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INTRODUCTION

PURPOSE.

The purpose of this project was to demonstrate the performance of modified
fuels when subjected to full-scale crash conditions in the presence of posi-
tive ignition sources and to determine the tendency of the fuels to mist and
burn when forcibly expelled from ruptured airplane fuel tanks,

BACKGROUND .

In relatively minor aircraft accidents where airplane structures and occu-
pants are subjected to forces that are not seriously destructive, volatile
fuels are spilled and cause postcrash fires that result in severe property
damage and loss of life, In an effort to reduce the destruction and loss of
life caused by postcrash fires in survivable accidents, the Federal Aviation
Administration (FAA) has been investigating various ways to either contain
the fuel after a crash, or modify the fuel characteristics to reduce or elim-
inate the tendency to mist under impact conditions and burst into flame
after contacting ignition sources such as friction sparks, hot surfaces, or
flames that might be encountered during an actual crash of an air carrier
airplane,

For the work reported herein, a reduction in postcrash fires was attempted
by using modified fuels in the wing tanks of the test aircraft to reduce the
tendency of the fuel to mist after being released under impact. In small-
scale test work where l- or 2-gallon quantities of fuel were used, it was
discovered that the addition of as little as 0.3 percent of a particular
additive would reduce the flammability of the fuel to a negligible amount
when compared with normal jet-engine fuel, such as JET A, When larger
quantities of modified fuel were catapulted into ignition sources, the flamma-
bility and flame propagation of the modified fuels was so slight, compared
with unmodified fuels under the same test conditions, that it was decided

to study the performance of modified fuels in a full-scale test environment.

DISCUSSION

TEST AIRPLANES AND LOCATION,

The RB66 airplane was chosen as the test vehicle over other available surplus
aircraft because it had integral wing fuel tanks and jet engines that hung
below the wing on pods similar to a typical air carrier jet airplane, such as
the Boeing 707, and therefore the fuel spillage under crash conditions would
be closely comparable.




T

Facilities for accelerating a 50,000-pound airplane to a test velocity of

110 knots were not available at NAFEC, so Agreement No. DOT FA72NA-AP~17 was
established between NAFEC and the Naval Air Test Facility, (NATF) Lakehurst,

New Jersey, to perform the tests under the technical guidance of NAFEC personnel.

Four airplanes were used in the program; two Navy, type A3, airplanes, and two
Air Force, type RB66, airplanes. The RB66 is actually an Air Force version

of the A3 with different engines and landing gear, but these differences did
not enter into the test results. The primary purpose for using the two A3
airplanes was to verify the severity of the test site conditions and to predict
whether or not the tests with the RB66 airplanes would remain within the limits
of survivability during actual testing of the modified fuels,

TEST DESCRIPTION.

Before actual full-scale crash tests could be performed using the selected

RB66 as the test vehicle, a suitable crash site environment had to be estab-
lished. From available results on previous similar tests, it was decided to
start with a test site configuration as shown in figure 1, using a 6° sloped,
earthen mound followed by a 2-foot-high pillow of earth. Preliminary calcula-
tions, as shown in appendix A, indicated that the airplane would become airborne
for approximately 300 feet after leaving the 6° slope. However, since several
assumptions had to be incorporated into the mathematics of appendix A, it was
necessary to actually perform a full~scale test run,

A Navy, type A3, airplane was available for the first test run., This airplane
had been used by NATF for several tests where the airplane was arrested by
flexible nylon nets., The airplane had sustained slight damage from this work,
and the engines had heen removed. Surplus J57 jet engines were obtained

and mounted on the airplane, since the engines were a necessary part of the
airplane in duplicating typical crash characteristics.

All four aircraft tested were launched on Recovery System Test Site No. 1

(RSTS No. 1). The aircraft were propelled down the track by a four-engined

jet car with centrifugal-flow jet engines that developed a thrust of

5,000 pounds each, or a total thrust of 20,000 pounds for the four engines.

The aircraft were constrained to follow the RSTS No., 1 track by a shuttle that,
pushed by the jet car, pulled the aircraft, using its own tricycle landing
gear, through flexible cables attached to the underside of the aircraft.

Figure 2 shows the jet car, the shuttle, and the aircraft cables that connected
the aircraft to the shuttle, Figure 3 is an overall view of one of the

test airplanes ready to be propelled down the track by the jet car.

RSTS No. 1 track was 5,800 feet long, which was more than enough distance

for the 20,000-pound thrust of the jet car to accelerate the test aircraft up

to the desired speed of 102 to 115 knots. At a predetermined point on the
track, the jet car was braked to a stop, and the airplane and shuttle coasted
onward, Then the shuttle was braked to a stop, at which time a weak link in the
cables holding the airplane to the shuttle gave way, and the momentum of the
rolling airplane carried it into the test site area.
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The two large obstacles that the main landing gear of the aircraft encountered
and the four upright poles that the wing leading edges impacted are shown in
figure 4. The main gear obstacles consisted of two cast iron weights of

20,000 pounds each, which were reinforced by 10-by-10-inch structural "I" beams
sunk 18 inches below the track surface in concrete and an additional depth of

3 feet into the ground. Similarly, I beams were welded to a 20,000-pound weight
to form the nosewheel barrier. The pocles were standard telephone poles with

a nominal diameter of 12 inches, sunk 18 inches into the reinforced concrete

pad of the test site and an additional 4 feet into the ground.

