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INTRODUCTION

In March1979,The WhiteSandsTestFacility(WSTF)was requestedby the Ames
ResearchCenterto performa seriesof large-scaleJP-4pool firetests.
Theseexperimentswere designedby the AmesResearchCenterandwere fundedby
the LangleyResearchCenterGraphiteFibersRiskAnalysisOffice,whichis
interestedin developinganalyticalpredictionsof fiberdispersion.These
experimentswere performedto providedatawhichwouldbe usedin the
modificationof existingmathematicalmodelsof largefiresand sootplumes.
This reportcontainsa descriptionof the experimentaltechniqueand a
tabulationof the resultingdata.

BACKGROUND

The high-strengthand low-weightpropertiesof graphitecompositesindicate
that extensiveuse of suchmaterialsin aircraftis desirable.The graphite
fibersused in suchcompositematerialsare lightweightand havea hlgh
electricalconductivity.Thesepropertiespresenta potentialhazardto
electricalequipmentif such fibersinadvertentlycontaminatesusceptible
components.A mechanismfor a hazardouscontaminationexistsif the material
is burnedin sucha way thatthesmalllow-densitygraphitefibersare lifted
by the fireplumeand subjectedto atmosphericdistributionprocesses.The
potentialfor this situationin aircraftaccidentsand in wastedisposalby
incinerationindicatesthe needto assessthe risksinvolvedin commercialuse
of graphitecomposites.

The mathematicalpredictionof the disseminationof graphitefibersin
large-scalefiresis dependenton the uncertaintiesin modelingthe
characteristicsof largefires. A reviewof the best availablemodelof the
characteristicsof largefiresby the AmesResearchCenteridentifiedthe
uncertaintiesand the type and locationof measurementsrequiredto reduce
theseuncertainties.Temperature,gas speciesconcentration,and soot
concentrationmeasurementswere madethroughoutthe interiorof 7.5-and
15-meter-diameterJP-4 fuelfiresand are describedin thisreport.

OBJECTIVES

The primaryobjectiveof thiseffortwas to determinethe spatialdependence
of temperature,fuel,air and sootin 7.5-and 15-meter-diameterJP-4 fuel
fires. Radiantand combustionheat flux,combustionproductsand local
meteorologymeasurementswere alsomade. Photographiccoverageof eachtest
included24- and 200-frame-per-secondmoviesand time-correlatedstill
photographsof the sootplumeand residualcloud. Thesemeasurementswere
madeto documentthe generalcharacteristicsof eachtest.



APPARATUS

The test system (fig. l) consistedof a concretepad for the fuel pond, a
tower and support structurethat facilitatedplacing instrumentsin the fire,
and an instrumentationand control system that provided for temperaturedata
acquisition,chemistrysampler control,and fuel ignitioncontrols.

A O.l-meter-thicksteel-reinforcedconcretepad that was flat and level to
within 6 millimetersprovided the surface forthe fuel pond. Peripheral
containmentof the fuel was accomplishedwith a O.l-meter-highconcretecurb
placed at the appropriateperimeter. The pool was designedto contain
approximately1500 and 5600 liters of fuel for the 7.5- and 15-meter-diameter
fires. The area around the pool was cleared to a radius of 75 meters.

Instrumentationwas suspendedin the fire at heightsof 21.3, ll.4, 5.7, 2.9,
and 1.4 meters on five Y-shaped instrumentationsupport structures. These
structureswere fabricatedof 3-millimeter-thick,50- by 152-millimeter
rectangulartubing. The primaryleg of a supportstructurewas 8.2 meters
long with a 1.8-meterextensionthat allowedtemperaturemeasurementsto be
made up to lO meters from the center of the pond. The remainingtwo legs of
the structurewere each 3.8 meters long and were instrumentedto determinethe
symmetryof the fire. The upper two levels of the instrumentationsupport
structurewere suspendedon catenariesof 9-millimetersteel cable, each
supportedby three 27.4-metertowers. The structureswere raised and lowered
with 6-millimetersteel cable rigged to manualwinches. The three towers each
consistedof a 0.76-meter-diameter,18.3-meter-highsteel pipe with an
additional9.1 meters of 0.46-meter-diameterpipe splicedto the top. The
lower instrumentationsupport structureswere supportedat the ends with
O.15-meter-diameteraluminumpipe. The instrumentationsupportstructures
were insulatedwith two 25-millimeterlayers of high-temperatureinsulation
reinforced with chickenwire. The 27.4-metertowers were open at the top and
filled with water to provide an additionalheat sink.

The instrumentationconsistedof up to 52 thermocouples,24 chemistry
samplers,a meteorologicalballoon, 3 windspeedand directionindicators,6
16-millimetermovie cameras, 2 calorimeters,2 radiometers,and a data
acquisitionand chemistrysamplercontrol system (fig. 2). The dc power used
to operate the chemistrysamplersand the manuallyactivatedignitercircuits
was provided by three automobilebatterieswired in series.

The thermocouplesused to make the fire temperaturemeasurementswere
fabricatedof 24 AWG chromel-alumelwire. A 0.46-meterceramic tube was used
to protect and strengthenthe thermocoupleso that an extensionfrom the
structureof at least 0.3 meters could be achieved. Accuracy of the
temperaturemeasurementswas limited to _ 14 K because of the extensive
cable distance to the data acquisitionsystem.

The chemistrysamplers (fig. 3) consistedof an appropriately-sizedceramic
probe, a solenoid-operatedsampling valve, a gas temperaturequencherequipped
with a ceramic soot filter,a capillarytube, a solenoid-operatedisolation
valve, a 3.l-literstainlesssteel bottle,and a manual servicing_valve. The

2



solenoidvalves were operated in parallel and were redundantto insure the
integrityof the gas sample. The ceramic probe providedthermalisolationfor
the inlet valve. Ceramicprobes of variousdiameterswere used to obtain an
isokineticsample of particulatefor the predictedgas velocityat the sample
location. The quencherwas experimentallyshown to have the capabilityto
cool up to 6 liters of 1600-K inlet gas to less than 360 K. The capillary
tube was sized to obtain an isokineticvelocitythroughthe samplerover a
30-secondperiod of sampling. The samplingapparatuswas insulatedin a pod
of three 25-millimeterlayers of high-temperatureinsulationreinforcedwith
chicken wire (fig. 4). A strong back and samplersupportbracketprovided
mounting to the instrumentationsupportstructureat two points that provided
horizontaland verticalstabilityin the turbulentenvironmentof the fire.
The ceramic samplingprobe lengthwas maintainedat a minimumof 0.3 meter to

" minimize sampling interferencefrom gaseousflow patternscaused by the
structure. The componentsof the fire were separatedinto three groups by the
samplers;soot was trappedin the ceramicfilter_water and condensable
hydrocarbonswere condensedin the quencherand capillarytube, and gaseous
compoundswere isolatedin the stainlesssteel bottle.

The meteorologicalballoonand the wind directionand speed indicatorswere
used to determinethe pretestand test atmosphericconditions. The balloon
was equippedto determinethe barometricpressure (± lmillimeter),
temperature(± O.1K), relativehumidity (_ 1 percent),wind direction
(± 5o), and windspeed(_ 0.5 m/s) at 150-meterincrementsof altitude.
Windspeed (± 0.5 m/s) and wind direction(± 5o) indicatorswere also
mounted at 7.5-, 15-, and 22.5-meterheightson a pole approximately215
meters from the fuel pond.

Photographiccoverageof each test was obtainedwith 16-millimetermovie
cameras at three locations(fig. 5). Photographsof the soot plume and the
cloud were taken with a 40-millimetercamera approximately5 kilometersfrom
the test site. Film speed at each locationwas 24 framesper second for the
test duration. High-speed(200 framesper second)motion picturesof 60
secondsof each fire were obtainedat one location.

PROCEDURES

The proceduresused for the seven pool fire tests consistedof a pretest
• setup, a test procedure,and an analyticalprocedure. The pretestprocedure

was dominatedby the location,verification,and calibrationof the
instruments. The test procedureconsistedof the operationof the test system
to make the measurements. The analyticalprocedureconsistedof the gas
analysisand data reduction.

i_zb_est P.ocedure

Thermocouples w_re mounted on all three legs of the support structure as
identified in the data table for each test. The primary instrumentation leg
was designated as leg A, the secondary legs were designated as B and C (fig.
5). The thermocouples were mounted by securing the interface connector to the
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undersideof the insulation-reinforcingchickenwire. The measurementbeadof
the thermocouplewas orientedbelowthe supportstructureand extendedat
least0.3 meterbeyondthe insulation.Verificationof the correct
measurementlocationto eachdatachannelwas accomplishedby heatingthe
thermocouplewitha solderingironand obtainingan increasein temperatureat
the data system. Calibrationof the thermocoupleswas accomplishedby heating
eachlocatedthermocouplewithan oil bathat approximately400 K (± 5 K)
and observingthe correcttemperatureindicationon the datasystem. After
verificationand calibration,the dataacquisitionsystemwas activatedto
obtainthe ambienttemperatureon all the thermocoupleseachsecondfor 300
seconds. The resultingnoiseand temperaturedriftwas verifiedto be less
than± 5 K.

