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EXECUTIVE SUMMARY

The effectiveness of Halon 1211 and Halon 1301 hand fire extinguishers in

ext inguishing fires under the instrument panel in a small aircraft was evaluated.
The extinguishers were of 2.5-pound and 3-pound capacity, respectively. The fires
involved electrical wire insulation and hydraulic fluid. The fires could not be
maintained without a small quantity of hydraulic fluid applied as a coating on

the wiring harness.

The fire extinguishers were discharged using two methods; (1) by directing the
agent upward under the instrument panel, and (2) by directing the agent behind the
instrument panel through Fireports mounted on the instrument panel. The Fireports
were installed through the instrument panel to provide direct access of the fire
ext inguisher agents to the space behind the panel.

The fires were extinguished rapidly by both types of agents when the discharge
was directed at the fire. The methods of discharge, either through Fireports or
directed upward under the instrument panel, were equally effective.

A special test was performed to examine extinguisher effectiveness with the fire
located under the instrument panel, copilot's side, but with extinguisher applica-
tion through a Fireport located on the pilot's side. Although the fire was momen-—
tarily suppressed, reignition occurred and the fire became out of control. The
fire had to be extinguished by application of backup extinguishing agent from
outside the aircraft.

During several tests, measurements were also taken to examine the levels of toxic
Halon decomposition gases; hydrogen chloride, hydrogen fluoride, and hydrogen
bromide. The decomposition levels were consistently low, and significantly below
the levels considered dangerous.
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INTRODUCTION

PURPOSE .

The objective was to evaluate the effect iveness of Halon hand extinguishers on fires
involving electrical wire insulation and hydraulic fluid beneath the instrument
panel in a small airplane.

BACKGROUND .

Previous efforts involving testing of Halon fire extinguishers in general aviation
were completed in a Cessna Model 210 aircraft (references 1 and 2). The Cessna
aircraft was installed in an airflow facility and tested at an airspeed near cruise
conditions. These tests produced realistic aircraft cabin ventilation rates in
order to examine dissipation of the fire extinguisher agents. The tests were
without fires, and the toxicity of the neat Halon gases was addressed. It was

-determined that ventilation and stratification of the Halon gases produced safe

conditions in the cabin of unpressurized single engine aircraft such as the Cessna
Model 210.

The Cessna aircraft tests included discharging the extinguisher up under the
instrument panel on either the pilot's side or the copilot's side and measuring the
agent concentration on both sides, simultaneously. The measured concentration on
the discharge side of the instrument panel was typically 10 percent by volume, and
opposite the discharge side the concentration varied from 3.8 to over 4 percent.
The question to be answered by fire testing was whether there was sufficient agent
to extinguish a fire located opposite the side of agent discharge.

The following Halon extinguishing agents were evaluated:
1. Halon 1211, bromochlorodifluoromethane (CBrClFj)
2. Halon 1301, bromotrifluoromethane (CBrFj3)

Halon is an abbreviation for halogenated hydrocarbon, which is a hydrocarbon with
hydrogen atoms replaced with atoms from the halogen series: fluorine, chlorine,
bromine, and iodine. The United States Army Corps of Engineers established a
logical series of numbers (1211, 1301, etc.) for quick and convenient identifica-
tion of the Halon extinguishing agents. The first digit is the number of carbon
atoms in the molecule, the second is the number of fluorine atoms, the third is the
number of chlorine atoms, the fourth is the number of bromine atom, and the fifth
digit is the number of iodine atoms (reference 3).

DISCUSSION

TEST ARTICLE.

The test aircraft was .a Piper Model PA-30 Twin Comanche fuselage. The aircraft
was without seats, and was unfinished in regard to upholstery. Aircraft of this
type in service have four main seats (with a modification, 1 or 2 jump seats could
be added, bringing the total number of passengers, including the pilot, to 5 or 6).
The fire testing was conducted on the ground in the test aircraft. Ventilation was



simulated by the addition of compressed air through the aircraft vent system. In
this specific aircraft, a ram air port in the nose forces air through ducts in the
foward baggage compartment into the cabin. The aircraft test article is shown

in figure 1.

Eighty-six percent of cabin fires in general aviation aircraft are electric

in origin (references 1 and 2). The electrical systems for the most part are
located behind the instrument panel. Thus, the fire tests in this report were
directed behind the aircraft instrument panel.

MEASUREMENT OF EXTINGUISHING AGENTS.

An environmentally controlled trailer incorporated instrumentation for measur ing
the fire extinguishing agents of interest. The extinguisher agent was measured

at three aircraft instrument panel locations with Beckman model 865 gas analyzers,
with appropiate detectors purchased from Beckman Instruments Company, and an

opt ical filter to eliminate sensitivity to water vapor. Calibration gases at 3.0,
6.0, and 8.0 percent of Halon 1211 and 1301 were used. Calibrations were checked
before and after each test. The signals were recorded by a computer and plotted
against time. Interior temperatures were tracked with a programmable data logger
in order to ascertain the effectiveness of the extinguishing agent in suppressing
the fire on a time resolved basis.

