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O SUMMARY

Twenty-five large-scale aircraft flammability tests were conducted

in a Boeing 737 fuselage at the NASA Johnson Space Center (JSC). The ob-

jective of this test program was to provide a data base on the propaga-
tion of large-scale aircraft fires to support the validation of aircraft

fire mathematical models. Variables in the test program included cabin

volume_ amount of fuel 9 fuel pan area, fire location, airflow rate, and
cabin materials. A number of tests were conducted with Jet A-I fuel only_

while others were conducted with various Boeing 747-type cabin materials.

These included urethane foam seats_ passenger service units_ stowage bins9

and wall and ceiling panels. Two tests were also included using special

urethane foam and polyimide foam seats. Tests were conducted with each

cabin material individually, with various combinations of these materials_

and finally_ with all materials in the cabin. The data include informa-

tion obtained from approximately 160 locations inside the fuselage. Mea-

surements include temperature_ visibility_ heat flux, air velocity, rate
of fuel and seat weight loss_ and concentration of various gases. The

data provided by this report include nearly 3000 curves (shown on 600

graphs). A matrix is included to quickly locate any particular graph.

Approximately 50 before_ during9 and after test photographs are also
included.

INTRODUCTION

O Primary emphasis in aircraft fire safety activities over the last

few years has been on materials development and flammability testing.
Recently_ aircraft fire modeling activities have generated models which ad-

dress the full-scale aircraft fire_ including propagation through the fuse-

lage. One such model has been developed at the University of Dayton Re-
search Institute (UDRI) for the Federal Aviation Administration (ref. i).

It consists of a simulation of a fire propagating through a wide-body air-

craft fuselage from an ignition source. The model was developed to pre-

dict the temperatures_ heat flux, smoke_ and gas combustion products from

burning interior materials in a full-scale aircraft cabin fire_ using labo-
ratory test data of the same materials. Validation of this type of model
requires detailed fire data from full-scale tests. Previous full-scale

tests in the industry were not sufficiently instrumented to provide the ex-

tensive data necessary.

A specific test program was developed by JSC in coordination with

UDRI to provide the fire data necessary for validation of the UDRI model.

The program obtained data on each element of the fire propagation path_
including the ignition source and the fire buildup data for each major

element of the aircraft interior materials. The locations and types of

necessary instrumentation were determined through coordination with UDRI

math modeling personnel. A total of 25 tests were included in the pro-

gram. Detailed data from the fires produced in these tests form the basis
of this report_ which is primarily a data report_ with limited data inter-

O pretation. Correlation with the UDRI model is not included. Although
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these tests were originally conducted to support the UDRI model_ this

report was written with general applicability in mind. n

TEST FACILITY

The test facility is a Boeing 737 aircraft fuselage (fig. I). The fu-

selage has movable bulkheads which can provide a test compartment as short
as 3 meters (I0 feet), or as long as 17.1 meters (56 feet). The center

section of the fuselage (6.1 meters (20 feet) long) as well as the aft bulk-

head area, have been lined with a high-temperature insulation (Fiberfrax),
and covered with a stainless steel skin to protect the aluminum structure

and the external skin from damage. The remainder of the fuselage is fit-
ted with bagged aircraft Fiberglas insulation and covered with aluminum

skin. The fuselage interior is protected with a fire extinguishing system

for terminating tests exceeding acceptable limits. A ventilation system

and a computerized control and data acquisition system support the test fa-
cility.

TEST CONDITIONS

The primary test conditions under which these tests were conducted

are shown in table I, and are described below. Twenty-five tests were

conducted. Tests were numbered 1 through 28, with test numbers 7 through
9 omitted.

Cabin Size

Two different cabin lengths 9 17.1 meters and 6.1 meters, were used.
The cabin volume was 104 cubic meters (3700 cubic feet) in the large sec-

tion, and 37 cubic meters (1320 cubic feet) in the small section. All

but two of the tests were conducted in the large section.

Fire Location

As shown in figure 2, the fuel pan was located in one of three posi-

tions. Position A, the midline outboard wall position (beneath the center

of the outboard seat), was used in most of the tests, including all the
cabin materials tests.

Size of Ignition Source

In a previous test program conducted by JSC with the Boeing Commer-

cial Aircraft Company (ref. 3), various sizes of fuel fires were evaluated

to determine an optimum ignition source. The optimum test ignition source
was defined to be that source which produces a free air temperature of

478 K (400° F)_ at 1.5 meters (5 feet) above the floor_ at a distance of

2.4 meters (8 feet) from the center of the fire, in approximately 4 minutes
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after ignition. This temperature is considered the maximum human toler-

O nce for short exposure times. The results of the test program withBoeing indicated that a 61-centimeter (2-foot) square fuel pan with 4.5
liters of Jet A-I fuel would produce the desired temperature.

Three ignition sources were used in the current test program. Four

and 1/2 liters of Jet A-I fuel_ in a 61-centimeter (2-foot) square fuel

pan_ were used in most of the fuel-only tests_ and where wall and/or

overhead panels were tested without seats. Two and 1/2 liters of Jet A-I

fuel were also used, but only in the first two tests. One liter of Jet
A-I fuel, in a 31-centimeter (1-foot) square fuel pan_ was primarily used

during tests with seats to limit the size of the fire produced.

Ventilation

Test air ventilation rates ranged from 14.2 to 65 m3/min (500 to 2300

ft3/min). The direction of airflow was from a diffuser in the forward

bulkhead door (fig. 24) toward the open aft bulkhead door (fig. 25). The

outside air pressure, temperature, and humidity conditions which existed

for each test are shown in table V. Pre-test air velocity measurements_
including outside wind velocity and direction, and natural and forced

ventilation velocities, are shown in table VI.

Cabin Materials

O Most of the materials used were Boeing 747-type aircraft cabin fur-
nishings cut to size to fit inside the JSC Boeing 737 test section. In-

cluded were urethane foam seat assemblies and wall panels_ as well as an
assembly of nine overhead panels, which included two passenger service

unit (PSU) panels, two stowage bin panels, and five ceiling panels. In ad-

dition, there were two tests using special urethane and polyimide foam
seats. Tests generally progressed from those with no materials (Jet A-I

fuel only), to single cabin components, to component combinations_ and fi-

nally with all cabin materials installed (fig. i0).

INSTRUMENTATION

The instrumentation used in this test program is shown in figures 1

through 29. Identification numbers for the instrumentation are shown in

table III, and figures 2 through 12. A brief description of the instrumen-

tation is also given below.

Temperature

Chromel-alumel thermocouples were used to measure free-air and mate-

rial temperatures. They were installed at over 130 locations (figs. 2_ 7

to 9, 111 129 and 17 to 21). Thermocouples which were installed on cabin

O materials were referred to by the designation "T/M".
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Visibility

Six National Bureau of Standards (NBS) photometric smoke measure- W

ment systems (ref. 2) were installed to determine the loss of visibility

resulting from the smoke generated by the fuel and the burning materials.

Their locations are shown in figures 2 and 23. Scales for monitoring

smoke stratification, and lamps for illuminating the scales, were also

installed (fig. 17).

Heat Flux

Six water-cooled calorimeters were installed, as shown in figures 2

and 229 to determine the heat flux generated by the fire. Three were lo-

cated on the midline of the fuselage_ around the fire9 while the remain-

ing three were located near the aft end of the fuselage.