Preparationand mounting of the chemistrysamplersconsistedof cleaning,
assembling,leak-testing,insulating,and mounting. Each samplerwas
disassembledand each componentwas cleanedto the WSTF precleanlevel. This
consistedof soaking in a 320-K Oakite bath, a distilledwater rinse, an
isopropylalcohol rinse, and a Freon TF rinse. The sample bottle,the
isolationsolenoid valve, and the manual valve were then assembledand
pressure leak checkedby pressurizingthe bottle to 4400 pascalswith nitrogen
and immersingthe assembly in Freon. After remedyingany gross leaks, the
samplerwas completelyassembledand evacuatedto less than 0.14 pascal. The
vacuum level was verified to be less than 0.6 pascal 24 hours after
evacuation. The samplerwas then insulatedin the pod and a final vacuum
level check was performedto insure that the pressure was below 3 pascals.
Typically,the final vacuum level was less than 1.5 pascals in the final
pretestconfiguration. The samplingpods were mountedbelow the
instrumentationstructurein the desired locations. The appropriatelysized
ceramic samplingnozzle was attachedto each samplingpod on the test date.
Terminationof the samplingpod valve controlswas verifiedwith a continuity
check. Insulatingthe instrumentationsupportstructurescompletedthe final
installationof the chemistrysamplers.

Two water-cooledcalorimeterswere installedat the center of the pool. Both
were oriented horizontallyso that the measurementsurfacefaced the center of
the area between the secondarylegs of the instrumentationsupportstructure.
One calorimeterwas placed at a height of 1.4 meters above the pool and the
other was placed at 2.8 meters above the pool. Two water-cooledradiometers
were installed22.5 meters from the center of the pool bisectingthe angle
formedby the primaryinstrumentationleg and the respectivesecondary
instrumentationleg. The radiometerswere mountedat a height of 0.9 meter
and were focusedon the center of the 5.7-meter-highinstrumentationsupport
structure. Motion picturecameraswere mountedat three locations. Two
stationswere located91 meters from the center of the pool bisectingthe
angles formed by the A and C and the A and B instrumentationsupportlegs.
The third stationwas located305 meters from the pool at the angle bisecting
the angle formed by the A and C instrumentationsupportlegs.



TestProcedure

1. A favorableweather forecastwas obtained.

2. Nichrome igniterswere installedat three locationsin the fuel pond
and were loaded with solid alcoholpellets.

3. Instrumentationintegritywas verifiedon a channel-by-channelbasis.

4. The fuel fill pipe was installedand the fuel truck was grounded.

5. Nylon ropes with weightsattachedto one end were attachedto each
. end of the upper supportstructuresso the height of the structures

when raised could be verifiedat 21.3 and ll.4 meters_ 0.3 meter.

6. The 21.5- and the ll.4-meter-highinstrumentationsupportstructures
" were raised after clearingthe area of personnel.

7. The fuel pond was filled to a depth of 31 ± 3 millimetersof JP-4
fuel.

8. The power to the chemistrysamplerand the ignitercircuitswas
connected.

9. The water valves to the water-cooledinstrumentationwere opened.

lO. Upon favorableindicationsof calm wind conditions (lessthan 0.2
m/s), a weatherballoonwas releasedandatmospheric conditionswere
measured and recorded.

ll. The motion picturecamerasand the remote still photographswere
initiated.

12. The primaryignitercircuitwas activated.

13. The data acquisitionsystem was activatedupon visual verification
of ignition.

14. Chemistrysamplerswere opened for 30 secondsat a predetermined
time into the fire or upon test-directorinstructionbased on visual

• verificationof verticalfire symmetry.

15. Data acquisitionand motion picturecameraswere deactivatedupon
terminationof the fire.

16o St_]l photographsof the smoke cloud were taken every minute until
the cloud dissipated.

17. After the test system returnedto near-ambientconditions,the upper
instrumentationsupportstructureswere returnedto ground level.



18. The chemistrysamplerand the ignitercircuitpowerweredeactivated.

19. The chemistrysamplerswereremovedfromthe structure,identified
as to location,and transportedto the chemistryiaboratoryfor
removalof insulationand analysis.

20. The cameraswereservicedand the filmwas submittedforprocessing.

21. All data acquisitionchannelswere functionallycheckedand
anomalieswererecorded.

AnalyticalProcedure

The chemistrysamplerswere removed from the insulationpod and allowedto
cool to room temperature. A samplerwas then attachedto the gas
chromatographsystem,and the temperatureand pressureof the samplerwere
measured and recorded. The percentvolume contentof hydrogen,argon, oxygen,
methane, and carbon monoxidewere determinedby gas chromatographyusing a
3.6-meter-long,4.75-millimeter-diameter,60- to 80-meshMole Sieve 5A
stainlesssteel column with a 25-cc/minhelium carriergas. Two methodswere
used to determinethe gaseousconstituentsin each sampler,one isothermaland
one temperature-programed.The isothermalmethod at 373 K for 16 minutes
yieldedthe reportedvalues for hydrogen,methane,and carbon monoxideas well
as for argon and oxygen combined. The temperatureprogramwas 248 K for 12
minutes, followedby a 30-K/minrate of increaseto 373 K, which was then
maintained for 20 minutes. The programedtemperaturemethod was used to
determineargon and oxygen individuallyand to cross-checkthe values
previouslyobtained for hydrogen,methane,and carbon monoxide. Nitrogenwas
also determinedby both methodsand was used as a system consistency
reference. A third determinationwas made using a 2.4-meter-long,
3-millimeter-diameter,50- to 80-mesh,PorapakQ stainlesssteel column with a
25-cc/minhelium carriergas. The columntemperaturewas programedto
maintain 323 K for 7 minutes followedby a lO-K/minincrease to 448 K, which
was maintainedfor an additional70 minutes. This determinationprovidedthe
concentrationof methane,carbon dioxide,ethyleneand acetylene,and other
hydrocarbonsup to C-9. The methane value provided a check on the value
obtainedwith the Mole Sieve determinationand the other constituentswere
reported from this analysis. Althoughwater was eluted from the PorapakQ
column,the data were not reproducibleand did not appearto be useful. The
reported value for nitrogenwas determinedby differencefrom the total volume
percent of the measuredconstituents. Calibrationof the thermalconductivity
detector was done with gravimetricstandardspreparedby Scott Environmental
Technology,Inc. All hydrocarbonsexcept methane,ethylene,and acetylene
were measured as propane.

Identificationof individualhydrocarbonswas done using a gas chromatograph
interfacedwith a FinniganModel lO15D quadripolemass spectrometerequipped
with a computer analysis system. Separationof the samplewas with a
1.5-millimeter-diameterPorapakR column with the quantitativedeterminations
based on a propane standardfurnishedby the National Bureau of Standards.
Identificationwas madeby comparisonto referencemass spectralcompilations.
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The samplerprobe, the quencherassembly,and the associatedtubing were
separatedfrom the gas sampler,disassembled,and rinsed with acetone. The
acetone rinse was filteredthroughthe soot collectionthimbleand placed in a
Soxhlett extractionassembly. The thimblewas extractedwith acetone rinses
until at least five cycles had been completed. The amount of condensed
hydrocarbonsand water in the acetonewas then determinedwith liquid
chromatographyusing a silica column,an acetonecarrier, and a refractive
index detector. The value reported for condensedhydrocarbonswas measuredas
3P-4. The soot thimblewas then dried to a stable weight at 363 K in a vacuum
oven and ignitedin a muffle furnaceat 773 K. Soot contentwas determinedby
weight loss upon ignition. An alternateprocedureof measuringthe soot
content consistedof heating a dried thimble in a combustiontrain and
measuringthe carbon/hyorogenratio as well as the weight loss upon combustion.