ACID GAS COLLECTION.

Absorption tubes were used to collect acid gas samples during the tests. This pro-
cedure was developed previously at the Federal Aviation Administration (FAA)
Technical Center (reference 4).

The absorption tube was glass lined, stainless steel, 16 1/2 centimeters long with

a 4-millimeter inside diameter. It was packed to a depth of 14 centimeters with
glass beads (3-millimeter diameter) which were held in place by a slice of Teflon
pressed into the tube at each end (references 4 and 5). The beads were rinse-coated
with one molar sodium carbonate solution just prior to use. Excess solution was
blown from the tube by a syringe. A 2-inch length of 2 millimeter i.d. capillary
tubing was attached to the upstream end of each tube. The absorption tubes were
then sealed with plastic caps for protection.

The tubes were placed in the fuselage at the nose level of the pilot, about 8
inches below the ceiling in the center of the fuselage. The horizontally mounted
tubes were attached to copper vacuum lines leading outside the fuselage to the
solenoid valve assembly. One tube, capped on the downstream end, was used as a
blank for each test. A flow calibration check of each sample tube was made with a
wet test meter prior to each test.

The solenoid valve assembly is an array of solenoid valves, remotely controlled by
a multipole relay timer. 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. The multipole relay timer se quen-
tially opens the solenoid valves (one every 30 seconds) joined to each absorption
tube. This technique allows short sampling intervals and can handle a large number
of samples.

U!'
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ACID GAS ANALYSIS.

After each test, the sample tubes were removed from the fuselage, capped, and brought
to the laboratory for analysis. The anions are recovered by rinsing each absorp-
tion tube in a backflush mode with a 10-millilter aliquot of 0.05 molar sodium
carbonate solution dispensed by syringing. The luer tipped syringe is adapted to
the absorption tube with a female Swagelok fitting to a female luer connector.

The washings are collected in autosampler plastic cuvettes for subse quent analysis.
Hydrogen fluoride (HF), hydrogen chloride (HCl), and hydrogen bromide (HBr) were
identified and quantified with a Dionex Model 10 Ion Chromatograph with potent iom-—
etric detectors. A fluoride ion selective electrode was used for fluoride. A
silver/silver chloride electrode was used for chloride and bromide. The reference
electrode was a silver/silver chloride electrode with a potassium nitrate salt
bridge (reference 5).

FIREPORTS.

Fire ext inguishers charged with Halon 1211 of 2.5-pound capacity and Halon 1301 of
3+pound capacity were tested. Two types of application of the extinguishers were
employed; (1) the extinguishers were discharged directly up under the instrument
panel and (2) the extinguishers were discharged through Fireports (provided by
White Manufacturing Marketing, Inc., of Omaha, Nebraska) mounted directly through
the instrument panel. Fireports were installed as a means to provide direct fire
ext inguisher agent access to an inaccessible area. The Fireports were of two
types. One type consisted of five exit or distribution ports. Four distribution
ports were located radially on a cylinder barrel, directing agent in the radial
directions, and the fifth port was located in the cylinder barrel cap end, direct-
ing agent directly toward the firewall (figures 2, 3, and 4). The second type
Fireport was a single port design and directed agent to a specific location. The
Fireports incorporated a plastic insert in the front section through which the

ext inguisher nozzle was inserted to discharge agent through the Fireport into an
inaccessible area. A special nozzle adaptor had to be installed on Halon 1301

ext inguishers to provide a proper fit with the Fireports. This was a Teflon™
bodied orifice assembly that was used as a substitute for the hand extinguishers
discharge horn. It must be noted that use of such a replacement assembly in
practice will nullify the basis for the extinguisher's approval status.

TEST DESCRIPTION.

The ignition source was wiring insulation wrapped with Nichrome resistance wiring.
Electric current through the Nichrome was regulated with a variac. In addition, to
help the fire buildup within the instrument panel wiring area, 1 ml per second of
aircraft 5606 hydraulic fluid was sprayed onto the bundle for approximately one
minute. This helped to keep the fire burning as the insulation burned away at the
Nichrome heat source.

The fire extinguishers were mounted into a bracket designed to hold the extin-
guisher in place for discharge. The bracket was positioned to either discharge the
ext inguishers up under the instrument panel on the pilot's or on the copilot's
side. The bracket mechanism could be adjusted to discharge through the Fireports.
A solenoid was used to apply pressure from a nitrogen filled cylinder to discharge
the extinguisher by means of a pneumatic piston assembly.



TEST RESULTS.

The ignition of fires and the discharge of extinguishers were accomplished remotely.
The fire tests were observed and recorded with video systems. The extinguishers
were discharged one minute after ignition of the fire. The fire was allowed to
develop for a full minute in order to create more severe thermal conditions for

the extinguishing agent to overcome. A preburn time of one minute led to very
smokey conditions and loss of visibility. Once the fire is extinguished, immedi-
ate ventilation or dissipation of the smoke would be a high priority item.

