. 
	5. 
	All four extinguishers evaluated reduced the fire to some degree. 


	CONCLUSIONS 
	1. Effective utilization of Halon 1211 to extinguish a severe seat fire in a transport passenger cabin is safe in terms of agent decomposition (HF, HCL, and HBR) and neat agent concentration. 
	3. Halon 1211, dry powder, C02 or water extinguishers can provide an initial reduction in AIC seat fire severity with little or no toxic gas by-products from the agent. 
	3. 
	3. 
	3. 
	The hazards associated with an uncontroLl.ed severe seat fire will quickly exceed those transient hazards associatedl with Halon 1211 extinguishment. 

	4. 
	4. 
	Because of the rapid buildup in cabin fire hazards, it is crucial to reduce the flaming of a large seat fire (or any cabin fire) as soon as possible, with whatever means available. 
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