The data obtained from the chemistryanalysiswere reducedto component
weightsand mass fractions. The gaseouscomponentweightswere determined
using the ideal gas law with the containervolume,the final temperatureand
the final pressure as knowns,and the total weight of the gaseouscomponents
calculatedon a water-freebasis. The gas mass fractionswere then determined
based on the total weight of the gaseouscomponentsexistingat the sample
bottle inlet at the test conditions,which includesthe calculatedweight of
water based on the measured values for carbon monoxide and carbon dioxideand
the measured weightsof unburnedhydrocarbonsas well as the components
measured in the gaseous state, lhe water formedby combustionwas calculated
in two ways. One water calculationwas made by difference,balancingall of
the oxygen containingspecies. Anotherwater calculationconsideredthe
combustionprocessand the amount of carbonmonoxide and carbondioxide
produced. A simplifiedrepresentationfor 3P-4 of CnH2n indicatesthat
the moles and volume percentof carbonmonoxide and carbon dioxideare related
to water as follows:

Cn H2n + 3/2 n 02 n C02 + n H20

Cn H2n + n 02 n CO + n H20

Thus the volume percentof water producedby combustionis equal to the sum of
the volume percentsof the carbon monoxideand carbon dioxide. The total mass

- fractionwas determinedby adding the weight of the soot and correctingthe
gas mass fractionvalues with the soot value included.

, Thermocouplevalues were reducedby curve-fittingto an eighth-degree
polynomial after adjustingthe value to accountfor the ambienttemperatureat
the multiplexerinterface. Temperaturechannelanomalieswere determinedby
performingcorrelationtests to nearbymeasurementlocationsand by manual
comparisonto surroundingmeasurementtrends. Data were deletedonly where
l-herew_s a lack of correlationto all surroundingmeasurements.
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RESULTS

A summaryof the seven JP-4 pool fire tests is tabulatedin table I. The
first test was a partiallyinstrumented7.5-meter-diameterfire which was
designedto functionallytest the insulationand instrumentationsystemand
was designatedas the pretest fire. Four additionaltests were conductedwith
a 7.5-meter-diameterpool; however,test 1 was performedduring what proved to
be excessivewinds for this experiment. The chemistrysampleswere not taken
during test 1 becauseof the instabilityof the fire. Test 2 was successfully
completedon the day followingtest l; however,the wind velocityof 0.4 m/s
caused the fire to lean excessively. During test 3, no chemistrysampleswere
taken. On the followingday, test 4 was conductedand adata acquisition
failureresulted in the loss of temperaturedata. However,tests 3 and 4 were
performedunder very similarconditionsand will be treatedas one test for
data comparisonpurposes. The last two tests, test 5 and test 6, were fully
instrumented15-meter-diameterfires and all the data was successfully
obtained.

A complete tabulationand compilationof the data obtainedduring each test is
listed in the White Sands Test Facilityreport number TR-259-001,"Measurement
of the SpatialDependenceof Temperatureand Gas and Soot Concentrations
Within Large Open HydrocarbonFuel Fires." This report includesthe
temperature,analytical,and meteorologicaldata and the photographsobtained
of the smoke plume developmentand dispersionfor each test. Also included
are the motion picture setup specificationsfor each test.

Experimentallymeasuredwater values were not consistentwith combustion
processes. In some cases no water was found and in others very large amounts
were measured even though some of the high values were actuallymeasured
outsidethe observed fire area. During the test programsourcesof
evaporatingwater were identifiedin additionto that formedby combustion.
Low water values possiblyoccurredwhen the water was producedin
concentrationsbelow the dew point at ambienttemperature. The experimental
data on water are includedin the percentby volume tables,however,only the
water value computed from carbon monoxideand carbon dioxidewere used to
calculatemass fractions.

The averagetemperature(for a stable portionof the test), the measured
oxygen,carbon monoxide,carbon dioxide,gaseousfuel, and soot concentration
profiles for each measurementheight for test 2 are shown in figures6 through
ll. The average temperaturesfor a stable portionof the fire are tabulated
in table II. The chemistrydata obtainedduring the test are given in table
VI. The portion of the fire from which the averagetemperatureswere obtained
was from lO to 40 secondsinto the fire. The chemistrysamplerswere
activatedat 2 minutesinto the fire and continuedsamplingfor 30 seconds.
All radial distancesare given from the center of the pond and are not
adjustedto consider wind effects.
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The averagetemperatureprofiles taken during test 3 (from 14 to 44 seconds
into the test) are plotted with the combustionchemistryconcentration(taken
during test 4) profiles obtainedfrom 30 to 120 secondsinto the test (figs.
12 to 17). The averagetemperaturesobtainedfor the stable portionof test 3
are given in table III. The chemistrydata obtainedduring test 4 are given
in table VII.

The averagetemperatureprofilesobtainedduring test 5 from 40 to 81 seconds
into the fire are plottedwith the combustionchemistryconcentrationprofiles
obtained from 30 to _0 secondsinto the test (figs.18 to 23). The average
temperaturesobtained for the stable portionof the test are listed in table
IV. The chemistrydata obtainedduring the test are given in table VIII.

" The averagetemperatureprofilestaken during test 6 from80 to 129 seconds
into the fire are plottedwith the combustionchemistryconcentrationprofiles
obtained from 40 to 70 secondsinto the test (figs.24 to 29). The average

• temperaturesotained for the stable portionof the test are given in table V.
The chemistrydata obtainedduring the test are given in table IX.

CONCLUDINGREMARKSAND RECOMMENDATIONS

A measureof the spatialdependenceof temperatureand combustionchemistryin
7.5- and 15-meterJP-4 pool fires was attainedduring this program.
Preliminarymodificationsto an analyticalmodel of such fires have begun as
indicatedin a preliminaryreport,"Improvementof a MathematicalModel of a
Large Open Fire," by Harsha,Bragg, and Edelmanissued to the NASA Ames
ResearchCenter in September1979 on ContractNAS2-10327. However,further
evaluationof the data is requiredto determinewhetherscalingeffectscan be
adequately deduced from the data obtainedduring these tests. As model
evaluationand correlationwith these data continue,the need for larger and
more stable tests could be indicated.
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TABLEI

TESTSUMMARY

Maximum Minimum
Pool Fuel Fire Evaporation Evaporation Wind Fuel
Size Depth Duration Rate Rate Velocity Quantity Temperature Chemistry

Test (*0.2m) (*3 mm) (sec) (mm/sec) (mmlsec) (m/sec) (liters) Data Data

Pretest 7.5 32 309 6.14 4.92 1.3 1450 Yes Yes

Test 1 7.5 32 260 7.31 7.11 0.89 1450 Yes No

Test 2 7.5 35 214 9.77 8.00 0.44 16DO Yes Yes

Test 3 7.5 38 267 8.55 5.76 0.22 1750 Yes No

Test 4 7.5 38 N/A N/A N/A 0.22 7000 No Yes

Test 5 15 38 330 6.90 5.76 0.08 7000 Yes Yes

Test 6 15 32 214 8.89 7.11 0.08 5800 Yes Yes
w
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TABLE II
TEST 2

AVERAGE TEMPERATURE DATA
7.5-METER-DIAMETER JP-4 POOL FIRE

AVERAGE FR(I_ I0 TO 40 SECONDS INTO THE FIRE

Height Distance From Center (meters)

(meters) Temperature (de@ K)

.7 0.0A .7A 1.4A I. SA 2.1A 2.5A 2.9A 3.4A
1213 1201 1220 1116 II00 1070 1015 738

i.4 0.0A .5A .9A I.3A i.6A 2.0A 2.5A 3.4A
1Ol9 1364 1341 1297 1280 i195 999 914

2.9 .6A 1.2A 1.8A 2.4A .6C 1.8C
1289 1410 1215 1027 679 644

5.7 0.0A .6A 1.2A 2.1A 3.2A 4.3A
710 930 1232 1222 1075 819

Ii.4 0.0A .9A 1.8A 3.4A 5.2A .9B 1.8B .9C 1.8C
388 428 589 817 837 333 323 338 348

21.3 0.0A 1.2A 2.4A 3.7A
367 350 465 394
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TABLE Ill
TEST 3

AVERAGE TEMPERATURE DATA
7o5-MET_R-DIAMETERJP-4 POOL FIRE

AVERAGE FROM 14 TO 44 SECONDS INTO THE FIRE

Height Distance From Center (meters)
(meters) Temperature (de_ K)

.7 0.0A .7A 1.4A 1.8A 2.1A 2.5A 2.9A 3.4A 4.0A
1016 977 1095 1129 1164 1091 831 569 443

1.4 0.0A .SA .gA 1.3A 1.6A 2.0A 2.5A 3.4A 4.0A
1192 1234 1262 1256 1293 1271 969 551 405

2.9 .6A 1.2A I.SA 2.4A 3.0A 3.7A 4.3A 1.2S I.SB 1.2C 1.8C
1352 1374 1244 1151 786 511 397 993 615 1361 995

5.7 0.0A .6A 1.2A 2.1A 3.2A 4.3A 5.5A .6B I.SB .6C 1.8C
1444 1389 1363 1042 701 397 314 1245 574 1441 1043

11.4 0.0A .9A 1.8A 3.4A 5.2A
1237 1155 1189 821 402

21.3 0.0A 2.4A 4.9A 7.3A
;49 575 431 327
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TABLE IV
TEST 5