After encountering the landing gear obstacles and the four telephone poles,
the aircraft was brought to a stop by sliding along a prepared test site which
was not the sa.e for each test run. The exact conditions prevailing for each
of the tests reported herein are described in detail later in this report
under the particular test for which they apply.

INSTRUMENTATION,

The aircraft were equipped with strain gauge accelerometers and, in one case,
with linear displacement transducers to measure the destructive loads and
deformations that the aircraft structure sustained. The instruments were
housed in fire-proofed containers. These containers consisted of three layers
of stainless steel separated by glass wool insulation and were designed to pro-
tect the instrument from temperatures of up to 2,000° Fahrenheit (F) for at
least 30 minutes.

The output of the instruments was sent to a microwave transmitter that was also
installed in each test airplane, and the data were transmitted from an antenna
that was installed on the tail fin of the airplane (figure 5). Also shown on
figure 5 is the motion picture camera installation that obtained color photo-
graphs of the forward part of the airplane as it proceeded down the track into
the test site area.

In addition to the camera coverage in the tail, the fourth airplane tested
also had two cameras mounted in the coc:.pit area, recording the leading edge
of each wing as the airplane encounted the upright telephone poles in the
test site area., High-speed cameras were located throughout the test site
area as well as in a helicopter which hovered overhead.

TEST NO. 1 - A3 TYPE AIRPLANE.

This first test was performed to obtain information on the retarding forces
acting on the airplane as it passed through the test site area, so that a test
site configuration could be constructed for the remaining tests using the

RB66 aircraft with modified fuel in the wing tanks. The main landing gear
obstacles, the nosewheel obstacle, and the four telephone pole: for ruptur-
ing the leading edge of the wing were installed, and a 6° sloped earthen mound
followed by a 2-foot-high pillow of earth was constructed with dimensions as
shown in figure 1.
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The aircraft wing tanks were filled with dyed water. The instrumentation con-
sisted of four triaxial accelerometers mounted as follows:

l. On the floor of cockpit area station 134,

2. On the floor of bomb bay area station 450,

3. On the floor of electronic equipment bay station 770, and

4. On the upper surface, port wing, 13,5 feet off centerline (W.L. 165),

Two 1l6-millimeter (mm) motion picture cameras were mounted on the vertical tail
surface stabilizer recording the view forward as the airplane entered the test
site area. Figure 6 is the view looking downtrack at the test site area
showing the landing gear obstacles, telephone pole barrier, and 6° sloped
earthen bank.

TEST NO. 2 - A3 TYPE AIRPLANE.

From the theoretical study contained in appendix A, the entire test site area
was determined based on a 6° sloped bank followed by a 15° sloped hill. The
purpose of test No., 1 was actually to determine where to construct the 15°
sloped hill in relation to the 6° sloped bank, since several assumptions had
to be made in the calculations of appendix A and could be verified only by
performing a full-scale test., As it turned out, the predictions contained

in appendix A were very accurate; however, test No. 1 revealed that the 6°
sloped hill was too formidable a barrier for the airplane, and it was decided
to reduce the slope from 6° to 3° for the next test. Also, from the experience
gained in test No. 1, sufficient confidence was obtained to allow a decision
on the relative location of the 15° sloped hill.

It was reasoned that the airplane would remain airborne for a shorter dis-
tance coming off the 3° sloped bank than it did off the 6° sloped bank. The
15° sloped hill would be constructed at the point where the airplane in test
No. 1 came to rest. This would assure that the next test airplane wc.ld not
be airborne when it encountered the 15° slope, and the airplane would, in all
probability, lose all of its forward momentum before it reached the crest of
the 15° sloped hill, By keeping the airplane from going over the crest of
the 15° sloped hill, the crash forces would be kept below the upper limits of
survivability.

Since these changes resulted in a significant deviation from the original test
conditions, it was necessary to perform another test run before actually eval-
uating the performance of modified fuels in the RB66 airplanes. Therefore,
this second test run was made using another A3-type airplane that had been
used by NATF for barrier work and was no longer suitable for that type of work,
but would make a satisfactory test vehicle for this project.

The test site area for this second run was configured as shown in figures 7
and 8, except that no ignition sources were present. The main landing gear
obstacles and the four telephone poles were the same as in test No. 1, but

the obstacle for removing the nosewheel was moved downtrack to the base

of the 3° sloped bank. By leaving the nosewheel intact until the airplane
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reached the first hill, the tendency for the nose to settle as noted in
test No. 1 was eliminated, and the impact forces were distributed over most
of the fuselage and engine nacelles rather than concentrated at the nose

of the airplane. By relieving the stress concentration on the nose, the
survivability aspects of the crash were enhanced.

Although the primary purpose of this second run with the A3-type airplane was 1
to verify the mathematical predictions on the dynamic crash forces, it was
decided to take advantage of this test run by filling the irtegral wing tanks |
of the A3 with modified fuel, rather than dyed water, as was done in the pre-
vious test, so that the fuel dispersal characteristics under impact and the
misting tendencies under deceleration could be evaluated. The starboard (right)
wing tank of the A3 was filled with 750 gallons of modified fuel, dyed green.
The fuel additive was manufactured by the Imperial Chemical Industries of

Great Britain and was designated as FM-4, A concentration of 0,3 percent by
weight of this additive was mixed with JET A type fuel. The port (left)

wing tank was filled with 750 gallons of modified fuel, dyed red. The fuel
additive was manufactured by the Continental 0il Co., and was designated

as CONOCO-AM-l. A concentration of 0.2 percent of this additive was mixed

with JET A type fuel.