Air Velocity

To determine airflow velocity through the fuselage_ three bidirec-

tional gas velocity probes were installed9 as shown in figures 3 and 25.
Two were installed in the aft fuselage doorway_ and one near the ceiling

at thermocouple tree 5_ just forward of the midsection of the fuselage.

The probes used were similar to the one described in reference 4.

Fuel Weight O

Fuel pan weight measurements were made continuously during the test

to give an indication of the rate of fuel consumption. Fuel pan weight

change was obtained through the use of a lever suspension system. The pan
was mounted on the end of a balance arm_ opposite a load cell 9 as shown in

figures 26 and 27.

Seat Weight

To measure seat weight changes with time, a load cell was suspended
from a bracket external to the fuselage directly over the seat position_

as shown in figures 28 and 29. A steel cable connected to the load cell

was passed through an opening in the fuselage to a bridle system_ which
held the seat assembly.

Gas Collection and Analysis

Two different systems were used to collect and analyze the products
of combustion. The overall configuration of both systems is shown in fig-

ure 13. The dry gas system (console shown in figure 16) collected and

analyzed gas samples from six sample port locations_ shown in figure 4.
The system included real-time gas analyzers_ one for each of four non-

hydrolyzable gases: carbon monoxide9 carbon dioxide 9 oxygen_ and light Iv
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hydrocarbons (up to six carbon atoms). Prior to installation of this sys-

O em (for the first six tests only), 32-1iter stainless steel vessels wereused to collect gas samples, which were later analyzed. The wet gas sys-
tem_ shown in figures 14 and 157 used glass bubblers filled with sodium hy-

droxide solution to collect three types of hydrolyzable gas ions (cyanides_

fluorides 9 and chlorides) from four sample port locations. The collection
lines were heated to 66° C (150° F) to avoid condensation losses_ and the

test solutions collected were analyzed using solid-state specific ion
electrodes.

Visual Documentation

Visual documentation of the ignition and flame propagation in the

cabin was obtained using up to three motion picture cameras at different

angles. Still photography documented before_ during 9 and after conditions

of the test specimens. Closed-circuit television was used for real-

time viewing. The relative locations of the cameras are shown in figure
2.

RESULTS

The results of this test program are presented in tables9 photographs9

and graphs. A dash (-) symbol indicates which data in the tables were ap-

O licable for a particular test_ but were deleted because of equipment mal-
function, or were otherwise not available for inclusion in this report.

The test photographs and graphs of the data are grouped numerically_ from

test 1 through 28, in separate sections at the end of this report.

Photographs

Photographs are included before the graphs for each test, except for

the first six fuel-only tests, which were not photographed. Three photo-
graphs are usually included for each test. The first photograph is the

pre-test configuration of the cabin materials. The second photograph

is usually the same view taken after the test to document the extent
of fire damage. The third photograph is one selected from photographs

taken by a camera inside the fuselage test section during the fire
itself. An attempt was made to select a photograph for each test which
showed the fire when the flame area was at or near its maximum visible
size.

Labels were used to identify instrumentation on selected test photo-

graphs. Although the majority of the pre-test photos have some labels7

most of the instrumentation seen in the photos have been identified on
three photos in particular. These are figures 1897 419_ and 542_ for

tests 13_ 20_ and 24_ respectively.

O
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Graphs

The order in which the graphs are presented for each test in this re- W

port is listed in table III, which also includes instrument identification

numbers. Applicable instrument numbers are listed in the legend on each

graph. The types of graphs provided for each particular test are shown in

table IV. To locate any graph quickly, refer to the matrix of graph fig-
ure numbers at the end of the Table of Contents.

To minimize the size of this report_ up to six curves were plotted on

each graph. Wherever a curve on a graph indicated that an instrument was

malfunctioning from the beginning of a test_ the letters "N.A." were

inserted in the legend of the graph to indicate which curve was deleted.
Whenever a malfunction occurred sometime after the start of a test 9 only

that portion of the curve was deleted which was obviously in error.

Visibility and Heat Flux

The visibility and heat flux data are shown in the graphs. There
were no basic changes in the configuration of these instruments during the

test program.

Temperature

All the temperature data (except for the ambient outside air tempera-
tures given in table V) are included in the graphs. The thermocouple tree W
and cabin materials' thermocouple positions were not basically changed dur-

ing the test program. However 9 changes and/or additions of other thermo-

couples were made. There was only one thermocouple above the fuel pan for
the first six tests_ after which three thermocouples were used (fig. Ii).

These thermocouples were usually located above the center of the fuel pan

except when seats were tested, when they were located as close to the fuel

pan as permitted by the seat assembly. The four ceiling and floor thermo-

couples were not added until after test 6. They were installed near the

ceiling and the floor_ at trees i and 4_ to provide additional air tempera-
ture readings near cabin surfaces. In addition, two thermocouples
shielded from direct radiation were installed next to two unshielded

thermocouples to determine the effects of flame radiation on thermocouple

readings; however, this was done only in the last three tests.

Ventilation

The outside air pressure_ temperature, and humidity measurements

taken just before each test run are shown in table V. Beginning with test

14, pre-test air velocity measurements were also made of outside wind ve-

locity and direction_ as well as natural and forced ventilation velocities,
which are shown in table Vl. The airflow rates which were used during

each test are listed in table I.

The air velocity measurements taken during the tests at the three ve-

locity probe positions (Vl and V2 in the aft bulkhead doorway_ and V3

6



forward of the fuselage midline) are shown in the graphs beginning after

O est 6, when the two aft velocity probes were installed. The probes usedare bidirectional and are relatively insensitive to the angle of direction

of airflow up to ±50 degrees. They are considered accurate to ±i0 per-
cent for air velocities above ±0.3 m/sec (0.9 ft/sec). Below this_ their

accuracy decreases significantly. The direction of airflow at Vl and V2

was almost always aft 9 which was designated as the positive (+) direction

on the graphs. Airflow at V3 was usually negative 9 indicating forward
flow.

The air inlet into the fuselage test section was a 20-centimeter (8-

inch) diameter port to the right of the forward fuselage door for only the
first six tests, after which a diffuser type of inlet port was installed

in the center of the fuselage door. The exit port was always the open aft

fuselage doorway. Tests 3 and 6 were natural ventilation tests with the
blower off and both forward and aft doors open. Test i0 (at fuel pan loca-

tion "C"9 next to the aft bulkhead) was the only test conducted with the

aft vent door closed 9 with air vented out through the Boeing 737'8 floor

vents 9 which were normally taped over.

Fuel Weight Loss

The fuel weight loss with time is shown in the graphs. When it was

obvious that a piece of material fell into the fuel pan_ this was noted on

the graph. The earliest time for fuel depletion was Ii minutes in test

O 6. However_ in most tests, when the test graphs were terminated after 14
minutes9 there was usually still a small amount of burning fuel left.

There exist no fuel weight loss data for the first three tests. Water was

used in the fuel pan in these tests to help provide a constant burning

area_ with the fuel floating on it. However_ when the water boiled_ it
also threw out some fuel, which affected the weight loss measurements.
The water was deleted after the first three tests.