AVERAGE TEMPERATURE DATA
15-METER-DIAMETERJP-4 POOL FIRE

AVERAGE FROM 40 TO 81 SECONDS INTO THE FIRE

Height Distance From Center (meters}
(meters) Temperature (deg K)

.7 0.0A 2.4A
885 1030

1.4 0.0A I.SA 3.7A 4.7A 5.6A 6.3A 7.1A 7.9A 8.8A
936 1167 1191 880 636 608 693 416 319

2.9 -.9A -2.1A 0.0A I.SA 3.4A 4.0A 4.6A 5.2A 5.8A 6.4A 7.3A 8.5A
1046 1195 1068 1375 1057 754 649 581 417 423 381 318

5.7 0.0A .gA I.SA 2.1A 2.7A 3.4A 4.0A 4.6A 5.5A 7.3A 3.7B 3.7C
1304 1376 1362 1118 918 544 622 457 476 391 767 917

11.4 0.0A 1.5A 3.0A 4.9A 7.3A 10.1A I.SB 3.7B 1.8C 3.7C
1477 1489 1143 642 364 340 1129 969 1275 701

21.3 0.0A 2.4A 5.2A 7.9A I1.0A
1411 1037 550 364 326
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TABLE V
TEST 6

AVERAGR TEMPERATURE DATA
15-METER-DIAMETERJP-4 POOL FIRE

AVERAGE FROM 80 TO 129 SECONDS INTO TN_ FIRS

Height Distance From Center (meters)

(meters) Temperature (de9 K)

.7 0.0A 2.4A
U74 939

1.4 0.0A .gA 1.8A 2.7A 3,7A 4.7A 5.8A 7.0A 8.1A
943 964 I07_ 1265 1307 950 721 574 450

m

2.9 -.9A -2.1A 0.0A I.ZA I.SA 2.2A 3.0A 3.8A 4.6A 5.5A 6.4A 7.3A
1083 1351 I0_3 i165 1284 1408 1324 I138 856 627 468 440

5.7 0.0A .gA 1.5A 2.1A 2.7A 3.4A 4.0A 4.6A 5.5A 7.3A 3.7B 3.7C
1295 1383 1416 1370 1289 III0 793 601 504 405 562 1019

II.4 0.0A I.SA 3.0A 4.9A 7.3A 9.1A 1.SB 3.7B 1.8C 3.7C
1419 1496 1324 824 438 369 952 537 1306 853

21.3 0.0A 2.4A 5.2A 7.9A ll.0A
1455 1234 658 405 356
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TABLE VI
TEST 2

COMBUSTION GAS COMPOSITION
7.5-METER-DIAMETERJP-4 FUEL FIRE

SAMPLE TAKEN FROM 120 TO 150 SECONDS OF THE FIRE

(a) Percent by Volume
...%..........

Height Distance Carbon Carbon Water Water Water
(meters) (meters) Oxygen Monoxide Dioxide (a) (b) (c)

2.9 0.0 19.1 .0 1.I I.i 1.5 .0

2.9 1.4 18.2 .0 1.7 1.7 2.1 .0

. 2.9 1.4 17.6 .I 2.2 2.2 2.0 .0

2.9 2.7 20.4 .0 .3 .3 .5 .0

3.7 0.0 20.2 .0 .I .1 1.7 .0

5.7 0.0 21.1 .0 .I .I .0 .0

5.7 2.1 20.6 .0 .1 .i .8 .0

5.7 2.1 20.5 .0 .I .1 1.2 .0

11.4 0.0 20.3 .0 .0 .0 1.6 .0

11.4 3.4 21.4 .0 .0 .0 .0 .0

21.3 0.0 21.2 .0 .0 .0 .0 .0

21.3 3.4 20.8 .0 .0 .0 .3 .0

(a) Nater calculation based on carbon monoxide and carbon dioxide.
(b) Water calculation based on oxygen.

. (c) Water calculation based on measured mass of water.
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TABLE Vl CONTINUED
T_ST 2

COMBUSTION GAS COMPOSITIO_
7.5-METER-DIAMETER JP-4 FUEL FIRE

SAMPLE TAKEN FROM 120 TO 150 SECONDS OF THE FIRE

(a) Per:centby Volume

Gaseous
Height Distance Ethylene Hydro-
(meters) (meters) Hydrogen Argon Methane Acetylene ......carbons Nitrogen

2.9 0.0 .0 .9 .0 .0 .0 77.8

2.9 1.4 .0 .9 .0 .0 .0 77.6

2.9 1.4 .O .9 .0 .0 .0 77.1 "

2.9 2.7 .0 .9 .0 .0 .0 78.0

5.7 O.O .0 .9 .L) .0 .0 78.7

5.7 O.0 .0 .9 .0 .0 .0 77.8

5.7 2.1 .0 .9 .0 .0 .0 78.3

5.7 2.1 .0 .9 .0 .0 .0 78.5

11.4 0.0 .O .9 .0 .0 .0 78.7

11.4 3.4 .O .9 .0 .0 .0 77.6

21.3 0.0 .0 .9 .0 .0 .0 77.8

21.3 3.4 .0 .9 .0 .0 .0 78.2
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TABLE VI CONTINUED
TSST 2

COMBDSTION GAS COMPOSITION
7.5-METER-DIAMETER JP-4 FUEL FIRE

SAMPLE TAKEN FROM 120 TO 150 SECONDS OF THE FIRE

(D) Gas Mass Fraction

Height Distance Carbon Carbon
(meters) .(meters) __0x¥gen'Monoxide Dioxide Water H_dro@en Ar_on_

- 2.9 0.0 .211 .000 .016 .007 .000 .013

2.9 1.4 .200 .000 .025 .010 .000 .013

• 2.9 1.4 .194 .001 .033 .014 .000 .013

2.9 2.7 .224 .00U .005 .002 .000 .013

5.7 0.0 .224 .000 .001 .001 .000 .012

_.7 0.0 .233 .000 .001 .001 .000 .013

5.7 2.1 .228 .000 .001 .000 .000 .012

5.7 2.1 .226 .000 .001 .000 .000 .012

11.4 0.0 .225 .000 .001 .000 .000 .012

II.4 3.4 .236 .000 .001 .000 .000 .013

21.3 0.0 .234 .000 .001 .000 .000 .013

21.3 3.4 .230 .000 .001 .000 .000 .013



TABLe'VI CONTINUED
TEST 2

COMBUSTIOt_GAS COMPOSITION
7.5-METER-DIAMETER JP-4 FUEL FIRE

SAMPLE TAKEN FROM 120 TO 150 SECONDS OF THE FIRE

(b) Gas Mass Fraction

Gaseous
Height Distance Ethylene Hydro- Unburned
(meters) (meters) Methane Acetylene carbons Nitrogen Fuel

2._ 0.0 .000 .000 .000 .750 .003

2.9 1.4 .000 .000 .000 .749 .003

2.9 1.4 .000 .000 .000 .746 .000 _.

2.9 2.7 .000 .000 .000 .749 .008

5.7 0.0 .000 .000 .000 .762 .000

5.7 0.0 .000 .000 .000 .752 •000

5.7 2.1 .000 .000 .000 .758 .000

5./ 2.1 .000 .000 .000 .760 .000

II.4 0.0 .000 .000 .000 .762 .000

II.4 3.4 .000 .000 .000 .750 •000

21.3 0.0 .000 .000 .000 .752 .000

21.3 3.4 .000 .000 .000 .756 .000

18
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TABLE VI COHTINUED
TE ST 2

COMBUSTION GAS COMPOSITION
7.5-METER-DIAMETER JP-4 FUEL FIRE

SAMPLE TAKEN FROM 120 TO 150 SECONDS OF THE FIRE

(c) Total Mass Fraction

Height Distance Carbon Carbon

(aeters) (meters) Oxygen Monoxide Dioxide Water Hydrogen Argon

2.9 0.0 .211 .000 .016 .007 .000 .012

2.9 1.4 .200 .000 .025 .010 .000 .013

• 2.9 1.4 .194 .001 .033 .014 .000 .013

2.9 2.7 .224 .000 .005 .002 .000 .013

5.7 0.0 .224 .000 .001 .001 .000 .012

5.7 0.0 .233 .000 .001 .001 .000 .013

5.7 2.I .228 .000 .001 .000 .000 .012

5.7 2.1 .226 .000 .001 .000 .000 .012

11.4 0.0 .22b .000 .001 .000 .000 .012

11.4 3.4 .236 .000 .001 .000 .000 .013

21.3 0.0 .234 .000 .001 .000 .000 .013

21.3 3.4 .230 .000 .001 .000 .000 .013

i
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TAOL_-VI CONTINUED
TEST 2

COMBUSTION GAS COMPOSITION
7.5-METER-DIAMETERJP-4 FGEL FIRE

SAMPLE I'AKENFROM 120 TO 150 SECONDS OF THE FIRE

(c) Total Mass Fraction

Gaseous
Height Distance Ethylene Hydro- Unburned
(meters) (meters) Methane Acetylene carbons Nitrogen Fuel Soot