A description of tests is contained in table 1.

The fires of tests 1l through 7 (figures 5 through 11) were extinguished upon

discharge of either Halon 1211 or Halon 1301. These results included fires on the .
pilot's and the copilot's sides of the cabin instrument panel. The exception to
these results was in test 8 (figure 12) which was a special test of an extinguisher
charged with Halon 1211. The fire was ignited under the instrument panel on the
copilot's side. The extinguisher was discharged through a Fireport on the pilot's
side. This was a multi-port type Fireport located 6 inches from the instrument
panel edge. The Halon 1211 extinguisher when applied in this manner failed to
completly extinguish the fire. The fire was knocked down but then increased and
went out of control. Two additional Halon 1211 extinguishers were discharged from
outside the aircraft without completely extinguishing the fire. After four to
five minutes, a COy extinguisher of 25 pounds was discharged and ext inguished the
fire. Test 8 was designed to address the problem of extinguisher discharge loca-
tion relative to the fire. The results emphasized the importance of discharging
the extinguisher as close to the fire source as possible.

The method of discharge of the fire extinguishers was one of two ways. They were
either directed up under the instrument panel and discharged directly to the fire
or discharged through Fireports through the instrument panel. The methods of
application of the extinguishers, through Fireports or directed up under the
instrument panel, were both effective in extinguishing the fires. Test 1, 3, and
5 involved agent directed up under the instrument panel. Tests 2, 4, 6 and 7
involved agent discharged through Fireports into and behind the instrument panel.
In all these tests, the fires were quickly extinguished.

In unconfined areas, fire extinguishers charged with Halon 1211 have a throw range
of up to 12 feet. When they are utilized in a confined space such as under the
instrument panel, liquid is discharged and may splatter on surfaces such as the
firewall, instruments, or panels. A short period of time is required for the
liquid to become gasified. The agent has a tendency to remain concentrated at the
point of discharge. Conversely, Halon 130l is discharged directly as a gas. A )
wider dispersal of Halon 1301 agent is evidenced by Halon 130l measurement behind

the instrument panel as compared to Halon 1211. Test 1 and test 3 (figures 5 and

7) utilized Halon 1211 discharged directly up and under the instrument panel.

Only one Halon 1211 gas measurement reached a high level, and this was in the

direction of application. Halon 1301 was discharged directly up under the instru-

ment panel in test 5 (figure 9). Halon 1301 gas measurements were high across the
instrument panel at the three measurement locations.. Thus, Halon 1301 was dis-

persed more extensively under the instrument panel than Halon 1211 when the agent

was discharged directly under the panel.



TABLE 1. DESCRIPTION OF TESTS

Type Discharge

Test Fire Halon
No. Locat ion Type Fireport Direct Figure
1 Below Instrument Panel- Co-Pilot's 5
Copilot's Footwell 1211 Footwell
2 Under Instrument Panel- 1211 Mult i-Port 6
Copilot's Side Center
3 Below and Behind Pilot's
Instrument Panel- Side 7
Pilot's Side 1211
4 Below and Behind
Instrument Panel- Mult i-Port 8
Pilot's Side 1211 Pilot's Side
5 Below and Behind
Instrument Panel- Pilot's 9
Pilot's Side 1301 Side
6 Below and Behind
Instrument Panel- Mult i-Port 10
Copilot's Side 1301 Center
7 Below and Behind
Instrument Panel- Single Port 11
Pilot's Side 1301 Pilot's Side
8 Under Instrument Panel- Mult i~-Port 12
Copilot's Side 1211 Pilot's Side



While fire extinguishers charged with Halon 1211, when discharged up under the
instrument panel, produced only one high level of gas measurement, Halon 1211
ext inguisher discharged through a Fireport (multi-port) located at the center of
the instrument panel produced high Halon gas measurements at all three sample
locat ions, as shown by test 2 (figure 6).

The two types of Fireports tested were the multi-port and the single port. The
mult i-port consisted of five ports. The distribution was a cylinder barrel with
four radial distribution ports and the fifth port was in the end plate and directed
agent toward the firewall. The single port contained only one port in the cylinder
barrel. This was a directional type Fireport. Testing location for the single
port was on the pilot's side 6 inches from the edge of the instrument panel.

In test 4 (figure 8), Halon 1211 was discharged through a Fireport multi-port
located on the pilot's side 6 inches from the edge of the instrument panel. This
resulted in only one Halon gas measurement of significantly high concentration,
also on the pilot's side. 1In test 2, Halon 1211 (figure 6) was discharged through
a Fireport multi-port located at the center of the instrument panel. This test
produced high Halon gas concentrations across the instrument panel at the three
measurement locations.

