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EXECUTIVE SUMMARY 

Testing of Halon 1211 and Halon 1301 hand fire extinguishers was conducted in a 
Cessna Model 210C airplane mounted in an airflow facility. The facility was 
operated at an airspeed of 120 miles per hour for evaluation of extinguisher 
performance. 

Extinguishers were discharged to determine the dissipation rate and tox1c1ty levels 
of Halon extinguishing agents. These tests were conducted without fire, and in­
volved the continuous sampling of neat Halon 1211 and Halon 1301 agents from three 
locations. Agent concentration was measured at the pilot's nose height, at pilot­
copilot belt level, and at locations in proximity to discharge of the extinguisher. 
Discharge and associated testing were conducted remotely and observed and recorded 
by video systems. 

Available general aviation fire related accidents statistics show that 87 percent 
of cabin fires are electric in or1g1n. This problem is, for the most part, located 
under the instrument panel and was addressed by conducting eight extinguisher 
discharge tests in this area. A total of 28 tests was completed with the primary 
variables being agent discharge location and ventilation conditions. Extinguishers 
were discharged under the instrument panel, and at the fuel and hydraulic selector 
valves, copilot's seat, rear passenger's seat, and baggage compartment. Ventila­
tion was varied by adjusting the overhead ports. 

Ventilation airflow into the cabin was higher than previously thought possible. 
Time for a cabin air change at an airspeed of 120 miles per hour was 1.2 minutes, 
and at 140 miles per hour was 1 minute (reference 1.) 

The significant result from this investigation was that 2.5-pound Halon 1211 and 3-
pound Halon 1301 extinguishers were safe for use in aircraft comparable to Cessna 
Model 210C. Dose calculation for the pilot's nose height was only 60 percent of 
the recommended maximum for Halon 1211 and 31 percent of the limit dose for Halon 
1301. Cabin ventilation airflow, together with agent stratification, produced 
safe conditions throughout the cabin study. 

Distribution and stratification of extinguishing agents were investigated. When 
extinguishers were discharged under the instrument panel, pilot or copilot's side, 
4 percent agent was measured on the opposite side. Extinguisher gases were 
measured on the cabin floor and the measured concentrations were in excess of 11 
percent. 
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INTRODUCTION 

PURPOSE. 

The purpose of this report was to investigate Halon 1211 and Halon 1301 hand fire 
extinguishers for use in nonpressurized general aviation aircraft. 

BACKGROUND. 

This effort was undertaken to evaluate and compare hand fire extinguishers of Halon 
1211 (reference 1) with Halon 1301 in a Cessna Model 210C aircraft. Further 
testing was designed to be more realistic by the utilization of four mannequins or 
test dummies for the passenger seating arrangement, and baggage was placed in the 
baggage compartment. Hand fire extinguishers for general aviation aircraft are not 
required by the Federal Aviation Administration (FAA). As noted in reference 1, 
aircraft owners are requesting installation of fire extinguishers by the manufac­
turers or are installing extinguishers of their selection. The Underwriters 
Laboratory specifies that a 2.5-pound Halon 1211 fire extinguisher should not be 
used in enclosure volumes less than 312 cubic feet. It was further demonstrated in 
reference 1 that only large twin engine aircraft have cabin volumes equal to or 
exceeding this limit. However, the test results of reference 1 showed that cabin 
ventilation was greater than previously thought and together with stratification of 
the Halon 1211 agents resulted in safe conditions at the pilot's nose. The mole­
cular weight of air is 28.97, the molecular weight of Halon 1211 is 165.38, and 
that of Halon 1301 is 148.93. The molecular weight of Halon divided by the mole­
cular weight of air shows Halon 1211 and Halon 1301 to be 5.7 and 5.1 times heavier 
than air, respectively. As defined by reference 2, the two Halon extinguisher 
agents evaluated are: 

1. Halon 1211, Bromochlorodifluoromethane. 

2. Halon 1301, Bromotrifluoromethane. 

Extinguisher size selection should consider the volume and ventilation air change 
time of the compartment in which the extinguisher is to be used as advised in 
reference 3. Maximum recommended dose was also defined as extinguisher discharge 
that will not produce Halon 1211 concentrations greater than 4 percent for 1 
minute, 2 percent for 2 minutes, or 1 percent for 4 minutes. For Halon 1301, 
maximum recommended dose was defined as exposure to concentrations up to 10 per­
cent for 1 minute, 5 percent for 2 minutes, or 2.5 percent for 4 minutes. 

DISCUSSION 

DESCRIPTION OF FACILITY. 

A 10-foot diameter by 24-foot-long airflow facility was designed and constructed 
from flat 4-foot by 8-foot sheets of low carbon steel. The cross section, figure 1, 
is octagonal in shape. The entrance is a bellmouth design with a 5-foot radius. 
This extension is attached to an existing 5-foot diameter airflow facility, figures 
2 and 3. Performance of the 5-foot facility is near Mach 1 airspeed. Two J57 tur­
bo jet engines provide power to drive the facility by ejector action. The 10-foot 
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diameter extension was designed for a minimum airspeed of 100 knots. Measurements 
with a Cessna 210C aircraft installed has indicated that airspeeds of 140 to 150 
miles per hour (120 to 130 knots) are achievable. The increase over design 
performance is attributed to the propeller supercharging action, the increased 
local airspeeds resulting from decrease in tunnel cross-section area from the 
installed Cessna 210 aircraft, and improved contour development of the wind tunnel 
walls. 

DESCRIPTION OF AIRCRAFT. 

The test article is a 1963 model Cessna 210C with retractable landing gear (figures 
2 and 3). The airplane is a four-place high-wing monoplane, powered by a single 
six-cylinder, horizontally-opposed fuel injection Continental I0470 engine. For 
installation in the facility, mounts were designed, fabricated, and installed at 
the wing spar attachment points and at the wing strut attachment points. The 
fuselage was installed in the tunnel with 3/4-inch high carbon steel rods 
connected to the mounts and to the tunnel walls. The wings were cut at the 32-
inch section and then were installed on the fuselage in the tunnel. The sections 
were installed to provide the cabin ventilation air inlet ports located in the 
wings. It was necessary to move the ports inboard for inclusion in the 32-inch 
wing root sections. 

MEASUREMENT OF EXTINGUISHING AGENTS. 

An environmentally controlled trailer was utilized for measurement of fire extin­
guishing agents of primary interest. Halon 1211 or Halon 1301 was measured at 
three cabin locations with three Beckman model 865 gas analyzers. The analyzer 
detector, purchased from Beckman Instruments Company, was changed to detect the 
agent being tested. In addition, an optical filter was added to eliminate 
sensitivity to water vapor. Calibration gases of Halon 1211 and 1301 concentra­
tions were used at 3.0, 6.0, and 8.0 percent. Calibrations were checked before and 
after each test. Ancillary components utilized were sample pumps, sample transport 
tubing, and sample flow controls. The signals were recorded by a computer. The 
measurements were plotted against time in seconds. 

DOCUMENTED FIRE LOCATIONS. 

Table 1 was excerpted from reference 1. The information is from the FAA Service 
Difficulty Reports. The table shows that 86.7 percent of cabin fires in general 
aviation aircraft are electric or electronic in origin. 
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TABLE 1. CABIN FIRE STATISTICS 

(Involving Smoking Materials, Electrical Origin, Hand Held Extinguishers) 

Year 
Incidents 

No. 
Smoking Materials 

No. (%) 
Electrical Origin 

No. (%) 
Hand-Held-Use 

No. (%) 

1976 15 14 (93.3) 

1977 10 1 (10.0) 9 (90.0) 

1978 8 1 (12.5) 7 (87.5) 

1979 23 3 (13.0) 21 (91.3) 

1980 19 16 (78.9) 

1981 8 7 (87.5) 

TOTAL 83 5 (6.0) 72 (86.7) NONE RECORDED 

The electrical and electronic components are primarily located in and under the 
instrument panel. The instrument panel for the test aircraft (Cessna 210) is shown 
in figure 4. Identification of the equipment is also listed. Electrical power 
for the aircraft is supplied by a 12-volt direct current, negative ground elec­
trical system. A single 12-volt battery supplies power for starting and provides 
reserve power in the event of a generator or alternator failure. On the extreme 
left side of the instrument panel, one item that could be involved in a fire is 
the master switch. Operation of the switch connects the battery solenoid coil 
and the generator field coil to ground, thereby, activating the power system. 

The ignition start switch is utilized to check the magnetos and is also used to 
engage the starter solenoid. The auxiliary fuel pump switch operates two elec­
tric fuel pumps connected in series and located in the nose-gear well. Additional 
electric units located in the left-hand side of the instrument panel include a 
number of circuit breakers, a pitot heater switch, navigation light rheostats, oil 
dilution switch, rotating beacon swith, landing light switch, gear down indicator 
light, instrument artd radio light rheostats. Electronic components are installed 
in the center panel between the pilot's and copilot's location. 

A stack of three radios and/or radio direction finder equipment is located 1n this 
area. Under the radio is a nav-o-matic control auto pilot. 

Electrical units on the right or copilot's side of the instrument panel are (1) a 
transponder control located on extreme right; (2) and ammeter; and (3) additional 
electrical units including cylinder head temperature gauge, oil temperature gauge, 
and cigar/cigarette lighter. In combination with these potential electric ignition 
sources are the fuel, oil, and hydraulic selector and sensor lines brought to the 
instrument panel for indication of flow and pressure. Additionally fuel flows 
through the cabin from the overhead wing tanks to the tank selector valves located 
between the pilot and copilot. 
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TEST RESULTS 

Testing of hand fire extinguishers W4S conducted remotely and observed and recorded 
by video systems. All teating was conquctecl at an airspeed of 120 miles per hour 
(mph)~ as this conditi~ was obtained with the tunael clrive engines and tl:le Cessna 
210 piston engine oper.;,.ti~ag at cruise power~ Testing was accouaplished under two 
conditions of cabin ventilation. The overhead vents we~ 9penep ~o gi~ ventila­
tion air of 122 cubic feet per minute. This results in oabin air change time of 
appproximately 1 minute, as described in refer~nce 1. The second condition was 
with the overhead vents closed. Qopieus ventil~tiop i§ still present witq the 
vents closed because of air leakage, 

DISCHARGE UNDER THE INSTRUMENT PANEL. 