2.9 0.U .U00 .000 .000 .750 .003 .001 ,

2.9 1.4 .000 .000 .000 .748 .003 .001

2.9 1.4 .000 .000 .000 .745 .000 .002 ,

2.9 2.7 .u00 .000 .000 .749 .008 .000

5.7 0.0 .000 .000 .000 .761 .000 .000

b.7 O.O .000 .000 .000 .751 .000 .001

5.7 2.1 .000 .000 .000 .758 .000 .000

5.7 2.1 .000 .000 .000 .759 .000 .000

11.4 0.0 .00O .000 .000 .762 .000 .000

11.4 3._ .000 .000 .000 .750 .000 .000

21.3 0.0 .000 .000 .000 .752 .000 .000

21.3 3.4 .000 .000 .OO0 .756 .000 .000
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TABLE VII
TEST 4

COMBUSTION GAS COMPOSITION
7.5-METER-DIAMETER JP-4 FUEL FIRS

SAMPLE TAKEN FROM 30 TO 120 SECONDS OF THE FIRE

(a) Percent by Volume

Height Distance Carbon Carbon Water Water WateE
(meters) (meters) Oxygen Monoxide Dioxide la) Ibl _c_

. .7 0.0 2.0 2.5 4.9 7.4 8.7 26.3

1.4 0.0 4.7 2.1 6.0 8.1 10.4 12.1

1.4 0.0 2.1 2.6 7.2 9.8 11.5 28.3

1.4 .5 1.4 2.9 6.1 9.0 11.3 8.1

1.4 2.0 9._ .9 5.5 6.4 8.3 16.1

1.4 2.7 15.5 .2 3.0 3.2 4.2 12.7

1.4 3.7 17.5 .I 1.7 1.8 3.2 7.6

2.9 0.0 3.0 2.4 7.4 9.8 11.8 15.1

2.9 0.0 5.8 1.7 6.3 8.0 10.2 27.1

2.9 1.4 12.1 .6 4.3 4.9 7.I 17.7

2.9 1.4 IU.9 .5 5.4 5.9 7.3 30.0

2.9 3.7 19.2 .0 .6 .6 2.6 31.4

5.7 0.0 5.2 2.1 7.1 9.2 11.1 16.4

5.7 U.0 6.9 1.7 6.1 7.8 Ii.0 19.5

5.7 2.1 13.8 .2 3.7 3.9 6.1 11.4

5.7 2.I 15.1 .I 2.8 2.9 5.9 i0.0

- 5.7 4.3 19.4 .0 .5 .5 2.4 II.I

11.4 0.0 15.6 .0 2.6 2.6 5.4 16.4

11.4 3.4 17.9 .I 1.7 1.7 2.6 8.7

21.3 0.0 17.3 .0 1.8 1.9 3.8 .8

(a) Water calculation based on car_on monoxide and carbon dioxide.
(b) water calculation based on oxygen.
(c) Water calculation based on measured mass of water.
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TABLE Vll CONTINUED
TEST 4

COMBUSTION GAS COMPOSITION
7.5-METER-DIAMETER JP-4 FUEL FIRE

SAMPLE TAKEN FROM 30 TO 120 SECONDS OF THE FIRE

(a) Percent by Volume

Gaseous
Height Distance Ethylene Hydro-
(meters) (meters) _dro_en Ar_on Methane Acetylene carbons Nitrogen

.7 0.0 8.4 .5 11.4 11.2 5.3 46.5

1.4 0.0 4.3 .7 4.2 4.3 2.2 63.4

1.4 0.0 5.8 .7 4.6 4.5 1.8 61.0 "

1.4 .5 6.1 .6 6.7 7.2 5.2 54.8

1.4 2.U 1.2 .8 .6 .7 .I 74.1

1.4 2.7 .0 .9 .0 .0 .0 77.1

1.4 3.7 .0 .9 .0 .0 .0 77.9

2.9 0.0 6.8 .7 2.4 1.4 .5 65.5

2.9 0.0 4.9 .7 2.4 I.6 .6 67.8

2.9 1.4 1.0 .8 .4 .3 .0 75.6

2.9 1.4 .6 .8 .i .I .5 75.1

2.9 3.7 .0 .9 .0 .0 .0 78.6

5.7 0.0 3.9 .8 .5 .2 .0 70.8

5.7 0.0 3.3 .8 .5 .2 .0 72.7

5.7 2.1 .2 .9 .0 .0 .0 77.2

5.7 2.1 .i .9 .0 .0 .0 78.1

5.7 4.3 .0 .9 .0 .0 .0 78.7 "

11.4 0.0 .I .9 .0 .0 .0 78.1

11.4 3.4 .0 .9 .0 .0 .0 77.7

21.3 0.0 ,0 .9 .0 .0 .0 78.1

22



TABLE VII CONTINUED
TEST 4

COMBUSTION GAS COMPOSITION
7.5-METER-DIAMETERJP-4 FUEL FIRE

SAMPLE TAKEN FROM 30 TO 120 SECONDS OF THE FIRE

(b) Gas Mass Fraction

Height Distance Carbon Carbon
(meters) (meters) Oxygen Monoxide Dioxide Water Hydrogen Argon

.7 0.0 .025 .028 .084 .052 .007 .008

1.4 0.0 .055 .022 .097 .054 .003 .010

- 1.4 0.0 .025 .028 .118 .066 .004 .010

1.4 .5 .017 .031 .i01 .061 .005 .009

1.4 2.0 .II0 .009 .085 .040 .001 .012

1.4 2.7 .172 .001 .046 .020 .000 .012

1.4 3.7 .194 .001 .027 .011 .000 .012

2.9 0.0 .036 .025 .121 .065 .005 .011

2.9 0.0 .069 .018 .103 .053 .004 .011

2.9 1.4 .136 .006 .066 .031 .001 .012

2.9 1.4 .121 .005 .083 .037 .000 .012

2.9 3.7 .211 .000 .010 .004 .000 .012

5.7 0.0 .061 .022 .113 .060 .003 .012

5.7 0.0 .080 .017 .098 .051 .002 .011

5.7 2.1 .154 .002 .056 .024 .000 .012

5.7 2.1 .168 .001 .043 .018 .000 .012

" 5.7 4.3 .215 .000 .008 .003 .000 .012

11.4 0.0 .172 .000 .040 .016 .000 .012

11.4 3.4 .198 .001 .025 .011 .000 .012

21.3 0.0 .191 .000 .028 .012 .000 .012
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TABLE VII CONTINUED
TEST 4

COMBUSTION GAS COMPOSITION
7.5-METER-DIAMETER JP-4 FOEL FIRE

SAMPLE TAKEN FROM 30 TO 120 SECONDS OF THE FIRE

(b) Gas MaSS Fraction

Gaseous
Height Distance Ethylene Hydro- Unburned
(meters) (meters) Methane Acetylene carbons Nitrogen Fuel

•7 0.0 •071 .119 .091 •509 .007

I.4 0.0 .025 .043 .035 .653 .004

1.4 0.0 .027 .045 .030 .641 .004

I.4 .5 .041 .074 .086 .576 .001

I.4 2.0 .004 .006 .001 .731 .001

I.4 2.7 .000 .000 .000 .747 .001

I.4 3.7 .000 .000 .000 .754 .000

2.9 0.0 .014 .014 .008 .678 .023

2.9 0.0 .014 .016 .009 .698 .005

2.9 1.4 .002 .002 .000 .743 .001

2.9 1.4 .001 .001 .008 .731 .001

2.9 3.7 .000 .000 .000 .758 .004

.7 O.0 .003 .002 .000 .718 .006

5.7 0.0 .O03 .002 .000 .735 .001

5.7 2.1 .000 .000 .000 .750 .001

5.7 2.1 .000 .000 .000 .758• .000

5.7 4.3 .000 .000 .000 .762 .000

ii.4 0.0 .000 .000 .000 .754 .006

II.4 3.4 .000 .000 .000 .752 .001

21.3 0.0 .000 .000 .000 .756 .001
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TABLE VII CONTINUED
TEST 4

