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FOREWORD

The effort described herein was performed by the Survivability/
Vulnerability Branch, Vehicle Equipment Division of the Air Force
Flight Dynamics Laboratory., This effort was performed primarily to
answer questions concerning the balligtic performance of hybrid poly-
ether urethane foams as compared to polyester urethane foams. The
program was performed at the direction of Mr, C. Anderson with the
assistance of Mr. T. 0. Reed of ASD/ENFET,

This program was performed, in part, for the Joiut Technical
Coordinating Group for Alrcraft Survivability. All financial support
and the large majority of manpower support was provided by AFFDL/FES
under Project Number 4363, Task 436301, and Work Unit 43630141.

The efforts described in this report were performed during the
period of December 1975 to March 1976.

The author gratefully acknowledges the assistance of Messrs.

T. 0. Reed (ASD/ENFEF) and Mr, C. Harris (AFFDL/FES; for assistance
in planning and managing this program; Mr. M. Gromosiak, Major Krobusek,
Messrs, W. Gaines and W. Studebaker of the AFFDL Aircraft Survivability

Research Facllity for gunrange support.
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SECTION 1

INTODUCTION

The objectiven of this program were to: (1) evaluate the bal-
listic performance of coarse and fine pore hybrid polyether urethane
foams (i.e. blue foam) as compared to the coarse and fine pore poly-
ester urethane foams (i.e. yellow and red foam); (2) perform a pre-
liminary analysis of the ballistic performance of a new explosion
suppression material called Explosafe (Vulcan Industrial Packaging
Limited). The materials were tested using maximum flammable mixtures
with mechanical damage and combustion overpressure as measures of
performance.

The need to prevent explosions in the fuel tank ullage (the
space above the fuel level which contains air and fuel vapors) of
combat aircraft is of major importance if a survivable aircraft is
to be ohtained. Since the fuel system of any combat aircraft is the
most vulnerable portion of the alrcraft and occupies such a large
fraction of the alvcraft, it can be seen why a system to prevent
explosions in the fuel tank ullage is the single most important
survivability defense concept. The polyester urethane reticulated
foams were introduced in the late 1960's and represented a signifi-
cant contribution to the survivability of any combat aircraft using
this material.

The primary drawback froi using the foam is its weight and volume

penalties, but nevertheless, the foam has been, and will continue to

be incorporated into combat aircraft because of its effectiveness in
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preventing explosions. This polyester urcthane, in use since the
initial application of foams in fuel systems, progressively undergoes
chemical degradation when exposed to an elovu;cd heat/humidity envi-
ronment, This chemical degradation of the foam leaves 1t with little
or no physical integrity, !

This fact came to the forefront in the conflict in SFA due to
the high humidity/temperature envirenment encountered there, The
problems associated with the degrading of the foam succeeded in
placing a lot of emphasis on development of new materials that do
not degrade (i.e. has better hydrolytic stability). The blue foam
(both coarse and fine pore) tested in this program is a prime candi-
date for replacing the polyester urethane foams, The blue polyether
urethane foam is far less prone to degradation effects in a high
temperature/humidity environment compared to the polyester. The
currently formulated blue foam suffers from effects due to fuel
environments. The foam swells in fuel and there is a decrease in
tensile strength., It was thought that these characteristics would
lead to a less viable flame and explosion suppressor. The reserva-
tions concerning the polyether foam dictated that a ballistic evalua-
tion be performed to verify its performance.

Another type of material which has entered the plcture recently
{s called "Explosafe". The "Explosafe" had been subjected to minimal

ballistic testing prior to this program and therefore many questions

existed as to its performance against various projectiles,
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SECTION 1

TEST DESCRIPTION

1. EXPLOSTON SUPPRESSTON MATERIALS

The materfals tested i{n this program include the polyester ure-
thane reticulated foams, the hybrid polyvether urcthane reticulated
foams, a polyester urcthane reticulated foam coated with Astrocoat,
and an aluminum metal flame arrestor called Explosafe.  These reti-
culated foams will subsequently be referrved to as polvether and
polyester foams. The polvester {oams were tested using coarse (6
pores per centimeter (ppe), veliow) and fine (10 ppe, red) pore
foams. The polyether foams were tested using coarse (6 ppe) and
fine (10 ppe) pore foams. Both pore size polvether foams were colored
bluc. Pertinent data on these foams are presented in Appendix 1V. The
polyester foam is presently covered by Military Specification MIL-R-
83054A. The polvether foam will be added to this specification in the
future. The Astrocoated [oam tested here was made by coating buns of
the red polyester foam. The coating process consists of dipping a
bun of foam in a polyether urethane solution. This coating caused
the red foam to take on a nearly black color. The Astrocoat was
developed by Olin Matheson and the process by which the foam is dipped
in the Astrocoating solution was developed by Hughes Afrcraft under a
contract from NASA, Ames.
. The Explosafe aluminum metal arrestor is manufactured by Vulcan
Industrial Packaging Limited, Canada. The materfal consists of single

sheets of aluminum 0,076 mm thick which have several short cuts at
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regular intervals to produce o single sheot of expanded metal mesh,
Theve sheots ore then stacked fn bundloes, Samplen of all materials
are shown {n Flgure Noo 1,

There were two different contfigurat fons used for testing the
exploston suppression matevials,  The first was the "epg crate!
volulng configuration which ts depiceted fn Figure Noo 20 This con-
flguration constated ot 27 rectangular volds (17.8 cm x 17,8 ¢m x
20,3 em) cut in the toam (rosulting in 22.6% votd) and installed in
the test specimen as Figure No. 2 depiets,  The scecond was the solid
packed configuration which was {dentical to that depleted In Fipure
No. 2 except that there were no voids cut {n the foam, The Explosafle
war tested {n the solid packed configuration only and war {nstalled

in 14 bundles, each approximately 6.5 cm thick.

4
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o, TEST SPECTMENS

The tests described In this report were performed with two ‘Tank
Wull Stmelntors (TWS).  TWS No. 1 was naed for haseline tests and
TWS Mo, 2 was uded For comparison tosting of the exploston suppreasion
matoriala, Both TWS's were ot fdentical basle conatvuetion cousinting
of four 6,35 mm thick refnforeed stoecl dldes with provisions tor
aount fng replaceable alumtnum cest panels on the front and vear,  ‘The
TWS {d symmetrical from front to rear and slde to sbdes  See Flpure

No. 3. The tank was approximately a (0,91 mecer cube having a total

' [ —p e~ Main TWS
. P - '
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volume of 0,75 cubic meters. There were proviaions for fueliug and
defualing at the top and bottom of the tanks, Several other small
ficcings were installed for presaure taps, thermocouplng, ete. Two
different materialn were uned for impact and exit panels; 7075-Té,

2,033 mm thick and 2024-T3, 1.803 mm thick. These panels were
appropriately 91 cm x 91 cm single sheots ol aluminum with no

stiffeners incorporated, The TWS's were lnstrumented with two (2)
pressure transducers for measuring combustion overprensures., Primarily,
the transducera used were Statham Model PG 822 bonded atvain gage type
preasure transducers. Also used during the beginning of (he program,
were PCB Model 202A quarte piezoelectric pressure transducers. These
plezoelectric transducers were used because the praessures from the HEL
blast were unknown and the dynamic range far exceeded that of the
strain gage type. These transducers wera gencrally comnected to the
TWS via a 6 mm diameter flexible tube 35 cm loug to {solate the trans-
ducers from shock and vibration. There were 4 thermocouples installed
in the tank to monitor fuel and ullage temperatures, See Figure No.-4 -
for instrumentation location and installation diagram,

TWS No. lrincorporates a small electric fan dr .ven by an induction
motor which produces no sparks. This fan wau installed inside the tank
approximately 15 cm from the top and front of the tank so that it would
be out of the blast cone of the HEI and avoid damage. The fan" was -~
powered by 115 VAC and had a flow rate in excess of 14 liters/second

which served to "mix-up" the ullage gases. This f.:sured a virtually

homogeneous mixture of air and fuel vapora. This fan was removed for
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Figure 4, Instrumentation Locations
tests that did vot require a stoichiometric Euel/atr ratio. TWS No, 1
wan used forg baseline tests with alr only, for tests with no explosive
vapors, and tests with no foam but with explosive vapors.