Table 1 shows that 86.7 percent of cabin fires in general aviation aircraft are 
electrical in or1g1n. This fire problem is for the most part located under the 
instrument panel. This area was addressed by eight extinguisher tests under the 
instrument panel. Two Halon 1301 and two Halon 1211 extinguishers were discharged 
under the instrument panel on the copilot's side and identical extinguishers were 
discharged uder the instrument panel on the pilot's side. One test with each 
agent was with air ventilation resulting from open overhead vents, and one test 
with each extinguisher was with the overhead vents closed. 

The gas measurements for the tests conducted with extinguishers discharged under 
the instrument panel were plotted against time in seconds and are presented in 
figures 5 through 12, and certain selected values were tabulated in table 2. 

Points from continuous data were selected by the computer and plotted at inter­
vals of 1 second. Peak Halon 1301 concentrations behind the instrument panel 
ranged from 9.1 percent to 10.8 percent, and Halon 1211 concentrations varied 
from 8.1 percent to 11.0 percent. Halon 1301 concentrations at the pilot's nose 
height ranged from 1.5 percent to 5.2 percent, and Halon 1211 varied from 3.0 
percent to 4.4 percent. Halon gas measurements were also recorded between the 
pilot and copilot at belt level. These data were obtained to answer the question 
as to what problems would occur if the pilot should bend over to check or adjust 
aircraft controls or check for fire extinguishment. Dose was calculated in 
accordance with references 3 and 4. The perfect stirrer theory predicts an expo­
tential decay of extinguisher gases as time proceeds. From the maximum concen­
tration at the starting point, the concentration will decay to 37 percent of the 
maximum after one air change, and to 5 percent of the maximum after three air 
changes. Examination of the Halon concentrations versus time measurements in this 
report demonstrate that the discrete data decayed in an exponential relationship. 
In addition, there was an initial rise time and in many instances after the rise, 
concentrations remained relatively constant for up to 10 seconds prior to expo­
nential decay. This was due to the 10- to 14-second time internal for complete 
discharge of bottle content. These excursions were calculated separately and 
then added to the dose calculations. 

Dose limits for the pilot was 4 percent extinguisher agent concentration over 
only 1 minute for the Halon 1211, and 10 percent for !-minute Halon 1301 
(reference 4). 
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TABLE 2. DATA SUMMARY 

Agent Max Cone 
Agent Disch Ventilation Max Cone Pilot's 

Figure Agent Disch Time Vents Vents Test Belt 
No. Test Location Type W Lbs Sec Open Closed Location Level 

Under Instru 1301 3.1 11 X 9.4 
Panel Copilot 

6 Under Instru 1301 3.0 X 10.8 4.5 
Panel Copilot 

7 Under Instru 1211 2.5 11 X 11.0+ 8.9 
Panel Copilot 

8 Under Instru 1211 2.3 X 11.0+ 10.5 
Panel Copilot 

9 Under Instru 1301 3.2 14 X 9.1 9.1 
Panel Pilot 
Under Instru 1301 3.1 13 X 9.3 9.7 
Panel Pilot 

11 Under Instru 1211 2.9 12 X 8.1 8.0 
Panel Pilot 

12 Under Instru 1211 2.8 11 X 10.5 8.0 
Panel Pilot 

13 Fuel & Hyd 1301 3.2 13 X 8.8 10.8 
Selec Valv 

14 Fuel & Hyd 1301 3.2 13 X 11+ 9.9 
Selec Valv 
Fuel & Hyd 1211 2.9 12 X 9.2 6.6 
Selec Valv 

16 Fuel & Hyd 1211 3.3 X 7.9 6.8 
Selec Valv 

17 Copilot Dr 1301 3.2 X 10.8 7.0 
Undr Arm Rest 

18 Copilot Door 1301 3.2 X 9.0 9.1 
Undr Arm Rest 

19 Copilot Door 1211 2.7 11 X 7.7 7.1 
Undr Arm Rest 
Copilot Door 1211 3.0 13 X 7.6 5.2 
Undr Arm Rest 

21 Rear Seat 1301 3.2 15 X 11+ 4. 7 
Back Center 

22 Rear Seat 1301 3.2 15 X 10.8 7.4 
Back Center 

23 Rear Seat 1211 2.7 10 X 6.4 2.6 
Rear Center 

24 Rear Seat 1211 2.8 11 X 6.9 
Back Center 
Bagg Compr 1301 3.2 15 X 11+ 3.6 

26 Bagg Compr 1301 3.1 16 X 10.50 5.5 
27 Bagg Compr 1211 2.8 X 9.3 2.0 
28 Bagg Compr 1211 2.9 X 9.8 4.2 
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TABLE 2. DATA SUMMARY (Continued) 

Max Cone Dose Dose Air Max Rel 
Figure 

No. 
Pilot 
Nose 

Pilot 
Belt 

Pilot 
Nose 

Temp
OF 

Delta 
OF 

Humity 
% 

Test 
No. 

3.4 1.60 70.9 5 10 1 

6 1.5 5.65 1.41 92.1 8 45 

7 4.4 3.54 1.63 77.4 66.8 48 

8 3.0 5.95 1. 79 84.5 76.0 47 

9 5.2 3.08 2.32 63.7 14.9 70 11 

4.1 6.68 2.53 78.1 8.9 70 12 

11 3.4 5.00 2.0 79.9 45.4 70 15 

12 3.3 5.53 2.02 80.3 63.0 70 14 

13 5.4 5.82 2.69 68.5 41.2 18 8 

14 5.9 6.53 3.10 86.0 75.7 25 9 

3.2 4.88 1. 72 69.2 26.3 15 6 

16 4.0 5.78 2.56 75.9 54.5 15 7 

17 3.4 3.27 1.65 84.5 28.4 19 

18 2.4 6.44 1. 72 84.4 8.0 18 

19 1.8 2.62 0.77 73.6 5.5 16 

1.5 3.70 0.66 80.3 79.0 17 

21 3.5 1.68 1.35 99.8 84.2 20 

22 4.3 4.60 2.26 85.6 83.2 21 

23 2.0 0.88 0.62 91.3 13.0 23 

24 2.7 1.33 101.1 29.0 22 

3.3 1.65 1.54 73.1 25.0 25 27 

26 2.5 4.93 1.48 68.0 12.3 30 26 

27 1.1 0.76 0.34 66.8 15.7 24 

28 1.6 2.20 0.64 75.9 23.1 26 25 
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The maximum dose calculated from the test results for Halon 1211 was only 50 per­
cent of the limit, and the maximum dose for Halon 1301 was 25 percent of the 
limit at the pilot's nose. The pilot could bend over the 11 seconds without 
exceeding the limit dose when discharging Halon 1211 extinguishers of 2.5-pound 
capacity, and may bend over for an unlimited time period for discharge of Halon 
1301 of 3-pound capacity. 

DISCHARGE TO FUEL AND HYDRAULIC SELECTOR VALUES. 

The extinguishers were directed to the fuel and hydraulic selector valves located 
on a console raised approximately 6 inches from floor between the pilot and 
copilot. Two 2.5-pound Halon 1211 extinguishers and two 3.0-pound Halon 1301 
extinguishers were tested with identical ventilation conditions as previously 
described. The gas measurements are plotted in figures 13 through 16 and selected 
data are tabulated in table 2. Dose calculated for the pilot's nose was 1.72 and 
2.56 percent minutes and is up to 64 percent of the limit for Halon 1211 and 2.69 
and 3.10 for Halon 1301 which is 31 percent of the limit dose. Maximum dose at the 
pilot's and copilot's belt level was 4.88 and 5.78 percent minutes for Halon 1211 
and 5.82 and 6.53 of Halon 1301. The pilot could bend over the 10 seconds without 
exceeding the limit dose when discharging Halon 1211 and could bend over indefi­
nitely after discharging Halon 1301. 

DISCHARGE TO COPILOT'S DOOR. 

Two Halon 1211 and two Halon 1301 extinguishers were discharged to the copilot's 
door at a point below the arm rest. Figures 17 through 20 show the agent concen­
trations plotted against time. As the discharge location was moved in relation to 
the pilot, dose calculations are less. The dose for the pilot was only 19 percent 
of the limit for Halon 1211, and 17 percent of the limit for Halon 1301. 

DISCHARGE TO REAR SEAT BACK. 

Two Halon 1211 and two Halon 1301 bottles were discharged to the center of the 
rear seat back. The measurements plotted versus time are in figures 21 through 
24 and values are tabulated in table 2. Dose calculations for the pilot's 
nose was only up to 33 percent of the limit for Halon 1211 and up to 23 percent 
of the limit for Halon 1301. Dose for the pilot's belt level was also low and 
was below the limit dose for both agents. 

DISCHARGE TO BAGGAGE COMPARTMENT. 

Extinguishers were directed to the center section of the baggage compartment. 
Tests of both Halon 1211 and Halon 1301 extinguishers were completed. The 
measurements are plotted in figures 25 through 28 and selected values are tabula­
ted in table 2. The dose calculations for the pilot's nose was only 16 percent 
of the limit for Halon 1211, and only up to 15 percent of the limit for Halon 1301. 
Dose for the pilot's belt level was also low and was below the limit dose for both 
agents. 

RESULTS. 

Summaries of neat Halon extingui~her tests. are coniainep in-t•ble 2. R.elev4nt 
information includes the figulie nu~E:r ·~d ~e~t io~atic;m tnd tyP!e of H,lo~ ~xt in­
guisher. Agent discharge timQ w~re determined w•s possible. from. video records. 
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Ventilation conditions ciudng the -telil-of overheaci ven.ts. open or clQsed are 
descnbed. 

The maximum concentrations of neat extinguisher gases are listed for the three 
sample locations; pilot's nose, pilot-copilot belt level, and in proximity to 
extinguisher discharge. Dose calculations are tabulated for the pilot's belt 
level and for the pilot's nose. The cabin air temperature and the maximum 
reduction in air temperature in proximity to extinguisher discharge are listed. 
Finally, the relative humidity and the test number are included. The weight 
of agent discharged averaged 2.8 pounds for Halon 1211 and weight of Halon 1301 
agent discharged averaged 3.16 pounds. Discharge time was 11.38 seconds and 
13.89 seconds for Halon 1211 and Halon 1301 extinguishers, respectively. 

