
val Research Laboratory
DC 203751-5000

AD-A250 371 ?LM-6W2W

Fire Hazards of NMxed Fuels on the Flight Deck

J. T. LEONARD, C. R. FULPER, R. DARWIN,* G. G. BACK,**
R. E. BuRNs** AND R. OUELETrE**

Navy Technology Center for Safety and Survivability

*Naval Sea Systems Command

Washington, DC 20362

"HRughes Associates Inc.
Wheaton, MD

Aprl 28, 1992

DTIQ
ELECT~t
MAY 2 1199*

92- 13440

Approved for public release; distribution unlimited.

LIP),)?'



REPORT DOCUMENTATION PAGE I , o 0704-0188

PubIoc reowting burden f0. this Collection of information t, estim~ated tO average I hour Per response, incudsng the time for 0M8en Nntutons 0erci04eisin0dtasorcs
gathering and maintaining the data neaded, and comleting and reviewing the collection of information %en commients rogardsng this burden estimate Or any other aspect of this
coflNun of information. including suggestions for reducing this burden, to Washington Headqicuarterri Services. Directortate for information Operations and Reports. 12lls Jeff erson
Dawn Highway. Suite 1204. Arlington. VA 22202-4302. and to the Office of Management and Budget. Paperwock Rteducto Prot(1041N).Wshungon. DC20503

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

IApril 28, 1992
4. TITLE AND SUBTITLE S. FUNDING NUMBERS

Fire Hazards of Mixed Fuels on the Flight Deck

PE - 6035 14N, PN S1565
6. AUTHOR(S) PE - 603262N, PN W1819

J. T. Leonard, C. R. Pulper, R. Darwin,* G. G. Back,"*
R. E. Bums** and R. Ouelette**

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) B. PERFORMING ORGANIZATION
REPORT NUMBER

Naval Research Laboratory
Washington, DC 20375-5000 NRL/MR-6 180-92-6975

9. SPONSORING/ MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING /MONITORING
AGENCY REPORT NUMBER

Naval Sea Systems Command (SEA 51128)
Washington, DC 20362 and
Naval Air Systems Command (AIR 931P)
Washington, DC 20361

111. SUPPLEMENTARY NOTES

*Naval Sea Systems Command
"*Hughes Associates, Inc., Wheaton, MD

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution unlimited.

13. ABSTRACT (Maximum 200 wordt)

An assessment was made of the increased fire hazard resulting from the spill of mixed JP-8/JP-5 fuels
on a heated flight deck. The effect of the pure fuels and of various mixtures thereof on ease of ignition,
flame spread and difficulty of extinguishment were examined. The results indicated that it was not until the
temperature of the fuel and heated deck was more than 11 0C (200F) above the flash point of the fuel that
any significant difference in flame spread occurred. Above this temperature, the flame spread increased
rapidly, eventually reaching 150 cm/s (60 mins). The fire extinghishment tests showed clear, quantifiable
differences in the ability to extinguish fire involving minimum flash point JP-5 vs. Jet A (JP-8) fuels. The
neat JP-5 fuel fires could always be extinguished with one hand line in less than 60 seconds whereas the
100% Jet A (JP-8) fires becomes progressively more difficult to extinguish with increasing fuel tempera-
ture. Above 71 "C (160"F), the Jet A (JP-8) fires could not be extinguished in two minutes with two hand
lines.

14. SUBJECT TERMS 15. NUMBER OF PAGES

Fuel fires Flame spread 31
Fire extinguishment Flight deck fires 16. PRICE CODE

17. SECURITY CLASSIFICATION 18I. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT I OF THIS PAGE OF ABSTRACT

UNCLASSIFIED UNCLASSIFIED jUNCLASSIFIED UL
NSN 7S40-01-280-5500 Standard Formi 298 (Rev 2-89)



Table of Contents

Page

1.0 BACKGROUND ................................ 1

2.0 OBJECTIVES .................................. 2

3.0 EXPERIMENTAL PROCEDURE ..................... 2

4.0 RESULTS AND DISCUSSION ...................... 12

4.1 Flash Point Tests .......................... 12
4.2 Small Scale Flame Spread Tests ............... 12
4.3 Large Scale Flame Spread Tests .............. 17