The airplane was propelled down the track by the four jet engines of the

pusher car and reached an impact speed of 115 knots as shown in table 1.

There were no ignition sources placed in the test site area, because it was

not desired to test the flammability characteristics of the modified fuels

in the wing tanks, but only their dispersal and misting properties under impact
] conditions. The airplane came to rest just over the crest of the 15° sloped

hill, as shown in figures 9, 10, 11, and 12. This airplane was considered to 1

have remained within the upper limits of survivability, even though it went

over the crest of the 15° hill, because the fuselage remained intact in the

crew's compartment and the only real break in the structure was in the aft

section, as shown in the figures. On this test, the telemetering equipment

remained operating for 2 seconds, and the deceleration forces experienced in

various parts of the airplane during the test were recorded and are precented

in table 2,

TEST NO. 3 - RB66 AIRPLANE.

The test site area configuration for this test was the same as that for test
No. 2 (i.e., a 3° sloped bank followed by a 2-foot-high pillow of earth and

a 15° sloped hill), except that in this test, there were positive ignition
sources spaced as shown in figure 8. Figure 13 is a sketch of the flares

used as ignition sources along with the temperatures measured in various parts
of the flame area.

The aircraft's integral wing tanks were filled with 1,500 gallons of mouified
fuel (750 gallons on each side of wing). The additive used was manufactured
by the Dow Chemical Company and was designated as XD8132. The additive was
mixed with Jet A type fuel at a concentration of 0.7 percent.
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FIGURE 13, TEMPERATURE PROFILE OF FLARES USED IN TEST NO. 3
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The instrumentation on the airplane was the same as in test No. 2 except that
an anthropomorphic dummy was placed in the pilot position and instrumented in
the pelvic area with two zero-to-50-g accelerometers. The time-history traces
of these accelerometers are shown in appendix B. Also, four linear displace-
ment transducers were installed in the fuselage to gain experience in meas-
uring and evaluating structural distortion during impact when compared with
the deceleration forces measured by the installed accelerometers, the time-
history traces of the linear displacement transducers and time-history traces
of the installed accelerometers are also shown in appendix B.

The RB66 airplane was accelerated by the jet car to an impact speed of

105 knots. The integral wing tanks were ruptured by the telephone poles, and
the modified fuel spilled out through the channels formed by the broken spar
web., The airplane came to rest on the crest of the 15° sloped hill, but

did not burn; nor were there any fires along the path of the airplane,

even though fuel spilled out of the ruptured tanks, and the airplane ploughed
through the ignition sources that were placed in the test site area. It came
to rest on the crest of the 15° sloped hill as shown in figures 14, 15, and 16,

TEST NO., 4 - RB66 AIRPLANE.

Since there were no fires either on the ground or in the airplane on the last
test, it was felt that the test was not severe enough to demonstrate satis-
factorily the flame-resistant characteristics of modified fuel. It was also
felt that the last test did not truly represent a full-scale crash, because the
engines on the aircraft were not running, as would most likely be the case in
an actual situation where the airplane was either taking off or landing. A
further consideration was the desirability of having the airplane come to rest
on level ground so that the fuel in the ruptured tanks could leak out and form

pool fires that could be fought using new experimental fire-fighting techniques;

thus getting additional valuable data from these tests.

Therefore, the 15° sloped hill was removed from the test site area, and the
earth it contained was spread out downtrack to lengthen the runout area. The
type of ignition source was changed from the last test. On the crest of the

3° sloped bank, four propane torches were spaced as shown in figure 17.

Figure 18 is a sketch of the propane torches that were used. The torches were
fed from four 6-cubic-feet propane tanks that were buried in the ground and
heated electrically to maintain a pressure of 120 pounds per square inch (psi).

Beyond the propane torches were 30 ignition sources suspended from l-inch-dia-
meter steel poles, as shown in figure 19, Figure 17 shows the location of
these ignition sources along the crash site area.

The obstacles for removing the landing gear were the same as in the last two
tests, but the telephone poles that ruptured the leading edges of the wing were
faced with fabricated steel angles placed at the point where the wing leading
edge contacted the poles (figure 20).
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IN TEST NO. 4
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A special effort was made on this test to increase the quantity of fuel gush-
} ing from the wing tanks as the test airplane passed through the test site area.
| One scheme was to forcibly pull out two fuel tank inspection plates under each
{ wing. Figure 21 shows the installation on the port wing. Heavy steel levers
were welded to a modified inspection plate that had a weak membrane of thin
aluminum, fabricated within its structure, The steel lever arm was connected
to the main landing gear strut by 3/8-inch-diameter stainless steel cable, and
during the actual test, when the landing gear was knocked off, the inspection
plates were torn out of the wing tank skin allowing the fuel to escape.
Figure 22 shows the underside of the wing after an inspection plate had been
pulled out during the test.

From the results of the previous tests, it was determined that the wing spar
caps were protecting the spar web from damage when the wing leading edge con-
tacted the telephone poles during the test. The wing spar web formed the front
bulkhead of the integral wing tank, and if this web did not suffer structural
failure, the fuel inside the tank would not be released. To increase the prob-
ability of failing, the spar web devices as shown in figure 23 were fabricated
from structural iron shapes and located in the four positions of the wing lead-
ing edge that would contact the upright telephone pole obstacles in the test
site area. The fabricated structural shape would be the first thing to con-
tact the telephone poles and therefore would be driven through the spar web,
thus rupturing the wing fuel tank. Figure 24 shows the type of structural
failure that the wing tanks underwent during this test.