TWS No. 2 was uded for all the tests with the explosion suppression
materials which required stolehiomeeric fuel/air rvation, The primary
difference between TWS Noo 1 oand TWS No, 2 18 the elaborate circulation
system {ncorporated fn TWS No.o 2. Due to the presence of Internal foam
innlde the tank, the use of a fan as in TWS No. 1 was precluded.  The
systom deviswed {d depleted in Figure No.o 5. 1t is composed of two
eloctric fans fn a 17.8 em diameter duct above tank to provide clrcu-
latfon and eight 6.4 cm diameter pipes on each side of the tank for
pulling ullage gases out and rveturning them to the other side of the
tank. Valves wore lncorporated into cach of the 16 pipes to lsolate
the circulation aystem prior to weapon firing, This system was sized

to provide in excess of 14 liters/sec flow i{n order to adequately mix

9
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the ullage gas and therchy ensure a homogencous mixture of fuel vaporn
and alr, In order to prevent a flame front from propagating into the
circulation system the 6,4 cm diameter pipes were plugged with 10 cm
of red foam at the inlet to the tank, The c¢irculation sysvem was
modf{fled extensively when repairs became necessary about midway
through the testing., The modified system was basically the same
except that the foam flame arrestor in the 7.4 cm dlameter pipes waw
replaced with a 5 cm ball valve to positively isolate the circulation
system from the tank during the ballistic tests, Also part of the
ducting was redesigned and flexible hose replaced previous hard

plumbed ducting. See Figure No. 6.

3. PROJECTILES TESTED
There were two different projectiles tested during the duration
of the program. These were the 23 mm HEI (High Explosive Incendiary)
and the 50 caliber APT (Armor Plercing Incendiary). The S0-eaddber—  -.-
APl was a standard U.S. domestic projectile 12.7 mm in diameter. The
projectiles were tested without down loading the rounds which reaulted
in nominal projectile velocities of 990 meters/second for the 22 mm
HE! and 848 meters/second for the 50 caliber API, The projectile

velocities were not measured for these tests but are projected from a

large data base from previous firings.
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The specimen was modified slightly when impacted with the 50
caliber AP1., A 4,76mm aluminum plate (approximately 15 cm square)
was taped to the front panel. The API projectile would then pene~
trate a total of 6.53mm of aluminum which is more than adequatc to
activate the incendiary. This was determined from data presented
in AFML-TR-68-223,

The 23mm HEI 18 a 3Soviet butlt projectile which contains 171
grains of explosive/incendiary mix. The fuze is the MG25 and the
projectile 18 an Anti Aircraft Artillery (AAA) type., The MG25 fuze
will provide a nominal 20 cm delay betwsen the front tank wall and
the detonation point. This was evident when examining the solid
packed foam configuration which provided an excellent witness as to
detonation point. There have been several hundred tests performed
with the 23mm HEL projectile at the AFFDL/ASRF and the reliability of
the 20 cm delay at muzzle velocity has been well estuablished.

4. ULLAGE SAMPLING SYSTEMS

The entire test program was dependent upon the ability to obtain
and monitor the fuel/air ratio in the specimen so that a stoichio-
metric fuel/air ratio could be obtained. Due to its baeic simplicity
and need for no special instrumentation or equipment, it was decided
to use a technique commonly referred to as a "bomb-sample" system.
Basically the system consisted of a small pressure vessel approxi=-
mately 262 milli-liters {n volume into which ullage gases were drawn
and then ignited with the peak overpressure being used to measure

combustibility, The ullage sampling system was physically located

13
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on the top of the TWS and all functions of the ullage mampling syatem
were controlled remotelv., These included solenoid operated valves at
both the inlet and outlet of the sample, a high energy spark ignitor
which fires an automotive spark plug in the sampler, and other aolenoid
operated valves controlling the source of the sample.

The aystem was modified twice so that three different systems were
uaed during the program., The three different saystems are depicted in
Figure No.'s 7 and 8. System 1 sampled from a single point in the
c¢irculation mystem, The t: = .18 pressutrized to 3.5 K Pa above atmo-
spheric pressure in order for the ullage mixture to flow through the
sampler., When a sample was taken, both inlet and outlet valves were
opened and the ullage gasea were allowed to flow through the sampler
until a volume of gas equal to five times the volume of the ullage
gsampler (1.e. 1.31 liters) passed through (the flow rate was established
using a rotometer during initial checkout). It was assumed that the
flow through of 1,31 liters of gas would thoroughly purge the sampler
of all gases present initially. After adequate flow through was
obtained, the inlet valve was closed and the outlet valve was left
open long enough for the sampler to be vented dowu to atmospheric
pressure (all samples were tested at atmoupheric pressure). Once the
sampler was {solated (i.e. inlet and outlet valves cloned) the apark
ignition source was fired and the peak combustion overpressure was
measured from an oscillograph recording of sampler pressure. The

entire process required approximately three minutes to complete.

14
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The measured ullage sampler overpressures were a function of the
fuel/air ratio, The highest overpressures occur at a fuel/air ratio
which will be referred to ac "optimum for combustion". The over-
pressures ohtained from mixtures any leaner or richer would result in
a lower overpressure., Thir "optimum for combustion" mixture ie near
stoichiometric but not exactly stoichiometric, For reasona of reactinn
kinetics this "optimum for combustion" mixture is slightly richer than
stoichiometric. The procedure in these tests was to initially fuel the
TWS with JP~4 at a low enough temperature to ensure that the mixture
would be on the lean side. Then with ambient temperatures generally
higher than 0°C, the fuel would warm up and the fuel/air ratio wec'®
slowly increase. As this occured, the ullage sampler overpressures
were monitored until they peaked out, signslling an "optimum fov
combustion" mixture. “The projectile was then launched immediately.

Syastem 2 consisted of a slight modification to System 1, so that
the sample could be selected from either of two locations (the circu=-
lation system or the top center rear void in the foam). This modifi-
cation was performed so as to provide additional data on the homogeneity
of the fuel/air ratio throughout the tank.

System 3, Figure No. 8, has the capability to select samples from
any of nine locations in the tank. The major difference between this
system and previous ones is that the ullage asampler war evacuated to
less than .4 K Pa absolute pressure and then filled with the fuel/air
mixture from the tank via one of nine supply lines. The control of

the entire system, including monitoring combustion overpresgsures, was

16
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done via a digital duta acquisition and control system. This system
was composed of an HP 2100 mini-computer with associated analog-to-
digital converters, relay outputs, and data logging devices. The
Hystem was programmed to scan up to all nine locations and print out
the regults in real time., The program description and listing is
included in Appendix /.. The spead at which samplas could be taken
wag slower than expected due mainly to the restriction of flow through
the very small orifice valves and to u lesser extent, the restriction
fn the small (1.59%mm) diameter tubing. The small diameter tubing was
used to keep the volume in the lines between the sampler and the TWS
to a minimum (longest line was 0.7% of sawple volume). 'The sizing of
the valves in future experiments should be done so that the valves
represant a small portion of the total vestriction., It is felt that
sampling speed can be raised to six oxr more per minute us opposed to

the sampling speed of one every 45 secends attained in this program.