In test 7 (figure 11), Halon 1301 was dischared through a Fireport single port on
the pilot's side (6 inches from the edge) and the measurement levels were high
across the instrument panel. In test 6 (figure 10), Halon 1301 was discharged
through a Fireport multi-port at the center of the instrument panel, and provided
even higher Halon measurement levels across the instrument panel.

In the final analysis, Halon 130l gases are distributed well in almost any condi-
t ion whereas Halon 1211 gases perform well in only the Fireport {(multi-port) at
center location. Further, the replacement of the Horn on the Halon 1301 extin-
guisher with the Teflon adapter, for use with the Fireports, reduces the effec-

t iveness of the 1301 extinguisher with this modification during direct agent
discharge. However, hand held 1301 extinguishers cannot be utilized with the

Fireports without eliminating the discharge Horn. This would invalidate the bottle
approval status.

During fire extinguishment using Halon 1211, a portion of the agent decomposes to
produce the acids gases HCl, HF, and HBr. Samples of gases were ac quired during

some of the fire tests and analyzed. Typical sample results are plotted on figure
13. -

Table 2 tabulates the maximum levels of decomposed Halon 1211 products as measured
at the pilot's nose. The acid gases are low. Table 2 also lists the dangerous te

levels of these gases (reference 3). The maximum levels were significantly less
than the dangerous levels.

The Halon 12i1 molecule includes one bromine and one chlorine atom. As may be
noted, hydrogen chloride concentration should be approximately identical to the
concentration of hydrogen bromide. However, the levels are 780 ppm and 9 ppm,
respectively. The high hydrogen chloride levels are attributed to combustion of
electrical wire insulation. Toxic Halon decomposition gas concentrations resulting
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from fire extinguishment were minimal and significantly below levels considered
dangerous.

TABLE 2. MAXIMUM LEVELS OF HALON 1211 DECOMPOSITION GASES

Dangerous Concentration

Maximum Concentrat ion (Reference 3)
Gases (PPM) (PPM)
HC1 780%* 1000 - 2000
HF 6 50 - 250
HBr 9 : 50 - 250

* HCl produced from Halon decomposition is masked by high concentrations produced
from the wiring insulation. It is probably similar to HBr levels.

SUMMARY

A series of fire tests were conducted in the cabin of a Piper Twin Comanche fuse-
lage. The tests involved extinguishment of electrical wire insulation and hydraulic
fluid fires, located under and behind the instrument panel, using 2.5-pound

Halon 1211 and 3-pound Halon 1301 hand held extinguishers. The extinguishers

were either discharged directly up under the instrument panel or through Fireports
installed through the instrument panel. As long as the discharge was reasonably
near the fire, the Halons extinguished the fires rapidly, irrespective of the

method of application.

The fires produced dense black smoke in the cabin due to the intentional l-minute
burn period before discharge of the fire extinguishers. Visibility of the pilot
would be seriously impaired, in this short interval, and this demonstrates the need
for extinguisher application as early as possible.

A special fire test was designed to evaluate the effect of agent discharge at some
distance from the fire. The fire was initiated under the instrument panel,
copilot's side, and the extinguisher, Halon 1211, was discharged through a Fire-
port on the pilot's side (6 inches from side). Although there was suppression
accompained by a momentary drop in temperature, the fire reignited, intensified and
became of control. This experiment indicates the importance of discharging the

ext inguishing agent as close to tlh> fire source as possible.

The decomposition products resulting from application of Halon 1211 on the fires
were sampled and measured. Hydrogen flouride and hydrogen bromide concentrations
were either zero or less than 10 ppm. Hydrogen chloride concentrations were
significantly higher and this is attributed to the decomposition of electrical wire
insulation. The levels of acid gases directly attributable to Halon decompos it ion
were less than levels considered dangerous.

CONCLOUSIONS

1. Hand extinguishers of Halon 1211 and 1301 were effective in the ext inguishment
of electrical/hydraulic fires behind the instrument panel of a small aircraft cabin.



2. The method of application of the extinguishers, through Fireports or directed
up under the instrument panel, were both effective in extinguisning the fires.

3. The fires produced large quantities of dense black smoke in the cabin, in less
than 1 minute, emphasizing the need for rapid extinguishment.

4. Hand extinguishers of Halon 1301 provide effective agent distribution over a
larger volume behind the instrument panel compared to Halon 1211.

5. Hand extinguishers with Halon 1211 provided most effective distribution under
the instrument panel when discharged through a Fireport multi-port at the center
location compared to a location on the pilot's side of the instrument panel.

6. Hand-held Halon 1301 extinguishers cannot be used with the Fireport design
without removing the discharge horn and thereby invalidating the approval status of
the hand extinguisher.

