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I, INTRODUCTION

The Uu.S. Arnly‘has a special requirement for s diesel fuel that will perform
satisfactor*ly in diesel—pcwered combat vehticles, but would self-extinguish
~in case of ignition by ballistic penetration or other unwanted ignitiom
sources, The main"thrust for this investigation was experience which indi-

cated that fuel fires can be a major cause of ground vehicle and personmel °

losses. 1f catastrophic fuel fires could be eliminated, persomnel would have
increased chances for'.su'rvival;' -and chunces -of repuir or salvage of vehicles
would be improved. Thus, ceost eifectiveness would be realized not only in
reduced key personnel losses, - but also through improved supply of critical
tactical equipment in an area where resupply may be impossible,

A. Background Information

Six generations of fire~resistant fuel have been investigated by the Army,

and these are summarized in Table 1.(1,2)* The last approach involves the '

inclusion of surfactant-stabilized emulsified witer in diesel fuel. Screen-
ing studies followed by laboratory, bench-scale, and full—sculé experimental
investigations had led to the developmeat of clear-ro-hazy fire-resistant
microemulsions of lo'volz water and 12 volZ surfactant premix formulated in
DF-2 diesel fuel., Because of complexities resulting from variations in the
‘ composition of the base fuel, emulsifying agents, and water, extensive lab-
 oratory evaluations of physical and chemical properties had been an essential
element of the FRF development program. '

Several different flamability evaluation procedures were also employed to

- define the vulnerability characteristics of FRF candida:as 1, 2 3, and’ the_

results for referec.—grade base fuel 'FRF formulations are amarized in Table
2, Combinations .of antimisting agents and 'aqueous microemulsions were also
evaluated. These formulations were most effective in reducing the mist
Ifircball and eliminating pool burning when subjected to 20-mm high explosive
‘rounds. Work on this formationm 'w'as discontinued 'because of the need to

* Underscored numbers in parenthesu refer to the list ¢f references at the
end of this report. .
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TABLE 1. SIX GENERATIONS OF FIRE-RESISTANT FUEL FORMULATIONS
INVISTIGATED BY THE U.S. ARMY

1. Fuel gellation just prior to hazard occurrence (Initiated by U.S. Army

Aviation Material Laboratories~-1964-1966).

2, Semisolid, but pumpable, fuel--in-water emulsions (Initiated by U.S. Army
Aviation Material Laboratories--1965-1970).

3. Viscous-~liquiéd, fuel-in-water emulsions (Initiuted by U.S. Army Coating
and Chemical Laboratories--1969-1972),

4, High moiecular weight polymeric additives for ichibition of mist forma-
tion (Initiated by U.S. Army Coating and Chemical Laboratories--1971).

5. Volatile halogenated fire suppressant as fuel constituent (Inxtiated by

U.S. Army Ballistic Research Laboratories--1972-197%6).

6. Nonviscous, water-in-fuel euulsions (Initiated by Fuels and Lubricants
Division, Energy and Water Resources Laboratory, U.S. Army Mobility
Equipment Research and Cevelopment Command--1976).

TABLE 2. REFEREE-GRADE BASE-FUEL FIRE—RESISTANT
'~ FUEL FLAMMABILITY PROPERTIES

: ‘ ; _ Base Fuel Plus
Referee-Grade Base Fuel : 10 VolZX Water

MIL~-F-46162A(MR)II Neat Base Fuel Plus 6% Surfactant
Flame propagation Wick buraing with . Wick burning only
across bulk liquid simultaneous propa-
surface at 77°C gation
Burans on wick at 25°C Yes Yes
Flammabiltty of fuel . Extreme _ _ Moderate

mist at 25°C (Mist
Flashback Test)

" Ballistic tests at 77°C Catastrophic fire . Transient fireball
(20~mm HEAT) o with self-extinguish-
' : . ' ing ground fire
' Flash Point, °C - 61 : 65%
. Pire Point, °C . 91 ’ -—

Autoignition 224 o 405
Temperature, °C :

#*Pilot flame in:Penske-Hartens apparatus often extinguished by water vapor

Ll




accelerate the fielding of the 10 percent aqueous microemulsion., These

flammability evaluations demonstrated that such aqueous microemulsions

yielded divinished mist flammability while either eliminating pool burning or

providing rapid self-lextinguishment f pocl fires, even at fuel temperatures‘

more than 10°C above the base fuel flash point.

