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INTRODUCTION

This report complements NWC motion picture TMP 413" and describes a
single baseline data-gathering test in which an unarmed Navy A-4 cockpit
was subjected to a simulated carrier deck fire. The study was designed
to gather fundamental and baseline data on the survivability of a manned
cockpit in such a fire, on the characteristics of cockpit structural
degradation in the fire, and on the various interacting mechanisms con-
tributing to the degradation of the cockpit and hence directly reducing
a pilot's functionability. The word "baseline" is used in the context
of best available current information.

This report is organized for a dual purpose. The first purpose is
to present a concise review of the significant study elements pursued,
with appropriate reference to detailed information in the appendixes.
This is accomplished by discussing the problem addressed, the method-
ological approach used to solve the problem, and the objectives required
to be met to quantify the stated problem. A summary of results follows,
substantiated by an artist's conception of significant events within the
test item and a table listing the chronology of significant events
measured by various types of transducers. These events and measurements
are discussed at length in the various referenced appendixes. Conclu-
sions and recommendations are then given, which are based on the extensive
material in the appendixes.

The second purpose of the report is to present information :that will
be sufficient to eventually develop a baseline analytical model with
long~-term utility capable of identifying component problem areas. It
should also be of use to aircraft designers in the context of surviv-
ability trade-off studies. Therefore, extensive information is provided
in the appendixes with the objective of helping to better define the
gray areas of a complex problem.

Appendix A is a description of the fire facility. A manikin that
was placed in the pilot's position during the fire is described in Appen-
dix B, and the A-4 cockpit layout is depicted in Appendix C. Appendix D
explains the sequence of events that transpired as the fire test was
conducted. Detailed descriptions of the individual data-gathering
systems and the data they acquired and some analyses of the data are
given in Appendixes E through K. An explanation of the techniques and
equipment used to extinguish the fire is contained in Appendix L. An
analysis of structural failure based on post-test examination of the
aircraft is discussed in Appendix M. Finally, a report on the piggy-
back materials experiment conducted by the California Institute of Tech-
nology Jet Propulsion Laboratory is included as Appendix N.

! Naval Weapons Center. Aireraft Fire Survivability. China Lake, Calif., NWC, 1976. (Technical motion picture
413, 16-1/2 min., color, sound.)
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PROBLEM ADDRESSED

A catastrophic aircraft carrier deck fire' can be described in the
following manner. Aircraft loaded with fuel and ordnance are parked on
a crowded flight deck. Some are tied down, while others are awaiting
launch instructions. A weapon of either friendly or enemy origin pene-
trates an aircraft, starting a fuel fire on the carrier deck. Burning
fuel spreads, and heat from the fire causes other weapons on the damaged
aircraft to cookoff.? These weapons penetrate adjacent aircraft, spread-
ing destruction over and below the flight deck. Deck crews attempt to
contain the fire and keep it from spreading to other aircraft and to
compartments below deck. If not contained within some 5 minutes, the
fire is likely to incapacitate the strike capability of the carrier.
Pilots in the aircraft are faced with split-second decisions of whether
to abandon their weapon-laden aircraft, which would further feed the
fire, or try to taxi them to possible safety.

This scene is typical of accidental carrier deck fires that have
occurred in recent years on the U.S.S. Oriskany (in 1966), on the U,S.S.
Forrestal (in 1967), and on the U.S.S. Enterprise (in 1969). These
accidents killed 204, injured 185, destroyed 42 aircraft and damaged even
more, and caused damage to the carriers that cost more than $70,000,000
to repair.3 History also provides a number of vivid examples of the
destruction caused by such fires in combat (e.g., Japanese and American
carrier losses in the battle of Midway).

The armed aircraft is the primary fire propagator. Hence, data is
required to quantitatively define its behavior in fire in the context of
understanding how to decrease its fire-propagating potential. Although
this goal can be attained in any or all of a number of ways (e.g.,
firefighting), this study is focused specifically on quantitatively
characterizing the problems of a pilot and aircraft in such a fire."

The underlying goal is that the information attained in the study be
useful for design trade-offs between functional performance and fire
survivability.

2 Naval Weapons Center. Shrike and Sparrow Missile Baseline Cookoff Tests, by Anthony San Miguel and P.
McQuaide. China Lake, Calif., NWC, October 1974. (NWC TP 5672, publication UNCLASSIFIED.)
3 Naval Air Systems Command. Study of Technology Requirements for the Containment of Shipboard Aviation

Fire Hazard. Washington, D.C., NAVAIR, 1972. (Exotech Report TRSR-70-15, also available from DDC as AD 884
422, publication UNCLASSIFIED.)

4 Anthony San Miguel. “Rocket Motor Design Considerations to Meet Fast Cookoff Requirements,” in JANAF
Operational Serviceability and Structures and Mechanical Behavior Working Groups Combined Annual Meeting. Silver
Spring, Md., Johns Hopkins University, Applied Physics Laboratory, May 1975. Pp. 399-415. (CPIA publication 264,
UNCLASSIFIED.)
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APPROACH TO PROBLEM

The basic approach in this study was to take precision laboratory
measuring equipment to the field and apply it to a full-scale burn test,
This approach differs from traditional "laboratory" tests in that no
attempt was made to isolate significant variables. The interior of an
A-4 cockpit was instrumented with transducers to measure temperature,
heat, smoke, toxic gases, light shock, sound, pressure, and the physio-
logical behavior of a rat and a mouse. The exterior of the cockpit was
instrumented with temperature- and heat-measuring transducers. Directly
below the cockpit in an underground tunnel were instruments and control
animals. The interior cockpit data were redundantly transmitted via RF
and hard-wire telemetry to a receiving van at the site. Data acquired
were organized for subsequent analytical modeling.

OBJECTIVES

The main objective of this study was to obtain baseline data on
mechanical, thermal, chemical, and animal behavior events occurring in
an unarmed A-4 cockpit subjected to a simulated carrier deck fire.
Secondary objectives were to:

1. Determine the occurrence and concentrations of toxic gases and
oxygen deficiencies.

2. Appraise the use of an underground laboratory in a field test.

3. Evaluate the feasibility of using rats and mice in an uncontrol-
led environment to determine the physiological response of humans to
various aspects of a fire.

4. Evaluate the use of telemetry for obtaining data in such fires.

5. Record on movie film what a pilot might experience visually
during a fire, limited of course by the distinction between film and
human vision discrimination.

6. Study the effects of stopping a large pool fire at a predeter-
mined point in a test to preserve the vehicle, equipment, and test
animals for post-test analysis.

7. Evaluate the problems associated with measuring heat flux,
temperature, smoke, toxic gases, and animal behavior during a simulated
carrier deck fire.
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SUMMARY OF RESULTS

An instrumented A-4 cockpit was heated by a simulated carrier deck
pool fire. On the basis of post-test inspection of the dissected cockpit
(Appendix M), film coverage within the cockpit during the test (Appen-
dixes B and L), and heat and smoke transducer data (Appendixes E and H),
it is possible to reconstruct the significant events leading to the
structural degradation of the cockpit. Figure 1(a) depicts conditions
before fire ignition. At 11 seconds after ignition, external fire was
building up on the starboard side as shown in Figure 1(b). This situa-
tion in which fire builds .up faster on one side of the aircraft represents
a realistic condition for a fire developing on the deck of a carrier that
is under way. Figure 1(c) illustrates the conditions at 71 seconds; the
cockpit was filled with smoke and fire was spreading to the exterior port
side. Between 192 seconds and the time that light water applied by
firemen was observed by the camera in the cockpit at 232 seconds, flames
were in the cockpit, as shown in Figure 1(d). Figure 1(e) shows condi-
tions after the test. A chronological list of the significant events
during the fire is given in Table 1.

MAJOR EVENTS AND OBSERVATIONS

The cockpit heated faster on the starboard side due to the prevailing
wind direction. First flicks of flame were seen in the cockpit at about
192 seconds. By about 222 seconds, the canopy had completely failed, and
flames engulfed the cockpit. Calorimeter data indicated that the first
significant heating in the cockpit came from the direction of the canopy
at about 203 seconds (Appendix E). Next, a relatively hot burst came
from below at 208 seconds. The entire region where the directional
calorimeter was located was heated between 213 and 232 seconds. By
232 seconds, light water applied by firemen had cooled the interior of
the cockpit.