5. TEST SET-UP/PROCEFDURES

Yhe test specimen was Installed in the Air Fcorce Flight Dynamics
Laboratory/Alrcraft Survivability Research Facility (AFFDL/ASRF),
Range No, 3, The TWS was situated in the middle of the floor on a
stand which raised the TWS 61 cm off the floor. This was done in
order for the center of the TWS to be at the same level as the weapon,
The weapon was placed outside the facility approximately ten meters

from the TWS., See Figure No, 9.
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Fipgure 9, Overall Test Set=Up at AFFDL/ASRE Range No, 3
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Figure No, 9 does not deplct a steel protective deflector plate imme-
diately i{n front of the TWS, This deflector plate was incorporated

{nto the test set-up at a later time, The weapon and tank were oriented
to produce an impact obliquity of 0° (l.e., perpendicular).

Two 16mm motion plcture cameras were used to record the events on
both tine front and rear aluminum walls of the TWS., These cameras used
color film and were operated at 250 frames per second., There were four
500 watt lights used to illuminate each wall,

The procedures followed for each test which required a fuel/air
mixture were as follows!

1. Fill and drain cthe TWS with JP-4 conditioned to a temperature
ronge of -18°C to 7°C depending on ambient temperature.

2., Open isolation valves on circulation system where applicable.
3. Start faus in circulation system.
4, Pressurize the TWS to 3.5 K Pa if applicable,

5. Analyze ullage samples until an "optimum for combustion'
fuel/air ratio is reached.

6. Cinae isolation valves on circulation system if applicable.

7. Fire weapon.
This procedure varied slightly for sowme of the tests., For example,
Teats No. 1 through 5 were done without foam and did not incorporate
the circulation system. Test No. 4 was performed with JP-4 fuel but
only approximately 20 liters of fusl was in the TWS. For Test No. 6,
foam was used but the specimen way filled and drained with JP-5 (high
flash point hydrocarbon) so that the foam could be wetted without

producing an explosive mixture. For Tests No., 25 through No. 30 the

19
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TWS wan not pressurized since it was wot nevded for ullage nample
syrtem operation. These teat=to-test particulars are addressed in
detatl in Section 111,

The tasts with blue foam and the Axtrocoated foam went through
a wpectal procodure prior to the standard ones listed here. 1t wan
detormined {n vpocific tents by Mr, 1. O, Keed (ASD/ENFEF) that blue
foam, when fmmersed In fael, lones approximately 437 of {te tennile
atrength in a very short period of time. ‘Thene test data are presented
in Appordix D,  These data {ndicata that the loss fn tensile strength
occurs in approximately L5 minutes aftor twmersion fn the fuel. Due
to this high lose in tousile streongth when immersed in fucl, it wan
felt that the polyether foam should be tested under conditions which
would ensurce that the lows {n tensiile strength had occeurred prior to
projectile tmpact. There were two proceduros used to ensure thia loss
in tenaile strongth.  These wered (1) the TWS was {illed with JP=4
at approximately 38°C and allowed to set for vae hour prior to the
standard fueling provedure, (2) the TWS was filled with P-4 at ambient
temperature and allowod to set overnight and tested the following
morning. Astrocoated foam was cr: ated tn tho same manner becguse the
roating, "Astrocoat" is a polyother urothane, The exact method used

for eaclh test with tho polyctber (oams or the Astrocoated Toam ia

detatlad. in the results sumwary of this report, Section 111.4,
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SECTION 11

RESULTS

. BASELINE TESTN

The object of the baseline tentn war to obtam an adequate under-
standing of the measuved dynamie prexzures vesulting from the detopation
of the 23 mm HEI projectile lunide the TWS and to perform an undetemded
teat (L.¢. no foam, with stotlchoimetric mixture) with a 50 cal. AP awd
a 23 mm HEL, The two undefended tesnts wore done in order to underncore
the need for fuel tank (nerting., The tests No, U -~ 6, 21, 24 tall
under the baseline cat;gury.

Test No. 1 through 4 were pervformed with 7075-T6 aluminum front
and rear panelsa, These panels f(ractured very badly due to the pro-
rerties of the 7075-T6 and therefore the material tor the front and
rear panels was changed to 2024-T3,  The results of teatn No, 1 through
4 will not be discussred {n any detatl sfuce they were repeated with
2024=-T3 aluminum panels,  Durlng these four teata the {natrumentat fon
was debugged and 1t was felt that the combustion overprenaures could
be eanily diatingulabhed from the hlast shock wave type nressures,
Flgure Noo 10 {1lustvates the diffevence {n the responze of the two
materials,  Both panels ahown were from the vrear of the TRS and had
been subjectaed to a 23 mw HED detonation fuaide the TWS with atlv only
(no foam or Tuel),  The panel on the Teft wan from Teat No, 5 (J0M-TV
and the panel on the right wan from Teat No, 3 (707516,

The ehange to 2004-T1 aluminum pane s promptad o vopeat ot the

basel (ne teats due to the greatly fneveartd tolevanee ot JOMA=TY to
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Figure

10,

Comparison of 2020=T8 (Test Noo 5, lett) auad
(Test Noo 3, vipght) Response to the 23 mm HEN
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ballistic dumage. Test No. 5 was the first test run with 2024-73 panels.
1t was performed to see what pressure histories werc obtained with vo
foam and no fuel vapors present when a 23 HEL is detonated in the TWS,
Figure No., 11 is a graph of pruessurc versus time for Tost No. 5 and
deplcts a series of pressure oscillations which are attributed to the
blast shock wave reverberating inside the tank. Also evident is an
abrupt increase in quasi-static pressure at impact which then decays
through venting., W¥ith thin data superimposed upon & gentle (by com-
parison) pressure rise due to the combustion overpressure, it was
assumed that the two differcnt frequency signals could be easily

distinguished, during the bascline tests with fuel,

Test No. 6 was performed next to answer the question of what the
presence of internal foam does to the measured overprossures due solely
to 23 HEl detonation. Figure No, 12 is 4 graph of pressure versus time
for this test and depicts a mhort pressure excursion followed by the
decay of the initial 5 K Pa static presaure. As compared to the pressure
history with no foam in the tank it can be seen that the foam greatly
attenuates blast pressures. These data meant that there ahould be no
trouble whatsoever recording combustion overpressures during the foam
tests.

Tests No. 21 and 24 ar: baseline tests which consisted of impacting
a tank containing an "optimum for combustion" fuel/air ratio with 50
cal. API and a 23mm HEI. The TWS for both tests did not contain any

foam, ao for all practical purposes, the tarks were fuel alr bombs.
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Figure 11,  Pressure History for Test No.o 5 (23 mm HEL with no Foam)
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Figure 12, Pressure History for Tesat No, b (23 mn UET with Foam)




A¥FDL-TR-76-98

Figure No. 13 is a composite graph of presaure versus time for
test No. 21 and 24. The peak pressuresa for both tests were approxi-
mately the same at 330 and 340 K Pa for Teats No, 21 and 24 respectively.
Both curves exhibit a very vapid drop in pressure after the peak which
ia attributed to the abrupt failure of the rear wall in both cases,
However, the striking difference between the two pressure histories ia
in the rise timea. The API projectile produced a rise time of 32
milliseconds while the HEIl projectile produced a rise time of approxi-
mately 6 milliseconds. The extremely fast rise time with the HEI {ia
attributed to the size of the ignition source as compared to an APl
projectile. The lurger the ignition source, the less time required
for the total combustion process. Figure No. 14 indicatea the severity
of the damage resulting from these tests. As can be seen, almoat the
entire rear wall of the tank was blown out, The results depicted in

Figure No., 14 are typical for both Test No. 21 and 24,

400 m
Test #24 {EStC;$]
100 o (23mm HET) AP1)
o 200 -
[« W
¥4
100 -
0 - ] |
0 10 20 30 40
milli sec

Figure 13, Comparison of Overpressure Historices (50 cal., APT and
23 mm HEI, Stoichiometric Mixture, no Foam)
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Figure 14, Teat Noo 24, Rear Wall Vallure
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2. COMPARISON OF FOAMS

As was stated earlier the objective of this program was to evaluate
the ballistic performance of the new polyether urethane (blue) foam
against the polyester urethane foams (red and yellow). The results of
the foam tests will be included in this section along with the results
of the Explosafe tests.