Medivm-scale ballistic tests, using 20-mm high-explosive iucendiary tracer -

projectiles fired into fuel drums, and full-scale ballistic tests on ¥~113
and M-48 using 3.2-in. (8l1-mm) precision-shaped charges' correlated with the
flammability data.(4) The tests in Reference &4 were corducted with a fuel
test temperatufe of 77°C, which has been reported bulk fuel temperatures in
desert Operafions. ' '

The FR¥ has an excellent fire resistance; however, logistical constraints aﬁd
low-temperature' instability of the microemulsion-type FRF lead to a search
for additional approaches to fire reduction. A Shcrt-Term Advisory Services
(STAS) team examined several proposed Qpproachgs, and recommended the ones
which were believed to hold potential for development and deployment. These
included fuel. conling, fuel f£lash point modification, halon compartment
deluge, and fuel line closure systems. It was also recommended that with
fuel cooling and suitable fuel systéms modifications, convéntionai antimist-
ing agents may hsve some potent.al for reducing aerogo]. formation, )

B. Dbjectives' of Investigation
!

The purpose of the .full-scaie bail:l's;ic tests descrided in this report was to
evaluate how fire vulnerability is affected by some of the STAS-recommended
- approaches to diesel fuel armored vehicle fuel cells. The tests con-

sidered four variables: fuel temperature, air availabilttfw. ant:unistihg.

. additive conceﬁttation,uand halon fire suppression.




II. APPROACH

Arrangements were nade for a series of full-scale ballistic tests to be
conducted by the TERA group of New Mexzico Institute of Mining and Technology,
Sacorro, NM. The tests considered armoreu personnel carrier (APC M113)-type
fuel cell locatien protected by a l.5-inch (38 su) thick aluminum armoz
plate., A 90-cm HEAT round was fired c(hrougn the armor into the fuel tank
mounted against the interior wall of fhe vehicle. .The aluninum fuel celle
were fabricated by TERA. Diesel fuel (DF-2} with a flash pnint of 142°F
(61°C) was furnishied by TERA as purchased frcm a local supplier, and a dedi- .
cated fuel tank was provided for 1its storage. AFLRL personnel participated.

in the planning and conducting of the test,

The tests conside~ed fuel cooling, effect of ventilation, antimisting addi-

tives, and halon fire suppression.

A. General Test Description

An M84, armored personnel Earrier (APC) was fitted with an aluminwm armor
plate (from a M1!3), through which a 90-mm HEAT round was fired into a nomi-
aal 6€0-gal. (227-liter) capacity aluminum fuel cell (Figures 1 and 2) con-
taining 50 gal. (139 1liters) of fuel.

'The fuel cells were fabricated bf'TERA from 1/8+inch (3 mm) thick aluminum
plates with the dimeasions of,40 in. (101 cm) wide X 30-in. (76 cm) high X 13
in., (33 cm) deep. The fuel cell was held against right hand wall in the rear
corner by two steel bands as shown in Figure 3.

'Ihu round pehetrated the fum] cell and iiquid through the appfoximate geo=
metric center of 40 in. X 30 in. (101 cm X 76 cm) walls., The action inside
the APC was observed by a %Oo;frano/second capera which had visual access
through a hola cut in the APC's left wall (See Figure 4), Two other cameras,
one real. time and one 1000 frano/sacoud. observed the action from a position
200 feet (61 meters) to the rear of the APC.
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FIGURE 1. ARMORED FERSONNEL CARRIER

v \‘\\
' N
. , AN
A
. - .
' \ )
-
- ’ PR . ¥ B .
. ' . - N '







The fuel was éi;her cooled with an immersion coil refrigeration unit or
heated with an electric immersion heater. The air availability inside the

personnel compartment was varied by a ventilation fan, and ramp or personnel

entry door in the ramp. The M84 had a false floor of steel plates separated
by a gap of approximately 8 in. (20 cm) above the bottom armor. During the
first three tests, it was observed that 'the fuel that spilled from the fuel
cell during ballistic penetration collected under this false floor which had
lirited air. Thus, this condition influenced fhe fire development from test
to test. Therefore, the false floor plates were removed for the remaining
tests.

The halon fire suppression system used in the test was &evelqged by U.S. Army
Tank-Au;;motive Command (TACOM) for M-113 vehicles. and was used in ;:onsulta-
‘tion with the TACOM persomnel. The system used two sensors facing t‘he ramp
frgm the vicinity of the driver compartument, The. Halon: 1301 dispensers were
located on one of the armored walls so as to flood the personnel compartment
between the ramp aqd the fuel cell with the fire extinguishing agent (mono-
bromo-trifluoro methane) upon signal from the fire sensors. Each of the
dispensers contained 7 pounds (3.2 kg) of Halon 130! under 750 psi (5.2 MPa)
nitrogen as a provellant,

The instrumentation for the tests included pressure and temperature monitors
for the fuel cell and the personnel compartment.

