









































except the wheel brake fire used JP-4 as the fuel. Figure 1 contains photographs of various test
articles used in the course of this eighteen-month research effort.

Initially, all three agents were dispensed using a standard Amerex Model 600 extinguisher.
However, it became apparent early in the testing that the standard Amerex extinguisher was not
the optimum system for dispensing Halotron I. Despite following precise extinguisher loading
procedures, a smooth continuous flow of agent could not be achieved throughout the entire
duration of discharge. It was concluded that the pulsating flow or “chugging” was due mainly to
a drop in extinguisher pressure during discharge.

Based on the hypothesis that Halotron I performance would be improved if a constant agent
discharge rate could be achieved, American Pacific Corporation (AMPAC) developed a
modification to the 150-pound capacity standard Amerex Model 600 extinguisher. The
modification basically consisted of the addition of a booster cylinder filled with Halotron I
expander gas. The purpose of the expander gas was to maintain a constant extinguisher operating
pressure. At the request of the FAA, additional Halotron I testing (using modified extinguishers)
was conducted, see table 2.

Through a contract with the Amerex Corporation, AMPAC further optimized their modified
extinguisher design. In addition a Fire Combat™ standard small-vehicle truck 500-pound Halon
1211 system was also optimized for use with the Halotron I agent.

2. TEST PROTOCOLS.

The various tests which were conducted represented test scenarios that would test the agents at
their upper threshold application limit. This was required to determine a reasonable equivalency
rating for the new agents. It was difficult to judge performance levels of the replacement agents
with early test data which was based on small, easily extinguished four-foot-square pan fires and
small ten-foot-diameter pool fires. Neither of these fire types presented any difficulty for the
candidate agents.

2.1 TEST REPRODUCTIONS.

It has been over twenty years since Halon 1211 was evaluated under full-scale aircraft ground fire
conditions. The FAA Technical Center's Airports Technology R&D Branch has taken the
position that any test protocols developed for evaluation of replacement clean extinguishing agent
candidates should duplicate as much as possible the original test scenarios for quantifying Halon
1211 as a flight line standby bottle and fire vehicle auxiliary extinguishing agent. Descriptions of
these earlier tests can be found in Evaluation of Aircraft Ground Fire-Fighting Agents and
Techniques, FAA-RD-71-57, AGFSRS 71-1, 1972.










2.2 TEST DESCRIPTION.

Of the five unique fire-extinguishing tests utilized in this evaluation, four were to extinguish the
fires as rapidly as possible. The four were (1) three-dimensional, inclined-plane running fuel fire;
(2) simulated engine nacelle running fuel fire; (3) dry-pool fire extinguishment; and (4) simulated
wheel well fire. The fifth test was an agent throw-range test to measure the effective throw length
of the agent. The fuel for all test events was JP-4 except for the simulated wheel well fire which
used the most flammable hydraulic fluid found in aircraft brake systems.

The Halotron I agent was provided for the test program at no cost to the FAA or USAF. More
than 12,000 Ib of agent was discharged either in fire tests or in discharge testing.

2.3 DRY-POOL FIRE EXTINGUISHMENT TESTS.

Pool fire extinguishment tests (streaming agent or pan fire tests) are usually conducted by floating
the fuel on a pool of water. These tests are not representative of most small fuel spill fires
encountered in a flight line operation. A common scenario is the spillage of fuel on a dry, level
concrete surface. To simulate this event, JP-4 fuel was poured onto a flat level 30- by 30-foot
concrete surface and ignited (dry-pool fire test). The project manager felt that this test would be
harder but was indicative of the type of fire encountered in a flight line fuel spill response and
modified the test protocol accordingly.

Fuel spill areas were varied between 250 and 800 square feet. It was found that the most
expedient method for conducting the tests was to mark corners on the concrete and pour fuel on
the concrete until it covered the desired area at which time ignition was made. The approximate
quantity of fuel required to cover a given area of concrete surface is shown in table 5. This
method was used rather than securing concrete curbs within the 30- by 30-foot concrete pad and
changing positions of those curbs as the fire area was changed. The total preburn time for this
test was not less than 20 seconds.