7. Toxic Halon decomposition products resulting from fire extinguishment were
low and below levels considered dangerous.
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	v 
	EXECUTIVE SUMMARY 
	The effectiveness of Halon 1211 and Halon 1301 hand fire extinguishers w extinguishing fires under the instrument panel in a small aircraft was evaluated. The extinguishers were of 2.5-pound and 3-pound capacity, respectively. The fires 
	involved electrical wire insulation and hydraulic fluid. The fires could not be maintained without a small quantity of hydraulic fluid applied as a coating on the wiring harness. 
	The fire extinguishers were discharged using two methods; (1) by directing the agent upward under the instrument panel, and (2) by directing the agent behind the instrument panel through Fireports mounted on the instrument panel. The Fireports were installed through the instrument panel to provide direct access of the fire extinguisher agents to the space behind the panel. 
	The fires were extinguished rapidly by both types of agents when the discharge was directed at the fire. The methods of discharge, either through Fireports or 
	directed upward under the instrument panel, were equally effective. 
	A special test was performed to examine extinguisher effectiveness with the fire located under the instrument panel, copilot's side, but with extinguisher applica­tion through a Fireport located on the pilot's side. Although the fire was momen­tarily suppressed, reignition occurred and the fire became out of control. The fire had to be extinguished by application of backup extinguishing agent from outside the aircraft. 
	During several tests, measurements were also taken to examine the levels of toxic 
	Halon decomposition gases; hydrogen chloride, hydrogen fluoride, and hydrogen 
	bromide. The decomposition levels were consistently low, and significantly below 
	the levels considered dangerous. 
	V1 
	INTRODUCTION 
	PURPOSE. 
	The objective was to evaluate the effectiveness of Halon hand extinguishers on fires involving electrical wire insulation and hydraulic fluid beneath the instrument panel in a small airplane. 
	BACKGROUND. 
	Previous efforts involving testing of Halon fire extinguishers in general aviation 
	were completed in a Cessna Model 210 aircraft (references 1 and 2). The Cessna 
	aircraft was installed in an airflow facility and tested at an airspeed near cruise 
	conditions. These tests produced realistic aircraft cabin ventilation rates in 
	order to examine dissipation of the fire extinguisher agents. The tests were 
	without fires, and the toxicity of the neat Halon gases was addressed. It was · determined that ventilation and stratification of the Halon gases pr.oduced safe 
	conditions in the cab in ·of unpressurized single engine aircraft such as the Cessna 
	Model 210. 
	The Cessna aircraft tests included discharging the extinguisher up under the 
	instrument panel on either the pilot's side or the copilot's side and measuring the 
	agent concentration on both sides, simultaneously. The measured concentration on 
	the discharge side of the instrument panel was typically 10 percent by volume, and 
	opposite the discharge side the concentration varied from 3.8 to over 4 percent. 
	The question to be answered by fire testing was whether there was sufficient agent 
	to extinguish a fire located opposite the side of agent discharge. 
	The following Halon extinguishing agents were evaluated: 
	1. Halon 1211, bromochlorodifluoromethane (CBrClF2) 
	2. Halon 1301, bromotrifluoromethane (CBrF3) 
	Halon is an abbreviation for halogenated hydrocarbon, which is a hydrocarbon with 
	6ydrogen atoms replaced with atoms from the halogen series: fluorine, chlorine, 
	bromine, and iodine. The United States Army Corps of Engineers established a 
	logical series of numbers 0211, 1301, etc.) for quick and convenient identifica­
	tion of the Halon extinguishing agents. The first digit is the number of carbon 
	I 
	atoms in the molecule, the second is the number of fluorine atoms, the third is the 
	number of chlorine atoms, the fourth is the number of bromine atom, and the fifth 
	digit is the number of iodine atoms (reference 3). 
	DISCUSSION 
	TEST ARTICLE. 
	The test aircraft was .a Piper Model PA-30 Twin Comanche fuselage. The aircraft 
	was without seats, and was unfinished in regard to upholstery. Aircraft of this 
	type in service have four main seats (with a modification, 1 or 2 jump seats could 
	be added, bringing the total number of passengers, including the pilot, to 5 or 6). 
	The fire testing was conducted on the ground in the test aircraft. Ventilation was 
	1 
	simulated by the add it ion of compressed air through the aircraft vent system. In this specific aircraft, a ram air port in the nose forces air through ducts in the foward baggage compartment into the cabin . The aircraft test article is shown in figure 1. 
	Eighty-six percent of cabin fires in general aviat i on aircraft are electric 
	in origin (references 1 and 2). The electrical systems for the most part are located behind the instrument panel. Thus, the fire tests in this report were 
	directed behind the aircraft instrument panel . 
	MEASUREMENT OF EXTINGUISHING AGENTS . 
	An environmentally controlled trailer instrumentation for measur1ng the fire extinguishing agents of interest. The extinguisher agent was measured at three aircraft instrument panel locations with Beckman model 865 gas analyzers, with appropiate detectors purchased from Be12kman Instruments Company, and an optical filter to eliminate sensitivity to water vapor . Calibration gases at 3.0, 6.0, and 8.0 percent of Halon 1211 and 1301 were used. Calibrations were checked before and after each test . The s ignal
	incorporat.ed 