B. .Fuel and Additives

The antimisting agent (AM=-1) used was a proprietary high molecular weight

' polymer solution. The viscosity/concentration data of the AM-1 polymer p 3. S
solution with the diesel fuel under test are ptesented as a function of
temperature in Table 3. The AM-l' concentratiouns used for the ballistics

tests were uominal 0.2 and 0.35 percent po..yner by weight. Table 4 presents

the propert,ies of 1he base dieael fuel (D"’-Z). '

(MDK3.A) I




TABLE 3. VISCOSITY OF ANTIMISTING POLYMER SOLUTIONS
IN THE TEST BASE FUEL

Conce:fr;tion, Viscosity, cSt at
Wt o°C_ . &oC 100°C
0.0 3.3 1.55 | —
0.20 24.3 8.8 4.0
0.35 5.1 15.2 6.8
0.55 99.7 - 37.9 22,1

i

TABLE.é, PPOPERTIES OF THE DF-2 FUEL USED
- IN BALLISTICS TESTS

Tlash Point, °F {°C) 142 (61) ‘
Cloud Point, °F (°C) «40 (=40)
Freeze Point, °F (°C) =47 (=44)
Viscosity, 40°C, cSt . 1,55

Viscosity, 0°C, cSt 3.3

III. TEST RESULTS AND DISCUSSION

A, Test Results

. ) ‘
'A series of 15 tests were conducted using 90-mm HEAT rounds fired through a
1.5~in, (38-mm) aluminum armor into the fuel cellsvcontainidé 50 gal. (189

liters) of fluid. The fuel cell was perforated throuéh the approximate center -

of the 40 1in. iong X 30 4n. (101 cm X 76 cm) vertical sides, and the fuel
liquid level before each “est wae approximately 9 in. (23 cm) above this

center.

(MDK3.4) | o 12
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The summary of test conditions and results atelpresentéd in Table 5. A total
of six tests were conducte@ on the fuel .cells containing neat diesel fuel,
Five c! these tests showed no effect of the fuel caoling on pool fire devel-
opment, with the fuel bulk temperature between 36°F (2°C) and 42°F (6°C).
The sixth test w'th neat fuel, which had a flash point of 142°F (61°C), (Test
No. 12) was conducted with the fuel temperature of 170°F (77°C) to con-~

TABLE 5, SUMMARY GF TEST CONDITIONS AND RESULTS

: ‘ . Fuel Ventil- . Halon
Test Temp., lation False 1301 = Pool
No. Fuel °F(°C) Fan Door Floor System. Fire
1 DF-2’ 41(5) of £ - st80® In No Yes
2 DF-2 - 4;(5) Off Closed In No Yes
3 DF=-2 36(2) On Closed In No Yes
4  DF-2 42(6)  oOn STBO R N Yes
5  DF-2 _ 38(3) On STBO R  No Yes
6 0.2 Wt.Z AM-1  60{16) Om Open R No Yes
in DF-2 o . : .
7 0.2 Wt.Z AM-1  65(18)  Off STBO R No Yes
in DF-2 : ‘
8 0.2 Wt.Z AM-1  38(3) of £ STBO R No Yes g
in DF-2 " : , , ;
9 0,35 Wt.X AM-1 61(16) On- RD® R No No ;
in DF-2
10 0.35 Wt.% AM=1 58(14) ° On RD R Mo No
in DF=2 . L
11 0.35 Wt,Z AM=1 170(77) oOm RD- R No Yes
. in DPF=2 . : ' %
12 - DF-2 ‘ 170(77) . Off Closed R Yes No N
: , . . |
13 0.2 Wt.X AM=1 . 170(77)  Off ‘'Closed R Yes ~ No i
.+ in DF=2 o ‘ _ : : i
14 Water  46(8)  Off RD R Mo No
15  0.35 Wt.% AM-1 125(52)  On R No Yes