Thermocouples in the vicinity of the canopy showed only a very
gradual increase in temperature until near the end of the test (at about
the time flames were breaking through the canopy) when there were sharp
increases (Appendix E).

Toxic gas measurements (Appendix F) appeared to correlate with the
behavior of test animals and with carboxyhemoglobin levels in post-test
samples of blood from the test animals (Appendix G). There was signifi-
cant depletion of oxygen and development of CO, CO2, Cl1~, and CN~ but not
enough to be lethal.
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FIGURE 1(a). Conditions That Would Be Seen by Pilot at Ignition (t = 0).

FIGURE 1(b). Eleven Seconds After Ignition (t = 11 Seconds).
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FIGURE 1(e). After Fire was Extinguished (t = 243 Seconds).

The output of the smoke transducer indicated that there were two
periods (from 30 to 70 seconds and from 120 to 140 seconds) during which
there was significant smoke production (Appendix H). Complete smoke
obscuration was measured at 155 seconds and continued until the fire was
extinguished.

A mouse on a treadmill in the cockpit perished in the fire (Appen-
dix G), but the cockpit camera recorded the animal running for 71 seconds
after the beginning of the test. An instrumented rat inside the pilot's
helmet atop the manikin survived the fire, though it suffered third-
degree burns over much of its body. A blood sample taken from that rat
30 minutes after the test showed a carboxyhemoglobin level of 49%.
(Concentrations between 40 and 50% in humans typically cause severe
headaches, weakness, dizziness, dimness of vision, nausea, vomiting,
fainting, and increased pulse and respiratory rates.) By contrast, a
control rat in the instrumentation bunker, which had breathed air piped
down from the cockpit, was able to perform an avoidance response to
electric shock after the test. A post-test blood sample from the control
rat showed a carboxyhemoglobin level of 43%. Two control mice in the
instrumentation bunker, also breathing cockpit air, survived the test
with no apparent toxic effects. One was mated subsequently, and both
lived normally while under observation for 6 months after the test.
Subjective electroencephalographic and electrocardiographic responses for
the cockpit rat were recorded for the entire test (Appendix G).
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TABLE 1. Chronology of Significant Events Occurring During A-4 Bur

Peferences in parentheses indicate where event is discussed in apr

Tire, Tine,
seconds Evant seconds Event
0 Fuel ignition (Appendix D) 109 EEG amplitude decreases (Appendix G)
7.4 | Initial temperature change recorded on inside 113 Starboard fuselage skin reaches steady state
bottom of nose cone (Appendix E) (Appendix E)
1 Initial heat recorded on starboard side of cockpit 120 Flux transducers indicate asymmetric heating of
(Appendix E) cockpit (Appendix E); EKG reference voltaqe
stabilizes (Appendix G)
21 Initial heat flux recorded on bulkhead between nose
cone and cockpit (Appendix E) (P4 Steady-state heating reached on starboard side of
cockpit (Appendix G)
27 Initial heat recorded on part side of cockpit
(Appendix E) 126 Maximum depletion of 02, production of CO and C0p
(Appendix F)
30 Initial smoke recorded by smoke transducer
(Appendix H) 128 EKG reference increases again (Appendix G)
34 %kG amplitu?e reduction, frequency increase 131 EEG reference drops. lower amplitude (Appendix G)
Appendix C
132 Initial C1° production (Appendix F)
37 Smoke measurement, Dg = 16 (Appendix H)
133 EEG postictal activity. EKG low voltage amplitude
41 EEG-amplitude decreases. spindle incidence (Appendix G)
decreases (Appendix G)
134 Initial heat flux through canopy recorded
51 EKG amplitude increases, reference shifting (Appendix F)
initiated (Appendix G)
150 EEG signal indicates animal revival (Appendix G)
59 Initial heating of lower pilot seat (Appendix E)
153 02 returns to normal, CO returns to normal, CO2
63 Initial oxygen depletion and presence of C0O and CO? decreases (Appendix H), partial recovery of EEG
measured (Appendix F) and EKG signals off scale (Appendix G)
69 EXG amplitude stabilizes, frequency increases 155 Smoke measurement, D¢ = 200 (Appendix H)
(Appendix G)
161 Animal hyperexcitability ends EEG and EKG sianals
71-120 | Smoke measurement, Ds = 71 (Appendix H) off scale (Appendix G); possible destruction or
detachment of nose cone (Appendix E)
93 EKG reference voltage increases dramatically
(Appendix G); EEG amplitude increases, spindle 1 End of gas sampling (Appendix F)
incidence increases (Appendix G)
192 Camera records initial fire flick in cockpit
95 Fire enters nose cone, impinges on forward cockpit
bulkhead 203 Top of directional calorimeter senses initial
heating from canopy (Appendix E)
96-161 | Exothermic behavior in vicinity of starboard
armrest (Appendix G) 205 Camera and flux transducers facing canopy record
initial fire in cockpit (Appendix E)
97 EKG reference voltage peaks, starts decreasing
(Appendix G) 208 Directional calorimeter measures initial heating
from bottom (Appendix E)
103 Camera records total initial darkness in cockpit
210 Flux transducer records significant heat entering
104-135 | Exothermic behavior in vicinity of starboard through floor (Appendix E)
armrest (Appendix G)

10
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8. Chronology of Significant Events Occurring During A-4 Burn Test.

5 in parentheses indicate where event is discussed in appendixes.

Tine,

Event cactnde Event
EEG amplitude decreases (Appendix G) 221 Side of directional calorimeter senses initial
heating (Appendix E)

Starboard fuselage skin reaches steady state
{ (Appendix ) 222 Cockpit thermocouples record sustained fire
| (Appendix E)

Flux transducers indicate asymmetric heating of

cockpit (Appendix E'; EKG reference voltage 224 Fire trucks take position and firefighting beqins
| stabilizes (Appendix G) (Appendix L)

Steady-state heating reached on starboard side of 232 Light water observed by cockpit camera

cockpit (Appendix G)
‘ 231-23¢ | Cooling of directional calorimeter (Appendix E)
| Maximum depletion of 02, production of CO and CO2

(Appendix F) 238 £KG amplitude lowers to reference, EEG activity
| suggests that animal is alive (Appendix G)
| E¥G reference increases aqain (Appendix G) A
i 240 Fire extinguished (Appendix L)
| LEG reference drops. lower amplitude (Appendix G)
! 243 Recording equipment turned off (Appendix D)

| Initial C1° production (Appendix F)
{
| LEG postictal activity. EKG low voltage amplitude
| (Appendix G)
|
Initial heat flux through canopy recorded
! (Appendix F)
|
‘ EEG signal indicates animal revival (Appendix G)

02 returns to normal, CO returns to normal, CO2
decreases (Appendix H), partial recovery of EEG
| and EKG signals off scale (Appendix G)

‘iimnke measurement, Dg = 200 (Appendix H)
’Animal hyperexcitability ends
off scale (Appendix G); possible destruction or
detachment of nose cone (Appendix E)

End of gas sampling (Appendix F)

Camera records initial fire flick in cockpit

Top of directional calorimeter senses initial
heating from canopy (Aopendix E)

Camera and flux transducers facing canopy record
initial fire in cockpit (Appendix E)

Directional calorimeter measures initial heating
from bottom (Appendix E)

Flux transducer records significant heat entering
through floor (Appendix E)

EEG and EKG sianals

10
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Significant structural failure occurred in the canopy, the nose
cone, the sheet aluminum on both sides and under the floorboard station
housing electrical and hydraulic lines (Appendix M). Buckling and melt-
ing caused separations that could admit flames at the juncture of the
floorboard and the forward bulkhead and under the seat. The rubber fuel
tank full of JP-~5 fuel just behind the cockpit was directly exposed to
flames from below, but suffered no damage.

Records were made of the sound produced in the cockpit during the
fire, of the pressure differential between the cockpit and the outside,
and of the acceleration experienced by the manikin in the cockpit
(Appendix I). All three of these records showed either no significant
events or no response, but as such they did provide useful baseline data.