	in order to ascertain the effectiveness of the extingu i shing agent in suppressing 
	the fire on a time resolved basis. 
	ACID GAS COLLECTION. 
	Absorption tubes were used to collect acid gas samples during the tests. This pro­cedure was developed previously at the Federal Aviation Administration (FM) Technical Center (reference 4). 
	The absorption tube was glass lined, stainless steel, 16 1/2 centimeters long with a 4-millimeter inside diameter. It was packed to a depth of 14 centimeters with glass beads (3-millimeter diameter) which were held in place by a slice of Teflon pressed into the tube at each end (references 4 and 5). 1be beads were rinse-coated with one molar sodium carbonate solution just prior to use. Excess solution was blown from the tube by a syringe. A 2-inch length of 2 millimeter i.d. capillary tubing was attached to
	The tubes were placed in the fuselage at the nose level of the pilot, about 8 
	inches below the ceiling in t he center of the fuselage. Tne horizontally mounted 
	tubes were attached to copper vacuum lines leading outside the fuselage to the 
	solenoid valve assembly. One tube, capped on the downstream end, was used as a 
	blank for each test. A flow calibration check of each sample tube was made with a 
	wet test meter pr i or to each test. 
	The solenoid valve assembly is an array of solenoid valves, remotely controlled by 
	a multipole relay timer: 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. The mult ipole relay timer se quen­
	tially opens the solenoid valves (one every 30 seconds) joined to each absorption 
	tube. This technique allows short sampling intervals and can handle a large number 
	of samples. 
	2 
	ACID GAS ANALYSIS. 
	After each test, the sample tubes were removed from the fuselage, capped, and brought to the laboratory for analysis . The anions are recovered by rinsing each absorp­tion tube in a backflush mode with a 10-millilter aliquot of 0.05 molar sodium carbonate solution dispensed by syringing. The luer tipped syringe is adapted to the absorption tube with a female Swagelok fitting to a female luer connector. The washings are collected in autosampler plastic cuvettes for subse~ent analysis. ~ydrogen fluoride (HF),
	FIREPORTS. 
	Fire extinguishers charged with Halon 1211 of 2.5-pound capacity and Halon 1301 of 
	3~pound capacity were tested. Two types of application of the extinguishers were 
	employed; (1) the extinguishers were discharged directly up under the instrument 
	panel and (2) the extinguishers were discharged through Fireports (provided by 
	White Manufacturing Marketing, Inc., of Omaha, Nebraska) mounted directly through 
	the instrument panel. Fireports were installed as a means to provide direct fire 
	extinguisher agent access to an inaccessible area. The Fireports were of two 
	types. One type consisted of five exit or distribution ports. Four distribution 
	ports were located radially on a cylinder barrel, directing agent in the radial 
	directions, and the fifth port was located in the cylinder barrel cap end, direct­
	ing agent directly toward the firewall (figures 2, 3, and 4). The second type 
	Fireport was a single port design and directed agent to a specific location. The 
	Fireports incorporated a plastic insert in the front section through which the 
	extinguisher nozzle was inserted to discharge agent through the Fireport into an 
	inaccessible area . A special nozzle adaptor had to be installed on Halon 1301 
	extinguishers to provide a proper fit with the Fireports. This was a Teflon~ 
	bodied orifice assembly that was used as a substitute for the hand extinguishers ' discharge horn. It must be noted that use of such a replacement assembly 1n 
	practice will nullify the basis for the extinguisher's approval status. 
	TEST DESCRIPTION. 
	The ignition source was wiring insulation wrapped with Nichrome resistance wiring. 
	Electric current through the Nichrome was regulated with a variac. In addition, to 
	help the fire buildup within the instrument panel wiring area, 1 ml per second of 
	aircraft 5606 hydraulic fluid was sprayed onto the bundle for approximately one 
	minute . This helped to keep the fire burning as the insulation burned away at the 
	Nichrome heat source. 
	The fire extinguishers were mount ed into a bracket designed to hold the extin­