‘in DF=-2

;STBO: Door set to blow open from blast pressure . -
[ ‘

cR: Removed 4 , - F

RD: Ramp down Y '




firm a proper installation and operaticn of the Halon 1301 fire suppressioa
system. The halon fire suppression system was then used to evaluate its
efficacy with 0.2 WtZ AM-1 containing diesel fuel at 170°F (77°C). The
effect éf fuel cobling was also evaluated with two concentrations of anti-
misting agent in the diesel fuel (Test Nos. 6 to 10), The higher concentra-
tion of antimisting agent (0.35 wt.%) effectively showed no residual pool
burning of the fuel at approximately 60°F (16°C) bulk fuel temperature. The
tests at 125°F (52°C) and 170°F (77°C) temperature of the bulk fuel of this
'same antimisting composition resuited in development of intense pool fires.
A test was also conducted with the fuel cell containiixg water to récord the

.balseline effect of a 90-mm HEAT round fired through the armor and the cell.
The overall results from Table 5 indicate the fcllowing:

(a) No benefit in fire vulnerability reduction resulted in decreasing
"the fuel bulk temperature below the flash point by abproximatély
100°F (38°C).

(b) The addition of antimisting agent in high councentrations (see
viscosity data in Table 3) significiantly reduced the mist fireball
and, therefore, reduced the likelihood of a pool fire, especially

it mild fuel bulk teémperatures of approximately 60°F (16°C). The

tendency of these blends for development of intense pool fire near
the flash point temperature of the base fuel, however, shows that

no quantitative correlation between the concentration of AM=-1 and

fuel temperature below which pool fires do not occur can be made

from the limited data.

(c) The Halon 1301 fire suppression system effectively conttolled,i)ool‘ ‘

fire resulting from antimisting additive containing fuel at tem=
peratures of 170°F (77°C). ‘rhe"All'alovn 1301 also controlled pool
burning of neat base fuel at 170°F (77°C).

The effect of fuel cell rupiure-petforation geometry, mist-fireball sizeé, the

 fuel 'flow path, quenching objects, ventilation geometry, and oxygen avail-
' ability had effects on the size and intensity of the fires developed in all

aoK3.A) . 14,




cases., The last column in Table 5, for brevity, does not distinguish very
small fires from very intense fires, but rather emphasizes the events in
which there was no possibility of sustained pool fire., The following section
dis;:ussea briefly the more significant tests. The data sheet summaries
furnished by TERA are included in this report as an appendix.

'B. Discussion

The first fivé tests with neat diesel fuel showed the effect of limited air
availability and quenchil.ng on the development of fire inside the personnel
compartqent. The M84 APIC had a false floor of steel plates separated by an
air gap of, about 8 in, (20 cm) above the bt;tton armor. It was observed
during the first three_ tests that the‘ burning fuel dumped on the floor from
the ruptured cell, A major portion of this fuel readily flowed between the
false floor plates, and it collected on the bottom armor. The oxygen supply
in th'e gap beiween the ail'mor and the floor plate was limited and could not be
replenished by ventilation in the personnel coupartlment. As in Test No., 1
with the dcor open and the APC apparently full of available oxygen, the fuel
trapped beneath the false floor was unable to barn. Thus, a large portion of
the spill'ed burning fuel was separated from air by a sizable heat sink. The
residual pool fire over the false floor plate was easily put out by a fire
extinguisher as in Test No. 1 or was suffocated due to the door closure as in
" Test Nos, 2 and 3. A sustaining pool fire needs a large supply of. air.
entering near the liquid level, such as ratural ventilation set up in Test
Nos. 4 and 5 with the door open and false floor plates removed from the
personnel compartment., liia intense pool fires developed in these two tests
could not be successfully extinguished with dry powdet'.'-type'ﬂte extinguish-
ers, but were easily suffocated by closing the rear door. The reduction in
the bulk temperature of: the neat fuels by as much as 100°F (38‘"0) below the
flash point did not prevent the probability of the pool fires under: the
conditions of these tests. . | '

Test Nos. 6 and 7 were conducted with 0.2 wt¥ antimistiag agent (high Vmole-

cular weight polymer) in the diesel fuel. This concentrtion of the polymer . -

increases the base fuel viscosity from 1.55 to 8.8 cSt at 40°C and from 3.3

(DK3.A) ’ , 15




to 24;3 cSt at 0°C. The ballistic test Mos. 6 and 7 conducted at fuel tem-
peratures of approxtmately 60°F (16°C) with this wmodified fuel showed no
reduction in the deveiopment of'the pool fire, while the mist fireball size
was redured. A test (No, 8) at 38°F (3°C), however demonstrated a signifi~-

cant reduction in the size of the pool fire, while not completely eliminating

its occurrence.,

The next series of tests were conducted with increased concentration of AM-1
in the diesel fuel (0.35 wtX). The ramp of the APC was let down during these
tests to aid in photographic coverage of the events, The tests (Nos. 9 and
10) conducted at the fuel hulk temperatures of 60°F (15°C) shove&‘signicant
reduction in the size of the mist fireball and prevented pool fires. The
tests conducted with the same modified fuel at 125°F (51°C) slightly below
the base fuel flash point temperature (Test No. 15) and at 170°F (Test No.
11) resulted in very large and intense pool fires.