The aircraft's integral wing tanks were filled with 1,500 gallons (estimated
to be 1,250 gallons at impact) of modified fuel (750 gallons on each side of
wing). The additive used was manufactured by the Dow Chemical Co., and was
designated as XD8132, The additive was mixed with JET A fuel at a concentra-
tion of 0.5 percent.

In order to meet the requirement to have the engines running during this test,
a special fuel system had to be devised. The normal fuel system installed in
the RB66 requires that the engines pump fuel from the aft fuselage tank at

all times, and that the fuel in the forward fuselage tank and the two wing
tanks be transferred to the aft fuselage tank as needed. For the tests in this
project, fuel was carried in the wing tanks only; the two fuselage tanks were
empty, and therefore there was no direct feedline available to run the engines.

The modified fuel contained in the wing tanks was fed by means of a flexible
hose ’eading from a modified wing tank inspection plate, as shown in figure 25,
to a two-way valve, then on to the engine., A flexible hose leading from a
supp.y of JP=4 fuel also connected to the two-way valve.

At this time, the fuel nozzles installed in the engines would not satisfactorily
atomize modified fuels to the extent required for engine starts. Therefore,

the engines had to be started on JP-4 type fuel, and after being brought up to
72-percent r/min, the fuel supply was switched from JP-4 to the modified fuel

in the wing tanks by means of the two way valve shown in figure 25,
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Four accelerometers were installed in the airplane to record crash forces
during the test, and several thermocouples were placed in the airplane and
against the skin of the fuselage at selected locations to measure skin tem-
perature, Ten radiometers (appendix C) were placed on top of the range poles
in the test site area to record the radiation intensity from the fire.

This test was conducted during the winter months, when the average temperature
was below freezing during, and after, the wing tanks of the airplane were filled
with modified fuel. Since the viscosity of the modified fuel is higher at

the lower temperatures, the breakup of the fuel would be less, and it was felt
that the results might not be representative., Therefore, it was decided to

heat the fuel in the wing tanks and effectively increase the severity of the
test conditions under which the fuel would have to perform.

Two shrouds made of a light plastic cloth were draped over the port and star-
board wings, and hot air from a gasoline~fired, portable heater cart was

pumped into the tent-like wing covering to heat the fuel. The heater cart was
fired up about 10 hours before test time, and although the ambient air tempera-
ture was below freezing, the air temperature within the shrouds reached a
maximum of 80° F for the last 3 hours of the heating process. It was therefore
assumed that the fuel temperature reached a maximum temperature of 80° F,
Figure 26 shows the fabric shroud draped over the starboard wing of the RB66.

The engines on the airplane were started on JP~4-type fuel and switched over
to run on the modified fuel in the wing tanks. The airplane was accelerated
to an impact speed of 102.4 knots by the jet car, and the airplane came to
rest 600 feet downtrack. There was considerable fire in the test site area,
and the airplane itself was on fire from the forward wing roots aft, to the
tail (figure 27).
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| RESULTS

TEST NO. 1.

This test was performed to determine the dynamic characteristics of the air-

_ plane in the test site area, The path of the airplane and its velocity pro-

i file were predicted by tne calculations shown in appendix A, but certain

[ assumptions had to be made relating to the dissipation of energy as the air-
plane structure broke up and retarding forces developed as the fuselage and

nacelles ploughed through the loose earth in the test site area.

Accelerometers were installed at three locations in the fuselage and one
location on the wing. Both longitudinal and vertical accelerations were to

be measured, but the instrumentation system failed immediately after the air-
plane encountered the landing gear obstacles that forcibly tore off the two
landing wheels, and the four telephone poles that ruptured the wing tank leading
edges, All of the telemetering-transmitting equipment and the wet cell
batteries necessary to power the equipment were installed in the after portion
of the airplane tail, and it was determined that the high deceleration forces
encountered as the airplane struck the obstacles caused internal damage to the
wet cell batteries, thus all power was lost, and the telemetry equipment

could not transmit the data.

After encountering the landing gear obstacles and the four telephone poles,
the A3 airplane settled onto the 6° sloped hill in a nose-down attitude. The
vertical descent of the airplane was abruptly changed as it proceeded forward,
and the nose section and cockpit area of the fuselage ploughed into the 6°
slope. Both engines contacted the 6° slope as the forward part of the fuselage
failed, and the port engine was torn from its mount. The airplane became air-
borne for approximately 190 feet after it left the crest of the 6° slope, and
as it settled back toward the ground, the port wing contacted the edge of the
2-foot-high earthen pillow that was constructed 200 feet downtrack from the

6° slope. The whole airplane folded upon itself and came to rest in a large

f i compact pile of wreckage, as shown in figures 28 and 29.

Since the airplane structural integrity had been completely destroyed by the
time it came to rest, this test could not be considered to be within the limits
of survivability., From the high~speed motion picture coverage of the test,

it was determined that the impact forces encountered by the airplane as it
settled onto the 6° sloped hill were so severe that they caused vital structures,
such as the wing roots and engine-pod attachment points, to fail. As the
airplane left the 6° slope, it appeared to be structurally sound, but more

than likely, it was not. The movement of all the parts, wings, fuselage, and
tail, through the air at the same velocity made it appear intact, but when the
airplane settled back to ground level, there was not enough structural strength
left to hold the various parts in their relative positions, and the airplane
came to rest in a heap.
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The spray pattern of the water was very profuse from the four ruptured parts

‘ of the wing tank leading edge as the airplane came off the crest of the

‘ 6° sloped hill. The deceleration forces, that were so effective in destroying
the structural integrity of the airplane itself, also caused the water inside
the wing tanks to impinge up against the wing tank leading edge where the
tanks were ruptured by the four telephone pole obstacles. As a result,
the hydraulic force created by the situation forced the liquid out of the
ruptured tanks and a very satisfactory simulated fuel mist pattern was created.