The effect of cabin ventilation conditions with overhead vents open and vents closed 
are listed for dose calculations for both extinguishers in table 3. Dose was 
increased significantly with the vents closed. At the pilot-copilot belt level 
location, dose increased 57 to 87 percent with the vents closed compared with the 
vents opened. While at the pilots nose, dose increased 12 to 27 percent under 
similar conditions. When maximum concentrations were compared, only minimal 
increases were measured with the vents closed.· Since the dose calculations are 
based on the area under the concentration curves, it was concluded that dissipation 
or decay occured over longer time periods when the vents were closed. The concen­
trations of Halon 1301 were increased somewhat over Halon 1211, and reflected the 
increased agent charge weight of 3 pounds as compared to 2.5 pounds. 

TABLE 3. VENTILATION RESULTS 

Sample Location 
Ventilation 

Open Closed 
Sample 
Size 

Mean Dose 
Percent Increase 

Pilot-Copilot Belt Level 

Halon 1211 X 6 

Halon 1211 X 6 57 

Halon 1301 X 5 

Halon 1301 X 6 87 

Pilot's Nose Height 

Halon 1211 X 6 

Halon 1211 X 6 27 

Halon 1301 X 6 

Halon 1301 X 6 12 
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EXTINGUISHER AGENT DISTRIBUTION UNDER INSTRUMENT PANEL. 

An investigation was conducted to determine the distribution of extinguisher agents 
under the instrument panel. The gas sample lines were arranged to sample near the 
top of the instrument panel (pilot's side), near the top of the instrument panel 
(copilot's side), and at the very low center section under the stack of radios and 
direction finding electronics. The measurements are plotted versus time, figures 
29 through 32, and selected values are listed in table 4. One Halon 1211 extin­
guisher and one 1301 extinguisher were discharged under the instrument panel on the 
copilot's side and identical testing was completed by discharging the extinguishers 
under the instrument panel pilot's side. High levels of agent (10 to 11 percent) 
were measured under the instrument panel on the side where the extinguishers were 
discharged. On the opposite side of the instrument panel, extinguisher gas concen­
trations ranged from 3.8 percent to 4.5 .percent. Under the stack of radios located 
in the center section, concentrations ranged from high levels to low levels of 3.8 
percent. Thus, both agents exhibited good distribution throughout the sampled area 
beneath the instrument panel. 

EXTINGUISHER AGENT STRATIFICATION IN CABIN. 

Testing was designed to measure extinguisher agent stratification within the cabin. 
The three sample lines were placed on the cabin floor. Single sample lines were 
placed on the floor both near the pilot and the copilot and on the floor by the 
rear passenger behind the pilot. The measurements are in figures 33 and 34 and 
selected values are listed in table 5. The highest Halon extinguisher gas con­
centrations are located on the floor. In all cases, the gas measurement capability 
was overwhelmed and exceeded the maximum measurement level of 11 percent. Strati­
fication of the Halon agents are presented in figure 35. Average gas measurements 
were plotted for the pilot-copilot belt level and for the pilot's nose location. 
As noted, only one test with each Halon was conducted for measurement of the agents 
for the floor. Stratification of the Halons is significant as they vary from over 
11 percent on the floor to 2.65 percent and 4.03 percent at the pilot's nose and it 
appears that this relationship is near linear, figure 35. 

TABLE 4. EXTINGUISHER GAS DISTRIBUTION 

Agent Max Cone Max Cone Max Cone 
Agent Disch Pilot's Copilot's Center 

Figure Discharge Agent Disch Time Side Side Radios 
No. Location Type W Lbs Sec % % % 

29 Under Instr Pan 1301 2.7 4.3 11+ 10.8 
Copilot's Side 

30 Under Instr Pan 1211 2.4 11 4.5 7.9 9.9 
Copilot's Side 

31 Under Instr Pan 1301 12 10.5 0.9 3.8 
Pilot's Side 

32 Under Instr Pan 1211 2.3 13 11.0 0.5 4.3 
Pilot's Side 
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TABLE 5. EXTINGUISHER GAS STRATIFICATION 

Agent Max Cone Max Cone Max Cone 
Agent Disch On Floor On Floor On Floor 

Figure Sample Agent Disch Time By By By Rear 
No. Location Type WLbs Sec Pilot Copilot Seat 

33 Sample Lines 1301 2.5 12 11+ 11+ 11+ 
On Floor 

34 Sample Lines 1211 2.4 11 11+ 11+ 
On Floor 

SUMMARY OF RESULTS 

Hand fire extinguishers charged with Halon 1211 and Halon 1301 of 2.5 pound and 3-
pound capacity, respectively, were tested and evaluated in a Cessna 210C airplane. 
Four mannequins were used for pilot and passengers and baggage was placed in the 
baggage compartment. These tests were conducted in an airflow facility without 
fires and involved the cont inous sampling and measurement of. p._e_.l!_t_ Halon gases from 
three locat-ions. The --agent concentrat ions--wece--measureci: in~ proiciaity to~di.scbarge 
of the extinguishers at the pilot and copilot belt level, and at the pilot's nose. 
Air temperature was measured near discharge of the extinguishers and at the pilot's 
nose. Testing was completed for ventilation conditions of overhead vents open and 
overhead vents closed. Two Halon 1211 and two Halon 1301 extinguishers were 
discharged at each test location. Agent discharge was mainly under the instrument 
panel because cabin fire statistics show that 87 percent of cabin fires in general 
aviation aircraft are electronic or electrical in origin. Additional test loca­
tions include the fuel and hydraulic selector valves, the copilot's door, the rear 
seat, and the baggage compartment. 

Extinguisher agent concentrations near the point of extinguisher discharge ranged 
between 8 and 9 percent for Halon 1211, and averaged above 10 percent for Halon 
1301. Near the pilot-copilot belt level, Halon 1211 extinguisher agent averaged 
about 6 percent and from 7.0 to 7.7 percent for Halon 1301, and dose for both 
extinguishers at this location averaged somewhat over 2.3 percent-minutes to 
3.0 percent-minutes. Agent concentrations at the pilot's nose height averaged 
between 2.6 to slightly over 4.0 percent and dose averaged from about 1.0 to 1.5 
percent minutes. Extinguisher gases usually dissipated to low levels in less 
than 1 minute. The utilization of four mannequins or test dummies for the cabin 
seating arrangement and placement of baggage in the baggage compartment caused 
somewhat higher gas concentrations and somewhat higher dose calculations than 
those measurements documented in reference 1. The use of Halon extinguishers of 
2.5-pound and 3.0-pound capacity were demonstrated to be safe for use in the test 
aircraft as maximum dose was only 60 percent of the limit. Measurements were 
recorded to investigate distribution of extinguisher gases under the instrument 
panel. When extinguishers were discharged either on the copilot's side or pilot's 
side, high levels were measured on the discharge side and about 4.0 percent gas 
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concentration was measured on the opposite side of the instrument panel. Strati­
fication of extinguisher gases in the cabin was determined. The three sample lines 
were placed on the cabin floor. High measurements in excess of 11 percent maximum 
were obtained in all locations. 

CONCLUSIONS 

1. Halon 1211 extinguishers of 2.5-pound capacity are safe for use in small 
general aviation aircraft. Halon 1301 extinguishers of 3.0-pound capacity are safe 
for use in small general aviation aircraft. Maximum dose calculations for neat 
Halon 1211 gases were only 60 percent of the recommended human exposure limits. 
Maximum dose calculations for neat Halon 1301 gases were only 30 percent of 
the recommended human exposure limits. 

2. Extinguisher agent stratification and normal flight ventilation are major 
factors in producing safe conditions in the cabin at the pilot's nose level. 
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FIGURE 15. HALON 1211 CONCENTRATIONS - 2.5-POUND EXTINGUISHER DIRECTED TO 
THE FUEL AND HYDRAULIC SELECTOR VALVES - OVERHEAD VENTS OPEN 
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	EXECUTIVE SUMMARY 
	Testing of Halon 1211 and Halon 1301 hand fire extinguishers was conducted in a Cessna Model 210C airplane mounted in an airflow facility. The facility was operated at an airspeed of 120 miles per hour for evaluation of extinguisher performance. 
	Extinguishers were discharged to determine the dissipation rate and tox1c1ty levels of Halon extinguishing agents. These tests were conducted without fire, and in­volved the continuous sampling of neat Halon 1211 and Halon 1301 agents from three locations. Agent concentration was measured at the pilot's nose height, at pilot­copilot belt level, and at locations in proximity to discharge of the extinguisher. Discharge and associated testing were conducted remotely and observed and recorded by video systems. 
	Available general aviation fire related accidents statistics show that 87 percent of cabin fires are electric in or1g1n. This problem is, for the most part, located under the instrument panel and was addressed by conducting eight extinguisher discharge tests in this area. A total of 28 tests was completed with the primary variables being agent discharge location and ventilation conditions. Extinguishers were discharged under the instrument panel, and at the fuel and hydraulic selector valves, copilot's seat
	Ventilation airflow into the cabin was higher than previously thought possible. Time for a cabin air change at an airspeed of 120 miles per hour was 1.2 minutes, and at 140 miles per hour was 1 minute (reference 1.) 
	The significant result from this investigation was that 2.5-pound Halon 1211 and 3pound Halon 1301 extinguishers were safe for use in aircraft comparable to Cessna Model 210C. Dose calculation for the pilot's nose height was only 60 percent of the recommended maximum for Halon 1211 and 31 percent of the limit dose for Halon 1301. Cabin ventilation airflow, together with agent stratification, produced safe conditions throughout the cabin study. 
	-

	Distribution and stratification of extinguishing agents were investigated. When extinguishers were discharged under the instrument panel, pilot or copilot's side, 4 percent agent was measured on the opposite side. Extinguisher gases were measured on the cabin floor and the measured concentrations were in excess of 11 
	percent. 
	INTRODUCTION 
	PURPOSE. 
	The purpose of this report was to investigate Halon 1211 and Halon 1301 hand fire extinguishers for use in nonpressurized general aviation aircraft. 
	BACKGROUND. 
	This effort was undertaken to evaluate and compare hand fire extinguishers of Halon 1211 (reference 1) with Halon 1301 in a Cessna Model 210C aircraft. Further testing was designed to be more realistic by the utilization of four mannequins or test dummies for the passenger seating arrangement, and baggage was placed in the baggage compartment. Hand fire extinguishers for general aviation aircraft are not required by the Federal Aviation Administration (FAA). As noted in reference 1, aircraft owners are requ
	1. 
	1. 
	1. 
	Halon 1211, Bromochlorodifluoromethane. 