COM!3USTIONGAS COMPOSITION
7.5-METER-DIAMETER JP-4 FUEL FIRE

SAMPLE TAKEN FROM 30 TO 120 SECONDS OF THE FIRE

(c) Total Mass Fraction
,,L

Height Distance Carbon Carbon
(meters) (meters) Oxygen Monoxide Dioxide Water HYdrogen Ar_gn

.7 0.0 .025 .028 .083 .052 .007 .008

1.4 0.0 .054 .021 .096 .053 .003 .010

" 1.4 0.0 .025 .027 .I17 .066 .004 .010

1.4 .5 .016 .030 .I00 .060 .005 .009

1.4 2.0 .Ii0 .009 .084 .040 .001 .012

1.4 2.7 .172 .001 .046 .020 .000 .012

1.4 3.7 .194 .001 .027 .011 .000 .012

2.9 0.0 .035 .024 .117 .063 .005 .OlO

2.9 0.0 .067 .017 .lO1 .052 .004 .011

2.9 1.4 .135 .006 .066 .031 .001 .012

2.9 1.4 .120 .005 .082 .037 .000 .012

2.9 3.7 .211 .000 .010 .004 .000 .012

5.7 0.0 .059 .021 .lll .059 .003 .011

5.7 0.0 .078 .016 .096 .050 .002 .011

• 5.7 2.1 .154 .002 .056 .024 .000 .012

D.7 2.1 .168 .001 .043 .018 .000 .012

5.7 4.3 .215 .000 .008 .003 .000 .012

11.4 0.0 .172 .000 .040 .016 .000 .012

II.4 3.4 .198 .001 .025 .011 .000 .012

21.3 0.0 .191 .000 .028 .012 .000 .012
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TABLE VII CONTINUED
TEST 4

COMBUSTION GAS COMPOSITION
7.5-METER-DIAMETER JP-4 FUEL FIRE

SAMPLe.TAKEN FROM 30 TO 120 SECONDS OF THE FIRE

(c) Total Mass Fraction

Gaseous
_eignt Distance _thylene Hydro- Unburned
(meters) (meters) Methane Acetylene carDons Nitrq_en Fuel Soot

.7 0.0 .071 .I18 .090 .506 .007 .006

1.4 0.W .024 .042 .035 .646 .004 .010

1.4 0.W .027 .045 .030 .635 .004 .008 "

1.4 .5 .04W .W73 .086 .572 .001 .007

1.4 2.0 .004 .006 .001 .727 .001 .005

1.4 2.7 .000 .000 .000 .746 .001 .001

1.4 3.7 .00W .000 .000 .754 .000 .001

2.9 O.W .014 .014 .W08 .658 .022 .030

2.9 0.0 .014 .016 .009 .685 .005 .019

2.9 1.4 .002 .002 .000 .738 .001 .006

1.9 1.4 .001 .001 .008 .727 .001 .006

2.9 3.7 .000 .OOW .WOO .758 .004 .001

5.7 W.0 .W03 .0W2 .000 .704 .006 .020

5.7 0.0 .003 .002 .WOO .721 .OWl .019

5.7 2.1 .000 .000 .000 .750 .001 .000

5.7 2.1 .000 .000 .000 .758 .000 .000

5.7 4.3 .000 .OWW .000 .762 .000 .000 "

11.4 0.0 .000 .000 .000 .752 .006 .002

11.4 3.4 .000 ,000 .000 .751 .001 .001

21.3 0.0 .000 .000 .000 .756 .001 .001

!
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TABLE VII I
TEST 5

COMBUSTION GAS COMPOSITION
15.0-METER-DIAMETER JP-4 FUEL FIRE

SAMPLS TAKEN FROL4 30 TO 60 SECONDS OF THE FIRE

(a) Percent by Volume

Height Distance Carbon Carbon Water Water Water

(meters) (meters) Oxygen Monoxide Dioxide (a) (b) (c)

.7 0.0 2.2 3.0 4.5 7.5 . 9.3 19.3

1.4 0.0 .3 3.1 5.6 8.7 11.5 7.9

1.4 0.0 .9 3.1 5.4 8.5 II.0 20.7

1.4 1.8 2.6 2.5 6.0 8.5 9.7 48.9

1.4 3.7 11.4 .6 5.4 6.0 6.0 5.8

2.9 0.0 2.1 3.1 6.3 9.4 9.5 13.5

2.9 0.0 .8 3.0 6.5 9.5 10.5 17.8

2.9 1.8 2.3 2.7 7.9 10.6 ii.I 13.7

2.9 3.7 16.2 .I 2.8 2.9 3.4 15.0

2.9 4.6 19.2 .0 1.0 1.0 1.6 10.8

2.9 _ .8 20.7 .0 .I .i .7 23.1

2.9 7.0 20.8 .0 .0 .0 .4 3.3

5.7 0.0 .3 3.8 8.0 11.8 10.4 28.3

5.7 0.0 .3 3.5 7.4 10.9 11.6 18.4

5.7 2.1 9.7 1.0 5.5 6.5 7.7 9.6

5.7 4.3 19.9 .0 .5 .5 1.3 2.7

5.7 6.4 20.8 .0 .0 .0 .4 .5

5.7 6.4 20.8 .0 .i .I .3 .2

11.4 0.0 2.1 3.3 7.5 10.8 12.1 19.5

11.4 3.4 14.0 .6 3.6 4.2 4.8 2.1

11.4 6.7 20.7 .0 .2 .2 .i 1.6

21.3 6.7 20.8 .0 .3 .3 .0 26.0

(a) Water calculation based on carbon monoxide and carbon dioxide.

(b) Water calculation based on oxygen.
(c) Water calculation based on measured mass of water.



TABLE VIII CONTINUED
TEST 5

COMBUSTION GAS COMPOSITION
15.0-METER-DIAMETERJP-4 FUEL FIRE

SAMPLE TAKEN FROM 30 TO 60 SECONDS OF THE FIRE

(a) Percent by Volume

Gaseous
Height Distance Ethylene Hydro-
(meters) (meters) Hydrogen Argon Methane Acetylene carbons Nitrogen

.7 0.0 5.7 .5 6.8 8.2 13.6 48.0

1.4 0.0 6.2 .5 7.2 8.5 10.5 49.5

I.4 0.0 6.4 .5 7.5 8.6 9.3 49.9

1.4 1.8 6.2 .6 6.3 7.2 5.2 54.8

1.4 3.7 .6 .9 .3 .I .I 74.6

2.9 0.0 7.2 .6 5.9 6.2 4.9 54.3

2.9 0.0 7.0 .6 7.1 7.5 5.5 52.5

2.9 1.8 5.1 .7 2.8 2.7 1.3 63.8

2.9 3.7 .0 .9 .0 .0 .1 77.0

2.9 4.6 .0 .9 .0 .0 .0 77.9

2.9 5.8 .0 .9 .0 .0 .0 78.3

2.9 7.0 .0 .9 .0 .0 .0 78.2

5.7 0.0 8.3 .7 4.7 3.8 1.7 57.0

5.7 0.0 8.1 .6 5.5 4.6 2.0 56.9

5.7 2.1 1.9 .9 .9 .7 .1 72.8

5.7 4.3 .0 .9 .0 .O .0 78.2

5.7 6.4 .0 .9 .0 .0 .0 78.2

5.7 6.4 .0 .9 .0 .0 .0 78.2

11.4 0.0 8.2 .8 1.8 .8 .0 64.6

11.4 3.4 1.0 .9 .2 .2 .0 75.4

11.4 6.7 .0 .9 .0 .0 .0 78.0

21.3 6.7 .0 1.0 .0 .0 .0 77.6
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TABLE VIII CONTINUED
TEST 5

COMBUSTION GAS COMPOSITION
15.0-METER-DIAMETERJP-4 FOEL FIRE

SAMPL_ TAKEN FROM 30 TO 60 SECONDS OF THE FIRE

(b) Gas Mass Fraction

ilelgnt Distance Carbon Carbon
(meters) (meters) Oxygen Monoxide Dioxide Water Hydrosen Ar_on