Cabin Materials Weight Loss

The total weight loss of the cabin materials used (seats 9 wall 9 and

overhead panels) is shown in tables VIII and IX. Graphs of seat weight
loss with time are also provided. Since the seats in tests 12 to 16 and

test 18 did not include any signficant weight of flammable material other

than the foam seats themselves9 the seat weight loss graphs for these six

seat tests would tend to indicate the rate of consumption of just the foam
itself with time. The other four tests with seats (tests 17_ 249 25_ and

28) included a number of flammable materials in the seat assembly in addi-

tion to the foam seats. Therefore, the total weight loss of the entire

seat assembly (test fixtures 9 foam armrests 9 plastic tray and back sup-
ports_ instumentation_ and foam seats) was plotted in these four tests. In

some tests_ a large piece of burning material would fall off the seat as-

sembly. The weight loss curve was usually deleted after this point.

O
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A

Gas Collection and Analysis I

Graphs of concentrations of products of combustion are provided. The
maximum concentrations which were detected of each gas, as well as the min-

imum level of oxygen, are presented in table VII.

Hydrolyzable gases.- Hydrolyzable gases were collected by the wet gas
collection system in glass bubblers filled with sodium hydroxide solu-

tions 9 and were analyzed for cyanide 9 fluoride9 and chloride ions. The

usual sampling interval for each bubbler was 2 minutes9 and six bubblers

for each port provided for a total sample time of 12 minutes. T_e ports
most often used were three aft ports (A8_ A169 and ASL) and one forward

port (FI6). The numbers 8 and 16 indicate port distance in feet from the

fuselage midline. Test 13 was the first test in which the wet gas collec-
tion was upgraded to cover four ports. Previous tests were limited to

only two wet gas ports. Past experience has indicated that free cyanide,

fluoride, and chloride ions collected in aircraft fires were primarily pro-

vided by the hydrolyzable gases9 hydrogen cyanide_ hydrogen fluoride 9 and
hydrogen chloride. Therefore 9 the graphs (and table VII) indicate concen-

trations in these three gases.

Nonhydrolyzable _ases.- Four nonhydrolyzable gases (carbon monoxide 9
carbon dioxide, oxygen, and light hydrocarbons) were collected and ana-

lyzed in real time by the dry gas collection system. Gas samples were col-

lected and analyzed at each port every 60 seconds. Six dry gas collection

ports were usually used 9 including three aft ports (A89 AI6_ and A8L) and
three forward ports (F89 F169 and F8L). The real-time gas collection and

analyzer system was not operational to provide coverage for six ports

until after test 6. The first six tests were limited to only two dry gas
ports, when samples were collected in 32-1iter stainless steel vessels_

which limited the total sampling time to only the first 5 minutes after ig-
nition. In the two tests conducted in the 6.l-meter section 9 ports A4 and

F4 were used instead of ports AI6 and FI6. The graphs of hydrocarbon con-

centrations were plotted in methane (CH4) equivalent concentrations.

DISCUSSION

Fuel-Only Tests

As shown in table I_ the fuel-only tests9 with no cabin materials pres-

ent 9 included nine tests (tests 1 to 69 109 119 and 22) in the 17.l-meter

test section. There were also two fuel-only tests conducted in the 6.1-
meter section (tests 26 and 27).

Four and I/2-1iter and 2-1/2-1iter fuel tests.- The data indicate

that most of the results from tests i to 6 and i0 were very consistent and
repeatable. The peak gas concentrations for these seven fuel-only tests

were particularly consistent. The maximum carbon monoxide (CO) concentra-

tions varied only from 401 to 517 ppm9 the maximum carbon dioxide (¢02)

concentrations from 1.43 to 2.09 percent9 and the minimum oxygen (02) con-
centrations from 17.8 to 18.9 percent. Hydrocarbon concentrations were

8



not determined for the first six tests. As would be expected, no cyanides,

O luorides, or chlorides were found in the fuel-only tests. The fact thatsimilar gas concentrations and other results were also produced by the two
2-1/2-1iter fuel tests (tests 1 and 2) was probably due to the first two

tests having a much lower ventilation rate, as shown in table I, which

would increase the buildup of heat and combustion products.

The peak temperature on thermocouple tree 4 at the fuselage midline
is usually the highest measured air temperature in the fuselage_ except

for directly over the fuel pan itself. This peak temperature was similar
in four of six fuel tests. (No additional data on the seventh test in the

series (test i0) are available, and it will not be discussed further.)

Tests 1 to 3 and test 5 had maximum thermocouple tree temperatures between

510 ° and 565 ° C (950° and 1050° F), while tests 4 and 6 had maximum temper-

atures of approximately 288 ° C (550 ° F). While this difference is large9
it should be noted that these are peak temperatures at thermocouple tree

49 which is nearest the fire, and as such ate subject to much greater vari-

ation than at other thermocouple trees. In fact, the maximum temperatures
at the other tree locations were consistent in all six tests, with most

maximum temperatures between 204° and 260 ° C (400° and 500 ° F). All six

tests had peak heat fluxes (except for a single brief higher spike) be-

tween 1.2 to 2.7 × 104 W/m 2. All six tests resulted in approximately 90

percent loss of visibility due to smoke about 1 minute after ignition_

with 98 to I00 percent loss by 2 minutes. (The l-liter fuel tests also

generated much smoke from the Jet A-I fuel used_ which was expected be-

cause of the nature of the fuel. However, i liter alone did not cause

O ore than 80 percent visibility loss at any time, and much less most of
the time.)

One-liter fuel tests.- Data from both l-liter tests in the 17.l-meter

section _tests II and 22) were generally consistent. As would be expec-

ted, much lower levels in all test parameters were produced compared to

the 2-1/2-1iter and 4-1/2-1iter fuel-only tests.

Bmall cabin fuel tests.-Two tests (tests 26 and 27) were conducted

in the 6.l-meter test section. The only difference between these tests

was that test 26 was conducted with 4.5 liters of fuel in the large

fuel pan_ and test 27 with 1 liter in the small pan. As expected, the ef-

fects of this large difference in amount of fuel and pan size was substan-

tial, and is clearly indicated by the differences in peak values. The max-

imum gas concentrations produced in tests 26 and 27 were 3.53 and 0.92 per-

cent CO2, and 304 and 89 ppm light hydrocarbons; and the minimum oxygen
levels were 15.4 to 19.6 percent, respectively. The maximum CO level in

test 26 was 604 ppm. CO data for test 2? were not available. The tempera-

tures and heat flux also varied similarly. The maximum thermocouple tree
air temperature was 592° C (Ii00 ° F) in test 26, and 193° C (380° F) in
test 27. The maximum heat flux was 5.5 × 104 W/m 2 in test 269 and 0.9 x
104 W/m 2 in test 27.

Cabin Materials Tests

O Full-up materials configuration.- Tests 24 and 28 were the only twotests conducted in the full-up materials configuration 9 in which all cabin

9



material components were installed (seats, wall panel, and overhead panels).

As expected 9 these tests usually produced the highest gas concentrations_ n
temperatures, heat flux, damage, and other parameter levels of any of the
tests conducted in this test program_ with test 28 generally producing the

much higher of the two. The highest peak levels were produced in test 28

because 4.5 liters of fuel were used in this test, while test 24 was con-

ducted with only i liter of fuel. The maximum gas concentrations in test

28 were extremely high. Since gas concentrations were usually collected

in i- or 2-minute intervals, actual maximum concentrations were probably

greater than shown. The maximum concentrations determined in test 28

were: 1230 ppm hydrogen cyanide (HCN)_ 780 ppm hydrogen fluoride (HF)_

2040 ppm hydrogen chloride (HCI) 9 Ii 500 ppm CO9 9.69 percent CO2_ and
7339 ppm light hydrocarbons. The minimum oxygen level was 9.6 percent.