Firemen extinguished the fire within seconds, preserving the
evidence of the fire damage for post-test inspection (Appendix L).

OBJECTIVES ACCOMPLISHED

All the study objectives were met and are discussed at length in
the appendixes. The main study objective to obtain baseline data on
mechanical, thermal, chemical, and animal behavior events occuring in an
unarmed A-4 cockpit was achieved. The quality and quantity of the base-
line data collected was sufficient to initiate the elements of a realistic
analytical model that may be used to perform design trade-off studies in
the context of pool fire survivability.

In the following discussion, secondary objectives are numbered to
correspond to the items in the 1list in the previous section.

1. Determination of the occurrence and concentrations of toxic gas
and oxygen deficiencies are given in Appendixes F, G, and H. It was
found that, for the cockpit studied, heat was more critical to pilot
survival than toxicity.

2. The experimental results reported could not have been obtained
without the use of the underground facility described in Appendix A.

3. The use of rats and mice to determine the physiological response
of humans to various aspects of cockpit degradation proved to be indis-
pensable, as discussed in Appendix G. The animal as a physiological
transducer is significantly superior to any man-made transducer.

4. Telemetry was shown in Appendix J to be an excellent means for
attaining pool fire data.

5. Appendix K discusses motion picture coverage that was used to
obtain data useful to characterize what a pilot would experience visually
during a fire.

11
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6. The feasibility of stopping a large pool fire at a predetermined
point in a test to preserve the vehicle, equipment, and test animals for
post-test analysis was demonstrated and is discussed in Appendixes L
and M.

7. Finally, problems were identified and solutions found for
measuring heat flux and temperature (Appendix E), smoke (Appendix H),
toxic gases (Appendix F), and animal behavior (Appendix G) in a simulated
carrier deck fire.

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The conclusions which follow are made in the context of baseline
information obtained from a single full-scale experiment.

Heat transfer mechanisms (Appendix E) are more critical to pilot
survivability than those of toxic gas production (Appendix F). The
influence of smoke in reducing visibility for the pilot and thereby
jeopardizing his chances for survival is significant (Appendix H). The
levels of toxic gases measured during the test are not great enough to
produce serious short-term effects in the pilot (Appendix F). It is not
known what influence the pilot's clothing, parachute, or extraneous
paraphernalia would have on these baseline conclusions.

The cockpit did not get '"hot" until the canopy failed. At that
time flame effluent penetrated through the cockpit from the holes (from
melted aluminum) in the floorboard. The time to canopy failure was
192 seconds. This time would have been shorter had the pool fire
developed more quickly, as in an unrealistic no-wind condition. Under
ideal conditions a pool fire can develop fully in 20 seconds. Thus it
is conceivable that the canopy could have failed at 110 seconds.

RECOMMENDATIONS

1. Fire-hardened canopy concepts should be tested using an insu-
lated A-4 cockpit hull suspended at the proper height within a pool fire.
Such tests should be instrumented so that heat and light are measured.
Such data could then be used to specify realistic requirements for the
physical properties of canopies.

2. Pool fire tests should be performed emphasizing the baseline
behavior of the A-4 wing and fuselage. Dummy weapons should be suspended
under the wings. Retrofit concepts should be evaluated to harden the
cockpit at the same time.

12
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3. Aluminum skins melt in the fire environment. The use of a
steel film or other active or passive (nontoxic) inorganic materials as
fire walls within the cavity should be considered.

4. Doors to wheel wells should be designed to be closed at all
possible times. They should be opened only during maintenance when an
attendant requires access to the electrical and hydraulic systems.

5. An emergency fireproof ladder is needed to enable the pilot to
escape and to allow fire fighters to reach the pilot.

6. A fire-sensing signal could be provided to warn the pilot of a
pool fire so that he could take appropriate action (abandon aircraft or
taxi away).

7. Modeling of the cockpit structural degradation behavior should
be initiated using data from this report.

8. Transducers (including animals) identified in this report should
be further developed and standards established for their use in future
fire-testing of components and full-scale items.

9. A pool fire characterization model should be developed.

10. The cockpit test (after fire-hardening) should be repeated,
using armed devices within the cockpit.

11. Lifetime of electronic gear needed to control critical aircraft
functions during fuel fire buildup should be evaluated.

12. A statistically significant number of animals should be used in
future data-gathering studies.

13
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Appendix A
FIRE FACILITY

The main elements that were brought together at the test facility
to accomplish the test were an A-4 cockpit including the fuselage fuel
tank, various data-gathering systems, and firefighting personnel and
equipment .

A survey of existing test facilities revealed that no facility was
available that could both accommodate a simulated carrier deck fire and
provide the quality and amount of data required by the task objectives.
Consequently, a fire facility was designed and partially completed at
the Naval Weapons Center.

A sketch of the test facility that was originally designed and pro-
posed is shown in Figure A-1. This design incorporated a concrete pad
and fire pan. An A-4 aircraft cockpit section is shown situated at the
center of the fire pan. A 3-inch (76-mm) inside diameter insulated
umbilical connects the test item to the instrument bunker in the tunnel
directly below. A 7-foot (2.1-m) diameter tunnel connects the instrument
bunker to the fire control barricade on one side and to an emergency
exit and air vent on the other. Electric power lines, data lines, and
water lines are routed from the control barricade through the tunnel to
the instrument bunker. The initial design also incorporated a built-in
fire protection system with hydrants at each corner. A dam at one end
of the fire pan would allow the pan to hold water on which fuel would be
floated during a test. The dam would be opened to let the remaining fuel
and water drain into a nearby dump after the test was concluded.

Because of funding constraints on the program, only the underground
part was completed as proposed. For the remainder of the facility a
temporary fire pan was bulldozed in the earth and lined with plastic.
Figure A-2 shows a sketch of the actual facility that was used. The
Navy A-4 aircraft used as the test item is pictured on the fire pan in
Figure A-3. Figure A-4 is a photograph of the completed 220-foot (66-m)
long tunnel, looking toward the instrumentation bunker from the fire
control barricade. A blower in the barricade provided a positive pres-
sure to move fresh air through the tunnel and instrumentation bunker and
out through an exhaust port at the other end of the tunnel, thus protect-
ing test personnel from possible accumulation of toxic gases. No
permanent instrumentation was installed in the facility. Instead, the
particular instrumentation that is required will be installed for each
experiment. At present the facility has both flexibility and vast
potential for further development. A variety of possible applications
of the facility is suggested by the drawings in Figure A-5, which illus-
trate a number of different items that could be accommodated for future
testing.
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FIGURE A-3. Navy A4 Aircraft on Test Site Being Prepared for Test.
(Neg. LHL 187296 )

FIGURE A4. View of Tunnel Looking From Fire Control Barricade
Toward Instrumentation Bunker. (Neg. LHL 186988 )
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FIGURE A-5. Composite Sketch of Possible Uses of Fire Test Facility.
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Appendix B
MANIKIN

Instrumented lifelike manikins that can be used for fire work exist
and are useful for evaluating pilot clothing, etc.’ However, since the
cockpit test objectives emphasized degradation, the expense of such a
manikin was not warranted for this baseline test.

A sheetmetal [0.62-inch-thick (15.7-mm-thick) stainless steel]
manikin was constructed for this test to represent a pilot in the cockpit
(Figure B-1). The small box on the rod extending out from the lower
front part of the manikin is a three-dimensional calorimeter to measure
the amount of heat contained in the cockpit and the direction of the heat
source. Also extending out from the front of the lower section is an ice
bath for thermocouples. Redundant signals from the sensors are sent via
an RF transmitter and through a land line to the telemetry receiving van.
A detailed description of the calorimeter system is given in Appendix E.
Figure B-2 provides interior views of the upper and lower sections of
the manikin. The top section contained a water-jacketed cylinder to
house a motion picture camera. The lower section contained a second
water-jacketed cylinder to house encoding electronics and a telemetry
transmitter. A microphone was also housed in the lower section to
record what a pilot would hear in the cockpit. Figure B-3 shows the two
water-jacketed cylinders, the camera, and the camera lens.