.7 0.0 .020 .024 .057 .039 .003 .006

1.4 0.0 .003 .026 .073 .047 .004 .006

. 1.4 0.0 .007 .022 .061 .039 .003 .006

1.4 1.8 .022 .019 .073 .042 .003 .007

1.4 3.7 .120 .006 .079 .036 .000 .012

2.9 0.0 .021 .027 .087 .053 .005 .008

2.9 0.0 .008 .026 .088 .053 .004 .007

2.9 1.8 .026 .027 .124 .068 .004 .010

2.9 3.7 .175 .001 .041 .018 .000 .012

2.9 4.6 .183 .000 .013 .005 .000 .011

2.9 5.8 .198 .000 .001 .000 .000 .011

2.9 7.0 .183 .000 .000 .000 .000 .010

5.7 0.0 .004 .035 .113 .069 .005 .008

5.7 0.0 .003 .033 .112 .067 .006 .009

5.7 2.1 .i03 .009 .080 .039 .001 .011

5.7 4.3 .200 .000 .007 .003 .000 .011

5.7 6.4 .230 .000 .001 .000 .000 .013

_.7 6.4 .230 .000 .001 .000 .000 .013

11.4 0.0 .025 .034 .122 .072 .006 .011

11.4 3.4 .156 .006 .056 .026 .001 .012

11.4 6.7 .229 .000 .003 .001 .000 .013

21.3 6.7 .226 .000 .004 .002 .000 .013
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TABLS VIII CONTINUED
TEST 5

COMBUSTION GAS COMPOSITION
15.0-METER-DIAMETERJP-4 FUEL FIRE

SAMPLE TAKEN FROf4 30 TO 60 SECONDS OF THE FIRE

(b} Gas Mass Fraction

Gaseous
Height Distance Ethylene Hydro- Unburned
(meters) (meters) Methane Acetylene carbons Nitrogen Fuel

•7 U.0 .031 .064 .172 .387 .196

I.4 0.0 .034 .069 .138 .413 .188

i.4 0.0 .031 .060 .105 .359 .307

i.4 I.8 .028 .053 .063 .420 .270

1.4 3.7 .002 .001 .001 .692 •051

2.9 0.0 .030 .053 •069 .478 .170

2.9 0.0 .035 .062 .074 .450 .193

2.9 i.8 .016 •026 •021 .637 .041

2.9 3.7 .000 .000 •002 .729 .021

2.9 4.6 .000 .000 •000 .650 .138

2.9 5.8 .000 .000 .00O .658 .131

2.9 7.0 .000 .000 .000 .601 .205

5.7 0.0 .024 .033 .024 .515 .169

5.7 0.0 .030 .043 .0'30 .544 .124

5.7 2.1 .005 .006 .001 .676 .068

5•7 4.3 .000 .000 .000 .688 .090

5.7 6.4 .000 .000 .000 .756 .001

5.7 6.4 .000 .000 .000 .756 .000

11.4 0.0 .011 .008 .001 .667 .044

11.4 3.4 .001 .001 •000 .737 .003

ii.4 6.7 .000 .000 •000 .754 .001

21.3 6.7 .000 .000 .000 .736 .019

3O



TABLE VIII CONTINUED
TEST 5

COMBUSTION GAS COMPOSITION
15.0-M_:TER-DIAMETER JP-4 FUEL FIRE

SAMPLE TAKEN FROM 30 TO 60 SECONDS OF THE FIRE

(c) Total Mass Fraction

Height Distance Carbon Carbon
(meters) (meters) Oxygen Monoxide Dioxide Water H_dro@en At@on

.7 0.0 .020 .024 .057 .039 .003 .006

1.4 0.0 .003 .026 .073 .046 .004 .006

I_4 0.0 .007 .022 .061 .039 .003 .006

1.4 1.8 .022 .019 .072 .042 .003 .007

1.4 3.7 .120 .006 .079 .036 .000 .012

2.9 0.0 .020 .027 .086 .052 .005 .008

2.9 0.0 .008 .026 .087 .052 .004 .007

2.9 1.8 .026 .027 .123 .068 .004 .010

2.9 3.7 .175 .001 .041 .018 .000 .012

2.9 4.6 .183 .000 .013 .005 .000 .011

2.9 5.8 .198 .000 .001 .000 .000 .011

2.9 7.0 .183 .000 .000 .000 .000 .010

5.7 0.0 .004 .034 .iii .067 .005 .008

5.7 0.0 .003 .033 .109 .066 .005 .009

5.7 2.1 .102 .009 .079 .038 .001 .011

5.7 4.3 .200 .000 .007 .003 .000 .011

5.7 6.4 .230 .000 .001 .000 .000 .013

5.7 6.4 .230 .000 .001 .000 .000 .013

11.4 0.0 .024 .033 .119 .070 .006 .011

11.4 3.4 .155 .006 .055 .026 .001 .012

11.4 6.7 .229 .000 .003 .001 .000 .013

21.3 6.7 .226 .000 .004 .002 .000 .013

3_



TABLE VIII CONTINUED
TEST 5

COMBUSTION GAS COMPOSITION
15.0-METER-DIAMETER JP-4 FUEL FIRE

SAMPLE TAKEN FROM 30 TO 60 SECONDS OF THE FIRE

(c) Total Mass Fraction

Gaseous
Height Distance Ethylene Hydro- Unburned

(meters) (meters) Methane Acetylene carbons Nitrogen Fuel Soot

.7 0.0 .031 .064 .172 .386 .196 .003

1.4 0.0 .034 .068 .138 .410 .187 .005

1.4 0.0 .031 .060 .105 .359 .307 .000

1.4 1.8 .027 .053 .063 .418 .268 .005

1.4 3.7 .002 .001 .001 .691 .051 .001

2.9 0.0 .030 .052 .068 .473 .168 .012

2.9 0.0 .035 .061 .074 .447 .192 .007

2.9 1.8 .016 .026 .021 .631 .040 .010

2.9 3.7 .000 .000 .002 .728 .021 .001

2.9 4.6 .000 .000 .000 .650 .138 .000

2.9 5.8 .000 .000 .000 .658 .131 .000

2.9 7.0 .000 .000 .000 .601 .205 .000

5.7 0.0 .024 .032 .024 .506 .166 .018

5.7 0.0 .029 .042 .030 .532 .121 .022

5.7 2.1 .005 .006 .001 .671 .068 .007

5.7 4.3 .000 .000 .000 .688 .090 .000

5.7 6.4 .000 .000 .000 .756 .001 .000

5.7 6.4 .000 .00O .000 .756 .000 .000

11.4 0.0 .010 .008 .000 .647 .042 .030

11.4 3.4 .001 .001 .000 .733 .003 .005

II.4 6.7 .000 .000 .000 .754 .001 .000

21.3 6.7 .000 .000 .000 .736 .019 .000
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TABLE IX
TEST 6

COMSUSTION GAS COMPOSITION
15.0-METER-DIAMETERJP-4 FUEL FIRE

SAMPLE TAKEN FROM 40 TO 70 SECONDS OF THE FIRE

(a) Percent by Volume
t

Height Distance Carbon Carbon Water Water Water
(meters) (meters) Ox_@en Monoxide Dioxide (a) (b) (c)

.7 0.0 .3 3.2 4.9 8.1 10.0 7.2
L[

1.4 O.0 .4 3.3 4.9 8.2 10.4 13.2

1.4 0.0 .3 3.4 4.9 8.2 10.5 8.4

1.4 1.8 .7 3.1 4.6 7.7 10.5 22.8

1.4 3.7 6.3 1.5 6.8 8.3 9.3 22.6

2.9 0.0 .3 3.2 5.5 8.7 i0.i 9.1

2.9 1.2 .8 2.9 5.7 8.6 10.4 8.6

2.9 2.4 5.1 1.6 7.8 9 .4 9.9 10.5

2.9 3.7 13.7 .3 4.3 4.6 4.6 6.3

2.9 3.7 12.8 .3 4.8 5.1 5.1 6.6

2.9 6.1 20.8 .0 .2 .2 .0 8.0

5.7 0.O .4 3.0 6.8 9.8 12.3 16.5

5.7 0.0 1.0 3.0 6.1 9.0 i1.4 19.5

5.7 2.1 .8 2.9 8.0 10.8 12.5 6.2

5.7 4.3 17.1 .0 2.2 2.3 3.1 6.6

5.7 4.3 18.1 .0 1.6 1.7 2.3 7.3

. 11.4 0.0 1.6 4.0 7.2 11.2 12.0 9.0

11.4 2.1 3.8 2.7 7.3 i0.0 11.6 7.2

11.4 4.3 11.4 .8 5.0 5.8 6.6 5.2

21.3 0.0 7.7 2.0 6.1 8.0 9.5 ii.7

ii.3 4.3 16.2 .2 2.4 2.5 4.4 5.6

(a) Water calculation based on carbon monoxide and carbon dioxide.
(b) Water calculation based on oxygen.
(c) Water calculation based on measured mass of water.
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TABLE IX CONTINUED
TEST 6

COt%BUSTIONGAS COMPOSITION
15.0-METER-DI_4ETER JP-4 FUEL FIRE

SAMPLE TAKEN FROM 40 TO 70 SECONDS OF THE FIRE

(a) Percent by Volume

Gaseous
Height Distance Ethylene Hydro-
(meters) (meters) H_dro_en Ar_on Methane Acet_len9 carbons Nitrogen