The maximum thermocouple tree air temperature in test 28 was approximate-

ly 1038 ° C (1900 ° F). The maximum seat temperature was approximately

982 ° C (1800 ° F)_ the peak wall panel temperature was approximately

815 ° C (1500 ° F)9 and the peak overhead panel temperature was approxi-

mately 982 ° C. The maximum heat flux recorded in test 28 was approxi-
mately 13 × 104 W/m 2 before all 6 calorimeters became inoperable.

Individual components.- As expected_ the tests conducted on individ-
ual cabin components (seats9 wall panel_ or overhead panels) produced much

lower values than in the full-up tests in nearly all test parameters. The

seats usually had a greater effect on conditions than the panels because

of their greater volume of material in close proximity to the flames_
enabling continuous direct flame impingement throughout most of the test.

Polyimide vs. urethane foam.- Differences between the polyimide and I
urethane foams tested were largej as indicated in the results of tests

18 and 15. Test 18 was a seats-only test with bare IH-1720 polyimide foam

provided by International Harvester Corporation. Test 15 was a bare

seats-only test conducted with the standard fire-retardant urethane foam

used throughout this test program. It is typical of the urethane foam in
use in many commercial wide-body aircraft. The amount of fuel, pan size

and location_ airflow rate_ and most other test conditions were similar in

both tests. The maximum gas concentrations for the polyimide foam were ex-
tremely low, both when compared to the urethane foam 9 and in absolute

terms. In fact_ they were just above the levels produced by i liter of

Jet A-I fuel itself. The peak hydrogen cyanide concentrations were 165

ppm for the urethane seats_ compared to 6 ppm for the polyimide seats. The

peak hydrogen chloride concentrations were 570 ppm for urethane_ and were

not detected (<6 ppm) for polyimide. Maximum carbon monoxide concentra-

tions were 3209 and 294 ppm_ carbon dioxide levels were 2.33 and 0.46 per-
cent, light hydrocarbon levels were 1200 and 189 ppm9 and minimum oxygen

levels were 18.5 and 20.2 percent_ respectively.

The maximum thermocouple tree air temperature was 732 ° C (1350 ° F)

for the urethane foam, compared to 121° C (250° F) for the polyimide foam.
The maximum temperatures reached by most of the thermocouples on the ure-

thane foam were approximately 870 ° C (1600° F), but below 204 ° C (400° F)

in most areas of the polyimide foam. The maximum heat flux produced by

the polyimide foam was 0.7 x 104 W/m 2. Maximum heat flux data for the

urethane foam were not available. The loss in visibility was total with
the urethane foam seats_ but only a maximum of 80 percent with the poly-
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O mide foam. This is about the same loss in visibility that 1 liter of Jet
A-I fuel would produce by itself. The weight loss of the urethane foam

seats was 83 percent. While the exact weight loss figures for the poly-
imide foam were not available_ the post-test photograph (fig. 354) indi-

cates that only about i0 to 15 percent of the total weight of the three

seats was consumed. A post-test photograph of the urethane foam seats is

shown in figure 255.

Distribution of Peak Gas Concentrations

The distribution of the peak concentrations of each of the seven

gases analyzed (HCN_ HF_ HCI_ CO_ C029 029 and light hydrocarbons) at each

of the six primary gas collection port locations (AS_ AI6_ ASL_ FS_ FI6_

and FSL) was checked after most of the tests. As expected_ certain ports

usually collected higher concentrations of most of the gases than other

ports. About 80 percent of the time_ aft port AI6 collected the highest

concentrations of gases. When not the highest concentration port 9 it was

rarely below second highest. The aft ports would be expected to receive

the highest gas concentrations due to the direction of forced air venti-

lation from forward to aft. The AI6 port would usually have higher gas
concentrations than either of the other two aft ports (AS and ASL) because

the updraft and turbulence of air near the fire would tend to reduce the

amount of gas products which would reach these two ports near the fire.

The further away from the fire9 and also the nearer the bulkheads were_

the lower one would expect layers of hot gases to settle. The second

O highest port was usually A8_ and the third and fourth highest ports wereusually FI6 and FS. The two ports which usually had the lowest gas concen-

trations were ASL and FSL. This was expected 9 since these two ports were

at a height of only 0.8 meters (2.5 feet) 9 compared to a height of 1.5
meters (5 feet) for the other four ports. Lesser amounts of combustion

products would tend to reach this lower height_ especially so close to the

updraft of the fire.

CONCLUDING REMARKS

The results indicate that the objectives of this test program have

been accomplished. The data contained in this report are considered to

be at a level of detail and consistency to provide a significant data

base for supporting the validation of aircraft fire mathematical models.

Some general observations are included below. Although these re-

suits were expected 9 they tend to indicate some of the overall consis-
tency of the great majority of data provided by this test program.

i. Peak values of all test parameters were much greater in the
4-1/2-1iter fuel tests in the large fuel pan, compared to the l-liter

fuel tests in the small fuel pan. It was expected that the amount and

the area of the liquid fuel available to a fire would have a major effect.

O 2. Peak values in tests with all materials present were much greaterthan where only one material component was used, as expected.

II



3. Lower air ventilation rates provided higher peak values in

most parameters than higher ventilation rates_ because of the slower
venting of hot and toxic gases.

4. The standard aircraft urethane foam seats tested provided much

higher peak values in all test parameters than did polyimide foam seats.

Users of this report can contact Mr. Jerome Kuminecz of the Materials

Technology Branchj NASA Lyndon B. Johnson Space Center 9 Houston 9 Texas_

77058_ if any additional information is desired on this test program.

Lyndon B. Johnson Space Center

National Aeronautics and Space Administration

Houston 9 Texas_ February 9_ 1982
534-05-00-61-72

O
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TABLEI.-TESTCONDITIONS

o
Test No. Pan sizea Pan location b Airflow rate, cabin materials

m3/min (ft3/min)

I 2c A 14.7 (520) None - fuel only
2 2c B 14.7 (520) None - fuel only
3 2 B d None - fuel only
4e 2 A 43.9---_1550) None - fuel only
5 2 A 43.9 (1550) None - fuel only

6 2 B d None - fuel only
10f/g 2 C 43.9-'-[1550) None - fuel only
II i A 43.9 (1550) None- fuelonly I

12 I Ah 43.9 (1550) Bare urethane foam seats (cushions only) i
13 1 A 62.2 (2200) Bare urethane foam seats (backs only)
14 1 A 62.2 (2200) Bare urethane foam seats (cushions only)
15 1 A 65.0 (2300) Bare urethane foam seats

16 1 A 62.2 (2200) Bare Upjohn 9700 WFR foam seats
17 1 A 62.2 (2200) Covered urethane foam seatsJ
18 1 A 62.2 (2200) Bare IH-1720 polyimide foam seats

19 2 A 62.2 (2200) Wall panel
20 2 A 62.2 (2200) PSU, bin, and ceiling panels
21 2 A 18.4 (650) PSU, bin, and ceiling panels
22 1 A 56.6 (2000) None - fuel only
23 2 A 14.2 (500) Wall, PSU, bin, and ceiling panels

24 1 A 14.2 (500) Covered urethane foam seats and wail, PSU,
bin 9 and ceiling panels

25 I A 14.2 (500) Covered urethane foam seats
26k/I 2 A 14.2 (500) None - fuel only
27k 1 A 14.2 (500) None - fuel only
28 2 A 14.2 (500) Covered urethane foam seats and wall_ PSU_ gbin_ and ceiling panels

aThe number 2 indicates the 61- by 61-centimeter (2- by 2-foot) fuel pan size, which contained 4.5
liters of fuel. The number 1 indicates the 31- by 31-centimeter (I- by l-foot) pan size, which con-
tained 1.0 liters of fuel.

bRefer to test configuration schematic for locations of fuel pan (fig. 2).