The criteria used for evaluation of the explosion suppression
materials include combustion overpressure and physical damage to the
materials. The combustion overpressure data will be used as the
primary measure of performance and the mechanical/physical damage
will be secondary and serve to back~up the overpressure data. The
motion picture coverage will also be used for a rough cross check, of
results since any combustion overpraessures occurring in the TWS will
be easily seen with the two cameras.

The description of the results will be broken down Into the
following meriaes; fully packed foam, voided (egg crate) foam, Astro-
coated red foam, and Explosafe. A summary of the results is presented
in Section IIl.4., Test Resuits Summary. Listed is a pressure decay
time which can be used to identify minimal combustion inside the TWS

that does not produce a measureable overpressure.

a, Fully Packed Foam
There were four tests performed in this series; Test No. 11
(red foam), Test No. 16 (yellow foam), Test No. 17 (fine pore blue

foam), and Test No. 18 (coarse pore blue foam). Each of these tests

27
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wan performed only with the 23mm MEI projectile (50 cal. AP1 not used
for this serien), The results for all four tests were virtually
identical, Figure No, 15 1s a graph of pressure versus time for this
serlve of tents. The pressure histories For each of the tests fell
within the band {ndicated, The mechanical/physical damage to the foam
for each tesat wam also virtually identical. There was no noticeable
difference hetween the polycther and the polyester foams in the alze
of the pocket produced by the 23mm HE!l detonation., Figure No, 16 and
17 are photographs of the different pockets. The volume of foam wiped
out was approximately 1.1 liters., Figure No. 14 and 19 compare the

damage to the exit panels for the tests performed in thin series.

10.

> -

Figure 15, Overpressure Historfes tor Fully Packed Foam (23 mm HED
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Figure 17, Comparison of Blast Pockets, Yellow Foam (Tesy No. 16,
Coarse Blue Foam (Test Noo 18, right)
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Comparilson of Exit Panels, Fine Blue Foam (Top,
Test No. 17) and Red Foam (Bottom, Test No. 11),
Fully Packed Conflguracion
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b. Voided Foam
There wore nine tests performed in this scries; Tests No. 7

and 8 (red foam), Tesuts No. 9 and 10 (yellow foam), Tests No. 12, 13
and 15 (fine pore blue foam), and Teats No. 14 and 19 (coarse pore blue
foam). Each type of foam was tested with both the 50 cal. API and the
23mm HEI, Test No. 1) {s a repeat of Test No. 12 due to the failure of
the incendiary in the 50 cal, API to activate properly on Test No, 12
(activated =ear the rear wnll). Some variation in results were encoup=
tered. However, in no case did the combustinn overpressure exceed the
flame tube test data presented in Appendix B. These data were gathered
using the test techniques described in MIL-B-83054A.

The resul%s will be discussed for each projectile independently,
The 50 cal, API projectile generally produced very little, if any,
combustion overpressure with one exception. That exceptlon was for
Tent No, 9 with the yellow foam when a 27.8 K Pa overpressure was
recorded. This overpressure is in the range of what can be expected
as the data in Appendix B zhow.

The physical damage to the foam for this test consisted of
singeing on the surface of the foam voids caused by the combustion
of the fuel/air mixture. The singeing was not present on any of the
other aight tests in this series. The motion picture data corroborates
the pressure data, showing smoke being forced out of the entrrnce and

exit holes for an extended period of time.

It should be noted that on Test No, 12 (improper API functioning),
the fine pore blue foam actually burned in the tank (smoldering) for
approximately 90 seconds. This produced a burned out pocket shown in

Figure 20.

i3
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This reaction, whereby the foam smoiders s uwsunlly confined to toests
with dry foam but there have been other occeurrences ov red foum actually
smoldertng after ballisntic {fmpact,

The results with the 23mm HED were very simflar to those obtained
with the 50 cal, APL, The 29mm HE Y did »od produce any aipgntf fcant
OVETrpPressures,  Some overpresdsure win recorded Tor each of the tosts

and 1y summad up o a pressure history curve presented fo Flpure U1,

Flpare 210 Overprossure Bistories for Volded fomm
(23 wm HED)

The combustion overpressure data from cach of the Toar tests with 2 dum
HED foli within the band shown.  Note the Yaster decay time for this
data an oppoded to the AP which tr attributed to the fovveased vent ing
via the multiple fragment bholes o the vear panel.  Figures Ne, 22 and
27 compare the same to the exit panels for teata perfocned with 2mm

HET in this serfes.
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All of the photographic data corroborates the pressure data which
indicates no significant combustion ovverpressures. The initial incrense
in pressure shown in Figure No, 21 is attributed to blast products or to
1imited combustion of fuel vapor in the immediate vicinity of the blast,
There was daefinitely no flame propagatiocn inside the TWS as a result of
the 23mm HET impacts,

There was one factor affecting the combustion overpressurcs in this
series that should be noted, This weries of testa was performed with
the initial circulation svatem, The initial cireculation system, which
was actually part of the TWS, had a volume equal to 20% of the basic
TWS. But, there was no combusition in the c¢irculation system due to
foam plugs at the entrance and exit of each tube. Therefore, the
circulation aystem served as a volume into which any overpressures in

the tank could relieve and thereby effectively lower the peak pressure.

¢.  Astrocoated Red Foam
There were two tests performed in this series} Teat No. 25
(50 cal. API) and Test No. 26 (23mm HEI), The foam configuration for
these tests was the "egg crate" voilding., The basic TWS was changed
slighrvly for this series and all later tests. The circulation manifold
was isolated from the main tank beginning with this series of tests as
is explained in Section 11 of this report.

The results for these two tests were slightly different from the

previous voided foam tests, The amount of physical/wechanical damage




KPa

10

AFFDL~TR-76-98

~ T A S

from the 23mm HEI was unchanged, but the cverpressures for both pro=

jectiles was higher than the average for'the voided foam series, The
pressure history for these tests is presented in Figure No. 24. Figure
No. 25 18 a photograph showing the damage to the exit panel for the two ;

tests performed in this series.

Test #26 (23pm HET)

Test #25 (50 cal API)

PO |

—

F
o -

Figure 24. Overprespure Histories for Astrocoated Foam

These overpressures are slightly higher and can be attributed,
at least in part, to the isolation of the circulation system which
permitted some pressure relief on previous teats. These two testas
were performed in succession and the foam was not changed between the
50 cal. API impact and the 23mm HEI, After the 23mm HEIl test the tank
wag opened and the foam examined. Singeing of the foam was observed
on two of the rear pieces of foam indicating combustion had taken
place. The movie data also corrcborated the overpressure data for the
50 cal, API test by indicating sustained venting from the exit holes.
The pressure and movie data indicate that the foam singeing occurred
with 50 cal. API and not with the 23mm HEI.,
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Figure 25, Exit Panel, Astrocoated Red Foam, Egg Crate Volding:
Configuration (Test No, 26)
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d. Explosafe

There were three testa performed in this serieas; Test No, 20
and 27 (50 cal, AP1) and Test No, 28 (23mm HEI), Fach test was con~
ducted with the Explosafe "solid packed" in the TWS and the same set
of Explosafe was used for all three tests., The results for Teut No,
20 will be treated separately due to the unusual resultn. Tesat No. 20
was conducted using the TWS which incorporated the original circulation
system, This circulation system could not be isolated from the TWS and
therefore used small pieces of red foam to prevent flames from entering
the circulation aystem. On this particular test the flame frout pro-
pagated into the circulation system and produced an explesion which
caused significant damage to the circulation aystem. 'The fact that
the flame front traveled to the side of the tank indicates that com-
bustion occurred throughout most of the tank., 'The pressure data is of
questionable value due to the expleosion in the manifold and therefore
very little could be deduced from this test as to performance of the
metal arreator.