.7 0.0 5.9 .5 8.2 9.3 15.5 44.2

1.4 0.0 6.1 .5 7.3 9.3 14.5 45.6

1.4 0.0 5.5 .5 6.2 8.3 17.2 45.5

I.4 i.8 6.9 .5 8.0 11.7 ii.3 45.5

1.4 3.7 2.5 .8 1.8 2.2 .7 69.1

2.9 0.0 6.5 .5 8.1 i0.5 I0.3 46.5

2.9 1.2 7.6 .6 8.9 10.6 5.0 49.3

2.9 2.4 3.4 .8 1.3 1.2 .3 69.2

2.9 3.7 .2 .9 .0 .0 .0 75.9

2.9 3.7 .3 .9 .i .0 .0 75.7

2.9 6.1 .0 .9 .0 .0 .0 77.8

5.7 0.0 7.9 .6 6.7 6.4 2.3 56.0

5.7 0.0 7.6 .6 7.7 8.2 3.4 53.5

5.7 2.1 8.0 .7 3.7 2.8 .7 61.7

5.7 4.3 .0 .9 .0 .0 .0 77.5

5.7 4.3 .0 .9 .0 .0 .0 77.6

11.4 0.0 8.8 .7 2.3 1.0 .3 62.8

11.4 2.1 5.7 .8 1.0 .4 .1 68.1

11.4 4.3 1.1 .9 .2 .I .0 74.8

21.3 0.0 2.5 .9 .2 .0 .0 72.7

21.3 4.3 .1 .9 .0 .0 .0 77.8
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TABLE I_ CONTINUED
TEST 6

COMBUSTION GAS COMPOSITION
15.0-METER-DIAMETERJP-4 FUEL FIRE

SAMPLE TAKEN FROM 40 TO 70 SECONDS OF THE FIRE

(b) Gas Mass Fraction

Height Distance Carbon Carbon
(meters) (meters) Oxygen Monoxide Dioxide Water Hydrogen Argon

.7 0.0 .003 .029 .069 .047 .004 .006

1.4 0.0 .004 .030 .070 .048 .004 .006

1.4 0.0 .003 .029 .066 .046 .003 .006

1.4 1.8 .008 .031 .070 .048 .005 .007

1.4 3.7 .072 .015 .I06 .053 .002 .012

2.9 0.0 .003 .031 .084 .054 .005 .007

2.9 1.2 .008 .026 .080 .050 .005 .007

2.9 2.4 .057 .016 .118 .059 .002 .011

2.9 3.7 .151 .003 .066 .029 .000 .012

2.9 3.7 .142 .003 .073 .032 .000 .012

2.9 6.1 .228 .000 .003 .001 .000 .013

5.7 0.0 .005 .032 .112 .067 .006 .010

5.7 0.0 .012 .030 .098 .060 .006 .009

5.7 2.1 .010 .030 .131 .073 .006 .010

5.7 4.3 .187 .000 .033 .014 .000 .012

5.7 4.3 .197 .000 .025 .010 .000 .012

" 11.4 0.0 .020 .043 .122 .077 .007 .011

11.4 2.1 .045 .028 .117 .066 .004 .012

11.4 4.3 .128 .008 .077 .036 .001 .012

21.3 0.0 .088 .019 .095 .051 .002 .012

21.3 4.3 .179 .002 .036 .016 .000 .012
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TABLE IX CONTINUED
TEST 6

COMBUSTION GAS COMPOSITION
15.0-METER-DIAMETER JP-4 FUEL FIRE

SAMPLE TAKEN FROM 40 TO 70 SECONDS OF THE FIRE

(b) Gas Mass Fraction

Gaseous
Height Distance Ethylene Hydro- Unburned
(meters) (meters) Methane Acetylene carbons Nitrogen Fuel

•7 0.0 .042 .081 .218 .397 .105

i.4 0.0 .038 .082 .210 .418 .089

1.4 0.0 .031 .069 .234 .393 .119

1.4 1.8 .045 .110 .174 .443 .060

i.4 3.7 .010 •021 .010 .683 .016

2.9 0.0 .045 .098 .158 .451 .065

2.9 1.2 .045 .091 .070 .440 .178

2.9 2.4 .007 .011 .004 .672 .042

2.9 3.7 .000 .000 .000 .733 .007

2.9 3.7 .000 .000 .000 .731 .006

2.9 6.1 .000 .000 .000 .746 .008

5.7 0.0 .040 .065 .038 .588 .037

5.7 0.0 .046 .081 .055 .551 .052

5.7 2.1 .022 .028 .011 .645 .033

5.7 4.3 .000 .000 .000 .745 •007

5.7 4.3 .000 .000 .000 .741 .014

11.4 0.0 .014 .010 .005 .672 •019

II.4 2.1 .006 .004 .002 .700 .016

ii.4 4.3 .001 .001 .000 .730 .007

21.3 0.0 .001 .000 .000 .722 .009

21.3 4.3 .000 .000 _000 .750 .005
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TABLE IX CONTINOED
TEST 6

COMBOSTION GAS COMPOSITION
15.0-METER-DIAMETER JP-4 FOEL FIRE

SAMPLE TAKEN FROM 40 TO 70 SECONDS OF THE FIRE

(c) Total Mass Fraction

Height Distance Carbon Carbon
(meters) (meters) Oxygen.....Monoxide Dioxide Water H_dro@en At@on

. .7 0.0 .003 .02_ .068 .046 .004 .006

1.4 0.0 .004 .030 .070 .048 .004 .006

" 1.4 0.0 .003 .029 .066 .046 .003 .006

1.4 1.8 .008 .030 .069 .048 .005 .007

1.4 3.7 .071 .015 .105 .053 .002 .011

2.9 0.0 .003 .030 .083 .053 .004 .007

2.9 1.2 .008 .026 .080 .049 .005 .007

2.9 2.4 .056 .015 .117 .058 .002 .011

2.9 3.7 .150 .003 .065 .028 .000 .012

2.9 3.7 .141 .003 .073 .032 .000 .012

2.9 6.1 .228 .000 .003 .001 .000 .013

5.7 0.0 .005 .031 .109 .065 .006 .009

5.7 0.0 .011 .030 .096 .059 .005 .009

5.7 2.1 .010 .029 .127 .071 .006 .010

5.7 4.3 .187 .000 .033 .014 .000 .012

5.7 4.3 .197 .000 .025 .010 .000 .012

11.4 0.0 .019 .041 .i17 .074 .007 .011

ii.4 2.1 .044 .027 .114 .064 .004 .011

11.4 4.3 .127 .008 .076 .036 .001 .012

21.3 0.0 .086 .019 .093 .050 .002 .012

21.3 4.3 .179 .002 .036 .016 .000 .012
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TABLE IX CONTINUED
TEST 6

COMBUSTION GAS COMPOSITION
15.0-METER-DIAMETERJP-4 FUEL FIRE

SAMPLE TAKEN FROM 40 TO 70 SECONDS OF THE FIRE

(C) T0tal Mass Fraction

Gaseous
Height Distance Ethylene Hydro- Unburned
(meters) (meters) Methane Acetylene carbons Nitrogen Fuel Soot

.7 0.0 .041 .080 .216 .392 .104 .012

1.4 0.0 .038 .082 .209 .415 .088 .006

1.4 0.0 .031 .069 .232 .391 .119 .005

1.4 1.8 .044 .109 .172 .438 .059 .010

1.4 3.7 .010 .021 .010 .679 .016 .006

2.9 0.0 .044 .098 .156 .446 .064 .010

2.9 1.2 .045 .090 .069 .438 .177 .005

2.9 2.4 .007 .011 .004 .664 .041 .013

2.9 3.7 .000 .000 .000 .730 .007 .004

2.9 3.7 .000 .000 .000 .729 .006 .002

2.9 6.1 .000 .000 .000 .745 .008 .001

5.7 0.0 .039 .063 .037 .573 .036 .027

5.7 0.0 .045 .079 .054 .540 .051 .020

5.7 2.1 .021 .027 .011 .625 .032 .031

5.7 4.3 .000 .000 .000 .745 .007 .001

5.7 4.3 .000 .000 .000 .740 .014 .001

11.4 0.0 .013 .010 .005 .646 .018 .039

11.4 2.1 .006 .004 .002 .680 .015 .029

11.4 4.3 .001 .001 .000 .725 .007 .008

21.3 0.0 .001 .000 .000 .709 .009 .018

21.3 4.3 .000 .000 .000 .749 .005 .002
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CAMERA STATION 2 
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