The tests conducted with Halon 1301 fire sippression system (Test Nos. 12 and
13) used bulk fuel teaperatures of 170°F (77°C). The fire suppression system
uffectively put out the fires resulting from both base fuel and 0.2 wtZ AM-1

contaiaing fﬁel.

IV. CONCLUSIONS AND RECOMMENDATIONS

A series'of'ballis}ic tests on armored personnel carriers were conducted to
'evaluate the fire vulnerability parameters due to penetration of the fuel
cells by 90-mm HEAT rounds., The tests considered effects of fuel tempera-
ture, antimisting additive concentration, air availability, and Halon 1301

fire suppression, The results of this investigation'can be summarized as

'follova:

1. No benefit occurred in fire vuinerability»reduction by fuel cool-
ing, »

" (MDK3.A) | , IR | ' )




2.

3.

4.

5.

(MDK3.A)

Fuel cooling 'accémpénied by a high concentration of antimisting
agent (0.35 wtX AM~-1) has potential for preventing pool fire,
and reduces the mist fireball.

Antimist additive was not effective in reducing pool fires at bulk
fluid temperatures near or above base fuel flash point.

The Halon 1301 fire suppression system effectively controls fires
resulting from neat fuel or fuel coctaining antimist agent.

Air availability in the personnel compartment or quenching of fires

due to heat sinks reduces duration and size of fires, thus indicat-

ing that a design modification could possibly be incorporated that.

would be effective in reducing pool tarning. .

Recommendations fo~ this program include:

The fuel cell developé high pressures during the ballistic penetra-
tion. This fact could be advantageously used by constructing the
fuei tanks with designed "weak links" that dump a major portion of
the fuel outsidec the APC upon penetration.

The combination of both AM~1 and H 0 vag most impressive with
regard to ftte reduction in an earliet series of tests.(G) The
optimum quantities of AM-1 and HZO were not determined in those
tests, but it appears that they were synergistic.  Parametric

variations in the comcentrations and the fuel temperatures. for

.optimizaiion with respect to ballistic thteat are tecomnded for

further invest igation.
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TEST NO. l: TERA NO. BZ0719A4

1. Conditions:

Date: 19 July 1984 | . Armor: l.5-in. (3éqmm) aluninum
Fuel: 50 gal. (189 liters) of Door: Closed

neat diesel Fan:' Off
Fuel Temperature: 41°F (5°C) Suppression Sys“em: Not. applicable

Shaped Charge: 9C--mm HEAT, M371El

2, Results: The shaped charge perforated the aluminum armor and both sides
of tﬁe fuel cell. One end of the tank was blown off by f{uel. cell pres-
sure which peaked'at 60 psi (414 kPa) (Sée Figures A-l through A-3 at the
end of this appendix). The fuel was dumped on the floor, and the rear
door was blown opea. Most of the fuel collected under the armored per~
sonnel carrier's fzlse floor where air was very limited (See Figure A-2).
Only a very small fire developed, and this was easily put out with a fire

extinguisher,

TEST NO. 2: TERA NO. BZ0720A4

1. Conditions:

Date: 20 July 1984 ' A:ﬁor: 1.5-in. (38-mm) aluminum
Fuel: 50 gal. (189 liters) of | Door: Closed '

neat diesel Fan: - Off _
Fuel Temperature: 41°F (5°C) = | sdppression System: Not applicable

Shaped Charge: 90-mm HFAT, M371El

2, Results: The shsped charge perforated the aluminum armor and both sides
of the fuel cell. The end seams split, and the fuel'emptiedvon the floér
(See’Figurcs A~4a and A-4b). A small anount:pt fuel was blown back
through the blast entry hole and started a small ground fiép. No large
pool fire dévcloped. An 1nitia1|£lash f&llowed the shapedAcharge detona~
tion, but this was quickly suffocated as the oxygen was used up. The
suffocation was probably aided by the false floor.
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Condizions:
Date: 26 July 1984 ' Armor: 1,5-in. (38-mm) aluminum
Fuel: 50 gal. (189 liters) of , Door: Closed '
neat diesel Fan: On