As soon as the entire spill area was involved in fire, the fire was extinguished by an experienced
firefighter using the 150-pound Amerex extinguisher. The objective of the dry-pool fire test was

to extinguish the fire as quickly as possible.

2.4 THREE-DIMENSIONAL, INCLINED-PLANE TESTS.

A fire scenario common to many aircraft accidents involves the flow of fuel from ruptured fuel
tanks over sloping terrain. The tests apparatus constructed to simulate this condition was a 20-
foot-long, S-foot-wide steel ramp with a catch basin at the base which measured 4 by 8 feet. The
ramp had a 8.3-degree pitch or slope of 1 inch per foot. To more accurately represent actual field
conditions, the steel ramp was overlaid with 1.5 inches of concrete (to be consistent with tests
described in DOT/FAA/CT-82/109). JP-4 was discharged at the rate of 3 gpm (gallons per
minute) through five holes in the horizontal pipe positioned across the top of the incline (fuel
feed). After 1/4 inch (5 gallons) of fuel accumulated in the catch pan, the fire was ignited.
Following a 30-second preburn, the fire was extinguished using the 150-pound Amerex


















90-second preburn, the fire was attacked using the 150-pound Amerex extinguisher. Using the
proper technique for this situation, the firefighter approached the wheel from a direction
perpendicular to the axle. As an additional safety precaution, the aircraft tire was deflated prior to
testing. The test objective was to extinguish the fire as rapidly as possible. See figure 1D, for
details.

2.7 AGENT THROW-RANGE TESTS.

The agent specific effective throw range of the Amerex Model 600 (150-pound) extinguisher was
assessed by discharging Halon 1211, perfluorohexane, and Halotron I over a linear array of fire
pans. The eleven 4-inch-tall, 11-inch-diameter pans were spaced 36 inches from center to center.
Each pan contained 1/4 inch of fuel (13 oz.) floated on 1/2 inch of water; 3 1/4 inches of
freeboard was maintained on the pans. At 30 seconds after the last pan was ignited, the agent was
discharged from the fixed nozzle located 21 feet from the first pan with a horizontal orientation.
The nozzle was positioned 32 inches above and parallel to the ground. The extinguishers were
allowed to fully discharge. The test objective was to establish the maximum effective throw range
for each candidate agent.

These tests were conducted indoors to eliminate any effects of wind. In order to minimize
personnel exposure to hazardous decomposition products resulting from interaction of the
halogen-based agents with the fire, the fire extinguishers were remotely activated. Videotape and
subsequent limited entry into the building were used to measure the results of the tests. Table 7
shows the various configurations of the pans.

2.8 DATA COLLECTION.

Two video cameras were used to record all test activities. Dozens of still photographs were taken
to record significant events. All pertinent test data were recorded. Standard weather data
including wind direction and velocity, temperature, and relative humidity were recorded for each
test.

3. HALOTRON I DESCRIPTION.

Halotron I is a blend consisting mainly of 2 2-dichloro-1,1, 1-trifluoroethane (HCFC-123). This
liquid component is provided in bulk with a pressurization of argon (the Halotron I base). The
base liquid component is loaded into the extinguisher which is then pressurized to the final
extinguisher pressure with a compressed gas mixture of tetrafluoromethane and argon (the
Halotron I expander gas). The expander gas serves as the propellant/dispersion component of the
Halotron I system, which together with a simple nozzle tip modification, combine to optimize
agent performance. Unlike Halon 1211, Halotron I does not use nitrogen as a propellant.

Halotron I requires changes in the elastomer materials used on the extinguisher. It also requires a

slightly modified fire-fighting technique incorporating rapid sweeps which were used in most of
the fires described in this report.
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the material used in the stem seal and collar O-ring was changed to a more compatible material for
this testing.