COney 2.5 liters of fuel were used in tests 1 and 2.
dNatural ventilation was used for tests 3 and 6.

eBegan fuel weight loss with time measurements in test 4 (to 28).
fTests 7 to 9 were not part of this test program.
gThe following additions were made which apply to test i0 (to 28): increased number of thermo-

couples above fuel pan from 1 to 3; provided ceiling and floor thermocouples at trees 1 and 4; and
installed two flow meters in aft doorway.

hThe fuel pan was under the center seat in test 12.

iExcept for tests 16 and 18, seats used were fire-retardant urethane foam aircraft seats of the type
used in many wide-body aircraft (manufactured by Hartman Co.).

JThe seat covers used in all the covered seat tests were a 90-percent wool/10-percent nylon blend.

kAll tests (except for tests 26 and 27 in the 6.l-meter (20.0-foot) section) were conducted in the
17.l-meter (56.0-foot) section.

iprovided two shrouded thermocouples in test 26 (to 28).

O
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TABLE II.- CABIN PANEL MATERIALS (BOEING 747-TYPE MATERIALS)

0
Polyvinyl fluoride (PVF)

Ink overprint

PVF

Side wall panel
and 2-ply, epoxy/Fiberglas prepreg

stowage bin panels

2-ply, epoxy/Fiberglas prepreg

(Back)

J

PVF

Perforated polyamide paper

Dacron fabric

A Ceiling panels 1-ply, epoxy/Fiberglas prepreg

ll il I! ![ Polyamide honeycomb core

1-ply, epoxy/Fiberglas prepreg

(Back)

Passenger Service Unit GE Lexan 9600 Polycarbonate
(PSU) panels

O
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TABLE llI.- ORDER OF GRAPHS PRESENTEDFOE EACH TEST

(PLUSINSTRUMENTATIONDESIGNATIONS) Q

Graphs Instrument designations

Tree temperatures (T/C's 1 to 42)

T/C tree 1 T/C 1-2-3-4-5-6

T/C tree 2 T/C 7-8-9-10-11-12
T/C tree 3 T/C 13-14-15-16-17-18

T/C tree 4 T/C 19-20-21-22-23-24
T/C tree5 T/C 25-26-27-28-29-30
T/C tree 6 T/C 31-32-33-34.35-36
T/C tree 7 T/C 37-38-39-40-41-42

Overhead panel temperatures (T/M's I to 30) 1,

PSU T/M 7-12-13"18-19-24

Stowage bins T/M 8-11-14-17-20-23

Ceiling panels (aft) T/M 1-2-3-4-5-6

Ceiling panels (center) T/M 9-10-15-16-21-22

Ceiling panels (forward) T/M 25-26-27-28-29-30

Wall panel temperatures (T/M's 31 to 49)

Side wall panel (top) T/M 31-32-33-34

Side wall panel (center) T/M 35-36-37-38-39

Side wall panel (bottom) T/M 40-41-42-43-44

Side wall panel (rear) T/M 45-46-47-48-49

Seat cushion temperatures (T/M's 50 to 63)

Seat cushions (top + bottom) T/M 50-51-52-61-62-63

Seat cushions (edges) T/M 53-54-55-56-57-58-59-60

Seat back temperatures (T/M's 64 to 82)

Seat backs (rear) T/M 64-65-66-67-68-69

Seat backs (edges) T/M 70-71-72-73-74-75-76
Seat backs (front) T/M 77.78-79-80-81-82

Other temperatures

Above fuel pan TF Hip TF MID_ TF LOW
Inlet + exit TIN_ TEX

Ceiling + floor (trees 1 + 4) TC4_ TCIp TF4_ TFI

Shieldedvs. unshieldedT/C's TF HI_ TF HI-S9TC 13_TC 13-S

O
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TABLE III.- Concluded

O Graphs Instrument designations

Various instrumentation data

Light transmission SI-$2-$3-$4-$5-$6

Heat flux, aft CI-C2-C3

Heat flux_ midsection C4-C5-C6

Air velocity VI-V2-V3

Fuel weight loss (NA)

Seat weight loss (NA) b

Gas concentrations

Hydrogen cyanide concentrations Usually A8-AI6-A8L-FI6

Hydrogen fluoride concentrations Usually AS-AI6-A8L-FI6

Hydrogen chloride concentrations Usually AS-AI6-ASL-FI6

Carbon monoxide concentrations 9 aft AS-AI6-ASL

Carbon monoxide concentrations, fore FS-FI6-FSL

Carbon dioxide concentrations, aft (Same)
Carbon dioxide concentrations_ fore

Oxygen concentrations, aft (Same)
Oxygen concentrations9 fore

Hydrocarbons concentrations_ aft (Same)
Hydrocarbons concentrations, fore

O

O
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TABLE IV.- TEST GRAPHS PROVIDED

I

I Other data
Temperatures

l

Test Cabin T/C Head Wall Seat Seat Fuel Inlet Ceiling Shielded Light Heat Air Fuel Seat Wet Dry
No. materials tree panel panel cushion back pan + exit + £1oor trans- flux velocity weight weight gas gasmission loss loss

1 None - fuel only X X X X X K
2 None - fuel only X X X X X X

3 None - fuel only X X X X X X
4 None - fuel only X X X X X X X

5 None - fuel only X X X X X X X
6 None - fuel only X X X X X X X

X
i0 None - fuel only
Ii None - fuel only X X X K X X X X

12 Seats (cushions) K X X X X X X X X X X K
[3 Beats (hacks) X X X X X X X X X X X X

14 Seats (cushions) X X X X X X X X X X X X
15 Seats X X X X X X X X X X X X X

16 Seats (Upjohn) X X X K X K X X X X X X X
17 Seats X X X X X X X X X X X X X

18 Seats (polyimide) X X X X X X X K X X X X
19 Wall panel X X X X X X X X X X X

20 Overhead panels X X X X X X X X X X
21 Overhead panels X X X X X X X X X X X

22 None - fuel only X X X X X X X X K
23 All panels X X X X X X X X X X X K

24 Seats and all. K K K K X X X X X X X X X X X
panels

25 Seats X X X X X X X X X X X X X

26 None - fuel only X X X X X X X -- X X
27 None - fuel only X X X X X X X X X

28 Seats and all X X X X X X X X X X X X X X
panels

• • •



TABLE V.- OUTSIDE AIR PRESSURE9 TEHPERATURE_AND HUMIDITY

0
Barometric Relative

Test pressure9 Temperaturep humidity
No. mmHg oC (OF) percent

m u _ m

2 764 30 (86) 76
3 764 31 (88) 74,
4 762 24 (75) 98

5 758 31 (88) 77
6 760 29 (84) 80

10 760 22 (72) 90
11 761 17 (63) 68

12 765 21 (70) 78
13 761 21 (70) 81
14 763 22 (72) 79
15 762 17 (63) 73

16 747 24 (75) 90
17 761 23 (73) 100

O 18 768 30 (86) 70
19 759 31 (88) 74

20 753 26 (79) 91
21 761 30 (86) 80
22 762 27 (81) 79
23 759 24 (75) 86

24 757 28 (82) 88
25 763 18 (64) 78
26 759 21 (70) 60
27 758 20 (68) 80
28 770 11 (52) 68

O
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TABLE VI.- PRE-TEST AIR VELOCITY MEASUREMENTS

Outside wind Av velocity - natural ventb, c, Av velocity - forced vent b,d
m/min (ft/min) m/min (ft/min)

Test Av velocity, Av direction a,

No. kph (mph) deg At VI At V2 At VI At V2

1 to 13 These measurements were not taken for tests 1 to 13.