~ UPPER SECTION
_ CONTAINING
CAMERA

b WV :
THREE-DIMENSION
RIMETER

i LOWER SECTION

& CONTAINING T™M
TRANSMITTER

{AND TRANSDUCER
SIGNAL CONDITION-
I8 ING ELECTRONICS

% ICE BATH FOR COLD JUNCTIONS ==
. OF CALORIMETER AND
' THERMOCOUPLES

. MICROPHONE LOCATION

FIGURE B-1. Exterior View of Manikin Before It Was Put Into Cockpit. (Neg. LHL 185687)

S G. Tichner and R. Bendler. *“Thermo Man Tester,” Instruments and Control Systems, June 1974, pp. 3942.
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(b) Lower Section

FIGURE B-2. Interior Views of Manikin. (Neg. LHL 185690 [top]
and 185686 [bottom])
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TM TRANSMITTER
WATER-LINE JACKET
(GOES IN LOWER SECTION
OF MANIKIN)

MOVIE CAMERA (GOES
INSIDE CAN, LOOKING UP
TOWARD LENS)

§ CAMERA AND
LENS WATER-
LINED JACKET
(GOES IN UPPER
SECTION OF
—MANIKIN)

, e 508
WATER JACKET TO
' COVER LENS (FITS ON
" TOP OF CAN THAT
HOUSES CAMERA)

PERISCOPE-TYPE LEN

FIGURE B-3. Lens, Camera, and Water Jackets Used Inside Manikin. (Neg. LHL 185685)

The quartz glass window near the top of the front plate of the
manikin (Figure B-1) provides an opening for a 16-mm motion picture
camera utilizing a 3-mm wide-angle lens. During the test the camera
recorded what a pilot might see in such a fire. In particular it
recorded the occurrence of smoke, the entry of the fire into the cockpit,
and the activity of a mouse on a ferris-wheel-type treadmill. The
treadmill was put near the starboard windshield within view of the
camera, where the mouse would be exposed to heat, toxic gas, and other
physiological stimuli that occur in the fire. It is noted that the
response of a single animal is not statistically significant.

In still another experiment associated with the manikin, a rat was
placed in the pilot's helmet atop the manikin (Figure B-4). The rat,
which had EEG and EKG electrodes implanted in its head and chest, was
strapped into a sling. Leads from the electrodes were connected to
amplifying circuits in the helmet. Signals from the electrodes were
transmitted to recording instruments in the telemetry van via the trans-
mitter in the manikin to record the brain and heart activity of the rat
during the fire. Cockpit air, containing potentially toxic gas, breathed
by the cockpit rat was also circulated to a control rat in the instrument
bunker below. A 0.25-inch (6.3-mm) diameter stainless steel tube (some
20 feet-~-6 m--long) with its open end just in front of the nose of the
cockpit rat passed through the umbilical down to the instrument bunker.
There it provided the air the control rat breathed during the test. It
is unknown how much of the toxic products are absorbed in such a tube.
Further details on the rat and mice experiments and the movie camera
mounted in the manikin are given in Appendixes G and K. After the camera
and instrumentation were put into place for the test, the remaining space
between the inner cylinders and the outer shell were filled with dia-
tomaceous earth to insulate the inner items from heat and fire damage.

27
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FIGURE B4. Rat With EEG and EKG Electrodes Connected to
Telemetry Transmitter (At Left). (Neg. LHL 187263)
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Appendix C
COCKPIT INSTRUMENTATION

A diagram and numbered callouts showing the interior arrangement of
one version of an A-4 cockpit is given in Figure C-1 for general refer-
ence only. The cockpit tested (shown in Figure C-2) was significantly
different from that shown in Figure C-1. Because of Navy procurement
practice and continuous component upgrading, it is unlikely that the
chemical composition of the items {llustrated can be labeled with any
confidence.

The A-4 cockpit interior was equipped with sensors to measure heat,
temperature, smoke, toxic gas, shock, pressure, light, sound, and animal
brain and heart activity. Heat- and temperature-measuring transducers
were also attached to the outside of the cockpit. 1In addition, three
mutually perpendicular accelerometers were mounted inside the manikin to
measure acceleration in case of an explosion, a sound microphone was
installed in the manikin to record what a pilot would hear in a fire,
and a differential pressure transducer was installed inside the cockpit
with an extension tube to the outside to measure any pressure differen-
tial that might occur. The various systems are shown in Figure C-3.
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A-@0 COCKPIT ARRARGDEWT (ECP 01120)

1 SB27049  AIRCREW SERVICES (6-V/8)
2 SERTIPY  PILOT RELIEF BAG CONTAINER
3 5811765 PWERGENCY SPEED BRAKE CONTROL
@ 5577989  STARTER ACTUATING WANDLE
S SER9NAY  GROUND CONTROL BOMGING SYSTEW (3)
6 SS60804  AUTOMATIC FLIGHT CONTROL SYSTEW (3-3/8)
7 5446749  CANOPY CONTROL WANDR £
8. 7660781  NN/ARC-1S9(V) U RADIO (4-1/8)
9. SE26639  CMERGENCY FUEL/MOSE STEERING
0. SE2S2%0  [mGINE CONTRODL (2-1/e)
11 5814051  RUDDER TRIW CONTROL
12 5544764 WANUAL FUEL SMUTOFY CONTRDL
13, SBI3630  MORIZ. STAB TRIN WAMUAL OVERRIDE CONTROL
14, SB140S51  SPEED BRAKE SWITCM
15 S814051  COMMUNICATION RADIO ®IKE BUTTON
16 S814051  EXTERIOR L IGHTS MASTER SWITCH
17. 5824090 RAIW REPELLEWT
18 5814051  THROTTLE CONTROL LEVER /MWANUAL RAJGL COMTROL
19.  S814051  THROTTLE FRICTION CONTROL
20. 5813630 FLAPS CONTROL
21, S818395  CONSOLE RED FLOOOL (GHTS (6 PLCS)
22 SB24090  SPOILER, JATO & APC (“NTROL ASSY.
23, BLANK PARLL (PROVISIONS FOR ALTCRMATE EQUIPYENT (3)
24 5818295  COCKPIT WMITE FLOODLIGHTS (2 PLCS,
25. 4446206  AIRSPEED CORRECTION LARD MOLDER
26. S820678  WEAPOW CONTROL ASSY. (1-7/8)
27. 4817817  CATAPULT WAND GRIP
28, MAS1981  WMEELS 8 FLAPS (2-1/4)
29. 5828472 SPARE CARD WOLOER
30. SS78845 DRAG CMUTE DEPLOYWENT SWITCH
31 7660820 LANDING CMECK LIST
32. 5829858  AIR CONDITION EYEBAL: DIFFUSERS
33, 5445388  LANDING GEAR CONTROL LEVER
3. 9578877  UMF & VWF TRANSWIT SELECTOR
35. M60781  ALTINETER
36. SS78872  MIGH INTENSITY WMITE FLOODLIGMTS (2 PLCS)
37. 7660820 ALE-D9 COUMTERS & SELECT JETTISON SWITOM
38. 7660781  AIRSPEED INDICATOR
39. 5660818 DMRGENCY SALYO WANDLE
60. 7660781  ALL ATTITUDE INDICATOR
41, 7660781  AMGLE OF ATTACK INDICATOR
42, 7660781  RATE OF CLIWS INDICATOR
43, 5579552  STORES ARM SWITCM
44 5579552  PILOT'S CONTROL Wni) (PCU)
45, 5579552  STATION SELECT SWITCRES
. 5579552 CF 741 AWVISORY LIGNTS
47. 5579552 FIRE WARNING L IGNT
48, 5579552  SIDEWINDER COOLANT SWITCH
9. 5579552  ARMAMENT MODE SELECT
SO. 5579552 L.M. 8 R M. GUW ARM SNITCMES
S1. 5579552 WASTER ARMT. S., ADL SEL. 8 STA/GUW DIveER
§2. 5579552  GUNS CMARGE SWITCH