5.0 CONCLUSIONS ................................ 21

6.0 RECOMMENDATIONS ........................... 24

Aocession For

lITIS GA&IDITIC TA? 0

j u o, ' ,,L - - -

By-

Ditxtrib.tdl cd_

'.DIst Spec18l
Dis



List of Figures

Paae

Figure 1 Small scale flame spread pan ................. 4

Figure 2 Large scale flame spread pan (plan) ............ 5

Figure 3 Large scale flame spread pan (cross-section) ..... 6

Figure 4 Original debris pile NWC China Lake, CA (NIMITZ
Tests (1982-83) ........................... 8

Figure 5 Interior view showing fuel cascade ............. 8

Figure 6 Debris pile running fuel fire at the Shipboard
Aircraft Fire Team Trainer Facility (NAS Memphis) .. 9

Figure 7 Debris pile fire test (CBD) .................... 9

Figure 8 Debris pile test deck ........................ 10

Figure 9A Debris pile-one hand line attack ............... 11

Figure 9B Debris pile-two hand line attack ............... 11

Figure 10 Flash points of JP-5/Jet A mixtures ............. 13

Figure 11 Effect of JP-4 on the flash point of JP-5 .......... 14

Figure 12 Small scale flame spread data on JP-5/Jet A
(JP-8) fuels ............................... 15

Figure 13 Large scale flame spread data for JP-5/Jet A
(JP-8) fuels ............................... 19

Figure 14 Extent of flame spread of large scale heated
decks for Jet A (JP-8) and JP-5 fuels at 7660C
(1 70°F) eight seconds after ignition ............. 20

Figure 15 Extinguishment times for JP-5/Jet A (JP-8)
fuels at various fuel temperatures .............. 22

iv



Ust of Tables

Paae

Table 1 Small Scale Flame Spread Rates .............. 16

Table 2 Large Scale Flame Spread Rates .............. 18



Fre Hazards of Mixed Fuels on the Flqt Deck

1.0 BACKGROUND

The Department of Defense has three principal jet fuels, namely:

JP-4 - a wide cut gasoline/kerosene fraction with an unspecified flash point in the

range of -18 to -120C (0 to 10F) [1]. It is comparable to commercial Jet B and is

currently the main jet fuel used by the Air Force.

JP-5 - a high flash kerosene with a specified minimum flash point of 60C (1 400 F)

[1]. It does not have a commercial counterpart. It is the main jet fuel used by the

Navy. The high flash point is critical to the protection of the ship.

JP-8 - a kerosene which is a newer Air Force fuel with a specified minimum flash

point of 38C (1W09 [2]. It is very close to the widely used commercial Jet A-1

and has been used by the Air Force in Britain since 1979.

During the Persian Gulf crisis, Navy carrier-based aircraft, which normally fly on JP-

5 fuel, were being refueled from Air Force tankers with JP-8 fuel. The Navy planes would

then return to the carrier with a "mixed bag" of JP-5/JP-8 fuel. Since JP-8 can lower the

flash point of JP-5 fuel, there was concern that in the event of a crash involving a fuel spill

on the flight deck (where temperatures locally could be as high as 93C (200rF*)), that

there could be an increased fire hazard. This would be due to the fact that the mixed fuel

(JP-5/JP-8) fuel on board the returning aircraft would have a flash point lower than

acceptable for carrier orgrations. This test program was initiated to evaluate the potential

fire hazard of mixed fjal on the flight deck.

* Data supplied by the Naval Air Systems Command [3] indicated that in the

summer along the Atlantic coast, daytime flight deck temperatures ranged from 60

to 90C (140 to 190F) and reached 93°C (200°F) in the catapult area.

Manusrip apprvd Ja u-y 24, 1992. I



20 OBJECTIVES

The objectives of the study were the following:

1. To provide an assessment of the increased fire hazard resulting from the

spill of mixed JP-8/JP-5 fuel on a heated flight deck; and

2. To provide guidance, if required, on fighting fires involving mixed fuels.

&0 EXPERIMENTAL PROCEDURE

There are three questions to be resolved in assessing the possible increased fire

hazard resulting from adding a more volatile fuel to a less volatile fuel: ease of ignition,

flame spread, and extinguishment difficulty.

In order to resolve these questions, the following approach was taken.

1. Ease of Ignition

The effect of JP-8 fuel of the flash point of JP-5 was determined by measuring the

flash points of the neat fuels and various mixtures thereof (25, 50, and 75%) using the

Pensky-Martens apparatus [4]. The base fuels used in all of these tests were intentionally

selected for their low flash points to produce a 'Worst case" scenario. Due to the extreme

urgency placed on this program by operational considerations, it was not possible to

locate a JP-8 fuel with a sufficiently low flash point in time to complete the program.