	2. 
	2. 
	Halon 1301, Bromotrifluoromethane. 


	Extinguisher size selection should consider the volume and ventilation air change time of the compartment in which the extinguisher is to be used as advised in reference 3. Maximum recommended dose was also defined as extinguisher discharge that will not produce Halon 1211 concentrations greater than 4 percent for 1 minute, 2 percent for 2 minutes, or 1 percent for 4 minutes. For Halon 1301, maximum recommended dose was defined as exposure to concentrations up to 10 per­cent for 1 minute, 5 percent for 2 mi
	DISCUSSION 
	DESCRIPTION OF FACILITY. 
	A 10-foot diameter by 24-foot-long airflow facility was designed and constructed from flat 4-foot by 8-foot sheets of low carbon steel. The cross section, figure 1, is octagonal in shape. The entrance is a bellmouth design with a 5-foot radius. This extension is attached to an existing 5-foot diameter airflow facility, figures 2 and 3. Performance of the 5-foot facility is near Mach 1 airspeed. Two J57 tur­bo jet engines provide power to drive the facility by ejector action. The 10-foot 
	A 10-foot diameter by 24-foot-long airflow facility was designed and constructed from flat 4-foot by 8-foot sheets of low carbon steel. The cross section, figure 1, is octagonal in shape. The entrance is a bellmouth design with a 5-foot radius. This extension is attached to an existing 5-foot diameter airflow facility, figures 2 and 3. Performance of the 5-foot facility is near Mach 1 airspeed. Two J57 tur­bo jet engines provide power to drive the facility by ejector action. The 10-foot 
	diameter extension was designed for a minimum airspeed of 100 knots. Measurements with a Cessna 210C aircraft installed has indicated that airspeeds of 140 to 150 miles per hour (120 to 130 knots) are achievable. The increase over design performance is attributed to the propeller supercharging action, the increased local airspeeds resulting from decrease in tunnel cross-section area from the installed Cessna 210 aircraft, and improved contour development of the wind tunnel walls. 

	DESCRIPTION OF AIRCRAFT. 
	The test article is a 1963 model Cessna 210C with retractable landing gear (figures 2 and 3). The airplane is a four-place high-wing monoplane, powered by a single six-cylinder, horizontally-opposed fuel injection Continental I0470 engine. For installation in the facility, mounts were designed, fabricated, and installed at the wing spar attachment points and at the wing strut attachment points. The fuselage was installed in the tunnel with 3/4-inch high carbon steel rods connected to the mounts and to the t
	-

	MEASUREMENT OF EXTINGUISHING AGENTS. 
	An environmentally controlled trailer was utilized for measurement of fire extin­guishing agents of primary interest. Halon 1211 or Halon 1301 was measured at three cabin locations with three Beckman model 865 gas analyzers. The analyzer detector, purchased from Beckman Instruments Company, was changed to detect the agent being tested. In addition, an optical filter was added to eliminate sensitivity to water vapor. Calibration gases of Halon 1211 and 1301 concentra­tions were used at 3.0, 6.0, and 8.0 perc
	DOCUMENTED FIRE LOCATIONS. 
	Table 1 was excerpted from reference 1. The information is from the FAA Service Difficulty Reports. The table shows that 86.7 percent of cabin fires in general 
	aviation aircraft are electric or electronic in origin. 
	TABLE 1. CABIN FIRE STATISTICS (Involving Smoking Materials, Electrical Origin, Hand Held Extinguishers) 
	Year 
	Year 
	Year 
	Incidents No. 
	Smoking Materials No. (%) 
	Electrical Origin No. (%) 
	Hand-Held-Use No. (%) 

	1976 
	1976 
	15 
	14 
	(93.3) 

	1977 
	1977 
	10 
	1 (10.0) 
	9 
	(90.0) 

	1978 
	1978 
	8 
	1 
	(12.5) 
	7 (87.5) 

	1979 
	1979 
	23 
	3 
	(13.0) 
	21 
	(91.3) 

	1980 
	1980 
	19 
	16 
	(78.9) 

	1981 
	1981 
	8 
	7 (87.5) 

	TOTAL 
	TOTAL 
	83 
	5 
	(6.0) 
	72 
	(86.7) 
	NONE 
	RECORDED 


	The electrical and electronic components are primarily located in and under the instrument panel. The instrument panel for the test aircraft (Cessna 210) is shown in figure 4. Identification of the equipment is also listed. Electrical power for the aircraft is supplied by a 12-volt direct current, negative ground elec­trical system. A single 12-volt battery supplies power for starting and provides reserve power in the event of a generator or alternator failure. On the extreme left side of the instrument pan
	The ignition start switch is utilized to check the magnetos and is also used to engage the starter solenoid. The auxiliary fuel pump switch operates two elec­tric fuel pumps connected in series and located in the nose-gear well. Additional electric units located in the left-hand side of the instrument panel include a number of circuit breakers, a pitot heater switch, navigation light rheostats, oil dilution switch, rotating beacon swith, landing light switch, gear down indicator light, instrument artd radio
	A stack of three radios and/or radio direction finder equipment is located 1n this area. Under the radio is a nav-o-matic control auto pilot. 
	Electrical units on the right or copilot's side of the instrument panel are (1) a transponder control located on extreme right; (2) and ammeter; and (3) additional electrical units including cylinder head temperature gauge, oil temperature gauge, and cigar/cigarette lighter. In combination with these potential electric ignition sources are the fuel, oil, and hydraulic selector and sensor lines brought to the instrument panel for indication of flow and pressure. Additionally fuel flows through the cabin from
	TEST RESULTS 
	Testing of hand fire extinguishers W4S conducted remotely and observed and recorded by video systems. All teating was conquctecl at an airspeed of 120 miles per hour 
	(mph)~ as this conditi~ was obtained with the tunael clrive engines and tl:le Cessna 210 piston engine oper.;,.ti~ag at cruise power~ Testing was accouaplished under two conditions of cabin ventilation. The overhead vents we~ 9penep ~o gi~ ventila­tion air of 122 cubic feet per minute. This results in oabin air change time of appproximately 1 minute, as described in refer~nce 1. The second condition was with the overhead vents closed. Qopieus ventil~tiop i§ still present witq the vents closed because of air
	DISCHARGE UNDER THE INSTRUMENT PANEL. 
	Table 1 shows that 86.7 percent of cabin fires in general aviation aircraft are electrical in or1g1n. This fire problem is for the most part located under the 
	instrument panel. This area was addressed by eight extinguisher tests under the 
	instrument panel. Two Halon 1301 and two Halon 1211 extinguishers were discharged 
	under the instrument panel on the copilot's side and identical extinguishers were 
	discharged uder the instrument panel on the pilot's side. One test with each 
	agent was with air ventilation resulting from open overhead vents, and one test 
	with each extinguisher was with the overhead vents closed. 
	The gas measurements for the tests conducted with extinguishers discharged under 
	the instrument panel were plotted against time in seconds and are presented in 
	figures 5 through 12, and certain selected values were tabulated in table 2. 
	Points from continuous data were selected by the computer and plotted at inter­
	vals of 1 second. Peak Halon 1301 concentrations behind the instrument panel 
	ranged from 9.1 percent to 10.8 percent, and Halon 1211 concentrations varied 
	from 8.1 percent to 11.0 percent. Halon 1301 concentrations at the pilot's nose 
	height ranged from 1.5 percent to 5.2 percent, and Halon 1211 varied from 3.0 
	percent to 4.4 percent. Halon gas measurements were also recorded between the 
	pilot and copilot at belt level. These data were obtained to answer the question 
	as to what problems would occur if the pilot should bend over to check or adjust 
	aircraft controls or check for fire extinguishment. Dose was calculated in 
	accordance with references 3 and 4. The perfect stirrer theory predicts an expo­
	tential decay of extinguisher gases as time proceeds. From the maximum concen­
	tration at the starting point, the concentration will decay to 37 percent of the 
	maximum after one air change, and to 5 percent of the maximum after three air 
	changes. Examination of the Halon concentrations versus time measurements in this 
	report demonstrate that the discrete data decayed in an exponential relationship. 
	In addition, there was an initial rise time and in many instances after the rise, 
	concentrations remained relatively constant for up to 10 seconds prior to expo­
	nential decay. This was due to the 10-to 14-second time internal for complete 
	discharge of bottle content. These excursions were calculated separately and 
	then added to the dose calculations. 
	Dose limits for the pilot was 4 percent extinguisher agent concentration over 
	only 1 minute for the Halon 1211, and 10 percent for !-minute Halon 1301 
	(reference 4). 
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	TABLE 2. DATA SUMMARY 
	Agent 
	Agent 
	Agent 
	Max Cone 

	Agent 
	Agent 
	Disch 
	Ventilation 
	Max Cone 
	Pilot's 

	Figure 
	Figure 
	Agent 
	Disch 
	Time 
	Vents 
	Vents 
	Test 
	Belt 

	No. 
	No. 
	Test Location 
	Type 
	W Lbs 
	Sec 
	Open 
	Closed 
	Location 
	Level 