The test of the metal arrestor with 50 cal. APT was repeated atter
the TWS was repaired and the modified circulation system inatalled,
Test No. 27 was the repeat of Teat No., 20 and resulted In no measuradle
overpressures. 'This indicates that there was no significant combustion
in the TWS, which 18 contrary to the results of Test No, 20, The
mechanical damage to the metal arrestor from the 50 cal, APl consisted

of a hole completely through the metal arrestor ranging from 2 to 4

em in diameter,  Test No, 28 was performed with the 23mm HEID but
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unfortunately no overpressure data was recorded due to a magnetic tape
transport malfunction., But, from movie data, it was determined that
there were no significant combustion overpressures due to the obvious
lack of any venting gases. The mechanical damage to the metal arrestor
was significantly worse than observed with the foam, Figure No. 26 is
a photograph showing the large cavity in the Explosafe from the HEL
blast. Figure No. 27 iu a phutograph'showing the damage to the exit
panel for Test No. 27 and 28,
3. DRY FOAM ‘TESTS

The combustion overpressure data for this overall program generally
ran lower than predicted frow flame tube data. The primary reason for
the difference 1s that these tests were conducted uging wet foam (holding
JP-4) as opposed to dry foum in the flame tube tests. Wet foam is a
better flame arrestor than dry foam, -
Test No. 29 (50 cal. API) and Test No. 30 (23mm HEI) were performed

to verify this phenomena 1f posuible., For these tests JP-4 was pumped

into the bottom of the tank only (approximately 40 liters) and the vapors
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Figure 7. Exit Panel, Solid Packed Explosale (Test No. 28)
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dispersed via the circulation system, Test No. 29 and 30 both resulted
in a significant increase in the combustion overpressure. Both teats .
were performed with coarse blue foam in the "egg crate' voiding confi-
guration and there was singeing of the foam throuphout the tank which
indicated combustion occurred in a large majority of the TWS, Figure
No. Z8 shows a pressure history for both testo performed in this series.
Figure No. 29 1e a photograph showing the damage to the exit panel for

Tesat No. 30, performed with the 23mm HEI,

100

\Test #29 (50 cal API)

Test “30 (23 mm HED)
‘\

SEC.

Figure 28, Overpressure Histories for Dry Foam
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Figure 29, Exit Pauel, Dry Foam, Coarse Blue Foam, Egpg Crate
voidlug Configuration (Test No. 30)

4G



AFFDL=TR=70~98

9.9€ & ¥eos inod T | BE™ | LT F4 €1 St -mdp 9-dr pr1os | @niq I13H €T 8T | &
-57202 areag/3 2s1e02 ] 'AI...
wyeos 1yByuiaso | 4Z° £°Z z £l S°c ~m3dg 9-daf PITos | @n1q {I3H €2 (1 |=
-420T ureig/i auT3 a
of* t'e |z ge1] st .madg | y-ar | prics | mor |tmmez | 91 |2
9702 TI2ig/d -T24 =
<t 'y { ¢ e1f| <€ -wadg | 4-ar | prtes | pex |1zmez | 11 |3
-970T uteig/d
£uo 3anire} ilTem | - ove | 1 £1 o } -mdp ] w-ar wix |oeuwow lymmez | w2
aea1 *am1l 3SII -235 QQ” -470Z 111 0Z ]
Aluo 2amite} (lEm ] - OtL T €L < -m3dp y-dr v/N auon 1av 12
1ea1 *3WII 2STX 33T CEG” —4202 237 21 T2 CC
e | owm |1 1] s v/N c-ar | proa |omq 1z ezl 90 |=
—$702Z uteaq,a | 320-383 jaszeod m
vix viN )T €L{ S°¢ v/N auou v/x suou |13H €Z <0 m....
—%202 e
-3
2
s{ies yi0q jO 2IniiE] - 08Z 1 91 e -mdg -dC v/q suou 1dv 0 =
UuUHQHOU .amu 3sT1 ~2IS NNO. ANON HHA GN e Cm
i vig |4 91 <€ v/8 auoun v/N 2u0u {IIH €7 £0
~CLOL
vs )] wR |1 91| c¢ | wx | @voa { wix jeven jrmmez | 2o !
—5107 ) :
vIN wal 1 91 | 9-07 vIN anou v/N auou |138 £Z 10
_ -<20L
*33s ed A| "ox | 1TEmM eg ¥ | oraey | “pevoxrg | -8y3uen | 2dL1 .oz.
sIuaIM-o 2ar] | -sseag) smr | xe3y -sSsailg baats QurTang | BurpYop ; TROJ (IPIIYL 1sal .
Lesaq | 1240 Jaooxz] wuer | /19ni ~
TOYISAGEOD TeT310] '

AYVRKIS S1T153¥ 1S3L  °¥




AFFDL-TR-76-98

{panuiluol) AIVIWKAS SITISTE 1S3l 'Y

7 Pad
meoj jo sa331d Jpa1 uvo - T°L jEL £1 9 “micp v-dr 4 pProa P21 | I3H €T 9z Z m
Buyafurg Jeos 3ufruiaao -9Z07 uteag/3 § 1aD)-883) pa3eov? =2
$3831 waaalaq pausdo 3ou Wel - g v lez £1 ¢ -v3dg ; y-df PTOS pa1 1av 144 £z
yeos YEruzasc -420¢  uye1q/3 { 33)-383fjro3e0d] /-71 =z
J.8€ 3 Aeos aroy 1 g%- 0 4 £1 | S .Huaciw 7-di PToA } 3N1q 1av 6T
4207 : {oye1g/d | 115,-333)as1v02|{ 122 0S
— : ?
Feos IGBTuIIAC | 9L 7% z €1 st ~=myde ! y-ar P7OA | 9NT9q }I3H ¢t <1
m -¥20C i oyeagsd | 3ad-833) aurg
1
2,8€ 3 A0S Inou T ! 9f° ¥y r4 1; ¢¢ | -mdg  y-ar pYoa | @n1q {12H €T ¥l
| ; -49202 ureig/i | 317-333]as1000
| - v
! i :
J.8¢ & ALOS aInog | ,. 8C° o 1z £1 ¢g . mdp i y-gr proA } Iy Iav €1
_ : 9702 “ _ureag/3 | 330-B%3| 2013 |13 06 -
11®A U013} U0 2IRATIOE | ! ! .w.
1,0pIp 14v “I®as do: | i : : , i 3
e pamirg meoj 3o 1Wed! €T §°T ¢ T €1 ¢'¢ cwdo’ y-ar prop | enTq | 1av A -
2,8€ 5 ¥®0s 39 1! : -¥20T ureig/3 | 313-333) auyz j1ed of g
i M -
o7 pur § “oN 31891 ¢° ¥c ;2T ¢1' 3¢ =do - y-dr PToA aoT ;13H £7 o1 2
ueIRIaG pauesdo 30U WL . i ¢ -wZ0T . uieig/3 ! 133-833] -124
0T poP 6 “Oof mumuuw s6°1 8T F4 [ 2.8 ¢-¢ -wm3do y=-dar pProa 8ot 14v &0
uIIAIIq PIUICGO 20V AUP] -%Z0T - urezg/ii 335-883 | -19& {1E0 ¢
Juesa1d Buyaluls zeo3! €7 TAT S A €1 ¢°¢  cmdg  w-ar | PECA | POX [IF €Z| 80
i 4144 ut21q/3 | 11)-887
*s1s91] zo* a z €x  s5f  cmdp  e-dr Pros | poa | 1av 10
wa9a33q pavado 30U yueli -470Z . ) _uteaq/3 ! 313-833 T®2 Q€
. e | : 1R R .
J95 3 B4 N CON | Tlex | ed 2 o13ITyY padoag; -BrFuc) | addy oX .
SIVFREBOT) JaTL | °SS3LI; SML . IPIY ~ .mmuumw 11y | Ruyreng Bujproa Jmeoz iiwe1yl ; 3IS9L
Ledaq | 1940 | i fimoxj) wuey ; Jromg ! :
"o715NgEoD i jTeyaTer’ 1