$3. 5579552 WALLEYE 8 SMRIKE SWITCH
4. S579559  WMEELS INDICATOR L 1GHT
79559  APPROACH POWER COMPENSATOR WARNING L IGMT
S6. 579850 ANGLE OF ATTACK INDETER
78550  KNEEBOARD FLOODL 16T
S8. 5660810 DWRGENCY GEMERATOR RELEASE WANDLE
§9. 5579570  PILOT'S DISPLAY URNIT (POV)
60. 20474  COMPASS/CLOCK LIGHT SWITCW
7640781  ELAPSED TIWE CLOCK
62. 820004  REAR VIEW WIRRDRS () M.CS)
7640781 STARDSY CONPASS
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5829442
$57958)
$579559
$57955)
$579553
§57955)
$57955)
$579553
$579853
5579553
$579553
»28710
§579553
@987
7660781
7660820
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CANDPY ASSY

ALQ-126 CIRCUIT BREAXER

LABS, LAWS WARNING LIGHTS

GCOS L.W., R.M., ARR LIGHT

MASTER CAUTION L [GHT

CORRELATION SWITCH

COVER PLATE (ALR-4S TOU PROVISIONS)
ALE-D9 SELECT SWITCHES

ECN VARNING LIGHTS (ALQ-126)
ALQ-126 SWITCHES

ECH LIGHTS (ALR-4S/MLR-50)

COVER PLATE (RADAR PROVISIONS)
ALR-S0 VOLUME CONTREL

COVER PLATE (ALR-4S [MDICATOR PROVISIONS)
TACHORETER

OIL LOwW CAUTION LI@MT

$579552, 5579551 INSTR. PANEI RED FLOODL IGHTS (2 PLCS)

7660781
7660701
5660818
7660781
7660820
7660781
7660701

SMe0N
957959

21800
820472

$66949)
91009
7660781
5817559

$579583
4812066
5660804

OIL PRESSURE 1NDICATOR

FUEL FLOW INDICATOR

WAL FLIGHT CONTROL WANDLE

ENGINE PRESSURE MATLO [MDICATOR

VARIARLE RESISTORS (PRIMARY FLT. INSTRUNENTS L IGNTING)
EXNUST TOWERATURE [NDICATOR

FUEL QUANTITY

FUEL QUANTITY Sw. & TAKE OFF CMECK LIST

ABRESTING MDOK CONTROL LEVER

KNEE PADS

GLARK PANEL (PROVISION FOR LST CONTROL)(1-7/8)

CADPY JETTISON WARDLE

COMPASS CORRECYION CARD MOLDER

VIF/FM COMUNICATION ARC-114(4-1/8)

EXTERIOR LIGHT CONTROLS

ENERGENCY WMITE FLOSOL IGHTS CONTROL

TACAR PANEL (3)

DATA CASE

FAA BEACON APX.72 ($-1/4)

AUK. RECEIVER ARR-8) (2-1/4)

UNIVERSAL WEAPOR CONTROL (1-7/8)

AIR COMDITIONING & ANTI-ICING CONTROLS

INTERIOR LIGHTS CONTROL (2 1/4)

COMPASS CONTROL (2 /%)

BLANK PAREL (PROVISIONS FOR JULIEY C-8057/ARC)(1-1/2)
BLANK PANEL (PROVISIINS FOR JULIET C-8057/ARC)(1=1/2)
WISC. SWITCHES CONSOLE

AFCS GUARD ASSEMBLY (3/8)

AFCS PRE-FLIGHT TEST (1-1/2)

SA386543 C17 BLANK PANEL (1-7/8)

$579583

SPARE LAMPS CONTAIRERS

SA30654) (52 BLANK PANEL (5-1/4)

5660818
7660781

7660820
7660781

7660781

7660820
3579573
7640701

%N
4664450
4684450
4684450
4664450
|2 n

DWRGENCY LANDING GEAR MANDLE

SEARTNG, DISTANCE § MEADING INDICATOR
BOMI SHITCH

WOSE TRIM INDICATOR (UP-DOWN)

RADAR ALTINETER

LST RORESIGHT POTENTIONETER(ELEVATION)
CAUTION & AOVISORY ANNUNC IATOR PANEL
CABIN PRESSURE ALTINETER

L.H. CONSOLE STRUCTURE

WOSE TRIW SWITCH

BOM8 RELEASE SWITCH

WOSE WHEEL STEERING SWITCH

CONTROL STICK GRIP WITH GUI/AOCKET TRIGGER
ROCKET CJECTION SEAT

130
(E 1]
2

123
134,
138,
1%.
137.
138.
199
140.
41,
1e2.
143,
44,
6.

|2

283000

|2
. BS-.-)
. asK-8-1
. 18sK-.-1
bl 4
640817
%719
62050
7460781
7660820
3579573
7660820
7660781
7660781
7660781
7660820
5442548

WARNESS [MERTIA RECL CONTROL
SATLOUT OXVGEN RELIASE RiNG

SEAT LOMER CJECTION WRBLE

RIGID SEAT SuRvIVAL xIT

SURY VAL KIT RECEASE wAMDLE
BAILOUT OXYGEW PRESSURE GAGE
MARNESS RELEASE WADLE

CONTROL COLUMN

.M. CONSOLE STRUCTURE

AFCS DISENGAGE SWITCH

CIQUID OXYGEN QUANTITY [MDICATOR
MASTER PRESS TO TEST SWITCM
CAUTION ANMUNCIATOR PANEL

(ST BORESIGHT POTENTIOMETER (AZIWUTH)
STANDSY ATTITUDE INDICATOR

NOSE TRIN INDICATOR (LEFT-RIGNT)
ACCELERONETER

MAVY SERIAL MUNBER PLATE

AUDDER PEDALS AND BRAKES

FIGURE C-1. Interior Arrangement of A-4 Cockpit.
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FIGURE C-2. View of Instrument Panel of A4 Test Item. (Neg. LHL 186977)
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A-4 MAIN FUEL CELL

INSTRUMENTED RAT

1/4" STAINLESS STEEL
INTAKE LINE

CAMERA

MICE IN
TREADMILL

SMOKE METER

)\ DIRECTIONAL

{
DIFFERENTIAL | O |
% CALORIMETER

PRESSURE |

TRANSDUCER . K1
e o
MICROPHONE "m
S
—— §5\
/

1/4" STAINLESS STEEL
OUTLET LINE <

3" 1.0 UMBILICAL
ITO INSTRUMENTATION

BUNKER

S

FIGURE C-3. Cockpit Instrumentation Systems.
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Appendix D
TEST LOG

The test was started about 0715 on 16 April 1975. Early in the
morning 7,000 gallons (26,500 liters) of water were dumped into the fire
pan, while the animals were being made ready for the test. About an
hour before the test started, a rat and a mouse were put into place in
the cockpit, and a control rat and two mice were placed in the instrumen-
tation bunker. After the cockpit canopy was closed, EEG and EKG readings
from both rats were checked to see that the instrumentation systems were
working.

One 20-gallon (75.7-1iter) gasoline half-drum was placed below the
front of the A-4 and another below the rear. The half-drums were on
pivots so they could be remotely dumped. Five flares were arranged so
as to ignite the fuel evenly around the cockpit. JP-5 fuel was poured
onto about 5 inches (127 mm) of water in the 75-foot (22.5-m) diameter
fire pan. Figure D-1 shows a plot of wind velocity made by Stanford
Research Institute personnel in their trailer at the test site.

The data recording systems were started, the two gasoline drums
were dumped, and the five flares were initiated. Only two of the five
flares ignited, and consequently the fire developed unevenly, burning
more on the starboard than on the port.

The fire was allowed to burn until a cockpit thermocouple registered
a temperature that indicated the fire had penetrated the cockpit. At
this point the test director signaled the firefighting crew to extinguish
the fire to preserve as much information from the test as possible. An
earthen bank at one side of the test site prevented the firefighting crew
from approaching the fire from upwind, as would have been optimal.
Nevertheless, despite having to attack the fire crosswind, they extin-

guished it within 16 seconds. The total time of the test was 243 seconds.

When the fire was out, the firemen entered the cockpit and retrieved
the rat, which, though badly burned, was found to be still alive upon
being examined by Dr. Steve Packham of the University of Utah. The mouse
in the cockpit had perished. Two firemen with gas masks then went into
the tunnel to check for toxic gas. No toxic gas was detected, as indi-
cated by the fact that two canaries, which had been placed in the
instrumentation bunker, were alive and well.