Fuel Temperature: 36°F ’(‘2°C) Suppression System: bfot applicable
Shaped Charge: 9U-mm HEAT, M371El '

2., Resulte: The shaped charge perforated the aluminum armor and both sides
" of the fuel cell. The fuel cell ends were undamaged and ouly the fuel’
above the perforavtion was expelled (See Figure A-5). A brief fire fol-
lowed the shaped charge detonation, but was quickly suffocated in the
iimited air. The peak tank pressure recorded was 63.7 psi (439 kPa), and
the peak temperature in the personnel compartment was 689°F (365°C).

TEST NO. 4: TERA NO. BZ0731A4

1. Conditions:
Date: 31 July 1984. Armor: 1.5-in. (38~mm) aluminum
Fuel: 50 gal. (189 liters) of Door: Closed |

neat diesel | . Fan: On

Fuel Temlperatu,re: 42°F (6°C) . Suppreésion System: Not applicable
Shaped Charge: 90-mm HEAT, M371El False Floor: Removed

2. Results: The shaped charge perfo’tated the sluminum armor and both sides
of the fuel cell. A vigorous pool fire and ground fire was prcdulced and‘
‘temperatures in the personnel compartment. pukcd u:' 1966°F (1074°C) (See
Figures A-6 and A-7). An attempt to cxti.ngutsh the fire vith a fire
‘extinguisher was unsuccessful. However, the fire was easily suffocated
LUy closing the rear door. Tank pressure peaked at 90 psi (620 kPa) and
pressure in the persoanel complf;mnt xeached 11.3 psi (78. kPa) .

\ .
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TEST NO. 3: TERA NO. BZ0726a4
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TEST NO. 5:

.

TEST NO. BZ0803A4

1. Conditions: '
Date: 3 August 1984 Armor:k 1.5~in. (38-mm) aluminum
Fuel: 50 gal. (189 liters) of Door: Set to blow open
neat diesel Faun: On
Fuel Temperature: 38°F (3°C) Suppression System: Not applicable
Shaped Charge: 90-mm HEAT, M371E] Faise Floor: Removed
2. Results: The ' shaped éharge perforated the aluminum armor anc¢ both sides
of the fuel cell; The end of the fuel cell opened aiong the weld, and
all the fuel drained onto the floor (See Figure A-8). An intense pool
fire resulted, but there was no ground £fire. After several minutes of -
intense burning, the fire was suffocated by closing the rear door. Fuel
tank pressure peaked zt 61 psi (42 kPa), and the high temperature in the
personnel compartment was 1576°F (858°C).
TEST NO. 6: TERA NO. BZ0803A4
Conditioﬁs:
Date: 7?21 August 1954 Armor: 1.5-in. (38-mm) aluminum
Fuel: 50 gal. (189 liters) of Door: Open
diesel fuel with 0.2 wt% Fan: On
AM-1 additive Suppression System:. Not applicable
‘Fﬁgl Temperature: 50°F (16°C) False Flocr: Removed ' -
Shaped Charge: 90-mm HEAT, M371Z1 '

‘2. Results: The shaped charge petforated the aluminum armor and both sides
of the fuel cell. The end welds of the fuel cell split, and all fuel was
emptied. An intense fire developed that was extinguished by closing' the
rear door (s.i Figure A-9). The fire suffocated in about 1l minute. Tank
pressure peaked at 215.8 psi (1 49 HP:). and the high temperature in the
personnel conpartncnt was 1639'F (782°C).
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1. Conditions:
Date: 28 August 1984 Armor: 1l.5-in. (38-mm) aluminum
Fuel: 50 gal. (189 'liters) of Door: Set to come open
‘jesel fuel with 0.2 wtz‘, Fan: dff
/M=l additive . ‘ ' Suppression System: Not applicable
Fuel [emperature: 65°F (18°C) False Floor: Removed
Shaped Charge: 90-mm HEAT, M371El
Results: The shaped charge perforated the th-inun armor and both sides
of the fuel cell. An inteixse fire resulted that melted one end of . he
fuel cell. There was no grodnd fire. After severcl minutes, the rear
door was closed and the fire suffocated quickly. The peak fuel cell
pressure was 70 psi (483 kPa), -and the high tenpetamre in the personuel
. compartment was 1579°F (859'C)
TEST NO. 8. TERA NO. BZ0906A4
l. Conditions: :
Date: 6 September 1984 A Armor: !.5-in. (38-vm) aluminum
Fuel: 50 gal. (‘189 liters) of Door: Set to come open
diesel fuel with 0.2 wt% " FPam: Off '
AM-1 additive | . Suppression System: Not applicablé
Fuel Temperature: 38°F (3°C) . -  False Floor: Remcved
Shaped Charge: 90-mm HEAT, M371El ' C
2. Results: The shaped charge perforated the s,uminum armor and both sides
' "of the fuel cell. The door did come open as a result of the blast pres-
sure., The fuel cell end welds split, and all fuel emptied onto the
floor. Only. a very small pool £ire developed that appured to be associ-
ated with aluminum debris from & previous test (See Figure A-10). The
fire was cuiiy extinguished with a fire extinguinhcr'. The peaf: fuel
cell pressure wvar 130 psi (896 kPa), sod the high temperaturs in the
pouom.ol. co-partncnt was 91°F (33’0).
(MDK3.A) L e
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TZST NO. 9: TERA NO. BZ0921A4