b}



AT A

AFFDL=TR-76-98

A1peq pauang I20j - € | ' €l 0 ~madg ~ v-df PToaA | @19 |13H €T of _ =4
¢gu] 3noy@noiul 2uiadulg -4702 1371 0% |33p-8383|9saead <
-3
smi 3ncy3nozyl Zuradurg - 0L | BT i £1 0 ~mdp 9-df PIoA w aniq 1dv €T 2
—420C 131 o% §32D>-833lesaeod|T1Ed 0§ 3
lT % 07 °“ox 3Is2L N ax L-r4 £ s} -mdo y-dr PTTIOS a3es |I3H €7 8¢

U SB pasn TPT13leu aues 92T ureig/g —o1dx3 x
6z -ox 1531| w/x o | = £1 o |-mado| wv-ar | prios | e3es | 1av | =
O] Se pasn [eII3leu IWEG et T4 T4 oje1g/3 -oT1dx3) 122 0§ z
pepofdx2 plojIuem TOTIRINIILG - - Z €1 ¢*¢. | -mdo 7-dr PIToS | 23°s 14V 0c 2

9202 aiexq/4 —o1dx3| 182 0¢

-das B4 dj “oN| TIea ed ¥ | or3ew} -pevoaa | -3rzucy| 2diL Tox
SJUITBO?) omy] § “sea1g] sal} aead *8s9id aty | Burrenj | Supprop| weoq |3IgIavi | 3ISTL 5
Kedaq | 13aQ J3voxil yuel | /Tand ,
BOTISQMOD) TeyirTu]

{popniouo)) XMVIGINS SITasIY IS3AL

oy

49




AFIOL=TR-76-98

SECTION 1V

DISCUSSTION OF RESULTS

The ningle most importunt asvect of thuse Laste was controlling
ond monitoring the ullage fuel/atr ratio in the W8, The use of in-
ternal foam or meval arvrestor complicated this task., 1€ no foam was
used, ar 1o come of the preliminarvy tests, the controlling of the
mixture would be fairly easy, Lt was found that o simple wrall fan
can be incorporated into the ullage space to effectively "mix up" the
nllage to ensure a homogencous fuel/alr ratio. With the foam present
in the tank, a (an fnddde witl not etffectively olrculate the mixture
due to the high restriction to flow which the foam presenta.  The
systaemn that was developed for this wmixing effectively pulls gases out
of one nide of the tank and returns the gases fn che opposite side of
the tank resultf{ng tn the clirculation of panes {n a loop, Tt wan felt
that {hiw elrculation system does an oxtremely ef feetive Job at "mixing
up” the ullage gades.  This was proven with the niue poeint ullage
sampliog syatem on several tests,  Before the clreulation fans were
started samples were taken which indicated large diftercuces fn the
fuel/alr ratfo throughout the tank., Within three winutes after the
clireulation tany wore atartod the fucl/alr ratlor were equalized
throughout the tank. [Tt Is a quite reasonable assumption that the
optimum conditions for combustion In the TWS will vovrespond tu the
hignest cverpreasares {(n the ullage sampler. 1t is the authors’
opinlon that this ullage sampling systom is extremely effeative and

yor very simple {n theory and practice.
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T el

The results of the comparisons of the foams indicate that therc 1
no discernible diffarence in performance between the polyether urethane
and the polyester urethane., One of the criticisms of the pulyether
urethane foams was that they would lose a significant amount of ten-
gila strength in the presence of JF-4, However, there was no apparent
increase in darage to the polyether foams as opposed to the polyester
type. Algo, from handling and observing the {cams after removal from
the TWS, there appeared to be no difference whiatsoever between the two
types of foam. In fact, 1t 1s the authorn' opinion that 1f both types
of foam were of the same color, it would he virtually imposusible to
distinguish the two types either before or after a tesat,

The motion picture coverage was very valuable in corroborating the
TWS overpresgure histories fron pressure instrumentation data. In
every case where there was no suatained combustion overpressure the
motion picture coverage indicated no gases being forced out of the
entrance and exl: holes or ouly an initial apurt immediately after
the 23 mm HET blast, 1f a vustained combustior overpressure was Indi-
cated on the inctrumentation the motion picture coverage clearly {ndl-
cated goses being forced from entrance and exit holes for an extended
amount of time.

The mechanism by which the foam preventus flame fronts {com pro-
pagating or explosions from occurring war of some intereat in this
program, The combustion overpreassure data from the tests {u this
program were generally lowar than antlcipated, anad in wmost cases there

were no combustion overpressures at all., 1his raised the questicn of
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what is the difference butween these tests and thiose tests done in the
flame tube at AFAPL? The main difference is the use of ballistic pro-
jectiles in thie program as opposed to a spark ignition wource ir the
flame tube tests., However, the 50 cal. API and the 23mm HEI used in
this program produce a larger and more intense ignition source than a
spark and would therefore tend to produce higher overpressures and not
lower ones., The venting from the entrance and exit holes and into the
circulation system in some tests effectively lowered the overpressures
but not to the extent that was seen. The only other major differeunce
was the fact that the foam was wetted with JP-4 in these tests where

as the foam in the flame tube {8 tested dry. The two tests conducted
with dry foam‘in this progrem succeeded ir verifying that tha wet foam
does perform aignificantly better. One theory as to how the foam works
ia that the foam ituelf acts as a heat sink to which heat from the flame
front 1a tronsferred. Thia heat tranafer from the flame lowers the
temperature of the reaction enough to slow the reaction rate dramati-
cally or actually stop the reaction totally, Some of the factors which
would affect thia would e nurface to volume ratio of the heat aink
(t.e, foam and/or fuel dropletr), specific heat of the heat sink (Cp),
and the latent heat ol vaporization of the fuel., 'The wet foam has more
magd and therefore (8 a greater heat sink, It olso effectively in-
creases the durface to volume ratio of the foam, The apecific heat

of urethane and fuel arc approximately the same, therefore the fucl
would not effectively increase the aspecific heat of the foums.