The nozzle tip used with Halon 1211 in the Amerex Model 600 has an orifice diameter of 0.375
inch (9.5 mm). As part of the optimization method used in the Halotron I system, the standard
nozzle tip used with Halon 1211 was replaced with one constructed of a different geometry and
orifice diameter. A 0.551-inch (14-mm) orifice diameter was used with Halotron I on the Amerex
Model 600 in the initial formal testing.

The most widely cited estimate of Amerex Model 600 Halon 1211 fire extinguishers in one of its
evolution’s now in the inventory of the U.S. Air Force is 18,000. Therefore, a Halon 1211
replacement agent that is adaptable and performs satisfactorily in this model will have a large
impact on the U.S. Air Force effort to reduce the use of Class I ozone depleting substances.

5. TEST RESULTS.

There were several series of tests conducted over an eighteen-month period. These tests led to
the full optimization of the Halotron I fire-extinguishing system.

5.1 THREE-DIMENSIONAL, INCLINED-PLANE TEST.

The official inclined-plane tests were conducted on March 24, 1993, All tests were conducted in
the same manner according to the test plan. Data for the official tests are presented in table 3.

The data show that Halotron I was very effective on this fire scenario. For Halotron I, the
average extinguishment discharge time was 15.8 seconds and the average amount required for
extinguishment was 63.5 Ib, whereas for Halon 1211 the values were 22 .4 seconds and 75.5 Ib. It
was decided by the field test director that one Halon 1211 test was a sufficient characterization
for baseline purposes. Therefore, discharge time for extinguishment with Halotron I was 30
percent less and the agent amount was 16 percent less than for Halon 1211 on this fire.

It was anticipated that this fire would be very difficult to extinguish for Halon 1211 replacement
agents. This running fuel fire scenario is three-dimensional and presents a unique challenge for
the firefighter because of the combination of running fuel and a hot metal reignition source at the
edges of the ramp and at the base of the pan. This scenario is typical of several types of fires
commonly encountered in the past where Halon 1211 was used in a flight line application. It is
very significant that Halotron I actually required less agent and time to extinguish this difficult fire
than Halon 1211.
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TABLE 3. THREE-DIMENSIONAL, INCLINED-PLANE TEST RESULTS

WIND
TEST - DISCHARGE AMOUNT VELOCITY

DATE AGENT DESIGNATION EXTINGUISHED TIME (SEC) USED (LB) (MPH)
3/18/93 Halon 1211 2 yes 9 36.5 1-2
3/18/93 Halotron 3 yes 33 119.5 8-14*
3/24/93 Halotron 2-a yes 10** 46.5 5
3/24/93 Per. C° 4 yes 28 128.0 1
3/24/93 Halotron 5 yes 13** 60.0 6
3/24/93 Halon 1211 7 yes 23 755 1
3/24/93 Halotron 9 yes 23 84.0 45
3/25/93 Per. C° 1 yes 36 147.5 1
3/25/93 Per. C° 4-b yes 40 130.5 3.5
6/15/93 Halotron 1-b no** 33.5 139.5 4
6/15/93 Halotron 2-b no*** 36 147.5 6-10
6/15/93 Halotron 5 yes 17 75.0 3
6/15/93 Halotron 6 yes 28 134.0 3

*  Wind velocity far exceeded test protocol yet Halotron | was still able to extinguish test fires.
** Halotron had the best average results on the official test day.
*** Halotron | system engineers were trying different nozzle configurations on both of these failed tests. These tests had

no reflection on the official test protocol. Throughout this program American Pacific personnel tried various ideas to
further optimize their product.