	TR
	Under Instru 
	1301 
	3.1 
	11 
	X 
	9.4 

	TR
	Panel Copilot 

	6 
	6 
	Under Instru 
	1301 
	3.0 
	X 
	10.8 
	4.5 

	TR
	Panel Copilot 

	7 
	7 
	Under Instru 
	1211 
	2.5 
	11 
	X 
	11.0+ 
	8.9 

	TR
	Panel Copilot 

	8 
	8 
	Under Instru 
	1211 
	2.3 
	X 
	11.0+ 
	10.5 

	TR
	Panel Copilot 

	9 
	9 
	Under Instru 
	1301 
	3.2 
	14 
	X 
	9.1 
	9.1 

	TR
	Panel Pilot 

	TR
	Under Instru 
	1301 
	3.1 
	13 
	X 
	9.3 
	9.7 

	TR
	Panel Pilot 

	11 
	11 
	Under Instru 
	1211 
	2.9 
	12 
	X 
	8.1 
	8.0 

	TR
	Panel Pilot 

	12 
	12 
	Under Instru 
	1211 
	2.8 
	11 
	X 
	10.5 
	8.0 

	TR
	Panel Pilot 

	13 
	13 
	Fuel & Hyd 
	1301 
	3.2 
	13 
	X 
	8.8 
	10.8 

	TR
	Selec Valv 

	14 
	14 
	Fuel & Hyd 
	1301 
	3.2 
	13 
	X 
	11+ 
	9.9 

	TR
	Selec Valv 

	TR
	Fuel & Hyd 
	1211 
	2.9 
	12 
	X 
	9.2 
	6.6 

	TR
	Selec Valv 

	16 
	16 
	Fuel & Hyd 
	1211 
	3.3 
	X 
	7.9 
	6.8 

	TR
	Selec Valv 

	17 
	17 
	Copilot Dr 
	1301 
	3.2 
	X 
	10.8 
	7.0 

	TR
	Undr Arm Rest 

	18 
	18 
	Copilot Door 
	1301 
	3.2 
	X 
	9.0 
	9.1 

	TR
	Undr Arm Rest 

	19 
	19 
	Copilot Door 
	1211 
	2.7 
	11 
	X 
	7.7 
	7.1 

	TR
	Undr Arm Rest 

	TR
	Copilot Door 
	1211 
	3.0 
	13 
	X 
	7.6 
	5.2 

	TR
	Undr Arm Rest 

	21 
	21 
	Rear Seat 
	1301 
	3.2 
	15 
	X 
	11+ 
	4. 7 

	TR
	Back Center 

	22 
	22 
	Rear Seat 
	1301 
	3.2 
	15 
	X 
	10.8 
	7.4 

	TR
	Back Center 

	23 
	23 
	Rear Seat 
	1211 
	2.7 
	10 
	X 
	6.4 
	2.6 

	TR
	Rear Center 

	24 
	24 
	Rear Seat 
	1211 
	2.8 
	11 
	X 
	6.9 

	TR
	Back Center 

	TR
	Bagg Compr 
	1301 
	3.2 
	15 
	X 
	11+ 
	3.6 

	26 
	26 
	Bagg Compr 
	1301 
	3.1 
	16 
	X 
	10.50 
	5.5 

	27 
	27 
	Bagg Compr 
	1211 
	2.8 
	X 
	9.3 
	2.0 

	28 
	28 
	Bagg Compr 
	1211 
	2.9 
	X 
	9.8 
	4.2 


	TABLE 2. DATA SUMMARY (Continued) 
	Max Cone 
	Max Cone 
	Max Cone 
	Dose 
	Dose 
	Air 
	Max 
	Rel 

	Figure No. 
	Figure No. 
	Pilot Nose 
	Pilot Belt 
	Pilot Nose 
	TempOF 
	Delta OF 
	Humity % 
	Test No. 

	TR
	3.4 
	1.60 
	70.9 
	5 
	10 
	1 

	6 
	6 
	1.5 
	5.65 
	1.41 
	92.1 
	8 
	45 

	7 
	7 
	4.4 
	3.54 
	1.63 
	77.4 
	66.8 
	48 

	8 
	8 
	3.0 
	5.95 
	1.79 
	84.5 
	76.0 
	47 

	9 
	9 
	5.2 
	3.08 
	2.32 
	63.7 
	14.9 
	70 
	11 

	TR
	4.1 
	6.68 
	2.53 
	78.1 
	8.9 
	70 
	12 

	11 
	11 
	3.4 
	5.00 
	2.0 
	79.9 
	45.4 
	70 
	15 

	12 
	12 
	3.3 
	5.53 
	2.02 
	80.3 
	63.0 
	70 
	14 

	13 
	13 
	5.4 
	5.82 
	2.69 
	68.5 
	41.2 
	18 
	8 

	14 
	14 
	5.9 
	6.53 
	3.10 
	86.0 
	75.7 
	25 
	9 

	TR
	3.2 
	4.88 
	1.72 
	69.2 
	26.3 
	15 
	6 

	16 
	16 
	4.0 
	5.78 
	2.56 
	75.9 
	54.5 
	15 
	7 

	17 
	17 
	3.4 
	3.27 
	1.65 
	84.5 
	28.4 
	19 

	18 
	18 
	2.4 
	6.44 
	1.72 
	84.4 
	8.0 
	18 

	19 
	19 
	1.8 
	2.62 
	0.77 
	73.6 
	5.5 
	16 

	TR
	1.5 
	3.70 
	0.66 
	80.3 
	79.0 
	17 

	21 
	21 
	3.5 
	1.68 
	1.35 
	99.8 
	84.2 
	20 

	22 
	22 
	4.3 
	4.60 
	2.26 
	85.6 
	83.2 
	21 

	23 
	23 
	2.0 
	0.88 
	0.62 
	91.3 
	13.0 
	23 

	24 
	24 
	2.7 
	1.33 
	101.1 
	29.0 
	22 

	TR
	3.3 
	1.65 
	1.54 
	73.1 
	25.0 
	25 
	27 

	26 
	26 
	2.5 
	4.93 
	1.48 
	68.0 
	12.3 
	30 
	26 

	27 
	27 
	1.1 
	0.76 
	0.34 
	66.8 
	15.7 
	24 

	28 
	28 
	1.6 
	2.20 
	0.64 
	75.9 
	23.1 
	26 
	25 


	The maximum dose calculated from the test results for Halon 1211 was only 50 per­cent of the limit, and the maximum dose for Halon 1301 was 25 percent of the 
	limit at the pilot's nose. The pilot could bend over the 11 seconds without exceeding the limit dose when discharging Halon 1211 extinguishers of 2.5-pound capacity, and may bend over for an unlimited time period for discharge of Halon 1301 of 3-pound capacity. 
	DISCHARGE TO FUEL AND HYDRAULIC SELECTOR VALUES. 
	The extinguishers were directed to the fuel and hydraulic selector valves located on a console raised approximately 6 inches from floor between the pilot and copilot. Two 2.5-pound Halon 1211 extinguishers and two 3.0-pound Halon 1301 
	extinguishers were tested with identical ventilation conditions as previously 
	described. The gas measurements are plotted in figures 13 through 16 and selected data are tabulated in table 2. Dose calculated for the pilot's nose was 1.72 and 
	2.56 percent minutes and is up to 64 percent of the limit for Halon 1211 and 2.69 and 3.10 for Halon 1301 which is 31 percent of the limit dose. Maximum dose at the pilot's and copilot's belt level was 4.88 and 5.78 percent minutes for Halon 1211 
	and 5.82 and 6.53 of Halon 1301. The pilot could bend over the 10 seconds without exceeding the limit dose when discharging Halon 1211 and could bend over indefi­nitely after discharging Halon 1301. 
	DISCHARGE TO COPILOT'S DOOR. 
	Two Halon 1211 and two Halon 1301 extinguishers were discharged to the copilot's 
	door at a point below the arm rest. Figures 17 through 20 show the agent concen­
	trations plotted against time. As the discharge location was moved in relation to 
	the pilot, dose calculations are less. The dose for the pilot was only 19 percent 
	of the limit for Halon 1211, and 17 percent of the limit for Halon 1301. 
	DISCHARGE TO REAR SEAT BACK. 
	Two Halon 1211 and two Halon 1301 bottles were discharged to the center of the 
	rear seat back. The measurements plotted versus time are in figures 21 through 
	24 and values are tabulated in table 2. Dose calculations for the pilot's 
	nose was only up to 33 percent of the limit for Halon 1211 and up to 23 percent 
	of the limit for Halon 1301. Dose for the pilot's belt level was also low and 
	was below the limit dose for both agents. 
	DISCHARGE TO BAGGAGE COMPARTMENT. 
	Extinguishers were directed to the center section of the baggage compartment. Tests of both Halon 1211 and Halon 1301 extinguishers were completed. The measurements are plotted in figures 25 through 28 and selected values are tabula­ted in table 2. The dose calculations for the pilot's nose was only 16 percent of the limit for Halon 1211, and only up to 15 percent of the limit for Halon 1301. Dose for the pilot's belt level was also low and was below the limit dose for both agents. 
	RESULTS. 
	Summaries of neat Halon extingui~her tests. are coniainep in-t•ble 2. R.elev4nt information includes the figulie nu~E:r ·~d ~e~t io~atic;m tnd tyP!e of H,lo~ ~xt in­guisher. Agent discharge timQ w~re determined w•s possible. from. video records. 
	Ventilation conditions ciudng the -telil-of overheaci ven.ts. open or clQsed are descnbed. 
	The maximum concentrations of neat extinguisher gases are listed for the three sample locations; pilot's nose, pilot-copilot belt level, and in proximity to extinguisher discharge. Dose calculations are tabulated for the pilot's belt level and for the pilot's nose. The cabin air temperature and the maximum reduction in air temperature in proximity to extinguisher discharge are listed. Finally, the relative humidity and the test number are included. The weight of agent discharged averaged 2.8 pounds for Halo
	13.89 seconds for Halon 1211 and Halon 1301 extinguishers, respectively. 
	The effect of cabin ventilation conditions with overhead vents open and vents closed are listed for dose calculations for both extinguishers in table 3. Dose was increased significantly with the vents closed. At the pilot-copilot belt level location, dose increased 57 to 87 percent with the vents closed compared with the vents opened. While at the pilots nose, dose increased 12 to 27 percent under similar conditions. When maximum concentrations were compared, only minimal increases were measured with the ve
	TABLE 3. VENTILATION RESULTS 
	Sample Location 
	Sample Location 
	Sample Location 
	Ventilation Open Closed 
	Sample Size 
	Mean Dose Percent Increase 