There 18 a difforence in the amount of fuel reotained 1n the tfoam

depending upou the dradn rate.  Draln vate will be defi{ned, for the
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purposes of thim report, as the rate at which the level of the liquid
JP-4 drops through the foam. For this program the drain rates were in
the neighborhood of 15 c¢m per minute and were not controlled or thought
to be of any significance during the initial test planning or moat of
the testing., Only after the overpressure data was obaerved to be low
tor nearly all tests was thiy considered. Draln rates (n the neighbor-
hood of 2.3 ¢m per minute are considered to be typlcal In most afrcraft
which 1s significantly lower than used for these teats. It was docu~
mented by Mr. ‘T, O, Reed (ASD/EN) via simple fuel retention tests (data
presented in Appendix C) that there {d an average 25% increade In fuel
retention at a drain rate of 14 cm/minute aw opposed to a 2.3 em/minute
rate. There could conceivably be a difference in the performance of
the foam with different amounts of fuel retention., This was not inves=
tigated since it wan felt that it was beyond the scope of the program,

The photographa of the exit panel Jamage, which are presented in
Section II11, do not indicate any clear differcences in damage levels
between polyether and polyester foams, There are some small differences
hetween the photographs presented, but these differences do not follow
any pattern and are attributed to test-to-test variatfons in damage.
Also, the tests with Astrocoated foam, dry blue foam, and Explosafe did
not exhibit any marked changes in exit punel damage. Therefore, for
all of the explosion suppression materfals tested, there did not appenr
to be any marked difference in exit panel damage.

It should be noted that the results obvalned (the overpressurc

historles o particular) are peculiar to this test get-up and can very
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well be different for a different test specimen., For example, the
overall volume and the amount of venting will have a significant impact
on the overpressure history, These tests are meant to be used am a
basis for comparing different explosion suppreasion materinls within

the teat program. Any comparison of results between test programs

must be done carefully,
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SECTION V

CONCLUSTONS

From the results of the testa conducted o this program the follow-
fug conclusions are preosentod:

1. The new hybeld polvether urethane toams (L.eo blue foamy)
performed an well as the standard polventer urethane foams (oo, rod
and yellow foams) ballistically,

2.  The hybrid polyether urethane Foam experienced o lodn in
tensile strength when in a fuel envivonment., This reduction 1n tensile
strength wan not enough to affect the ballistic performance of the
hybrid polyether urethane foam,

3, The ballistic performance of the Astrocoated red foam i
equal to that of the uncoated red foam,

4, The Llimited data indicates that the metal orrestor, Explosafa,
works as an explosion auppressont material, but a broader data base 1s
necded before 1t can be incorporated into any weapon aystem,

5.  The performance of foam is saigniflcantly increased when it
ia wetted with JP=4,

6. In the fully packed configuration, the conrse and fine pore
foam perform equally well, 1In the voided configuration, up to 22,67,

both coarse and fine poro foam perform adequately with insignificant

differences,
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SECTION VI
RECOMMENDATIONS

Due to the marked increase in the level of ballistic performance
of the foam when wet, it io suggested that a separate program be con=-
ducted to investigate in detail the effects of fuel retenticn, The
program should attempt to quantify the increusses in performauce as a
function of fuel retenticn and investigate the use of higher voiding
percentages and/or larger pore size foams since present technology is
probably in an "overkill" mode. Many prasent aircraft installations
are probably accepting higher fuel retention/weight penalties than
necessary,

In any future experiments with foam in any type of tank where JP=4
is being used and an optimum fuel/air ratio is required, it is8 recom-
mended that a circulation system be incorporated into the test apecimen.
There could be se¢veral improvements made to this system which would
significantly reduce the complexity of the system, Primarily, a better
fan or blower could be found which would pump approximately 14 liters/
second at a reasonably high Ap across the fan or blower. It was the
lack of a capability to produce a high Ap across the fans used in this
test which dictated the use of the large diameter ducts so that flow

restrictions could be minimized.
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APPENDIX A

ULLAGE SAMPLING SYSTEM

Controlling Program
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Main Program Bomb

This program controls entrance into one of four tasks by requesting
input from TTY (type in number 1, 2, 3, ov 4),

Task #
Initiate 1
Calihrate 2
Manual 1

Scan 4
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TASK r! Inftipte

The TTY will ask for the program constants to be (nput on the
photo reader., luput will be free fleld ond will require 4 data points,

ISUCT. TFILT, €S, LOOKT  CRLF
TSUCT = time Lo seconds needed to vacuum out the sample

IFILT = time In geconds to 111 the soaaple

2]

= value of the cal stup In pud

LOOKT = number of times thru loop to lock for poak pregsure

TASK #2__Calibrate

B O e Ry

The TTY will requast pregsure channel be zerood. Pross RUN when
zeroed, Then the TTY will request pressure chanmel be set on desired
cal step, Preas RUN when properly calibrated. The TIY will then
print the voltage at zero and at the cal step,

TASR #3  Manual

Under this task bits & thru 14 on the SW register are output to
the relay card thereby controlling the eleven valves only, 1t also
monitors bit 0 for abort commands, All other bits are masked out
and control nothing.

v v v v Vv v v Vv Vv v Vv
1110 9 8 7 6 5 4 3 2 1 abort
15 Qe {312 albio 9 & 7 6 5 4 3 2 (1

TASK 14 _Scan

This task scans all 9 sampling ports taking bomb samples at each
port. This task simply is composed of a do loop for the 9 samples.
Each time through the loop the sample is reandied for the ignition and
then sparked and the p=2ak pressure is recorded.
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2001
gea2
e8el
eeesa
2085
826
ece?
eeos
eee9
e21@
eelt
get2
ee13
gal4
2015
eo16
ea1?
go18
2019
ge2e
gaz21
gea2

gaeg!l
oee2
8003
geea
eges
eege
eee?
geoe
eees
eel1e
ol
got2
ed13
214
@015
pRte
2017
2218
ea19
3920
2921
a22

PROGRAM BOMB
COMMON ISUCT,IFILT, ZERO, CS» CAL,LOOKT, IDATA
1@ IFCISSW(3») 12,20
12 WPITE(2,135)
15 FORMAT( #eeovo e o« TASK"/ /") INITIALIZE", /»
12 CALIBRATE" /"3 MANUAL*" /"4 SCAN'™)
20 WRITE(2,38)
30 FORMAT(“ENTER TASK #*"
READC1,%)IT
IFCIT-2)40, 50, €0
4¢ WRITE (2,35
35 FORMAT("INPUT CONSTANT TAPE ON PHOTO READER'™)
READ(SJ*)ISUCTJIF!LTJCSILOOKT
GO T0 10
s@ CALL CAL!B
GO TO 10
60 1F(1T~-4)702,880
70 CALL MANUL
GO TO 10
80 CALL SCAN
GO TO 10
END

ASMB, R, B
NAM WAIT
ENT WAIT
EXT .ENTR
ICNTR BSS 2
WAIT NOP
JSB +ENTR
DEF ICNTR
LDA ICNTR,1
CMA
INA
STA JCNTR
LDA ICNTF+1,1
O0TA 10@B
LOOr STC 10B.C
SFS 10B
JMP ®»<«]
1SZ JCNTR
JMP LOOP
JMP WALT, !
JCNTP DEC 0
END

60
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000!
Qeeee
2202
0004
@ees
goee
ges?
00es
2009
eelo
2011

ee12
gel13
goela
@o15
9016
0017

218
@19
0029
eg21

g2z
eg22

ee24
2025s

gez2¢
8027

oees
ve29

eeSe
2031

go3e2
0033
@034
2835
ee36
2837

2038

2039

0249
P04}

gga2
8043

8044
8845
2e4é6
Bo47
248
2049
2050
@051

@es52
2es3
ges«4
¢as55
2256
oes7
17141514
ans9

SUBROUTINE SCAN
DIMENSION 1V(9),PMAX(9)