14 27 (17) 150 53 (175) 61 (200) 61 (200) 61 (200)
15 22 (14) 300 12 (40) 9 (30) 47 (155) 41 (135)
16 29 (18) 160 27 (90) 38 (125) 35 (115) 30 (I00)

17 Ii (7) 160 61 (200) 33 (ii0) ........
18 5 (3) 120 12 (40) 12 (40) 36 (120) 36 (120)

19 2 (i) 360 0 (0) 0 (0) 43 (140) 43 (140)

20 ......................

21 I0 (6) 150 61 (200) 91 (300) 8 (25) 8 (25)

22 5 (3) 340 0 (0) 0 (0) 35 (115) 35 (115)
23 2 (i) 210 0 (0) 0 (0) 8 (25) 6 (20)

24 8 (5) 45 35 (115) 35 (115) 6 (20) 8 (25)

25 8 (5) 110 0 (0) 0 (0) 15 (50) 15 (50)
26 ......................
27 10 (6) 120 26 (85) 33 (110) 18 (60) 18 (60)
28 ......................

aThe azimuth of the forward fuselage centerline was 340 °.
bThese measurements were made next to air velocity probes (VI and V2) in aft bulkhead doorway, using

handheld anemometers.

CBoth forward and aft fuselage doors were open.
dBlower was on_ forward door was closed, and aft door was open.

• • •
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TABLE Vll.- MAXIMUMGAS CONCENTRATIONS DETECTED

Test Cabin materials Cyanide Fluoride Chloride Carbon Carbon Minimum Hydrocarbons a

No. (as HCN), (as HF), (as HCI), monoxide, dioxide, oxygen, (as CH4) ,
ppm ppm ppm ppm percent percent ppm

1 None - fuel only <12 <12 <24 436 1.95 17.8 --

2 None - fuel only <12 <12 <24 517 2.09 17.8 --

3 None - fuel only <12 <12 <24 401 1.50 18.5 --
4 None - fuel only <12 <12 <24 466 1.56 18.4 --

5 None - fuel only <12 <12 <24 406 1.46 18.2 --
6 None - fuel only <12 <12 <24 468 1.43 18.9 --

lOb None - fuel only <6 <6 <12 489 1.97 18.2 198
Ii None - fuel only <6 <6 <12 54 .35 20.7 29

12 Seats (cushions only) 144 <6 306 1679 1.24 19.4 938

13c Seats (backs only) 51 <3 III 739 1.21 19.6 213

14 Seats (cushions only) 132 <3 231 1604 1.25 19.5 859

15 Seats 165 <3 570 3209 2.33 18.5 1200
16 Seats (Upjohn) 180 <3 <6 1574 1.97 18.7 731
17 Seats 330 <3 720 3359 2.22 18.5 2006

18 Seats (polyimide) 6 <3 <6 294 .46 20.2 189

19 Wall panel Ii 105 20 1134 1.34 19.1 466

20 Overhead panels <3 <3 <6 319 1.15 19.3 129
21 Overhead panels <3 33 20 989 2.14 18.0 394

22 None - fuel only <3 <3 <6 -- .42 20.5 --
23 Wall and overhead panels 21 177 87 2664 3.01 15.9 1736

24 Seats, wall_ and overhead panels 420 480 2580 8269 4.52 14.8 4651
25 Seats 420 _7 1770 5389 4.26 15.6 1644

26 None - fuel only <3 <3 <6 604 3.53 15.4 304

27 None - fuel only <3 <3 <6 -- .92 19.6 89
28 Seats, wall, and overhead panels 1230 780 2040 II 500 9.69 - 9.6 7339

aHydrocarbon concentrations include only light hydrocarbons up to C6. Concentrations are in methane (CH 4) equivalents.
bTest I0 was the first test in which a real-time dry gas collection and analyzer system (for CO-CO2-02-HC) was available

cover six dry gas ports. Previous tests were limited to 32-1iter (8-gallon) gas samples from only two dry gas ports.
CTest 13 was the first test in which wet gas collection system (for HCN-HF-HCI) was upgraded to cover four wet gas ports.

Previous tests were limited to only two wet gas ports.



TABLE Vlll.- SEAT AND WALL PANEL WEIGHT LOSS

Test No. Cabin materials Three foam seats Wall panel

Pre-test weight, Weight loss, Pre-test weight, Weight loss,

kg (Ib) percent kg (Ib) percent

to ii None - fuel only NA NA

12 Seats (cushions only) 4.0 (8.8) 48 NA

13 Seats (backs only) 1.8 (4.0) 83 NA

14 Seats (cushions only) 4.0 (8.8) 80 NA
15 Seats 5.8 (12.7) 83 NA

16 Seats (Upjohn) 5.9 (12.8) 70 NA
17 Seats __a .... NA

18 Seats (polyimide) ...... NA

19 Wall panel NA 3.1 (6.9) 16

20 Overhead panels NA NA

21 Overhead panels NA NA

22 None - fuel only NA NA

23 Wall and overhead panels NA 3.1 (6.9) 35

24 Seats, wall, and overhead panels ...... 3.0 (6.6) 52
25 Seats ..... NA

26 None - fuel only NA NA

27 None - fuel only NA NA

28 Seats, wall, and overhead panels ............

aA dash (--) symbol implies that the data were not taken, were lost, or were otherwise not available.

•
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TABLE IX.- OVERHEAD PANEL WEIGHT LOSS a

~

Test No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 All nine

No. ceiling ceiling PSU stowage ceiling stowage PSU ceiling ceiling overhead

panel panel bin panel bin panel panel panels

Weight loss_ percent

1 to 19 No overhead panels were used in these tests

20 (All panels had less than 2 percent weight loss) <2

21 34 (All other panels had less than 2 percent weight loss) 4

22 No overhead panels were used in this test

23 2 4 71 33 8 5 3 4 2 13

24 20 20 81 57 54 29 32 14 6 33

25 to 27 No overhead panels were used in these tests

28 (Data were not available) --

Average pre-test panel weights_ kg (Ib)

2.3 (5.0) 2.3 (5.0) 1.9 (4.2) 1.0 (2.2) 2.3 (5.0) 1.0 (2.2) 1.9 (4.2) 2.3 (5.0) 2.3 (5.0) 17.1 (37.8)

aRefer to figure 7 for locations of panels.