The data-gathering systems were turned off, the fresh air blowe:rs

were turned on, and test personnel began checking the data thai had been
recorded.
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FIGURE D-1. Wind Velocity During Test as Recorded by Stanford Research Institute.
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Appendix E
CALORIMETER CONSTRUCTION AND COCKPIT HEAT MEASUREMENTS
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= APPENDIX E
CALORIMETER CONSTRUCTION AND COCKPIT HEAT MEASUREMENTS

HEAT FLUX MEASUREMENTS

Heat flux measurements® must be made independently of temperature
measurements during transient non-steady-state burning experiments,
because thermal energy conversion processes cannot be otherwise quantified.

Slug calorimeters can be used as transducers to estimate the heat
flux available for heating a test item.’’® The principle of such a
transducer is to measure the amount of heat stored during a given time,
utilizing the thermal storage capacity of a known mass. The modeling
equation is

dT
TR,

q = pcL o=

(E-1)

where

= a measure of the heat flux
thickness

= density

G D s
"

= heat capacity

T, = mean temperature of the mass

t = time

Equation E-1 can be used only as a first-order approximation for measur-
’ ing transient heat flux.

‘ Two versions of a thick-film slug calorimeter were used to estimate
‘ transient heat flux within the A-4 cockpit. The first version was
designed to approximate a one-dimensional “ransducer. Its construction
is shown in Figure E-1(a), (b), (c), (d), (e). Figure E-1(a) shows the
backside of the machined element, made of Armco iron sheet. Its overall
dimensions are 0.0625 by 0.75 by 0.75 inches (1.6 by 19 by 19 mm).

6 Naval Ordnance Laboratory, White Oak. A Mobile Field Laboratory for Fires of Opportunity, by R. S. Alger
and J. R. Nichols. Silver Spring, Md., NOL, 10 October 1973. P. 118. (Report No. NOLTR-73-87, publication
UNCLASSIFIED.)

T H. Grober, S. Lrk, and U. Grigull. Fundamentals of Heat Transfer. New York, McGraw-Hill, 1961. P. 5.

8D. ). Gaines. “Selecting Unsteady Heat Flux Sensors,” Instruments and Controls Systems, May 1972. Pp.
80 §3.
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(a) Backside of machined element with (b) Cavity filled with diatomaceous earth.
thermocouple welded to disk. (Neg. LHL (Neg. LHL 192307)
192306)

(c) Mica cover plate over diatomaceous (d) Junction of thermocouple and lead

earth. (Neg. LHL 192303)

wire. (Neg. LHL 192304)

(e) Ceramic coating over entire
transducer. (Neg. LHL 192305)

FIGURE E-1.

Construction of One-Dimensional Transducer.
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The diameter of disk (the circular section remaining after the
cylindrical recess was machined out) is 0.50 inch (12.7 mm); its thick-
ness is 0.005 ¢+ 0.0005 inch (0.127 + 0.013 mm). A 0.00l1-inch (0.025-mm)
(AGW-50) chromel-alumel thermocouple is shown welded to the disk. The
functional junction is near the center of the disk. Figure E-1(b) shows
the cavity full of diatomaceous earth. Figure E-1(c) shows a 0.001-inch
(0.025-mm) mica cover sheet in place, used to retain the diatomaceous
earth. VFigure E-1(d) shows a junction where the 0.001-inch (0.025-mm)
thermocouple is spliced to 0.010-inch (0.25-mm) wire. The larger wire
is anchored to the basic element by two setscrews. In Figure E-1(e) is
shown a protective coating of ceramic. This transducer is positioned on
the test item so that its face is toward the direction of the oncoming
heat.

The second version of the slug calorimeter was designed to approxi-
mate a three-dimensional transducer (Figure E-2(a), (b)). Figure E-2(a)
shows an interior view of the transducer. It is made of six Armco iron
plates, each 3 by 3 by 0.0625 inches (76.2 by 76.2 by 1.6 mm), that are
thermally insulated from each other. Two thick-film disks were machined
in each of the six plates. One disk was 0.030 inch (0.762 mm) thick and
the other was 0.010 inch (0.254 mm). The diameter of each disk was
0.75 inch (19 mm). The construction of this slug calorimeter differed
from that in Figure E-1 in that a glass container of silicone oil was
placed in the cavity instead of diatomaceous earth. A second 0.00l-inch
(0.025 mm) thermocouple was placed in the silicone oil in each element.
A splice similar to that shown in Figure E-1 can be seen in Figure E-2(a).
The entire cavity inside the transducer (inside the box) was filled with
diatomaceous earth. Figure E-2(b) shows the assembled transducer.
Ceramic caulking was used to seal the seams. In principle, eacii of the
five exposed faces provided an independent measurement of transient heat
flux along the principal axes.

Figure E-3 shows the placement of seven one-dimensional transducers
(F1 through F7) in the A-4 cockpit. The three-dimensional transducer was
mounted on the manikin, which was placed in the pilot's position in the
cockpit (see Figure C-3).

Figure E-4 shows the outputs from the seven one-dimensional trans-
ducers. The outputs are derived from the thermocouples attached to the
slug calorimeters (Figure E-1(a)). By assuming that this temperature is

T,» then estimates of q can be made using Equation E-1.
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(b) Outside view. (Neg. LHL 186392)

(a) Interior view. (Neg. LHL 186391)

FIGURE E-2. Three-Dimensional Calorimeter.
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FIGURE E4. Mean Temperature Change of Slug Calorimeters.

An overview of Figure E-4 shows that the interior of the cockpit
was not being significantly heated during the test, with the exception
of FS. The maximum heating--q <0.15 BTU/ft’-sec (1702 W/m?)--occurred
on the starboard side of the aircraft as shown by transducer F5. That
the heating of the cockpit was not symmetric is demonstrated in that F2
heated more slowly--q < 0.05 BTU/ft?-sec (567 W/m?)--than FS5. F2 sensed
initial heating at 59 seconds. At about 185 seconds the heating rate
increased to that initially experienced by F5. F5 sensed heat at 11 sec-
onds and was saturated at 123 seconds. The saturation time suggests
steady-state heating of the starboard interior side of the cockpit
between 123 and 210 seconds. The increase in cockpit heating after
210 seconds is due to heat entering the cockpit via cracks in the cock-
pit and not because of the fire getting hotter.

The response of transducers Fl, F3, F4, F6, and F7 to heating were
negligible until 224 seconds. At this time, as confirmed by the camera
within the cockpit (at 222 seconds), the cockpit was filled with fire
effluent gas. Cockpit heating in the regions where the transducers were
located was modest--q <0.15 BTU/ft’-sec (1702 W/m?)--until the end of
the test. This observation was confirmed by post-test inspection of the
cockpit interior. Prior to obvious fire effluent gas penetration into
the cockpit, as confirmed by the camera within the cockpit, increased
heating of F6 began at 214 seconds as a result of canopy fracture which
started at 205 seconds (based on film speed). F6 recorded its first
rise at 134 seconds.

The three~dimensional calorimeter location in the cockpit was
chosen to be representative of where the pilot's hands would be most of
the time. That position also provided the best three-dimensional view
of the cockpit interior.
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The typical response of a thermocouple sensing the temperature rise
of all slugs in the three-dimensional transducer is shown in Figure E-5.
The essential feature is that no significant heat is observed until about
205 seconds. The face of the transducer viewing the forward instrument
panel sensed a heat rate of 0.46 BTU/ft’-sec (5221 W/m’) between 213 and
222 seconds. The port and starboard faces recorded only about 0.022 BTU/
ft2-sec (250 W/m?) between 211 and 231 seconds. The bottom face measured
about 0.94 BTU/ft2-sec (10,700 W/m?) between 208 and 232 seconds and the
top face measured about 0.32 BTU/ft2-sec (3600 W/m2) between 203 and
232 seconds. These data are summarized in Figure E-6. They suggest that
initial significant heating came from the canopy region first (203 sec-
onds). Next a relatively hot burst came from below at 208 seconds. The
entire region where the three-dimensional transducer was located was
heated during the period from 213 to 232 seconds. By 232 seconds, light
water from the firefighting equipment had cooled the interior of the
cockpit.