1. FConditions:
, Date: 21 September 1984 A Armor: 1,5-in. (38-mm) aluminum
Fuel: 50 gal. (189 liters) of Deor: Ramp down
diesel fuel with 0.35 wtZ Fan: On
AM~1 additive Suppression Systewm: Not applicable
Fuel Temperature: 6L‘F (16°C) False Floor: Removed
Shaped Charge: 90-mm HEAT, M371El
2. Results: The shaped charge perforated the aluminum armer and both sides
of the fuel cell. The fuel cell end welds were split, and all fuel was
expelled. No pool fire was vroduced, and only a momentary increase in
femperature was recorded (See Figures A-1l and A-12). The peak fuel cell
pressure was 124 psi (855 kPa), and the higu temperature in the personnel
compartment was 84°F (29°C). '
TEST No. 10: TERA NO. BZ10OS5A4
1. Conditiomns:
Date: 5 October 1984 ' Armor: 1.5-in. (38-mm) aluminum
Fuel: 50 gal. (189 liters) of ' Door: Ramp down
diesel fuel with 0.35 wtZ _ Fan: On | | .
AM-1 additive ’ ' . Suppression System: Not applicable
" Fuel Temperature: 58°F (14°C) False Floor: Rempvé&
Shaped Charge: 90-mm HEAT, M371El |
2. Results: The shaped charge perforated the aluminum armor and both sides
of the fuel cell. The fuel ééll end welds were split, and all fuel was
- emptied onto the floot; A small fire was sfarted in the enginé compart-
ment across from the fuel cell and appeared to be associated with rubber-
coated power cables .(See Figures A~-13 and A-14). The fire was easily
extinguished with a fire éx;inguisher. The peak fuel cell pressuré was
102 psi (703 kPa), and the high temperatufe in the personnel compartment
was 108°F (42°C). |
(MDK3.A) ' 25
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1. Conditions:
Date: 12 October 1984 Armor: l.5-in. (38-mm) aluminum
Fuel: 50 gal. (189 liters) of: Door: Ramp down
diesel fuel with 0.35 wtZ Fan: On
AM-1 add‘itive " Suppression System: Not applicai:le
Fuel Temperature: 170°F (77°C) _Felsge Floor: Removed
Shaped Charge: 90-mm HEAT, M371El
2. Results: The shaped charge perforated 'the aluminum armor and both sides
"of the fuel cell, An intense fire develcped that could not be brought
under control with a fire extinguisher, Suffocatire the fire could only
be accomplished by raising the ramp, and 37 minutes passed before this
could be accomplished., By this time, the APC's roof had ‘buckled aad
wvarped under the intense heat, making a complete suffocation impossible
(See Figures A-15 and A-16). The peak fuel cell pressure was 120 psi
(827 kPa), and the high temperature in the persomnel compartment was
1619°F (882°C). ' |
TEST NO. 12: TERA NO. BZ1026A4
l. Conditions: .
Date: 26 October 1984 | Armor: 1.5-in. (38-om) aluminum
Fuel: 50 gal. (189 liters) of . " Door: Closed
neat fuel S Suppression System: Halon 1301
Fuel Temperature: 170°F (77°C) False Floor: Removed
Shaped Charge: 90-mm HEAT, M371El
2. Results: The shaped charge perforatéd the alumirum armor and. both sides
of the fuel cell.. One end of the fuel celll was blown off, striking the
. valve of one of the t;alon dispensers. Both‘ dispensers discharged, extin-
‘gu:lshing the fire near the rear . of the compartment. Fuel expelled
through the open end of the fuel cell, circled atouml‘l::ehmd~ the halon
(MOK3.A) . 26
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dispensers, and momentarily ignited.