	Pilot-Copilot Belt Level 
	Pilot-Copilot Belt Level 

	Halon 1211 
	Halon 1211 
	X 
	6 

	Halon 1211 
	Halon 1211 
	X 
	6 
	57 

	Halon 1301 
	Halon 1301 
	X 
	5 

	Halon 1301 
	Halon 1301 
	X 
	6 
	87 

	Pilot's Nose Height 
	Pilot's Nose Height 

	Halon 1211 
	Halon 1211 
	X 
	6 

	Halon 1211 
	Halon 1211 
	X 
	6 
	27 


	Halon 1301 X 6 Halon 1301 X 6 12 
	EXTINGUISHER AGENT DISTRIBUTION UNDER INSTRUMENT PANEL. 
	An investigation was conducted to determine the distribution of extinguisher agents under the instrument panel. The gas sample lines were arranged to sample near the top of the instrument panel (pilot's side), near the top of the instrument panel (copilot's side), and at the very low center section under the stack of radios and direction finding electronics. The measurements are plotted versus time, figures 29 through 32, and selected values are listed in table 4. One Halon 1211 extin­guisher and one 1301 e
	EXTINGUISHER AGENT STRATIFICATION IN CABIN. 
	Testing was designed to measure extinguisher agent stratification within the cabin. The three sample lines were placed on the cabin floor. Single sample lines were placed on the floor both near the pilot and the copilot and on the floor by the rear passenger behind the pilot. The measurements are in figures 33 and 34 and selected values are listed in table 5. The highest Halon extinguisher gas con­centrations are located on the floor. In all cases, the gas measurement capability was overwhelmed and exceeded
	TABLE 4. EXTINGUISHER GAS DISTRIBUTION 
	Agent Max Cone Max Cone Max Cone Agent Disch Pilot's Copilot's Center Figure Discharge Agent Disch Time Side Side Radios 
	No. Location Type W Lbs Sec % % % 
	29 Under Instr Pan 1301 2.7 4.3 11+ 10.8 Copilot's Side 
	30 Under Instr Pan 1211 2.4 11 4.5 7.9 9.9 Copilot's Side 
	31 Under Instr Pan 1301 12 10.5 0.9 3.8 Pilot's Side 
	32 Under Instr Pan 1211 2.3 13 11.0 0.5 4.3 Pilot's Side 
	TABLE 5. EXTINGUISHER GAS STRATIFICATION 
	Agent 
	Agent 
	Agent 
	Max Cone 
	Max Cone 
	Max Cone 

	Agent 
	Agent 
	Disch 
	On 
	Floor 
	On Floor 
	On Floor 

	Figure 
	Figure 
	Sample 
	Agent 
	Disch 
	Time 
	By 
	By 
	By Rear 

	No. 
	No. 
	Location 
	Type 
	WLbs 
	Sec 
	Pilot 
	Copilot 
	Seat 

	33 
	33 
	Sample Lines 
	1301 
	2.5 
	12 
	11+ 
	11+ 
	11+ 

	TR
	On Floor 

	34 
	34 
	Sample Lines 
	1211 
	2.4 
	11 
	11+ 
	11+ 

	TR
	On Floor 


	SUMMARY OF RESULTS 
	Hand fire extinguishers charged with Halon 1211 and Halon 1301 of 2.5 pound and 3pound capacity, respectively, were tested and evaluated in a Cessna 210C airplane. Four mannequins were used for pilot and passengers and baggage was placed in the baggage compartment. These tests were conducted in an airflow facility without 
	-

	fires and involved the cont inous sampling and measurement of. p._e_.l!_t_ Halon gases from 
	three locat-ions. The --agent concentrations--wece--measureci: in~ proiciaity to~di.scbarge of the extinguishers at the pilot and copilot belt level, and at the pilot's nose. Air temperature was measured near discharge of the extinguishers and at the pilot's nose. Testing was completed for ventilation conditions of overhead vents open and overhead vents closed. Two Halon 1211 and two Halon 1301 extinguishers were discharged at each test location. Agent discharge was mainly under the instrument panel because
	Extinguisher agent concentrations near the point of extinguisher discharge ranged between 8 and 9 percent for Halon 1211, and averaged above 10 percent for Halon 1301. Near the pilot-copilot belt level, Halon 1211 extinguisher agent averaged about 6 percent and from 7.0 to 7.7 percent for Halon 1301, and dose for both extinguishers at this location averaged somewhat over 2.3 percent-minutes to 
	3.0 percent-minutes. Agent concentrations at the pilot's nose height averaged between 2.6 to slightly over 4.0 percent and dose averaged from about 1.0 to 1.5 percent minutes. Extinguisher gases usually dissipated to low levels in less than 1 minute. The utilization of four mannequins or test dummies for the cabin seating arrangement and placement of baggage in the baggage compartment caused somewhat higher gas concentrations and somewhat higher dose calculations than those measurements documented in refere
	concentration was measured on the opposite side of the instrument panel. Strati­
	fication of extinguisher gases in the cabin was determined. The three sample lines were placed on the cabin floor. High measurements in excess of 11 percent maximum were obtained in all locations. 
	CONCLUSIONS 
	1. 
	1. 
	1. 
	Halon 1211 extinguishers of 2.5-pound capacity are safe for use in small general aviation aircraft. Halon 1301 extinguishers of 3.0-pound capacity are safe for use in small general aviation aircraft. Maximum dose calculations for neat Halon 1211 gases were only 60 percent of the recommended human exposure limits. Maximum dose calculations for neat Halon 1301 gases were only 30 percent of the recommended human exposure limits. 

	2. 
	2. 
	Extinguisher agent stratification and normal flight ventilation are major factors in producing safe conditions in the cabin at the pilot's nose level. 
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	FIGURE 2. GENERAL AVIATION AIRFLOW FACILITY TEST SECTION -PROFILE 
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	FIGURE 4. INSTRUMENT PANEL -CESSNA MODEL 210C AIRPLANE 
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	FIGURE 5. HALON 1301 CONCENTRATIONS -3-POUND EXTINGUISHER DIRECTED UNDER INSTRUMENT PANEL -COPILOT'S SIDE -OVERHEAD VENTS OPEN 
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	FIGURE 6. HALON 1301 CONCENTRATIONS -3-POUND EXTINGUISHER DIRECTED UNDER INSTRUMENT PANEL -COPILOT'S SIDE -OVERHEAD VENTS CLOSED 
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	FIGURE 26. HALON 1301 CONCENTRATIONS -3-POUND EXTINGUISHER DIRECTED TO THE BAGGAGE COMPARTMENT -OVERHEAD VENTS CLOSED 
	11.-----.------.-----.------.------.-----.------.-----~----~----~ 
	10r-----+------r----_,------+-----~-----+------~----~-----+----~ 
	~· 
	~· 
	3 r-----+-----~----~------~----4------+----~~----+-----~----~ 
	_\ 
	2 r-----~-----.~~-.~.·~·'·.-..~~~~----r-----~-----+------~----4-----~----~ 
	I ~
	-"L
	1 
	0 10 20 30 40 50 60 70 80 90 100 
	86-5/"1.7
	TIME • SECONDS 
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	FIGURE 29. HALON 1301 CONCENTRATIONS -3-POUND EXTINGUISHER DIRECTED UNDER THE INSTRUMENT PANEL -COPILOT'S SIDE -ALL SAMPLE LINES UNDER INSTRUMENT PANEL 
	39• 
	11 
	10 t
	-

	~ 
	·~ 
	9 
	' 
	> 
	iliJ 
	8 
	-
	-


	';1. 
	LEGEND:
	I 

	7
	z 
	I 
	r= I 
	0 
	·) 
	~ 
	e 

	·~ 
	[:)
	c 

	a: 
	1-·J \ 
	z 
	6 

	1!.1 A 
	(.) ~ 
	z 
	I·
	0 
	~ 
	(.) ·~ 
	...
	I· 
	... 

	C'll ~-~ 
	... 
	9~· 
	0 
	z 

	... 4 
	c 
	5 
	\ 

	:z: 
	~ 

	~ 
	~ 
	3 . 
	~ 
	j." 
	2 
	1 
	\ 

	tl:>
	~ 

	1 
	~ 
	. .
	·~ 
	'
	~

	.. 
	. . . 
	. . . 
	0 
	d 
	~ 

	UNDER INSTRUMENT PANEL PILOT'S SIDE NEARTOP I I I UNDER INSTRUMENT PANEL COPILOT'S SIDE NEAR TOP I ,. BEHIND RADIOS LOW 
	... 
	.:. .. 
	~ 
	0 10 20 30 40 50 60 70 80 80 
	86-5/30
	TIME • SECONDS 
	FIGURE 30. HALON 1211 CONCENTRATIONS -2.5-POUND EXTINGUISHER DIRECTED UNDER THE INSTRUMENT PANEL -COPILOT'S SIDE -ALL SAMPLE LINES UNDER INSTRUMENT PANEL 
	11r-----~-----r-----r------~-----r~--~------.-----.------.----~ 
	(·) 
	10r---~--~J~--~---+----~--4----+--~----+---~ 
	9r-----~--~Tr----~----~-----r----~-----+-----+----~----~ 
	·) 
	s~----~~~'~r---~-----+----~------+-----4-----~-----+----~
	' f
	':!e.
	0 
	I 
	~ 7r-----~~---+-r--~------+-----~-----4------~----~-----+----~ ~ C· LEGEND:
	1!: 0 UNDER INSTRUMENT PANEL PILOT'S SIDE z 8 t-------t-C-·---+-+--+---+ NEAR TOP I . I I I 
	~ B UNDER INSTRUMENT PANEL COPILOT'S SIDE-z ~I NEAR TOP I I~ 6 BEHIND RADIOS CENTER LOW 
	8 
	\

	; sr------;------r---~~~·------+-----~-----+------~----~-----+----~ ~ ~I 
	~ 
	2 0 
	~4 t:x:>
	% r------T-----~-----r~~~--+------r-----+-----4------~----+-----~ 
	,, ~~ -~ 
	3r-----;1~-+~--~-1--~--+-----~----~------~----+----~----~ 
	(•) 
	•• 

	20 30 40 50 80 70 80 90 100 86-5/31
	TIME -SECONDS 
	FIGURE 31. HALON 1301 CONCENTRATIONS-3-POUND EXTINGUISHER DIRECTED UNDER THE INSTRUMENT PANEL -PILOT S SIDE -ALL SAMPLE LINES UNDER THE INSTRUMENT PANEL 
	1 

	41 
	11 .-----~~---.-----,------~-----.-----.------.-----,------.----~ 
	10 r-----~~r--r~---1------+-----~-----+------~----4------+----~ 
	9 
	(· 
	c:::
	{II 

	r-----~+-~rr----~------+-----~-----+------~----4-----~----~ 
	a 

	C·) 
	~ 
	I 
	z 7 r-----~~--~----~------+------r-----+------~----4-----~----~ 0 
	~ 
	a: 
	~ I ~--~~--~~---+---LEGEND:~----,_----+-----+-----~--~ IU 0 UNDER INSTRUMENT PANEL PILOT'S SIDE NEAR TOP I I I 
	u 
	z 
	·) 