The significance of the levels of heat flux measured within the
cockpit is indicated by Figure E-7. This graph indicates the pain
threshold for humans. For example, the 0.94 BTU/ft2-sec (10,700 W/m?)
measured in the cockpit between 208 and 232 seconds represents unbearable
pain after some 3 seconds of exposure time. This and additional data
relating heat flux to human survival time can be found in an article
published in the Journal of the American Medical Association.®
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FIGURE E-5. Typical Response of Thermocouple Sensing Temperature Rise of Slugs in
Three-Dimensional Transducer.

9 K. Buettner. “Effects of Extreme Heat on Man,”” Amer. Med. Ass. J., 28 October 1950, pp. 732-38

47




NWC TP 5812

CANOPY
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FIGURE E-6. Summary of Maximum Heat Flux Data.

In addition to the use of slug calorimeters to measure heat flux,
thermocouples were placed at various points in the aircraft to measure
the temperatures generated by the fire. Thermocouples were also placed
outside the cockpit to determine how fire impinged on the cockpit boun-
daries, i.e., the forward bulkhead, port side, starboard side, floor-
board, back side, and top. External thermocouple leads were adequately
insulated (for a sustained 1700°F or 925°C environment) and attached
to the steel re-bar cage around the aircraft as shown in Figure E-8.
Internal thermocouple leads (0.005 inch or 0.122 mm in diameter) were
used that were electrically insulated for temperatures to 500°F (260°C).
Such insulation was deemed adequate since temperatures to 200°F (93°C)
would be presumed intolerable for the pilot.
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FIGURE E-7. Radiant Heat Versus Exposure Time for Unbearable
Pain and Third-Degree Burns.

EXTERNAL HEATING

As discussed earlier, wind and gusts caused the fire plume to be
deflected as shown in Figure E-9. These conditions, together with the
protective effect of the wings, prevented the pool fire from heating the
insulated aft portion of the aircraft. Fortunately, conditions were
such that the cockpit section was engulfed by fire, as confirmed by the
movie camera within the manikin. Unfortunately, the external thermo-
couple data was lost (due to recorder power failure), and hence flame
characterization could not be evaluated since there was no telemetry
backup.
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FIGURE E-8. A4 Enshrouded in Steel Re-Bar Cage for Supporting
Exterior Thermocouples. (Neg. LHL 192308)

NOTE EXPOSED
AFT END OF A-4

FIGURE E9. A4 Pool Fire Deflected by Prevailing Wind. (Neg. LHL
187354)
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BACK SIDE HEATING

A thermocouple rake was placed within the fuselage fuel tank
directly behind the cockpit. The data from these thermocouples were
lost. However, post-test inspection revealed that the rubber fuel
bladder suffered no damage, even though the bottom of the bladder was
directly exposed to fire after the bottom aluminum skin melted through.
No damage was suffered because the bladder being full of fuel acted as
a heat sink protecting the rear of the cockpit. The consequence was
that the fuselage fuel tank actually protected the rear of the cockpit
from the fire. Post-test inspection, confirmed by gas analysis, showed
no evidence of fuel leaking into the cockpit during the test.

A slug calorimeter was placed on the back of the seat facing aft to
detect potential heating from the fuselage fuel tank. Its output is
shown in Figure E-10. No appreciable heating was recorded before the
canopy failed.
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FIGURE E-10. Output of Slug Calorimeter Placed on Back of Pilot’s Seat, Facing Aft.

NOSE CONE HEATING

A thermocouple and a slug calorimeter were placed inside the fiber-
glass nose cone, which houses the radar and a radio filter screen, to
measure the development of heat in that section. The thermocouple was
placed on the inner lower surface of the fiberglass about 1 ft (0.3 m)
in front of the cockpit bulkhead hinge. The slug calorimeter was
placed on the radio filter screen on the outer surface of the forward
cockpit bulkhead, facing the interior of the cone.

i The response of the thermocouple is shown in Figure E-11. Initial
heating was detected at 7.4 seconds after ignition. Heating remained
relatively uniform until 162 seconds, at which time the thermocouple
failed, perhaps suggesting tchat the nose cone was destroyed by fire or
mechanically detached.
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FIGURE E-11. Output of Thermocouple Located 1 Foot (0.3 m) in
Front of Bulkhead Hinge in Nose Cone.

The slug calorimeter response is shown in Figure E-12. Initial
heating was detected at 21 seconds. The heating rate was about 0.05 BTU/
ft2-sec (567 W/m2). At 95 seconds the heating rate increased signifi-
cantly to 4.5 BTU/ft?-sec (51,048 W/m®). That rate continued until
99 seconds, when the slug calorimeter malfunctioned. It would appear,
then, that the forward bulkhead experienced fire-related heating begin-
ning at 95 seconds.

The apparent premature failure of the thermocouple and slug calo-
rimeter was due to the lead wires not being insulated. However, the
information that was desired from these transducers was obtained.

TEMPERATURE, °F

FIGURE E-12. Output of Slug Calorimeter Placed on Radio Access Filter
Screen in Nose Cone.
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FORWARD BULKHEAD HEATING

The forward bulkhead served as an efficient thermal barrier. This
was confirmed by a thermocouple attached by a screw to the back side
of the bulkhead (facing the interior of the cockpit), as shown in
Figure E-13. Note that no appreciable heating was measured until about
236 seconds and that heating was registered after the fire in the cockpit
was put out by the firefighters at 232 seconds.

Heating of the air in the forward port region of the cockpit is
indicated from the data in Figures E-14 through E-19. The response of a
thermocouple attached by a screw to the metal wear plate on top of the
floor covering is shown in Figure E-14. The location of this thermo-
couple was about 8 inches (203 mm) from the centerline, 4 inches (102 mm)
behind the forward bulkhead, directly on the cockpit floor. No signifi-
cant heating was indicated until after 222 seconds. The light water
cooling was never detected. This lack of heating was confirmed by a
slug calorimeter facing the floor covering in the proximity of the
thermocouple. The heating of the slug calorimeter was negligible, as
shown in Figure E-15. It would appear, then, that the air in the vicin-
ity of the port floorboard was nearly ambient during the test. This
observation was confirmed by post-test inspection in that no significant
discoloration, deformation, or melting of plastics was observed.

Access doors were constructed on both the port and starboard sides
of the cockpit to provide access to locate thermocouples and slug calo-
rimeters in the forward inner region of the cockpit. The doors were
located 5 inches (127 mm) behind the forward bulkhead and 8 inches
(203 mm) above the floorboard. The doors consisted of the original
fuselage skins with reinforced edges. On the inner faces of these doors
a thermocouple and a slug calorimeter were attached to estimate skin
temperature and heat flux available to the interior of the cockpit.
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FIGURE E-13. Output of Thermocouple Attached to Screw on Back Side of Cockpit Bulkhead
(Inside Cockpit).
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FIGURE E-14. Output of Thermocouple Attached to Screw in Wear Plate on Top of Cockpit
Floor Covering About 4 Inches (10 cm) Aft of Forward Bulkhead.
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FIGURE E-15. Response of Slug Calorimeter on Cockpit Floorboard Facing Down, About 4 Inches

(10 cm) From Forward Bulkhead and About 8 Inches (20 cm) Left of Centerline.
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FIGURE E-16. Response of Thermocouple on Port Access Door.
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FIGURE E-17. Response of Slug Calorimeter on Port Access Door.
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FIGURE E-18. Response of Thermocouple About 20 Inches (51 ¢cm) Above Cockpit Floorboard in
Upper Interior Corner Formed by Forward Bulkhead and Port Side.
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FIGURE E-19. Response of Thermocouple Attached to Starboard Access Door.
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The response of the thermocouple and slug calorimeter on the port
access door is shown in Figures E-16 and E-17, respectively. Initial
heating was detected at 27 seconds. Note that the melting temperature
of the aluminum skin was not reached before the fire was extinguished.
Also, no appreciable cooling was detected, although the firemen had just
put out the fire.

Further evidence that the forward interior port section of the
cockpit remained near ambient temperature through most of the fire is
suggested by a thermocouple located in the upper corner between the
forward bulkhead and the port side approximately 20 inches (508 mm)
above the floorboard. The response of that thermocouple is shown in
Figure E-18. Modest heating is shown up to 232 seconds, at which time
hot effluent gas caused a dramatic temperature rise that continued
until 238 seconds. At this time the firemen had the fire under control.