Accordingly, a Jet A fuel was substituted for the JP-8 fuel since, from a standpoint of

flammability and extinguishment, JP-8 and Jet A fuels having the same flash point would

behave identically. The Jet A fuel selected had a flash point of 1 00F, which is the

specification minimum for both Jet A and JP-8 fuels. The flash point of the JP-5 base fuel

was 1460F, just six degrees over the specification minimum.

2



The flash points of the pure fuels were determined as well as those of a sufficient

number of JP-5/Jet A (JP-8) mixtures to prepare a curve defining the effect of the more

volatile Jet A (JP-8) fuel on the ignitability of the mixture.

2. Flame Spread

The effect of the Jet A (JP-8) on the flame spread of JP-5 fuel at various

concentrations of Jet A (JP-8) in JP-5 was determined over the temperature range of 27

to 82*C (80 to 180*F) using both a small scale and a large scale heated deck.

The small scale tests were conducted in a 20.3 x 152.4 cm (8 x 64 in.) stainless

steel pan as shown in Fig. 1. The pan was heated by means of a water coil welded to

the bottom of the pan. The fuel was heated to the same temperature as the pan before

it was discharged onto the surface of the pan. The fuel was ignited by means of a

propane torch, and both the ignition delay, where appropriate, and the time required for

the flame to traverse the length of the pan were recorded.

Large scale flame spread tests were conducted at the Naval Research Laboratory's

(NRL) Chesapeake Bay Detachment (CBD) Fire Test Facility using a 1.5 x 12.2 m (5 x 40

ft) steel deck as shown in Figs. 2 and 3. This deck was heated by circulation of hot water

through chambers on the bottom side to provide temperatures from 27 to 820C (80 to

180WF), simulating various flight deck conditions. As in the small scale tests, both the fuel

and the deck wsre heated to the same temperature before the fuel was spilled on the

deck through a "picollo"-type inlet located in the center of the deck. Ignition was provided

by a propane torch located at one end (Fig. 3), and the time required for the flame to

spread to the opposite end was recorded visually and on video tape.

These tests were instrumented to provide fuel temperatures in the tank and on the

deck, as well as at 2.5, 7.6, and 15.2 cm (1, 3, and 6 in.) above the pan.

3
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After the fire spread the length of the deck, it was extinguished using a fixed nozzle

AFFF system with the same application rate as used in the aircraft carrier flush deck

system. These tests provided information on the effectiveness of the flush deck system

in extinguishing mixed fuel fires at various temperatures.

3. Extinguishment

The extinguishment tests were performed using a "debris pile" fire which is a three-

dimensional running fuel fire. The debris pile, which is a concrete block structure 2.4 x
2.4 x 3.1 m (8 x 8 x 10 ft) and having a sloping steel roof (Fig. 4), was developed during

the NIMITZ fire test program [5]. It is intended to simulate the type of fire that results

when an aircraft crashes into parked aircraft on the flight deck rupturing fuel tanks and

producing debris, e.g., aircraft wings and damaged fuselages, which limit the access of

firefighters to the running fuel fire within the pile. The inclined steel roof (Fig. 4) simulates

an aircraft wing, and the slit pipe from which fuel cascades down over inclined trays (Fig.

5) represents the ruptured fuel tank spilling fuel onto wreckage. Piece of broken concrete

block on the floor of the debris pile provide numerous "nooks and crannies" for the fuel

to hide in, further complicating the extinguishing problem. The debris pile fire has been

used extensively in previous test programs and is a reproducible and extremely

challenging fire to extinguish. A variation of the debris pile fire has been installed at the

Shipboard Aircraft Fire Team Training (SAFTT) facility at Millington, Tennessee (Fig. 6) as

a training device for flight deck firefighting. The debris pile was selected as a trainer for

SAFTT because it represents the most difficult fuel fire on the flight deck.

The debris pile fires were fought under wind conditions of 0, 15, and 30 knots

using three airboat engines to generate the required wind (Figs. 7 and 8). The fires were

extinguished using two 3.8 cm (1.5 in.) hand lines flowing AFFF solution at 473 Ipm (125
gpm) each through standard flight deck vari-nozzles. The initial attack was made after

a sixty-second preburn with one hand line (Fig. 9A). If the fire was not extinguished in

60 seconds, the second hand line was sent in from the opposite side of the debris pile

(Fig. 9B). The overall attack continued for another 60 seconds or until the fire was

extinguished, whichever occurred first. Experience with this fire has shown th.at if the fire

7
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Fig. 4 - Original debris pile NWC China Lake, CA
(NIMITZ Tests 1982-83)

Fig. 5 - Inte, ior view showing fuel cascade
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Fig 6-Debris pie runfliflg fuel tire at the Shipoard Aircraft

Fire Team Trainer Facility NAS Mem'phis

Fig 7 - Debris pile fire test CBD
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Fig. 9A- DEBRIS PILE - ONE HANDLINE ATTACK

Fig- 9B - DEBRIS PILE - TWO HANDLINE ATTACK
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was not extinguished within two minutes, it could not be extinguished with that particular

equipment and technique. The temperature of the AFFF solution and the fuel, both at the

fuel cart and at the debris pile, were recorded during each test.