	guisher in place for discharge. The bracket was positioned to either discharge the 
	extinguishers up under the instrument panel on the pilot's or on the copilot's 
	side. The bracket mechanism could be adjusted to discharge through the Fireports. 
	A solenoid was used to apply pressure from a nitrogen filled cylinder to discharge 
	the extinguisher by means of a pneumatic piston assembly. 
	3 
	TEST liliSULTS . 
	The ignition of fires and the discharge of extinguishers were accomplished remotely. The fire tests were observed and recorded with video systems. The extinguishers were discharged one minute after ignition of the fire. The fire was allowed to develop for a full minute in order to create more severe thermal conditions for the extinguishing agent to overcome. A preburn time of one minute led to very smokey conditions and loss of visibility. Once the fire is extinguished, immedi­ate ventilation or dissipation
	A description of tests 1s contained i n table 1. 
	The fires of tests 1 through 7 (figures 5 through 11) were extinguished upon 
	discharge of either Halon 1211 or Halon 1301. These results included fires on the 
	pilot's and the copilot's sides of the cabin instrument panel. The exception to 
	these results was in test 8 (figure 12) which was a special test of an extinguisher 
	charged with Halon 1211. The fire was ignited under the instrument panel on the 
	copilot's side. The extinguisher was discharged through a Fireport on the pilot's 
	side. This was a multi-port type Fireport located 6 inches from the instrument 
	panel edge. The Halon 1211 extinguisher when applied in this manner failed to 
	completly extinguish the fire. The fire was knocked down but then increased and 
	went out of control. Two additional Halon 1211 extinguishers were discharged from 
	outside the aircraft without completely extinguishing the fire. After four to 
	five minutes, a . C02 extinguisher of 25 pounds was discharged and extinguished the 
	fire. Test 8 was designed to address the problem of extinguisher discharge loca­
	tion relative to t.he fire. The results emphasized the importance of discharging 
	the extinguisher as close to the fire source as possible. 
	The method of discharge of the fire extinguishers was one of two ways. They were 
	either directed up under the instrument panel and discharged directly to the fire 
	or discharged through Fireports through the instrument panel. The methods of 
	application of the extinguishers, through Fireports or directed up under the 
	instrument panel, were both effective in extinguishing the fires. Test l, 3, and 
	5 involved agent directed up under the instrument panel. Tests 2, 4, 6 and 7 
	involved agent discharged through Fireports into and behind the instrument panel. 
	In all these tests, the fires were quickly extinguished. 
	In unconfined areas, fire extinguishers charged with Halon 1211 have a throw range 
	of up to 12 feet. When they are utilized in a confined space such as under the 
	instrument panel, liquid is discharged and may splatter on surfaces such as the 
	firewall, instruments, or panels. A short period of time is required for the 
	liquid to become gasified. The agent has a tendency to rema i n concentrated at the 
	point of discharge. Conversely , Halon 1301 is discharged directly as a gas. A 
	wider dispersal of Halon 1301 agent is evidenced by Halon 1301 measurement behind 
	the instrument panel as compared to Halon 1211. Test 1 and test 3 (figures 5 and 
	7) utilized Halon 1211 discharged directly up and under the instrument panel. Only one Halon 1211 gas measurement reached a high level, and this was in the direct ion of application. Halon 1301 was discharged directly up under the instru­ment pane l in test 5 (figure 9). Halon 1301 gas measurements were high across the 
	instrument panel at the three measurement locations.. Thus, Halon 1301 was dis­persed more extensively under the instrument panel than Halon 1211 when the agent was discharged directly under the panel. 
	4 
	TABLE l. DESCRIPTION OF TESTS 
	Type Discharge Test Fire Halon No. Location Type Fireport Direct Figure 
	1 Below Instrument Panel-Co-Pilot's 5 Copilot ' s Footwell 1211 Footwell 
	2 Under Instrument Panel-1211 Multi-Port 6 Copilot's Side Center 
	~ 
	3 Below and Behind Pilot's Instrument Panel-Side 7 ...Pilot ' s Side 1211 
	' 