	C·
	0 ·' · GJ UNDER INSTRUM~NT PANEL COPILOT'S SIDE .,.. 1----~~~----~e;----~---NEARTOP-----+~------r-----+-----~----~ A BEHIND RADIOS LOW 
	~
	u
	5 
	... 

	w 
	'r" 
	z 
	g .. 
	c 
	:1: 
	3 
	II( 
	9 
	2 r----+~---r-r---4~~----r-----4------+----~~----+-----~----~ 
	\~
	1 
	·) 
	•• •• _r.r..~ 
	OT• •
	0 0 10 20 30 40 50 10 70 80 90 100 
	TIME -SECONDS 
	86-5/32 
	FIGURE 32. HALON 1211 CONCENTRATIONS -2.5-POUND EXTINGUISHER DIRECTED 
	S SIDE -ALL SAMPLE 
	UNDER THE INSTRUMENT PANEL • PILOT 
	1 

	LINES UNDER THE INSTRUMENT PANEL 
	11·------~~~~----~r---~e,.~---.-----.-----.------r-----.-----~ 
	I· 
	8~----+h~~4-----~-4B4~--4-~~~----
	-

	I? 1 
	#. 
	·~ 
	I 
	71-----+f-....._..i---+------t----t-+--+-----t-r-------F­
	I:
	·~\ 
	·~\ 
	i 
	Z 

	~ 8~--~~--1-----~--~B1----~~----+-----,_-----r-----+----~ 
	~ j~~ 8 5~----~h~--4-----~---4-4~4·~--~-----+----~------~----+---~ 
	~-\ 
	0 
	~ 4~----~·H-+-~------+----44--4--~~---+----~------~----+---~
	...:
	::c 
	~· 
	~ 
	~==(=·=======~=·=·~=·.:::~:>:.:
	...:...:.==== 
	0 10 20 30 40 50 80 70 80 90 100 TIME -SECONDS 86-5/33 
	FIGURE 33. HALON 1301 CONCENTRATIONS -3-POUND EXTINGUISHER DIRECTED TO THE FUEL AND HYDRAULIC SELECTOR VALVES -ALL SAMPLE LINES LOCATED ON THE FLOOR 
	43 
	11.-----~~~-.--~~r.-----.----~~~·(lr-----~----~-----r----~----~-
	-

	~-~ 
	10 ~----~--+--r-----+-----4------~----+-----~----~-----+----~-
	-

	~ LEGEN~ 
	tr-----~--~~-----+~\-.---4------~~--+-----~~. FLOORPILOT'-----+[!1 FLOOR COPILOT 
	-

	I·) 
	8 t-------tt-----1---t-------+-G--b.+---+--+--+----+~--+----+-
	-

	~ ~ 
	I 7 r-----tt----tr---t------+---/la.---t------~---.lr.--+-----+-----+-----+--------r-
	-

	I·) \ ·~
	~ 
	-

	sr-----ff-~---r-----+----~.-----~--~~----4----~-----+~--~-
	-

	~oz ~·. ·~~ 
	~ u 5 r-----ff-~--~-----+----~-o~--~----+-~~~----~-----+-----4-
	-

	~ ~ 
	ell 
	~ 4r-----ff--+--~-----+----~---~~·~-----+---e~~~~~----~-----+-----4
	-

	c ··~ ~ 
	:Z:: r, •~l· .~ l.p ~ 
	3r------t+-~--+-----+-----+-----~J~----~--~~Y~~.~--~~~.-~~~~~---+
	-



	2 ~---t--t----t---+\~·.+-----+---0-~~·.
	2 ~---t--t----t---+\~·.+-----+---0-~~·.
	VV---+-·'~
	i\-k---+----. 
	v c; 
	r. 


	__ 
	__ 
	1r---;+-r--~--~----~----~---·+~~··~·~----~--~--~M~;~rc·

	11 ..u)_ __l____L___j____l____l__ ..~~··~...~ ..t..g··g ..d
	o~-~~

	i .. _~··J·~=··~-~~ .. ~ ..~m:.~ ...~ ..L 
	0 10 20 30 40 50 80 70 80 90 100 
	86-5/34
	TIME -SECONDS 
	FIGURE 34. HALON 1211 CONCENTRATIONS -2.5-POUND EXTINGUISHER DIRECTED TO THE FUEL AND HYDRAULIC SELECTOR VALVES -ALL SAMPLE LINES LOCATED ON THE FLOOR 
	14 
	14 
	14 

	TR
	~ 

	TR
	~ 


	e HALON 1301 CJ 
	"" 
	12 
	~ 

	0 HALON 1211 '#. 10 
	~ 
	"" 
	z 
	~ 
	0
	-
	1
	-

	~ 
	c 8 
	a: 
	1-~ 
	z 
	w 
	0 
	z ~~ 
	6 
	~ 
	Vl 
	0 

	0 
	z 
	0 
	..1 
	::1: 
	c 
	4 
	~
	0 
	"s 

	2 
	PILOT'S BELT PILOT'S FLCj)OR LEVEL NOSE 
	I I 
	0 
	I 
	I 

	0 10 20 30 40 
	CABIN VElRTICAL DIMENSION _, INCHES 
	FIGURE 35. STRATIFICATION OF HALON EXTINGUISHING AGENTS 
	APPENDIX A DISTRIBUTION LIST 
	Region Libraries 
	Alaska AAL-64 Central ACE-66 Eastern AEA-62 Great Lakes AGL-60 New England ANE-40 Northwest-Mountain ANM-60 Western-Pacific AWP-60 Southern AS0-63d Southwest ASW-40 
	Center Libraries 
	Technical Center ACT-64 Aeronautical Center AAC-44.4 
	Civil Aviation Authority Aviation House 129 Kingsway London WC2B 6NN England 
	Embassy of Australia Civil Air Attache 1601 Mass Ave. NW Washington, D. C. 20036 
	Scientific & Tech. Info FAC Attn: NASA Rep. 
	P.O. Box 8757 BWI Aprt Baltimore, Md. 21240 
	DOT-FAA AEU-500 American Embassy APO New York, N. Y. 09667 
	Headquarters (Wash. DC) 
	ADL-1 ADL-32 (North) APM-1 APM-13 (Nigro) ALG-300 APA-300 API-19 AAT-1 AWS-1 AES-3 
	OST Headquarters Library 
	M-493.2 (Bldg. lOA) 
	University of California Sers Dpt Inst of Trsp Std Lib 412 McLaughlin Hall Berkely, CA 94720 
	British Embassy Civil Air Attache ATS 3100 Mass Ave. NW Washington, DC 20008 
	Dir. DuCentre Exp DE LA Navigation Aerineene 941 Orly, France 
	Northwestern University Trisnet Repository Transportation Center Lib. Evanston, Ill. 60201 
	Mr. Fred Jenkins, ANM-130L Federal Aviation Administration 4344 Donald Douglas Drive Long Beach, California 90808 
	Mr. Dan Gross B-66 Technology Building National Bureau of Standards Washington, DC 20234 
	Dr. James M. Peterson The Boeing Company MS/73-43 Seattle, Washington 98124 
	Dr. John 0. Punderson 
	E.I. Dupo~t De Nemours P.O. Box 1217 Parkersburg, West VA 26102 
	Commander 
	U.S. Army AVSCOM Attn: DRSAV-EI (Mr. John P. Dow) 4300 Goodfellow Blvd. St. Louis, MD 63120 
	Mr. L. C. Virr Civil Aviation Authority Barbazon House Redhill Surrey RHl 1SQ England 
	Mr. Ray Young Engineering and Air Safety Dep't Airline Pilots Association 1625 Massachusetts Ave., NW Washington, DC 20036 
	Dr. Calyton E. Hathaway Monsanto Company 800 N. Lindberg BLvd. Mail Zone R3B St. Louis, MO 63166 
	Dr. Leo P. Parts Monsanto Research Corp. 1515 Nicholas Road 
	Datyton, Ohio 45407 
	Datyton, Ohio 45407 
	Mr. Matthew M. McCormick National Transportation Safety Board Bureau of Technoloty Washington, DC 20594 