5.2 SIMULATED ENGINE NACELLE RUNNING FUEL FIRE TEST.

The official simulated engine nacelle running fuel fire tests were conducted on March 24-25,
1993. As previously noted, all official tests were conducted without a curbed-in area on the 30-
by 30-foot concrete pad. This differed from the March 1993 Test Plan. Follow-up testing of the
fully optimized system continued into 1994 and was successful in extinguishing the running fuel
engine nacelle fire. All tests were conducted with 24 gallons of fuel accumulation on the concrete
at the time of ignition. As per the test plan, preburn for all tests was 15 seconds. Data for the
official tests is presented in table 4.

This fire scenario is a very severe test for a clean gaseous agent and was difficult for both
Halotron I and Halon 1211. It was apparent in the tests that were conducted that the fire is very
sensitive to wind conditions and the technique of the firefighter. For these tests, the nacelle test
apparatus was fixed regardless of wind direction. Occasionally, wind direction was parallel to the
length of the nacelle and from the back side, this greatly increased the intensity of the fire through
the nacelle. Excessive wind speed causes the agent to be carried away so that the firefighter loses
his optimum ability to control the fire. To be sure, in the real world, there will be wind conditions
that will be severe, but it must be remembered that the objective of these tests was to scientifically
compare the effectiveness of Halotron I to Halon 1211, so that conditions for this comparison
should be the same and repeatable. High-velocity wind conditions in a certain direction were
shown to make this fire very difficult for Halon 1211.

Although Halotron I did not extinguish any of the official tests, on all of the tests, most notably
test 6 on March 24, the agent controlled the fire on the ground and in the nacelle and a different
angle of attack would have most likely extinguished the fire. It was generally concluded with a
little more agent application time the fire may have been extinguished. This was verified when the
optimized twin agent 500-pound capacity bottle system was used.

This fire does represent a type of scenario faced by Halon 1211 in the past, namely, protection of
expensive aircraft engines. According to available information from the U.S. Air Force and U.S.
Navy, this type of fire is approached with both foam and dry chemical agents to control the fire
outside of the nacelle area while the clean agent is applied to the engine area itself.

5.3 DRY-POOL FIRE EXTINGUISHMENT TEST RESULTS.

The dry-pool fire extinguishment tests were conducted on March 26, 1993. The tests were
conducted in accordance with the above description. Test data for these tests are presented in
table S.

The limited data on this test indicate that it takes approximately 41 percent more discharge time
and 50 percent more agent to extinguish dry-pool fires with Halotron I as with Halon 1211.
Based on this limited data, the performance of Halotron I relative to Halon 1211 in this dry-pool
scenario is comparable with the testing at MCAS, Beaufort, SC, where large pool fires were
conducted on water.
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TABLE 4. SIMULATED ENGINE NACELLE RUNNING FUEL FIRE TEST RESULTS

3/13/93
3/19/93
3/23/93
3/23/93
3/23/93
3/23/93
3/24/94
3/24/93
3/24/93
3/24/93
3/24/93
3/25/93
3/25/93
3/25/93
3/25/93
3/25/93
6/15/93
6/15/94
6/16/93
6/16/93
6/16/93
6/16/93
10/22/93

WIND

TEST DISCHARGE AMOUNT VELOCITY
AGENT » EXTINGUISHED TIME (SEC) USED (LB) (MPH)
Halon 1211 1-a yes 15.8 77.5 10
Halotron 1-b yes 21.0 87.0 7-10
Halotron 1 no 38.5 117.5 4
Halotron 2 no 38.0 120.0 4-5
Halotron 3 no 33.0 114.5 4
Halon 1211 5 yes 14.0 49.5 7
Halotron 1 no 33.0 113.0 3
Per. C° 3 no 450 136.5 1
Halotron 6 no 36.0 118.0 1-3
Per. C° 8 no 42.0 147.0 4
Halotron 10 no 40.0 125.0 >5
Halotron 2 no 34.0 115.0 >5
Halon 1211 b no 37.0 119.0 3
Per. C° 3 no 43.0 139.0 3
Halon 1211 7 yes 15.0 58.0 3-5
Halotron 9 no 34.0 116.5 5-6
Halotron 3-c yes 26.0 129.5 4
Halotron 4-a yes 37.0 147.5 4
Halotron 1-c yes 33.0 126.5 2
Halotron 2-C no 35.0 146.0 >8
Halotron 4-b no 33.0 143.0 7
Halotron 3-b no 36.0 146.5 6
Halotron 1-b no 42.0 179.0 >6






