Although no data were obtained from the accelerometers installed in this air-
plane, because of power failure to the transmitting equipment, it was deter-
mined that the forces encountered by the airplane as it contacted the 6° slope
were too great and caused unwanted structural failure., From the results of
this test, it was decided to reduce the slope of the first hill and to con-
struct the base of a 15° sloped hill (figure 8) at the point where the wreck-
age came to rest on this test,

TEST NO, 2.

The airplane was instrumented with accelerometers at various locations, and

the data were transmitted by telemetry equipment mounted in the tail section of
the airplane. The entire travel of the airplane through the test site area

was recorded on high-speed motion picture film, This film was analyzed to ’
obtain the velocity profile of the airplane as it traversed the test site area.

Figure 30 is a plot of the velocity of the airplane at various distances along
the test site,

The information in figure 30 starts just as the airplane contacts the four
telephone-pole wing obstacles., The airplane was moving at 183 feet per second
(ft/s) (108 knots), and after contacting the four telephone poles and the main
wheel obstacles that sheared off the main landing gear, it was slowed down

13 ft/s (8 knots) to 170 ft/s (100 knots).

After leaving the 3° slope, the airplane was traveling at approximately 125 ft/s
(74 knots) when it contacted the 15° slope, where it came to rest just over

the crest of the hill, as shown in figures 11, 12, 13, and 14. From figure 30,
it can be seen that most of the energy was dissipated at the 15° slope where
the airplane went from 125 ft/s to zero; whereas, it went from 183 ft/s to

125 ft/s for a total loss of 57 ft/s (34 knots) for the entire length of the
test site area traversed before it encountered the 15° slope.

Figure 31 is a plot of the distance the test aircraft traveled through the

test site area versus the time elapsed after the airplane encountered the
landing gear obstacles and the telephone poles. From figure 31, it can be

seen that the airplane had encountered the landing gear obstacles, sheared off
the four telephone poles, slid up the 3° hill, and was airborne beyond the crest
of the hill in a time span of 0.8 seconds. By the end of 4.3 seconds, the
airplane had slid up the 15° slope and had come to rest on the crest.
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For this test, the airplane was equipped with accelerometers having a range of
zero to 100 g's, sensing both the longitudinal and vertical accelerations at
three locations in the fuselage and one location on the left wing. Table 2

is a summary of the maximum extremes of accelerations recorded on the time-
history plots contained in appendix B, The station identification and accel-
eration sign interpretation are shown in figure 32.

The telemetry equipment was installed in the tail of the airplane and when
the airplane encountered the 15° slope the tail broke away, and all data

transmission ceased. Therefore, no data were obtained on the deceleration
forces the airplane encountered as it contacted the 15° slope.

From the high-speed motion picture coverage of the test, it was determined
that the spray was coarse and that the misting tendencies and the spray
patterns of these modified fuels were markedly reduced from those in the

first test where plain water was used in the wing tanks, The fuel temperature
for this test was 74°.

The airplane came to rest in a nose~down attitude passing over the crest of
the 15° slope, and the modified fuel that remained in the wing tanks drained
out. From the spillage on the ground after the airplane came to rest, it was
estimated that about half of the 1,500 gallons of fuel that was aboard the
airplane was released along the test site area, and the remaining half of the
fuel was spilled out of the tanks when the airplane came to rest.

TEST NO. 3.

This was the first test of this series to have ignition sources placed along
the intended route of the test airplane., The ignition sources used consisted
of forty (40) Highway safety flares with a burning time of 45 minutes, and
eight (8) smudge pots with flame bases flush with the test site surface to
provide ignition sources for any pools of fuel that might form during the test.
The flame profile of the safety flares is shown in figure 13, The ignition
sources were spaced along the test site as shown in figure 8.

The test airplane was accelerated to a speed of 190 ft/s (112.1 knots) by the
four jet engines on the NATF pusher car. The engines on the test airplane
were not running for this test. After release by the pusher car, the test
airplane had slowed down to 177 ft/s (104.6 knots) as it entered the test
site area and encountered the four telephone poles and the main landing

gear obstacles.

The airplane passed over the crest of the 3° slope at a speed of 138 ft/s
(82 knots) and settled onto the 2-foot-high earthen pillow, where it encountered
the burning safety flares and the kerosene smudge pots,

The velocity of the airplane at other points along the test area can be ascer-
tained from figure 33, It was traveling at a speed of 70 ft/s (41.5 knots)

as it reached the base of the 15° sloped hill .ud then came to a complete stop
at the crest.
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Figure 34 is a plot of the distance the test aircraft traveled through the test
site area versus the time elapsed after the airplane encountered the landing
gear obstacles and the telephone poles. From figure 34, it can be seen that
the airplane had slid over the crest of the 3° sloped hill within 0.8 seconds
after encountering the landing gear obstacles and came to a complete halt on
the crest of the 15° sloped hill in 6.4 seconds.