This fire died quickly when the
fuel circled back into the halon cloud.

114 péi (786 kPa), and che high temperature in the personnel compartment

was 737°F (392°C).

 TEST NO. 13: TERA NJ. BZ1102A4

Conditions:

Date: 2 November 1984 Shaped Charge: 90-mm HEAT, H371E1
Fuel: 50 gal. (189 liters) of Armor: 1.5-in. (38-mm) aluminum
diesel fuel with 0.2 wtZ Door: Closed

antimist additive . Suppression System: Halon 1301
Fuel Temperature: 170°F (77°C) False Floor: Removed

Results: The shaped charge perforated the aluminum armor and both ‘sides

of the fuel cell., Both halon disy .sers discharged, extinguishiﬁg the

. fire within a few milliseconds. The peak fuel cell pressure was 121 psi

(834 kPa), and the high temperature in the pérsonnel compartment was
132°f (56°C).

TEST NO. 14: TERA NO. BZ1115A4

Conditions:

Date: 15 November' 1984 Armor: l.5-1in. (38-mm) aluminum

Fuel: 50 gai. (189 liters) of ' Door: Ramp down

wvater : Suppression System: Not applicable
Fuel Temperature: &6°F (8°C) False Floor: Removed

Shaped Charge: 90-mm HEAT, M371El

Results: The shaped charge perforated the aluminum armor and both sides

of tha fuel cell. The high'tenperature—in the personnel compartment was

61°F (16°C), and the peak fuel cell pressure was 121 psi (834 kPa). The
peak persounel compartment pressure was 9 psi (62 kPa).
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TEST NO. 15: TERA NO. BZ1l19A4

1. Conditions:

Date: 19 November 1984 - Shaped Charge: 90-mm HEAT, M371El

Fuel: 50 gal. (189 liters) of Armor: 1.5-in. (38-mm) aluminum
diesel fuel with 0.35 wtZX Door: Ramp down

" antimist additive ' Suppress;on System: Not applicable

Fuel Temperature. 125°F (52°C) False Floor: Removed

2. Results: The shaped charge perforated the aluminum armor and both sides
of the fuel cell. One end of the fuel cell was blown off. Fuel was
expelled through the open end and circled the APC in large flowing
sheets, igniting as it circled into the heat round fireball. A momentary
oright flash occurred which quickly subsided, leaving small fires around
the interior perimétet of the PAC. These later grewfinio a large intense
fire (See Figure A-17). No pressure gauge was used, but the high tem
perature in the personnel compartment was 2000°F (1093°C).
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FIGURE A-2, END OF FUEL CELL AND FALSE FLOOR
APTER TEST NO. 1
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. FIGURE A-3., END VIEW OF FUEL CELL ARTER TEST NO. ] '(
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Exit Side (Note Broken End Seams)

FIGURE At4. FUEL TANK 2

L




'

(SPEC27.A)




PIGURE A~7. PIRE AFTER PIRE EXTINGUISHER ATTEMPT
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FIGURE A-8.

END VIFW OF TANK 5
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FIGURE A-=9. FIRE AFTER TEST NO. 6
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SMALL FIRE AFTER TEST NO. 8

FIGURE A-10,
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FIGURE A~11.

FUEL CELL AFTER TEST NO. 9
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PIGURE A-14, SMALL FIRE AND FUEL AFTER TEST NO. 10
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FIGURE A-16. FUEL CELL AFTER TEST NO. 11
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FIGURE A-17. FIRE AFTER TEST NO. 15 _ ' ’
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KELLY AIR FORCE BASE TX 7324}

 OTHER GOVERNMENT AGENCIES

FAA TECHNICAL CENTER

ATTN: MR WESTFALL |
CODE ACT-320

ATLANTIC CITY AIRPORT

ATLANTIC CITY NJ 08405

DEPARTMENT OF TRANSPORTATION
FEDERAL AVIATION ADMINISTRATION
ATTN: AWS-110 1
300 INDEPENDENCE AVE, SW
WASHINGTON DC 20590

US DEPARTMENT OF ENERGY
CE-1312 :
ATTN: MR ECKLUND 1
FORRESTAL BLDG.
1000 INDEPENDENCE AVE, SW
. WASHINGTON DC 20585 -
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