COMMON ISUCT,IFILT,ZEFPO,CS,CAL,LOOKT,IDATA

IV(l1y=2¢02@9
IV(2)=208408
1V(3)=2Q1¢08
1VC4)=22208B
IV(S)=224C20Q8
1V(6)=2100@2F
IV(7)=2200028
I1V(8)=24000B
IV(9)=30000B
il WRITE(2,10)
12 FORMAT("PRESS RUN TO SACN')
PAUSE
C CHICK FOR ABORT
IFCISSW(R))1e0,12,12
(G 202 2 o0 0 o o o o0 o AR a0 o e ok ok e o R oK ok
12 DO 99 1=1,9
C GPEN V1G,V11
CALL RELAY(6€020¢B)
CALL WAITC(ISUCT, 4O
C CHECK FOR ABORT®kkkkokdokkkkk
IFCISSW(a))13,14,14
13 CaLL RELAY(2)
GO TO 30
14 CONTINUE
(3 s 8 8t o ok o3 00 3 30 o a0 o 2 o8 0k o0 R e oK 0 o o ok o o ok
C CLQOSE Vil,LEAVE V108 OPEN,OPEN V(I
CALL RELAYCIV(I))
CALL WAITC(IFILT, 4)
CLOSE ALL VALVES, START OSCILLOGFAPH
CALL RELAY(1B)
CALL WAIT(5,3)

C TURN ON SPARK, TURN OFF OXCILLOGRAPH START PULSE

CALL RELAY(12828eB)
PMAX(1)=0.
DO 98 J=1,LOOKT
CALL ADC
X=1ANDCIDATA, !77700B)
PCUR=((X/3276+8)-ZER0)*CS/CAL
IF(PMAX(1)-PLUR) 508,98

58 PMAX(I1)=PCUR

98 CONTINUE

C STOP SPARK, STOP OSCILLOGRAPH

CALL RELAY(18B)
CALL WAIT(1,3)
CALL RELAY(Q)

99 CONTINUE
IFCISSW(1))20,30,30

20 WRITE(2,25)

25 FOPMATC(" #1 "2 43 w4
1 7 e 9% 77>
3@ I=1-1

WRITEC?,335)(PMAX(K),K=1, 1)
35 FOPMAT ¢ Fa.1.2%X)//)
IFCISE 7 9))11,100,100
123 CONTIMNUC
PETUFN

il

6,
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eee!l
eees
203
2004
eees
eee¢
Q007
goee
2099
e018
eell
eele
ge1d
eet4
9015
@eel1eé
eel1?
eets
2219
geze
ge2t
ee22
@823
ee2a
8029%
gez2¢
eoe?
o228
ee29
eele

SUBROUTINE CALIB
COMMON 11,J,ZEF0,CS,»CALsL, IDATA
C OPEN VI THRU Vi@
CALL PRELAY(J377€@E)
WRITE(2, 1)
19 FORMAT("ZEFQO PFES.} PFESS PUN')
PAUSE
IFCISSW(@))58,15
15 ZEPO=@.
DO 16 I=1,180
CALL ADC
CALL WALTC(1,3)
x=IAND(1DATA, 1777008B)
16 ZERO=ZERO+X/327¢8.
WRITECZ, 38)

38 FORMAT("CAL. CH.#@","3PRESS FUN')

PAUSE

CAL=¢

DO 31 I=1,10

CALL ADC

CALL WAITC(1,3)

X=lANDCI1DATA, 17772085)
31 CAL=CAL+X/327¢8.

C CLOSE VI THRU V10

CALL RELAY(@)

WRITEC(2,35)ZEF0, CAL
35 FOPMAT(FQ.E:QXJFQOQ)
5¢ CONTINUE

RETURN

END 56
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000!
pee2
eced
eee4
0005
eeas
eee?
eees
gee9
pete
eell

eel2
ge13
o014
po15
eel1é
ee17

eels
es19

2020

peo!l
eee2
00e3
204
gees
8ees
eee?
geos
eees
peie
ee1l
go12

o0l

gee?
2203
2eo4
20es
peeo
2007
eoes
0829
eel1e
ea11

ea12

ASMB, R, B
* TAKES ONE READING FFOM CH 0
NAM ADC
ENT ADC
COM 1(9),1DATA
ADC NOP
LCA MODE
OTA 11B
STC 11B,C
SFS 11B
JMP x-]
L1A 11B
STA 1DATA
1sZ ADC
CLA
OTA 11B
CLC I11B
JMP ADC,1
MODE OCT 200200
END

ASMB,F. E
NAM RELAY
ENT RELAY
EXT .ENTR
JR BSS 1
RELAY NOP
JSB -ENTR
DEF JFR
LDA JFR,1
OTA 15B
JMP RELAY,!
END

ASMB,R. B

NAM MANUL

ENT MANUL
MANUL NOP

1SZ MANUL
Loor LiAa |

SLA

JMP MANUL, I

AND =B777680

OTA 15B
JMP LOOP .
END »/

(L]

5 s ¥ S R w5,
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APPENDIX B

FLAME ARRESTOR TEST DATA
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APPENDIX C

FUEI. RETENTION VS DRAIN RATE
TEST DATA
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FUEL RETENTION VS DRAIN RATE
TEST DATA

Test performed by T. O. Reed (ASD/EN) in Feb
1976 to investigate the effects of drain rate
on fuel retention,

Drain Fuel

Rate Retention

Type Foam (inches/minute) _(vol %)
Coarse Blue 9 1.89
Coarge Blue 5.5 2.30
Fine Blue 9 2,70
Fine Blue 5.5 3,60
Yellow 9 .90
Yellow 5.5 1.30
Red .9 2,91
Red 5.5 2.94
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AFPENDIX D

PHYSICAL PROPERTIES OF FOAM AND EXPLOSAFE
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PHYS1CAL PROPERTIES OF FOAM

DATA SUMMARY

Yellow Coarse Blue Red Fine Blue Asttocoated
ID IWBS2K(2-2)] ID #WO06K(3-13] 1D WWH81K(2-aAi ID #W906K (B~1) Red

PROPERTY DRY WET DRY  WET DRY WET DRY WET DRY
DENSIT! 1,34 - 1.38 - 1.36 - 1,385 - 2,15
(1b/fe7)

ALR PRESSURE 0.153 - 0.200 =~ 0,289 - 0204 - 0.252

NDROP, AVERAGE
(inchus "20)

TENSILE 25.1 26,0 18,2 10.2 6.2 28.5 R2.7 13.0 .4
STRENGTH (psi)

COMPRESS1ON
LOAD DEFLECTION
@ 252 (psi) 0,40 0,40} 0.%7 0.304 0.40 0.37 | 0.58 0.35
652 (puil) 0.60 0.58 ] 0.945% 0.54% 0,62 0.56 | 0.925 0,585
TEAR STRENCTH 6.8 7.1 5.2 2.4 6,0 6.3 | 5.51 2.90 -
{1h/1n)
_ S S
FLAMMABILITY 8,52 - 10.2 - 84,96 B 10,37 - -
(in/nin)
RIS IR
COMPRESSION SET | 31.9 - 18,9 - 25,1 - 10,9 - -
(%)
VOLUME SWELL . + 1.4 - + 15,1 - + 0,5 - + 16.2 -

Wet data obtaived after JP-4 fuel soaking 1-3 hra. ¢ room temperature.
See Military Specification for explanation of properties/tests,
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PHYBICAL PROPERTIES OF EXPLOSAFE
(Propertiow of Material as Tested)

DATA SUMMARY
PROPERTY VALUE
DENSITX 2,62
(1b/fe”)
ATl PRESSURE 154
DROP, AVERAGE
(inches H?O)
VISUAL POROSITY L¢3 LUD, 3.5 SWD
(pP1)
ALLOY SAE 3003 ALLOY H-24 TEMPHR
THICKNESS UNEXPANDED 003
(inches)
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