The modified fuel was flowing from the holes put in the leading edge of the
wings by the four telephone poles, but it was judged that the rate of flow was
not very great, and the misting of the fuel was very small compared to the

first test in this series, where plain water was used in the integral wing tanks
of the A3 test airplane. The reduced misting tendencies in this test are
attributed to the dilatant characteristics of the modified fuel, which reduces
the misting tendency of the fuel by increasing viscosity as flow rates increase,
and also to the reduced deceleration forces the test airplane experienced as

it contacted the first hill. In the test with the A3 airplane, the hill had

a 6° slope and imparted more restraining force on the airplane, thus causing

the hydraulic head of the liquid to be much higher where the tanks were ruptured,
causing a higher rate of flow through the openings.

From the high-speed motion pictures taken during the test, it was determined
that the spilled fuel encountered the burning flares as the airplane skidded
along the test site, but no fires developed. Even after the airplane came to
rest on the crest of the 15° sloped hill, fuel continued to flow from the
ruptured tanks, and it was estimated that less than 40 percent of the fuel had
spilled out of the tanks before the airplane came to rest,

An attempt was made to ignite the standing pools of fuel that were being formed
by the leaking fuel tanks, but the pools proved extremely difficult to light
and after several minutes of this effort only small fires had been started.
These burned for a short time and then extinguished themselves. An attempt was
made to ignite the fuel as it poured directly from the ruptured tank. Here the
fuel did ignite, but the flame was not considered vigorous and was easily
extinguished by the fireman.

The acceleration values developed during this test are given in table 3. The
forces were very high in the cockpit floor area, ranging upwards to 66 g's, but
the transducer had been torn from its mountings during the test, and these
values could be abnormally high., The maximum value recorded at the pilot's
seat was 22 g's, and the acceleration force on the dummy itself, strapped in
the pilot seat, was 11 g's. These values can be considered to be well within
the range of survivability. The telemetering equipment stopped functioning
before the airplane encountered the 15° slope.

TEST NO. 4.

Figure 35 is a plot of the speed of the test aircraft at various positions on
the test site area, and by using figure 36, a correlation between the position
of the airplane, its speed at that instant, and the time that had elapsed before
the airplane got to that position, can be determined. For instance, from

50




€ °ON ISIL ¥0d FTIJ0¥d FONVISIA-SASYIA-TWIL *He TINOII

re=se=LL (1374) IONVISIA
00$ 00k 00¢ 002 001 0
T T | = 0
41
-\
=
-1¢ X
=
- ’
2 A ,
a ¥
+ .m. »
- : i
3 m
w
< I
t
L 9 r..
L
" MOTTId 12 2dO1S °f
s370d
ANOHdITA L -~




0 xypuadde 395 4y

*auerdiye uo uoyjedo] Teisuald 103 z¢ 2In8yj) P95

$SALON
*Spuodas g*1 4 *oN
191j® spua A1j3waray S 1 c €°9 81 - - 8°01 615 daonpsuei]l
*Spuod3ds ¢°¢ £ *oN
193)® Spua A1lawaray - %01 = St = - - L oty Iaonpsuea]
*spuodas 7°7 Z °oN
193j® Spua A1jawatal e°L - 9 - vz 9°1 - = 9%t 13onpsuea]
*Spuodas §°p 1 *oN
1333® spua L1jawaray - — <L = = %°0 = = L iaonpsuea]
eway (*ur) (*ur) (*ur) (*ur) (*ur) (*ur) (*ur) (*ur) uor3els  uoradridsag
uoysuaixy Suyysni) uoysuaIxg SBuyysni) uoysualxy SBuyysni) uoysuaIxz Surysniy
punoin YyirM 3deduy auioqaty 3doTs £ Y3IyM 3Ioeduy $3704 YayM 3oedumy
SIHONI NI NOILVWMOJ3Id
* - - - d.ﬂ‘ - M -
*p10d31 03 payryej sTeulys [auueyd [EITIII - - - 6 + - €+ 91T 30TTd Ammmq
N o~
o o z- = Y=l Gi= n
= = 1+ i+ IR R ) < Y11 Ie3s J0TTd
= w e T - = ¢ =
= = €T+ (482 0Z+ ST+ S9T-TM 8urM 3397
o i 21 o1~ 9 e
= = v+ or+ 9+ €T+ oLL Aeg sOTUOXIDBTY
- i € = L= D= =
= = 0T+ T+ €T+ 9T+ osY Aeg quog a3y
“SIXe *3119A UO SPUODIS ©°Z PUB SIXE - - Gh- zZ1- or- T -
: *3uor uo spuodas 4y 1a3je parrej syeudrs = ot v+ 85+ 9 LTS (374 jooy Tauunj
*juyod 3dedwy 3Is1TJ e - . 99— 1= (A
s8uy3unom S37 WOXIJ UIO] SEM X3]13WOII[IJIY - - 96+ Zh+ 9 + v+ vET 20074 3Td¥d0)
syI1eway 19 Juoq J19p 3uoq 31ap  Juoq FUTS STRT uotadraosaq
adotrs ,G1 adotrs € sato4 auoydaray
L YyatM 3oeduy YyatM 3oeday YartM 3oeduy