4.0 RESULTS AND DISCUSSION

4.1 Flash Point Tests

The flash points of pure JP-5 and Jet A (JP-8) along with various mixtures of the

two fuels are shown in Fig. 10. The curve is virtually a straight line indicating that the

lowering of the flash point of JP-5 is nearly directly proportional to the amount of Jet A

(JP-8) added. Previous work with JP-4/JP-5 mixtures [6] showed a much greater drop

in the flash point of JP-5 fuel with small additions of JP-4 (Fig. 11); but, of course, the

much greater volatility of the JP-4 fuel vis-a-vis the JP-5 was responsible for this drop.

To the extent that the flash point is lowered, the ignition hazard is increased. This could

be crucial in terms of whether or not a fire occurs, particularly inside of the ship where

compartment temperatures could exceed 49C (1200 F). The spill of a 380C (100 F) flash

point fuel in a compartment where the temperature was 490C (120F) could lead to an

ignition if the fuel vapors encountered even a weak ignition source, e.g., a static spark,

whereas no fire would ensue under the same circumstances if the flash point of the fuel

were 60C (1400F).

It is recognized that, in practice, the difference in the flash points of individual

samples of JP-5 and JP-8 fuels may be anywhere between 0 and 310C (0 and 56F).

Consequently, it is not possible to make generalizations about the fuels per se; one can

only compare individual samples of these fuels on the basis of their flash points.

42 Small Scale Flame Spread Tests

The results of the small scale flame spread tests for the neat JP-5 and Jet A (JP-8)

fuels are shown in Fig. 12 and are listed in Table 1. The data points for the JP-5/Jet A

12
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(JP-8) mixtures are not shown on this figure to avoid clutter, but the mixtures all fall

between the two extremes on the figure. The data for the mixtures as well as data for a

number of pure hydrocarbons in the same flash point range are the subject of a separate

report [7].

As indicated in Fig. 12, the flame spread rates for both JP-5 and Jet A (JP-8) are

quite similar (Jet A (JP-8) is slightly faster), increasing gradually from ca. 4 to 7 cm/s (2

to 3 in./s) up to around 15-200C (27-36F) above the flash point. Above this temperature,

the flame spread rates increase rapidly, reaching a maximum of ca 150 cm/s (60 in./s)

for both fuels. These results are quite consistent with the data obtained for pure

hydrocarbons having flash points in the same range as the JP-5/Jet A (JP-8) [7].

4.3 Large Scale Fame Spread Tests

The results of the large scale flame spread tests are listed in Table 2 and are

plotted in Fig. 13. Again, the data points for the mixtures are not included in the figure

to avoid clutter, but they are fall between the two extremes.

The data show a more gradual increase in flame spread with temperature than was

found in the small scale, no-wind conditions starting about 110C (200F) above the flash

point. The flame spread rates for Jet A (JP-8) eventually reached about 150 cm/s (60

in./s), just as in the small scale tests. The maximum flame spread rate attained for the

JP-5 fuel was about 75 cm/s (30 in./s); although, as shown in Fig. 13, JP-5 was clearly

headed for a flame spread rate of about 150 cm/s (60 in./s). However, it was not

possible to heat the flight deck above 82C (180F) in order to attain this flame spread

rate for JP-5 fuel.

Since the flame spread curves in Fig. 13 are for minimum flash point fuels, they

represent a worst case scenano. What they show is that at a temperature of 82*C

(1800F), which, as indicated above, is within the range of temperatures observed on a

flight deck during summer daytime operations, the flame spread rate for a minimum flash

point Jet A (JP-8) fuel would be twice that of a minimum flash point JP-5. As indicated

17
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JP-5 8 Seconds after ignition at 170F

Jet A/JP-8 8 Seconds After Ignition at 170°F

Fig, 14 - Extent of flame spread on large scale
heated deck for Jet A (JP-8) and JP-5 fuels
at 76.60C (170 0F) eight seconds after ignition
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in the time sequence photos in Fig. 14, this means that by the time the Jet A (JP-8) had

traversed the entire 12.2 m (40 ft) deck, the JP-5 fuel had only travelled 6.1 m (20 ft). In

other words, flight deck personnel would have up to twice as long to react to an

advancing fire if the fuel were JP-5 instead of Jet A (JP-8). Granted, the difference may

be in seconds, but seconds could be crucial in deploying firefighting equipment or in

saving lives.