CONFIGURATIONOF TEST INSTRUMENTATION 0

0
24



PARTA

OVERALLCONFIGURATIONANDIDENTIFICATIONOF INSTRUMENTATION

0
25



Figure 1 . - Boeing 737 Fuselage Test Section 
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_- (o) = gas collection port locations (1 wet and• *Used only in 6.1m (20 ft) tests , 1 dry port
----4.9 rn(16 ft) -=" 4.9 m (16 ft)--

---2.4 m (8 ft)--------2.4 m (8 ft)--.- at each

-I.2m-°l .2m_ location)

i (4 ft) (4 ft) '

I
I
I ** **

__ ( , Al6 JASL_#_8 A4 F4 F_FSL_ Fl6, _ __' I "J _"_ I ' '
I I
I I
, !

" " i I

6.1-m (20 ft) Aft Forward
ection bulkhea GL.

Fuselage- top view

Figure4. - Gas Coll_ctionPorts



Figure 5 . - Fuselage Instrumentation (View Facing Aft)
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0
Calorimeters

0

Figure 6 . - Fuselage Instrumentation (View Facing Forward)
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•30 0
(9) e29 = Ceiling

• 28 Panel

Forward
(,lookingdown)

• 2 7 OverheadPanels

(8) • 26 TM l to 30

025 _-..,Bin

(3!, (4_ (_)22 [6_f (7)I191 20 21 23 1241

1-71-8"9
06 _ PSU

(2) •5
04

Numbered • 3, i(Panels
l to g) (1) •2

01

3]@ 320 330

45_ 34

• • •• • • Wall Panel
35 36 37 38 39 TM 31 to 49

460 40_)47e048

410 4900 42 • l_

44 !@

• Thermocouple- panel face

0 Thermocouple- panel back

overhead and Wall Panel T/C'sFigure 7.
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50 51 52
+ + +

TM 50 to 63

A-A

O X X -X '
58 59 60

56 57 i
53 54 55
,X, X X

B-B

61 62 63
X X X

O Figure8: - SeatCushionT/e's
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AI/-x- /-,- / -x----!]A

X

X

/

Rear

64 65 66
X X X

X X X

67 68 69

AA Am

TM 64 to 82
X

F° 71 72

x 73 74 x

I I
75 76 i

Front.

79 78 77
x x X

X X X

82 81 80

A
Figure 9. - Seat Back T/C's
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Figure 10 . - Full-up Cabin Materials Configuration (Seats, and Wall,
PSU, Bin, and Ceiling Panels)
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Notes: (1) In testsl to 6, therewas only l T/C, about15 cm (6 in) above
fuelpan.

(2) Inmost tests,3 T/C'swere over centerof fuelpan. In seat
tests,due to obstructionby seats, T/C'swere positioned_asclose
to fuelpan as practical.

0_.4_m,_

T/C Desjignation'_(16 in)I 0

TF MID ._:-____jX _- 1.5m(5 ft)

|P

0,9 m

TF LOW _ _ 4 (3 ft)

Ill III_ I _5_m<6_.)[" i

(x): TIC

0
FigureII. - Fuel PanT/C's
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0
INSTRUMENTDESIGNATIONS LOCATIONS

a) Inletand ExitT/,C's
(Installedin'all tests)

Inletair T/C locatednear.centerd
TIN air inletdiffuseron forward.bul_

headdoor

T Exi_ airTic locatednearcenter
EX of aft bulkheaddoorway

b) Ceilin9 and FloorT/C's
(InstalledafterTest6)

TC4 3 cm (l in)from ceilingat T/C
Tree4

TCI 3 cm (l in)from ceilingat T/C

Tree 1TE4_ 3cm (l in)from floorat T/C
Tree4

TFI 3 cm (l in)from floorat T/C
Tree l

..c)Shieldedvs. UnshieldedT/C's
(ShieldedT/C'swereonly'in_talled
in Tests26 thru28)

TF HI Unshielded(High)FuelPanT/C

TF HI-S Shielded(High)FuelPanT/C

TC 13 UnshieldedT/C 13 (onTree 3)

TC 13-S Shielded_T/C13 (onTree 3)

Figure12. - OtherT/C's
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Figure13. - OverallConfigurationof GasCollectionSystems



o___._ _ r_)_--_

Figure 14. - Componentsof Wet Gas CollectionSystem (50% of _otal system shown)
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0

0

Figure 15 . - Wet Gas Collection System (Plus Early*Dry Gas)
Collection System)

*(Dry gas system shown was used only for first 6 tests)

41

0



Hydrocarbon analyzer €

CO2 analyzer

m_

02 analyzerCOanalyzer .m

. I
m m m I_!

itl m

Figure 16 - Dry Gas Collection and Analysis System Console i
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!
1.4 m (56 in) !

_ ' , " _ i " _ 2.0 m
(80 in)

Scale
1.65m

-- - "T 1.9 m (75 in) 3.7m (65 in,
1.5 m (60 in) | (12 ft)

I dia..
I

Im (40 in )

--r-'
0.5 m(20 In,) 1.55i

(61 in)

,.4.,

Total of 6 T/C per tree _ _ = Existing th_.mocouples
= Ne'._:thermocoup!es

Figure 17. - Thermocouple Tree T/C Locations (and Overhead Panel Heights)



!TIC I I

Tree No ! i _ft) 0.6 mI ,. , -_

T
(10ft)3.0m
I

2 • . : ., +
I
(8ft)2.4m

3 = : : T/C

. Tree No __ft) 0.6 m2 " ; -- .
Q!

4 = : _ ____ (41ft)1.2m

3 : : : t
II II

/

/ II

• " 5 = -" -----L--I
6 : :. _" ---L- . 1'"

/ J : ,,6

l _..._2 ft)0.6 m
(I0 fO 3.0 m ; m1 /

7 : -- : -- _ Top view
Top I I "---](2 ft) 0'6 m

I ; I 6.1 m ( 20 fOsectionview
/

_. FWD

17.1 m(56 ft)section

Figure18. - ThermocoupleTreeLocations
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1.2m

_-- (4_
/TYP 0.3 m (I ft) x

€ 1.2m
X

(4 ft)

x _T_ P

X

x TYP

x "_ 6.1 m

.. _Din I (20 ft) O"rYp 0

< x x x x " (:4 ft)

x x x ],

×

PSU (2) x

Stowage Bin (2) ' x

X

x

Ceiling Panel (5)

0.4m
(16 in)

T'/P

Figure 19. - 0verhead Panel T/C Locations O
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1.2m
(4 ft)

..........._........... I ....

T 15.c_.(6inl.....x x x25 cm (_y_n) J
--.................. Xo _ 4__ 5 cm

J (2 in)

0 _( x T x1.6 m ._ Sidewall panel T/C(62 in)
o _(o o X -.,,14 front.surface,

! 0 - 5 rear surface
x xo x

! '_ _
, 15 _m_I6 _in)_._

Side View .3__.3 m I
IC_ ft_l (1 ft I
"' ''_ 0.6 m

I

Figure 20. - Wall Panel T/C Locations
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X , , X X

-r- • Seat cushion/

46 cm x X x --_

(18_in' 23(9T,,/pCmIT/C'Sin)on Both Top and Bottom)= x "_ T

46cm _ __ 23 cm-= (9 in) "_- :
(18 in) TYP
TYP

X X '_ "

o_ "Seatbackrest

X x x (T/C'son Both Front and Back) :
92 cm (36 in k_.