$,9 = »»SANTVA NOILVMITIOOV Nviad

ANVIQYIV 99 - € "ON IS4l "€ 314Vl




% °*ON IS3L ¥0d TIIIO0¥d FONVISIA-SNSYIA-ALIDOTHA  °SE TANDIA

SE=Se-LL (L33 4) IONVISIa
009 (1143 08¥ 0¥ 09¢ 00€ ov2 081 021 09 0
Tt T T T -1 T T T T 0
k
]
41
s2
I 0S
<
=
5
SL 3
-
= A
]
-
001 3
1
s}
szl
0s1
SL1
MOTTId 14 2 |umoam. ot
sdT0d
ANOHATTAL”




# °ON IS3IL ¥0d TIIJ0Nd FAONVISIA-SNSHAA-TWIL  °*9¢ TUNOIJ
9E~SE~LL (L33 3) IDONVISIA
009 (1127 os¥ ozZv 09¢ 00€ o¥e 081 021 09
1 1 1 i | 1 | N |

1
©
(SaNODdS) IANWIL

sAT10d \\

P pon

Land kel

INOHdATAL

a1

54

o e

ey Sy




figure 35, it can be ascertained that the speed of the aircraft as it left the
crest of the 3° sloped hill was 125 ft/s, and from figure 36, it can be deter-
mined that it took the airplane 0.95 seconds to get there.

The four inspection plate plugs that were attached to the landing gear by
stainless steel cable lanyards were pulled out successfully and produced
openings in the bottom of the wing tanks, as shown in figure 22, The four
telephone poles caused large gaping openings in the leading edge of the wings,
as shown in figure 24. The combination of these openings allowed copious
quantities of fuel to pour out of the wing tanks as the airplane ploughed into
the 3° sloped hill (figure 37). From the high-speed motion pictures taken
during the test, it was determined that the fuel spewing from the ruptured
tanks was ignited between the fuselage and the starboard engine which was run-
ning at the time, A fire developed at ground level in line with and aft of
the starboard engine as the airplane slid along the 3° sloped hill and reached

crest of the hill. The propane torches burning at the top of the 3° sloped

i1l ignited the spilling fuel on the left side of the airplane. From that
point on, the airplane was enveloped in flame as it passed down the test site
area, and it continued to burn after it came to rest until the flames were
extingushed by the fire fighters on the scene.

The airplane traversed through 90 percent of the test site area in 6.6 seconds
and came to a complete stop 10.8 seconds after it had encountered the telephone
pole barrier that had ruptured the wing tanks. Yet from the data presented in
table 4, the temperature probes positioned inside the fuselage at various loca-
tions did not sense maximum temperature rises until 60 to 90 seconds after
impact, Temperatures in the aft bomb bay and electronics compartment areas
started to rise 5 seconds after impact, but had only reached 420° to 440° F
when the airplane came to rest 5.8 seconds later. Thirty seconds after impact,
the temperatures at these two locations were down to 260° F before rising again
to higher values, indicating that the fire surrounding the aircraft had not
penetrated the fuselage skin until a considerable time after the airplane came
to rest.

The fire had to be extinguished by the fire-fighting crew that was standing by

at the crash site area. Figures 38 and 39 show the hulk of the airplane after
the fires were extinguished. The fires were confined to that part of the air-
plane aft of the wing leading edge mainly because the forward velocity of the
airplane caused the spilled fuel and flames to propagate aft, and also because
the airplane came to rest with its nose pointed into the prevailing wind. There-
fore, the cockpit area of the fuselage was relatively free of fire and heat.

The greatest acceleration loads occurred in the cockpit area at station 134 when
the airplane encountered the 3° sloped hill. At this time, the main wheels had
been sheared off by the landing gear obstacles, and the nosewheel gear had been
sheared off at the base of the 3° sloped hill, so that the nose of the airplane
was the first to contact the hill, which caused the high loads to be developed
in the cockpit area.
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CONCLUSIONS

l., Test No. 3: The modified fuel that was tested performed satisfactorily
in the presence of the signal flare ignition sources used in this test.

2. Test No. 4: The combination of higher rate of fuel release, ‘lower fuel
additive concentration and higher fuel temperature resulted in fuel spray
characteristics which were unable to resist the severe ignition environment,

3. The small-scale air gun and catapult tests conducted to establish the
additive concentration for the full-scale crash tests produced fuel sprays

which were not representative of those obtained under full-scale crash
conditions,
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APPENDIX A

CONSIDERATIONS LEADING UP TO THE SELECTION
OF THE TEST SITE AREA CONFIGURATION

Since a large part of the cost of the project will be spent in construction
of the crash site, any scheme to reduce the cubic yardage of fill to be moved
] will be advantageous, as long as it gives the decelerating forces required.
Therefore, it appears that the initial idea of using one hill should be
abandoned and a crash site of two separate hills should be planned (see
figure A-1).

SMUDGE POTS
/—TELEPHONE POLES g V\ s

o | 14
e 7T 777 \_i

LANDING GEAR OBSTACLES
70' S 206'—>r@—— ————— 70—

FIGURE A-1. PROPOSED TEST SITE

The first test site proposed was a 20° slope, 20 feet high, which contained
2,200 cubic yards of fill, as shown in figure A-2. After a series of confer-
ences, it has been decided that the 20° sloped hill is too severe, especially
when considered from the view that the aircraft will probably not stop on the
hill, but will pass over and drop off from the 20-foot-high crest of the hill
to the far side.