C. A Ve-inch spring loaded poppet check valve, with a 1-psi cracking pressure and
flow rate of 80 scfm at 1200 psig.

d. A high-pressure 2-inch-diameter, 2-foot-long, stainless steel braided hose with V-
inch swivel JIC connections.

e. One 18- by 2- by %-in. carbon steel counter balance weight with U-bolt
connections.

This Booster Modification was delivered to Tyndall AFB for discharge and fire testing in June
1993. For this series of tests, the booster cylinder was pressurized with Halotron I expander gas
to 1200 psig. Starting pressure in the extinguisher itself was 200 psig (as opposed to the
nonbooster which started at 240 psig). The nozzle tip used with modification 1 was the same
geometry as the 14-mm-diameter nozzle used with the nonbooster version except that orifice size
was reduced to a 11.5 mm diameter for most tests. A 12-mm nozzle was used on two of the
tests. This reduction from 14 mm diameter was made to maintain appropriate total discharge
times with the increased pressure in the extinguisher.

It was arbitrarily decided that the fill ratio would be increased so the agent amount by weight
would be the same as Halon 1211 (150 Ib). The charge amount used with booster modification 1
could have been higher (up to 180 Ib or 81.8 kg) as was the case later when booster modification
2 was tested with a 180-lb charge and a 14-mm nozzle. Total discharge time with this equipment
configuration was approximately 35 seconds. Chugging was not apparent in any of the tests until
after approximately 31 seconds of discharge. Three-dimensional, inclined-plane running fuel fire
test data are shown in table 8. The simulated engine nacelle running fuel fire test results are
shown in table 9. Dry-pool fire test results are shown in table 10.

The data on the configuration in the above tests is skewed by the effects of variation in fire-
fighting technique and severe wind conditions on the nacelle fire. The combination of charge
amount and the smaller nozzle used in this configuration resulted in a lower initial flow rate than
the nonbooster configuration. This is significant because of the above described importance of
the two-thirds discharge rate. Even though the total average flow rate is higher for booster
modification 1, the initial flow rate (Ibs/second) with the smaller diameter nozzle is lower so that
the effect on the fire at this critical part of the discharge was less than the nonbooster
configuration.

Taking this into consideration, however, the objective was met because the occurrence of
chugging was virtually eliminated with the booster cylinder which maintained cylinder pressure
above the critical point over the entire discharge time. The discharge at the end was smoother
than the nonbooster configuration.

It was decided that the booster design concept should be presented to Amerex Corporation for
their review. They proceeded with modifications to the extinguishing equipment. After this was
accomplished, further testing was scheduled with the Amerex designed booster system (booster
modification 2).
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TABLE 12. HALOTRON I BOOSTER MODIFICATION 2 TEST RESULTS, DRY-POOL FIRES
(OCTOBER - NOVEMBER 1993)

'WIND
TEST DISCHARGE AMOUNT VELOCITY COMMENTS
DATE NO. EXTINGUISHED TIME (SEC) USED (LB) (MPH) FUEL JP-4
10/28/93 4c* YES 21 98 1-2 20 gallons
on ground
11/2/93 1e* YES 29 129 4-7 10 gallons
onground
11/2/93 2e* YES 30 148 n/a 20 gallons
on ground
11/3/93 1f* YES 21 98 n/a Demonstra-
tion for
USAF group

Notes: *

During these tests fill height was being manipulated to determine what the right fill ratio was in the bottle.

As the tests indicate, there was an improvement in performance with booster modification 2 over modification 1 as
a result of the higher charge amount and larger diameter nozzle. Virtually all chugging was eliminated using
booster modification 2.

