	Mr. A. Delman The Wool Bureau, Inc. Technical Services Center 225 Crossways Park Drive Woodbury, L.I., New York 11797 
	Dr. L. Benisek International Wool Secretariat Technical Center, Valley Drive Ilkley, West Yorkshire, LS29 8PB England 
	Mr. John A. Leland Username: Dept E-29 Douglas Aircraft Co. 35-14 3855 Lakewood Blvd. Long Beach CA 90846 
	Mr. Stan Ames Fire Research Station Borehamwood Hertfordshire WDG 2BL England 
	Mr. Arthur G. Thorning Civil Aviation Authority CAA House 45-59 Kingsway London WC2B GTE England 
	Mr. Lee Hoyt Weber Aircraft Co. 2820 Ontario Street Burbank, CA 91505 
	Julia M. Baer Celanese Fibers Marketing Comp. P.O. Box 32414 Charlotte, NC 28232 
	Mr. James 0. Price Heath Teena Corp. 19819 84th Avenue South 
	Kent, Washington 98031 
	Mr. Richard M. Harrison Custom Products Company P.O. Box 699 
	Sun Valley, California 91352 
	Mt. T. E. Waterman IIT Research Institute 10 West 35th Street Chicago, Illionis 60616 
	Mr. Henri Branting FAA Headquarters AWS-120 800 Indepednce Avenue SW Washington, DC 20591 
	Dr. James E. Mielke Science Policy Research Div. Congressional Research Services 
	Library of Congress Washington, DC 20540 
	Mr. Thomas Madgwick British Areospace p.l.c. Aircraft Group Weybridge-Bristol Division Filton House Bristol BS99 7AR Englang 
	Mr. Joseph L. Buckley Factory Mutual System 1151 Boston-Providence Turnpike Norwood, Mass. 02062 
	Mr. John Hoffmann Port of New York &New Jersey 
	Authority One Path Plaza (4th Floor) Jersey City, NJ 07306 
	Mr. Robert E. Kraus Raychem Corp. 300 Constitution Drive Menlo Park, California 94025 
	Mr. John A. Blair Manager, Standards 
	E.I. Dupont deNemours &Co. ;PP+R Chestnut Run Wilmington, Delaware 19898 
	Mr. Bill Martinez, Mgr. Data Service AMI Industries, Inc. P.O. Box 370 Colorado Springs, California 80901 
	Mr. J. J. Brenneman Fire Protection Engineer United Airlines, Inc. P.O. Box 66100 Chicato, Illionis 60666 
	Mr. Edward L. Lopez Lockheed Aircraft Corp. Dept. 74-75, Bldg. 229-A Box 551 Burbank, CA 91503 
	Dr. D. Kourtides Chemical Research Center NASA/AMES Research Center 
	Moffett Field, CA 94035 
	Mr. C. Hayden Leroy TE-10 Bldg. 10-A National Transportation Safety Board Washington, DC 20594 
	Mr. Richard Nelson ANM-110 17900 Pacific Highway South C-G8966 Seattle, WA 98168 
	Dr. Charles R. Crane FAA, CAMI, AAC-114 P.O. Box 25082 Oklahoma, OK 73125 
	Mr. Reginald Utting The Boeing Company Commercial Airplane Group, 747 Div. P.O. Box 3707 Seattle, Washington 98124 
	Dr. Joseph C. Reed 
	E.I. Dupont de Nemours & Co. Plastics Department Fluorocarbons Division Wilmington, Delaware 19898 
	A-3 
	Dr. Fumiharu Saito Building Research Institute Ministry of Construction Tatehara-1 Oho-Machi Tsukuba-Gun Ibaraki Prefecture, Japan 
	Dr. Robert Keith Laboratory Industrial Medicine Eastman Chemical Company Kingsport, Tenn. 37662 
	Mr. Kenton D. Warner Puritan-Bennet Aero Systems Co. 10800 Pflumm Road Lenexa, Kansas 66215 
	Mr. Geroge Veryioglou Systems Technology Staff Boeing Commercial Airplane Co. P.O. Box 3707, MS 77-70 Seattle, WA 98124 
	Mr. Donald Schroeder Federal Aviation Administration APM-710 800 Independence Ave. SW Washington, DC 20591 
	Mr. Calvin J. Cruz Textile Fibers Dept. 
	E.I. Dupont deNemours &Co., Inc. Wilmington, Delaware 19898 
	Dr. C. Perry Bankston Energy and Materials Research Sec. Jet Propulsion Laboratory 4800 Oak Grove Drive Pasadena, California 91103 
	Mr. Joseph A. Krist Athol Manufacturing Corporation 1350 Broadway New York, New York 10018 
	Mr. W. G. Dye 
	Director of Engineering Fairchild Burns Company 1455 Fairchild Drive Winston Salem, NC 27023 
	Mr. Peter Meiklem 
	Civil Air Attach's (Safety) British Embassy 3100 Massachusetts Ave. NW Washington, DC 20008 
	Dr. H. R. Dvorak Wesson and Associates, Inc. 510 South Webster Postal Box 1082 Norman, OK 73070 
	Mr. Erich Feldkirchner Airbus Insustrie Headquarters, BP No. 33 31700 Blagnac, France 
	Ms. Diane Boulavsky American Textile Mfgrs. Institute 1101 Connecticut Ave. NW Suite 350 Washington, DC 20036 
	Mr. Gregory Smith 
	B.F. Goodrich Technical Center P.O. Box 122 Avon Lake, Ohio 44012 
	Mr. George M. Johnson Cheif Chemist Pan American Airways, Inc. Bldg. 208 Room 2228 J F Kennedy Int'l Airport Jamaica, New York 11430 
	Dr. Lloyd H. Back Energy and Materials Research Sec. Jet Propulsion Laboratory 4800 Oak Grove Drive Pasadena, California 91103 
	Dr. A. Carlos Fernandez-Pello Mechanical Engineering Department University of California, Berkely Berkely, California 9420 
	Mr. S. F. Taylor College of Aeronautics Cranfield Institute of Technology Cranfield, Bedford MKJOAL England 
	Mr. William R. Kane System Engineering Group ASD/ENFEF Wright-Patterson AFB, Ohio 45433 
	Mr. A. J. Christopher Royal Aircraft Establishment Materials Department South Farnborough Hants, England 
	Manager Flight Attendant Training &Standard Western Airlines 6060 Avion Drive Los Angeles, California 90009 
	Mr. Everett A. Tustin Boeing Commerical Airplane Company P.O. Box 3707, M/S GF-26 Seattle, Washington 98124 
	Mr. R. G. Clodfelter AFWAL/POSH Wright-Patterson AFB Ohio 45433 
	Dr. Edwin Smith Ohio State University 140 W. 19th Avenue Columbus, Ohio 43214 
	Mr. Walter Perkowski The Boeing Company Commercial Airplane Group P.O. Box 3707, MS/73-43 Seattle, Washinton 98124 
	Mr. William Snoddy American Airlines 
	P.O. Box 51009 Mail Stop #10 Tulsa, Oklahoma 74151 
	Mrs. Charlotte Gebhart Rohm &Haas Company Independence Mall West Philadelphia, PA 19105 
	Mrs. Charlotte Gebhart Rohm &Haas Company Independence Mall West Philadelphia, PA 19105 
	Wm. Kirkham, Phd., Md, AAC-144 OOT/FAA/ CAMI Aeronautical Center P.O. Box 25082 Oklahoma City, Oklahoma 73125 

	Mr. Henry J. Roux Product Fire Performance Armstrong World Industries, Inc. Lancaster, PA 17604 
	Mr. John Ed Ryan National Forest Products Assoc. 50 North Franklin Turnpike P.O. Box 314 Hohokus, New Jersey 07423 
	C. M. Sliepcevich Flame Dynamics Laboratory University of Oklahoma 1215 Westheimer Street Norman, Oaklahoma 73069 
	Mr. Louis Frisco Wire & Cable Division Raychem Corp. 300 Constitution Drive Menlo Park, California 94205 
	Dr. John A. Parker Chemical Research Projects Office NASA/AMES Research Center M.S. 223-6 Moffett Field, California, 94035 
	Bernard Grendahl, Mgr. Tech. Service Aerospace Division Universal Oil Products Company Bantam, Conn. 06750 
	A. Tewarson 
	FMRC 
	1151 Boston-Providence T'Pke Norwood, Mass. 02062 
	Dr. Rosalind C. Anderson Arthur D. Little, Inc. Acorn Park Cambridge, Mass. 02140 
	A-5 
	Mr. Matthew Finucane Aviation Consumer Action Project P.O. Box 19029 Washington, DC 20036 
	Mr. Leo Fisher Crest Foam 100 Carol Place Moonachie, NJ 07074 
	Mr. Philip J. DiNenno Professional Loss Control, Inc. P.O. Box 446 Oak Ridge, TN 37830 
	Mr. James A. Milke Department of Fire Protection 
	Engineering University of Maryland College Park, MD 20742 
	Mr. John P. Reese Aerospace Industries Association 
	of America, Inc. 1725 Desales Street, N.W. Washington, DC 20036 
	Mr. Jim Browq General Dynamics Electric Boat Div. Station CG2 Eastern Point Road Groton, Conn. 06340 
	Mr. John R. Powers Delta Airlines, Inc. Hartsfield Atlanta International Airport Atlanta, Georgia 30320 
	Mr. S. M. Hooper Eastern Airlines Miami International Airport Miami, Florida 33148 
	Dr. Charles P. Lazzara US Bureau of Mines Pgh. Research Center P.O. Box 18070 Pittsburgh, PA 15236 
	Dr. James G. Ouintiere National Bureau of Standards Bldg. 224, Room B-356 Washington, DC 20234 
	Mr. Stan Martin & Assoc. 860 Vista Drive Redwood City, California 94062 
	Mr. A. L. Bridgman General Electric Company Plastics Technology Department 1 Plastics Avenue Pittsfield, MA 01201 
	Mr. Walter T. Clark Jr. Clark Engineering Service 312 E. Main Street Lancaster, Texas 75146 
	Commanding General 
	U.S. Army Test &Evaluation 
	Command Attn: DRSTE-AD-A (D. Conley) Aberdeen Proving Ground, MD 21005 
	Mr. Charles Macaluss 
	U.S. Testing 5555 Telegraph Road Los Angeles, CA 90040 
	Mr. Steve Waldrip Republic Airlines 7500 Airline Drive Minneapolis, Minnesota 55450 
	T. F. Laughlin, Jr. Lockheed-California Company D/98-01, B/90-4, A-1 P.O. Box 551 Burbank, California 91520 
	Kirke Comstock Manager of Interior Engineering United Airlines Maint. Oper. Center Engineering Department San Francisco International Airport San Francisco, California 94128 
	Dr. John Leverton Civil Regulations Manager Civil Business Group Westland Helicopters, LTD. Yeovil, BA20 2YB Somerset, England 
	Dr. Dale G. Onderak John Schneller & Associates 6019 Powdermill Road Kent, Ohio 44240 
	Mr. Mike Bauccio 
	U.S. Army Aviation R&D Command AVSCOM/DRSAV-NS St. Louis Missouri 63120 
	Mr. Vyto Babrauskas National Bureau of Standards Bldg. 224, Room A-345 Washington, DC 20234 
	Mr. Pascal Dranitsaris 
	Ontario Research Foundation Sheridan Park Research Community Mississauga, Ontario, Canada L5K1B3 
	Mr. V. W. Ballenger Director, Engineering and Maint. Air Transport Association 1709 New York Avenue, N.W. washington, DC 20006 
	Mr. William K. Greer General Electric Company 1 Plastics Avenue Pittsfield, Massachusetts 01201 
	D. A. Radice Manager, Flexible Sales CPR Division of Upjohn Company 
	555 Alaska Avenue Torrence, California 90503 
	Mr. Micheal Tyler Aviation Safety Bureau Transport Canada Ottawa, Ontario, Canada KIAON8 
	Mr. Charles W. McGuire Department of Transportation 400 7th Street S.W. Washington, DC 70590 
	Mr. A. T. Peacock Douglas Aircraft Company Internal Mail Code 36-41 3855 Lakewood Blvd. Long Beach, California 90846 
	Mr. Eric W. Simmons 
	Ontario Research Foundation Sheridan Park Research Community Mississauga, Ontario, Canada L5K1B3 
	Mr. James H. Keeler General Electric Company 1 Plastics Avenue Pittsfield, Massachusetts 01201 
	*u.s. GOVERNMENT PRINTING OFFICE: 1986-605-071/40065 
	A._-7 









Accessibility Report





		Filename: 

		ct86-5_REM.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 1



		Passed: 26



		Failed: 3







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Skipped		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Failed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Failed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Failed		Appropriate nesting










Back to Top