The outputs from the thermocouple and slug calorimeter attached to
the starboard access door are shown in Figures E-19 and E-20, respec-
tively. Comparison of Figures E-19 and E-20 with their symmetrical
counterparts, Figures E-16 and E-17, indicates that the starboard side
of the cockpit was heated more than the port side, probably due to the
previously described wind condition. 1Initial heating was observed at
11 seconds. The starboard fuselage skin reached steady-state conditions
at about 113 seconds. There was no burn-through since the frame and
stringers were apparently absorbing the excess heat. This fact was
confirmed by post-test inspection. The heat flux impinging on the star-
board side of the cockpit was about 0.1 BTU/ft?-sec (1134 W/m?) compared
with about 0.01 BTU/ft%2-sec (113 W/m?2) on the port side.

A thermocouple was placed behind the instrument panel in the forward
bulkhead region with a direct view of the sky through the glareshield
access hole. 1Its heating response is shown in Figure E-21. Initial
heating was recorded at 8 seconds. Its heating rate was reasonably
constant at 1.2°F/sec (0.67°C/sec) until 162 seconds. The observed hump,
which is related to canopy failure, is detected in the 195-second time
domain.

On the basis of the above data, in all probability no open fire
existed in the forward bulkhead region until the canopy failed at
192 seconds. This conjecture was substantiated by post-test inspection
of the dissected cockpit in that no charred paint or extensively burned
components were found.
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FIGURE E-21. Response of Thermocouple Placed Behind Instrument Panel Near Forward
Bulkhead and With Direct View of Sky Through Glareshield Access Hole.

PORT AND STARBOARD SIDE HEATING

A thermocouple was placed 5 inches (127 mm) from each side of the
cockpit in front of each armrest. The output from these two thermocouples
is shown in Figures E-22 and E-23 for the port and starboard sides,
respectively. Interioc= cockpit self-heating (material decomposition)
behavior is indicated on the port side between 96 and 161 seconds; then
similar response is observed between 220 seconds and the end of the test.
Similarly, for the starboard side, cockpit material decomposition
behavior is indicated between 104 and 135 seconds. These peculiar
responses occur in the same time frame that the cockpit toxic gases
exhibited unexpected "reversals." Fire was observed to occur at
231 seconds.
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FIGURE E-22. Response of Thefmocouple S Inches (12.7 cm) From Starboard
Side of Cockpit in Front of Armrest.
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FIGURE E-23. Response of Thermocouple 5 Inches (12.7 cm) From Port
Side of Cockpit in Front of Armrest.

Thermocouples were also placed adjacent to the upholstery at the
elbow region on both the port and starboard sides. Their response is
shown in Figures E-24 and E-25, respectively. No appreciable heating
was recorded, hence it is suspected that the heat observed above was
due to smoldering material forward of, rather than behind, the pilot's
position.

Thermocouples were attached to both the starboard and port sides
of the instrument panel facing the pilot's seat. The outputs from these
thermocouples are shown in Figures E-26 and E-27, respectively. As was
confirmed by post-test inspection, no appreciable heating was present
until the canopy failed.

Another thermocouple was attached within the smoke tube of the
smoke-measuring transducer, which was attached to the instrument panel
(Figure H-6). The output from this thermocouple is shown in Figure E-28.
No appreciable heat was recorded until the canopy failed.
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FIGURE E-24. Response of Thermocouple Adjacent to Upholstery at
Elbow Region on Port Side of Cockpit.
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FIGURE E-25. Response of Thermocouple Adjacent to Upholstery at
Elbow Region on Starboard Side of Cockpit.
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FIGURE E-26. Response of Thermocouple Attached to Starboard Side
of Instrument Panel Facing Pilot’s Seat.
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FIGURE E-27. Response of Thermocouple Attached to Port Side
of Instrument Panel Facing Pilot’s Seat.
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FIGURE E-28. Response of Thermocouple Attached Inside Hollow Tube of Smoke Transducer.

COCKPIT CEILING HEATING

A thermocouple was attached above the glareshield alongside the
exposed glass ferris wheel containing the cockpit mouse. The respcnse
of this thermocouple is given in Figure E-29. Heating in this location
began at 211 seconds. Further confirmation of the relative coolness
above the glareshield was provided by the thermocouple placed near the
port and starboard panels as shown in Figures E-30 and E-31. The region
above the glareshield apparently remained cool until after the canopy
failed. This conjecture was confirmed by post-test inspection of the
glareshield. Hence, it is probable that the cockpit mouse expired after
the canopy failed.
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FIGURE E-29. Response of Thermocouple Attached Alongside
Glass Ferris Wheel Above Glareshield.
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FIGURE E-30. Response of Thermocouple Placed Above Glareshield Near Port Panel.
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FIGURE E-31. Response of Thermocouple Placed Above Glareshield Near Starboard Panel.
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Thermocouples were placed on both sides of the helmet housing the
instrumented rat. The response of these two thermocouples is shown in
Figures E-32 and E-33 for the port and starboard sides of the helmet,
respectively. The temperature rise on either side of the helmet was
nominal until after the canopy failed. Note (in Figure G-9) that signif-
icant EEG postictal rate activity occurred at 133 seconds, suggesting
that the rat was beginning to sense heat through the canopy. The reason
that higher temperatures were not recorded after the canopy collapsed
was that it melted over the helmet (see Figure E-34). It should be
recognized, of course, that the final destruction of the canopy was
caused by the firefighters.

A thermocouple was also placed aft of the pilot's helmet. Its
response is shown in Figure E-35. This thermocouple recorded a definite
steady rise in temperature from about 27 seconds. At the time of canopy
failure it had reached 127°F (51°C). This temperature rise is greater
than that of other thermocouples in the vicinity, probably because it was
in the air rather than being attached to the helmet. The temperature
rise may be due primarily to free convection and not to fire radiation.
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FIGURE E-32. Response of Thermocouple Placed on Port Side of Helmet.
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FIGURE E-33. Response of Thermocouple Placed on Starboard Side of Helmet.
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FIGURE E-34. Helmet and Bottom View of Rat
After Fire. (Neg. LHL 187362)
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FIGURE E-35. Response of Thermocouple Placed Behind Pilot’s Helmet.
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A slug calorimeter and a thermocouple were placed on top of the
seat frame (behind the helmet) directed toward the sky. Their outputs
are shown in Figures E-36 and E-37. No appreciable heating was recorded
before the canopy failed.

Thermocouples were attached to screws on the inside of the forward
metal rim holding the leading edge of the canopy. The response of those
thermocouples for the port, top, and outside regions are shown in
Figures E-38, E-39, and E-40, respectively. Again, heating is shown not
to be significant until after the canopy fractured. The relatively high
heating response after the canopy failed suggests that the fire already
existed forward of the pilot (manikin), as confirmed by the movie camera
in the manikin, but required the top venting to propagate inside. Fire
penetrated the starboard top side of the canopy first, as confirmed by
the movie,' thus providing the required vent.
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FIGURE E-36. Response of Slug Calorimeter Placed on Top of Seat Frame
Behind Helmet and Directed Toward Sky.
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FIGURE E-37. Response of Thermocouple Placed on Top of Seat Frame
Behind Helmet and Directed Toward Sky.
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FIGURE E-38. Response of Thermocouple Attached to Screw on Inside of
Metal Rim Holding Leading Edge of Canopy in Port Region.
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FIGURE E-39. Response of Thermocouple Attached to Screw on Inside of
Metal Rim Holding Leading Edge of Canopy in Top Region.
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FIGURE E-40. Response of Thermocouple Attached to Screw on Inside of
Metal Rim Holding Leading Edge of Canopy in Starboard Region.
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Thermocouples were also placed inside the canopy along the periph-
ery; one on the port side, one on the starboard, and one at the top.
The response of these thermocouples is shown in Figures E-41, E-42,
and E-43. It is apparent that little heat transmits through the canopy
to the pilot before the canopy fails. Again, evidence is found that the
canopy failure occurred in the top starboard quadrant of the canopy.
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FIGURE E-41. Response of Thermocouple Placed Inside Canopy Along Periphery on Port Side.
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