Based on the Armour Research Report, wherein a survivable crash is defined as
one with an impact angle of not more than 15°, it was next decided to consider
a crash site hill with a 15° slope on the impact side, and a gradual slope on
the downtrack side, to minimize the drop off, since the aircraft would not be
expected to stop on the hill, Such a hill might have the configuration of
figure A~3. The amount of fill required would be 5,400 cubic yards, based on
a hill width of 70 feet.
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56 FT.———-P— 28 FT.
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FIGURE A-2, CONSTRUCTION DETAILS OF A 20° SLOPE

g ;

25 ET.

15° J
e

L— 94 FT. .‘L 70 FT. ———l

77-35-A-3

FIGURE A-3, CONSTRUCTION DETAILS OF A 15° SLOPE

Both of these hills are afflicted with the fact that the aircraft probably

will not lose all of its momentum on the hill and will continue over the top
scattering burning fuel and wreckage over a wide area. Such an area would be
difficult to cover with the instrumentation needed to obtain meaningful results.

A look at the Phoenix crash test on the L1649 reveals some interesting facts
that may be of value for this test. That crash site consisted of a 6° slope
followed by a 20° slope, and the aircraft did not go over the 20° slope. The
6° slope caused the aircraft to slow down from 180 feet per second to 115 feet
per second in about one aircraft length (116 feet), and the aircraft came to

a complete stop on the 20° slope, which was, again, about one aircraft length
10ngo

oo




Therefore, it is proposed to construct a crash site along the lines of that
shown in figure A-1, First, the aircraft would encounter a 6° slope, which
would be one aircraft length long, and then it would encounter a 15° slope at
approximately 200 feet down track, which would stop the aircraft. Such a
crash site, using two hills would require 2,800 cubic yards of fill, which is
a slightly greater amount than the 20° sloped hill originally proposed and
only about half the fill required for the 15° sloped hill,

The aircraft will hit the 6° slope at approximately 115 knots (194 feet per
second) after passing over the landing gear obstacles and the upright poles that
will rupture the wing fuel tanks., Test results at Phoenix show that there is

no significant reduction in speed when the aircraft encounters these two
obstacles. When the aircraft leaves the 6° slope, it will have a forward
velocity of 71 knots (120 feet per second), from which we can determine the
upward velocity:

120 feet per second X sin 6° = 12 feet per second

The g force encountered on the 6° slope will be:

2 2
5=l 1 - 9?2 - @20’ 5 15
32,2 (S) 64.4 (70)

where S = one airplane length (70 feet)

The upward velocity of 12 feet per second will cause the aircraft to rise
2,24 feet above the physical height of the slope, which is 7 feet.

v = at s = 1/2 at?
t=v =1/2 a ¥

a a?

2
t2= Y, = 1/2 X?

a a

2

Substituting the above values in § = 1/2 v_

F a

1/2 _(12)?
32,2

2.24 feet




Therefore, the total height the aircraft will attain will be
7+2,24=9,24 feet. The time it takes to attain this height after it
leaves the 6° slope will be:

= 12 i
3202 .373 -

t =

<

and with a forward velocity of 120 feet per second, the distance out from the
end of the hill will be:

d=.373 (120) = 45 feet.

To drop to ground level, the time will be:

2 25
S =1/2 at or t = a
= [2 (9.24
32.2
= 0 lD9 8

and at a forward velocity of 120 feet per second, this would be a distance for
.759 (120) = 91 feet. Therefore, the total distance the aircraft will be air-
borne will be 45491 feet, not counting on any lift from the wings. There is
no way of predicting just how much lift the wings will contribute, but to take
into account that they will contribute some, we will add one aircraft length
(70 feet) to what will be the airborne phase of the aircraft's trajectory.
This will give a total distance of 136+70=206 feet. At this point we will
construct the second hill, which has a 15° slope.

A=4
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At this stage the aircraft will be at ground level going 71 knots (120 feet
per second). If the wings contribute more lift than we assumed, the aircraft
may not be at ground level, but it certainly will be descending, and will hit
the 15° slope somewhere close to its base. The time required for the aircraft
to get to this point will be:

a. From landing gear obstacles and poles to base of 6° slope:

v = 115 knots

30 feet

d= 30 = ,154 8
v 135 % 1.69

t A
non
o

b. From end of 6° slope to base of the 15° slope:

average v = 115 + 71 = 95 knots - 157 feet per second

2
d = 70 feet
t= d=_170= 445 s
v 157

c. From end of 6° slope to base of the 15° slope:

v = 71 knots (120 feet per second)
d = 206 feet :
t= d=206=1.72 s

v 120

Adding these times a total time is derived of 154+.445+1,72=2,319 seconds,
which is the total elapsed time from the time the aircraft encounters the
landing gear obstacles and poles until it contacts the base of the 15° slope.

Assuming the aircraft stops at the top of the 15° slope, the g forces will be:
2 2 1
Vl - VZ i

64.4(S)

(120)%- (0)?
64.4(70)

3'2
which is well within the survivable range.

A=5
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There will be no artificial ignition sources, such as smudge pots, along the
test site, until the base of the 15° slope. Any fuel spill or misting that
occurs before the 15° slope is reached will be subjected only to hot surfaces
from the idling jet engines or frictional sparks when the aircraft ceases to
be airborne. However, at the 15° slope, smudge pots will be burning to insure
ignition of the fuel, which should be spilling profusely and misting at this
stage, so that a scientific comparison of the behavior of modified fuel over
the JET A fuel may be evaluated. It is at the 15° slope that the instrumenta-
tion (radiometers, high-speed cameras) will be most heavily concentrated to
assess the performance of the two fuels,
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APPENDIX B

i ACCELEROMETER PLOTS
DISPLACEMENT PLOTS
TEMPERATURE PLOTS
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