	4 Below and Behind Instrument Panel-Multi-Port 8 Pilot's Side 1211 Pilot's Side 
	5 Below and Behind Instrument Panel-Pilot's 9 Pilot's Side 1301 Side 
	6 Below and Behind Instrument Panel-Multi-Port 10 Copilot's Side 1301 Center 
	7 Below and Behind Instrument Panel-Single Port 11 Pilot's Side 1301 Pilot ' s Side 
	Under Instrument -Panel-Multi-Port 12 Copilot's Side 1211 Pilot's Side 
	~· 
	5 
	While fire extinguishers charged with Halon 1211, when discharged up under the 
	instrument panel, produced only one high level of gas measurement, Halon 1211 extinguisher discharged through a Fireport (multi-port) located at the center of the instrument panel produced high Halon gas measurements at all three sample locations, as shown by test 2 (figure 6). 
	The two types of Fireports tested were the multi-port and the single port. The multi-port consisted of five ports. The distribution was a cylinder barrel with four radial distribution ports and the fifth port was in the end plate and directed agent toward the firewall. The single port contained only one port in the cylinder barrel. This was a directional type Fireport. Testing location for the single port was on the pilot's side 6 inches from the edge ; of the instrument panel. 
	In test 4 (figure 8), Halon 1211 was discharged through a Fireport multi-port 
	located on the pilot's side 6 inches from the edge of the instrument panel. This 
	resulted in only one Halon gas measurement of significantly high concentration, 
	also on the pilot's side. In test 2, Halon 1211 (figure 6) was discharged through 
	a Fireport multi-port located at the center of the instrument panel. This test 
	produced high Halon gas concentrations across the instrument panel at the three 
	measurement locations. 
	In test 7 (figure 11), Halon 1301 was dischared through a Fireport single port on 
	the pilot's side (6 inches from the edge) and the measurement levels were high 
	across the instrument panel. In test 6 (figure 10), Halon 1301 was discharged 
	through a Fireport multi-port at the center of the instrument panel, and provided 
	even higher Halon measurement levels across the instrument panel. 
	In the final analysis, Halon 1301 gases are distributed well in almost any condi­tion whereas Halon 1211 gases perform well in only the Fireport (multi-port) at center location. Further, the replacement of the Horn on the Halon 1301 extin­guisher with the Teflon adapter, for use with the Fireports, reduces the effec­tiveness of the 1301 extinguisher with this modification during direct agent discharge. However, hand held 1301 extinguishers cannot be utilized with the Fireports without eliminating the discha
	During fire extinguishment using Halon 1211, a port ion of the agent decomposes to 
	produce the acids gases HCl, HF, and HBr. Samples of gases were acquired during 
	some of the fire tests and analyzed. Typical sample results are plotted on figure 
	13. 
	Table 2 tabulates the max~mum levels of decomposed Halon 1211 products as measured 
	at the pilot's nose. The acid gases are low. Table 2 also lists the dangerous 
	levels of these gases (reference 3). The maximum levels were significantly less 
	than the dangerous levels. 
	The Halon 1211 molecule includes one bromine and one chlorine atom. As may be noted, hydrogen chloride concentration should be approximately identical to the concentration of hydrogen bromide. However, the levels are 780 ppm and 9 ppm, respectively. The high hydrogen chloride levels are attributed to combustion of electrical wire insulation. Toxic Halon decomposition gas concentrations resulting 
	6 
	I .,.. 
	from fire extinguishment wer e minimal and significantly below levels considered dangerous. 
	TABLE 2 . MAXIMUM LEVELS OF HALON 1211 DECOMPOSITION GASES 
	Dangerous Concentration Maximum Concentration (Reference 3) Gases (PPM) (PPM) 
	HCl 780* 1000 -2000 HF 6 50 -250 HBr 9 50 -250 
	* HCl produced from Halon decomposition is masked by high concentrations produced from the wiring insulat i on . It is probably similar to HBr levels. 
	SUMMARY 
	A series of fire tests were conducted in the cabin of a Piper Twin Comanche fuse­lage . The tests involved extinguishment of electrical wire insulation and hydraulic q uid fires, located under and behind the instrument panel, using 2.5-pound Halon 1211 and 3-pound Halon 1301 hand held extinguishers . The extinguishers were either discharged di rectiy up under the instrument panel or through Fireports installed through t he instrument paneL As long as the discharge was reasonably near the fire, the Halons ex
	TI1e fires produced dense black smoke 1n the cabin due to the intentional 1-minute burn period before discharge of the fire extinguishers. Visibility of the pilot would be seriously impaired, 1n this short interval, and this demonstrates the need for extinguisher application as early as possible. 
	A special fire test was designed to evaluate the effect of agent discharge at some distance from the fire. The fire was initiated under the instrument panel, copilot' s side, and the extinguisher, Halon 1211, was discharged through a Fire­port on the pilot ' s side (6 inches from side). Although there was suppression accompained by a momentary drop in temperature, the fire reignited, intensified and became of control . This experiment indicates the importance of discharging the extinguishing agent as close 
	' .·, ).~ 
	fhe decomposition products resul ting from application of Halon 1211 on the fires were sampled and measured. Hydrogen flouride and hydrogen bromide concentrations were either zero or less than 10 ppm. Hydrogen chloride concentrations were significantly higher an.d this is attributed to the de compos it ion of electrical ·wire 
	insulation. The levels of acid gases directly attributable to Halon decomposition were less than levels considered dangerous. 
	CONCLUSIONS 
	1. Hand extinguishers of Halon 1211 and 1301 were effective 1n the extinguishment of electr ica1 /hydraulic fires behind the instrument pane 1 of a small aircraft cabin . 
	7 
	2. 
	2. 
	2. 
	The method of application of the extinguishers, through Fireports or directed up under the instrument panel, were both effective in extinguishing the fires. 

	3. 
	3. 
	The fires produced large quantities of dense black smoke in the cabin, in less than 1 minute, emphasizing the need for rapid extinguishment. 

	4. 
	4. 
	Hand extinguishers of Halon 1301 provide effective agent distribution over a larger volume behind the instrument panel compared to Halon 1211. 

	5. 
	5. 
	Hand extinguishers with Halon 1211 provided most effective distribution under the instrument panel when discharged through a Fireport multi-port at the center location compared to a location on the pilot's side of the· instrument panel. 

	6. 
	6. 
	Hand-held Halon 1301 extinguishers cannot be used with the Fireport design without removing the discharge horn and thereby invalidating the approval status of the hand extinguisher. 

	7. 
	7. 
	Toxic Halon decomposition products resulting from fire extinguishment were low and below levels considered dangerous. 
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