, .

X X X '_30 cm
(12 in)

TYP

46 Cmn;____P __3 cm< (18 i 9 in) 4-
X , X _ TyP,.

5 cm (2 in)_L _ X l X ] X _-_

Figure 21. - Seat Cushionand Back T/C Locations
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Cabin sectionatmidpoint

(oratfirepositionf_-endcablnfire)

(Totalof 6 calorimeters)

Figure 22. CalorimeterLocations
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p+_ Total of 6 SmokeMeters

|i __ Points A and D - smokemeters at 0i75 mO (30 in) and 1.5 m (60 in) from floor.
Points B and C - smokemeters at_l.5 m
(60 in) from floor.

a

2.4 m
8 ft)

B

| .(;mnl_em_f_r__---// O,75m 1

\ ............... (so_n)I /
Cabin kmidpoint _ , J 1 .... /

Cross Section

, I (2 ft) 0.6 m
C A •

4 ft) 1.2 m
II

Be

II

D • J
i Z'.

3.7 m J
H_

(12 ft) ' "

co

' ! I 6.1m(20 ft)section
I topview

1.7.1m D ]
(56 ft) __
section ], j -- ----=--(2 ft) 0.6 m
top vlew

FWD ¢E
Figur_ 23. - SmokeMeter Locations
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0.9 m

_-_ (3 ft) 1

_ I _ou_ _
ro 250 1.5 m

holes_ ,

" (avg dia.- (60 in) "

1 cm)I
£ . • '..

. o . .

; Forward __/
/ ForwardBulkhead Bulkhead 4 (lO in) . r Inlet Diffuser

Door (

Figure 24. - Air Inlet Diffuser (ForwardBulkheadDoor)



Figure 25. - Aft Air Velocity Probes
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Fuel pan Supply line

wlth Fiberfrax panetorch Load
batting

Sparkplug 0;rum
i e

•. Figure 26. - Componentsof Fuel Ignitionand Fuel WeighingSystems

0
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Large fuel pan

Figure 27 . - View of Fuel Ignition and Fuel Weighing Systems

55

Q



• •
,_ - Load Cell., . _ '

A/Ccetltrig J _ ,I

Suspensioncables

I
I

Width : 1.6 m (62 in) J
Foam , 0.9

(36 )

1.3m
(50in)

0.5 m -_ J
(18 in) "-

30 cm (I ft) sq..-.--_... --
fuelpan shown ............ ,

T
•-- 0.4 .m

(14 in

I _t_ • 15 cm

l- 0.5 m (20 in)

Figure 28. - Dimensions of Seat Assembly Weighing System
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Figure 29 . - View of Seat Assembly Weighing System
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FIGURE 30 . -TEMPERqTURES, T/C TREE 1
TEST 1
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FIGURE 31 . - TEMPERRTURES,T!C TREE 2
TEST I
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1000.

THERMOCOUPLES5o0.
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FIGURE 32 . - TEMPERRTURES,T/C TREE3
TEST 1



1000.
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400.
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FIGURE 33 . - TEMPERRTURES,T/C TREE 4
TEST i
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FIGURE 34 ,, - TEMPERATURES,T/C TREE 5
TEST 1



500.

THERM_COUPLES250,.
i TC31 q Tc3q-
2 TC32 5 TC35

qoo. 3 TC33 6 TC36 200.

Oi
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O0 OUr 08 12

TIME, MINUTES

FIGURE 35 . - TEMPERRTURES,T/C TREE 6
TEST I



500.

' : THERM_CgUPLES250..
[ TC37 q TCqO
2 TC38 5 TCq[

400. 3 TC39 6 TCU_22oo.
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O0 Oq O8 12

TIME, MINUTES

FIGURE 36 . - TEMPERRTURES,T/C TREE 7
TEST I



O.

00 Oq- 08 12
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FIGURE 37 . - TEMPERATURE,ABOVEFUEL PAN
TEST 1



• • •
500.
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FIGURE 38 . -- TEMPERRTURES,INLET + EXIT
TEST i
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TIME, MINUTES

FIGURE 39 . - LIGHT TRRNSMISSION "
TEST 1



.20 .2

FIGURE 40 . - HEAT FLUX, AFT
TEST 1
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FIGURE 4-0 . - HEAT FLUX, AFT - CONTINUED
TEST 1
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O0 O4 08 12

TIME, MINUTES

FIGURE 41 . - HERT FLUX, MIDSECTIBN
TEST 1
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FIGURE 4-t . - HERT FLUX, MIDSECT.10N- CONTINUED
TEST I
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THE FOLLOWINGHYDROLYZA_LEGASESWERENOTDETECTEDIN THIS TEST

_,_u_ETnm LEVELS SI_ED BELOW:

HYDROGENCYANIDE- • 12 PPM

,,YDK_:EN FLUORIDE < i2 PPM

HYDROGENCHLORIDE- <24PPM

n1_._u_c_C'_,_I_IDE,FLUORIDE,AND CHLORIDECONCENTRATIONSFIGURE 42 .
TEST I
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FIGURE 46 . - TEMPERATURES,T/C TREE I
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FIGURE 48 . - TEHPERQTURES,T/C TREE 3
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FIGURE 53 . - TEMPERRTURE,PIBOVEFUEL PFtN
TEST 2
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FIGURE 54 . - TEMPERATURES,INLET + EXIT
TEST 2



20.0

0.0

O0 OH 08 12

TIME, MINUTES

FIGURE 55 . - LIGHT TRRNSMISSIBN
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FIGURE 56 . el HERTFLUX, RFT
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THE FOLLOWINGHYDROLYZABLEGASESWERENOTDETECTEDIN THIS TEST

P,BOVETHE LEVELS STATEDBELOW:

HYDROGENCYANIDE- < !2 PPM

HYDROGEN.FLUORIDE- <12PPM

HYDROGENCHLORIDE- <24PPM

-Z
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I_

. HYDROGENCYANIDE, FLUORIDE, ANDCHLORIDECONCENTRATIONSFIGURE 58 -
TEST 2
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FIGURE155 . .. HYDROGENCYANIDE,FLUORIDE,ANDCHLORIDECONCENTRATIONS
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DUE TO EQUIPMENT PROBLEMS, ONLY THE PEAKVALUES
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o MAXIMUM CARBON MONOXIDE CONCENTRATION 54 ppm

....o MAXIMUM CARBON DIOXIDE CONCENTRATION 0.35%

o MINIMUM OXYGEN CONCENTRATION 20.7%

o MAXIMUM HYDROCARBONCONCENTRATION 29 ppm

FIGURE 156 - CO, CO2, 02,and HYDROCARBONSCONCENTRATIONS

TEST II
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FIGURE 157. - PRE-TESTCONFIGURATION,TEST 12
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FIGURE 158, - POST-TESTCONFIGURATION,TEST 12
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FIGURE 159 . - FIRE DURINGTEST 12
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FIGURE 173 o - HERT FLUX. RFT
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FIGURE179 . . HYDROGENFLUORIDECONCENTRATIONS
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FIGURE189 . - PRE-TESTCONFIGURATION,TEST 13
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FIGURE 190 - POST-TESTCONFIGURATION,TEST 13
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FIGURE 19_ . - FIRE DURINGTEST 13
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FIGURE 223o - POST-TESTCONFIGURATION,TEST 14
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