The results of the debris pile extinguishment tests are shown in Fig. 15. The data

show that the extinguishment times for all fuels increase with increasing temperature of

the fuel. However, the 100% JP-5 fuel fires could always be extinguished with one hand

line in less than 60 seconds. In fact, it was not until there was 60% Jet A (JP-8) in the

mixture that it was necessary to employ a second hand line to extinguish this fire.

At 90% Jet A (JP-8), the debris pile fires could not be extinguished in two minutes

with two AFFF hand lines if the fue temperature was above 77*C (1700 F). For 100% Jet

A (JP-8), the debris pile fires could not be extinguished above 71°C (160aF).

These results clearly show that in certain flight deck firefighting scenarios, fires

involving minimum flash point Jet A (JP-8) fuels could be more difficult to extinguish than

JP-5 fires. However, for these scenarios to occur, the fuel tanks would have to be

exposed to a fire for a sufficiently long time to heat the fuel to about 350C (600 F) above

its flash point. These temperatures would not occur in the fuel tanks of an aircraft parked

on the flight deck in normal operations, even in tropical climates, since the fuel is a poor

conductor of heat. In any event, the resultant fires could be extinguished using standard

flight deck fire fighting procedures.

50 CONCLUSIONS

The following conclusions were drawn from this study:

1. Flash Point - For the fuels selected, the lowering of the flash point of the JP-

5 was nearly directly proportional to the amount of Jet A (JP-8) added. To

21
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the extent that the flash point is lowered, the ignition hazard is increased.

This could be crucial in terms of whether or not fire occurs, particularly

inside of the ship where compartment tempe(ures could exceed 49"C
(120F). However, it is recognized that in the field, the difference in the flash

points of individual samples of JP-5 and Jet A (JP-8) may be anywhere

between 0 and 31°C (0 and 56"F). Consequently, it is not possible to

generalize about the fuels themselves; one can only compare individual

fuels on the basis of their flash points.

2. Small Scale Flame Spread Tests - Up to about 170 (3(WF) above the flash

point, the flame spread rates for all fuels were quite similar, increasing

gradually from ca 4-7 cm/s (2-3 in./s) up to around 15-20*C (27-36*F) above

the flash point. Above this temperature, the flame spread rates increased

rapidly, reaching a maximum of ca 150 cm/s (60 in./s) for all fuels.

3. Large Scale Flame Spread Tests - Up to about 1 1C (20F) above the flash

point, the flame spread rates for all fuels were similar, increasing gradually

with temperature, just as in the small scale tests. Above this temperature,

the flame spread rates increased with temperature, but not as rapidly as in

the small scale tests. The flame spread rate for Jet A (JP-8) eventually

reached about 150 cm/s (60 in./s), just as in the small scale tests. The

maximum flame spread rate attained for the JP-5 fuel was about 75 cm/s

(30 inJs) although it clearly would have reached about 150 cm/s (60 inJs)

If the deck could have been heated further.

In a worst case scenario, the flame spread rate for Jet A (JP-8) was twice

as fast as JP-5, indicating the flight deck personnel would have up to twice

as long to react to an advancing fire if the fuel were JP-5 instead of Jet A

(JP-8). Granted, the difference may be in seconds, but seconds could be

crucial in deploying firefighting equipment or in saving lives.
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4. Fire Extinguishment - The debris pile fire extinguishment tests showed clear,
quantifiable differences in the ability to extinguish fires involving minimum

flash point JP-5 vs. Jet A (JP-8) fuels. The neatJP-5 fuel fires could always
be extinguished with one hand line in less than 60 seconds whereas the

100% Jet A (JP-8) fires became progressively more difficult to extinguish
with increasing fuel temperature. Above 71°C (1 600F), the Jet A (JP-8) fires

could not be extinguished in two minutes with two hand lines. These
results show that in certain flight deck firefighting scenarios, fires invoMng

minimum flash point Jet A (JP-8) fuels would be more difficult, but not

impossible, to extinguish.
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