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WMMARY
A methodisdescribedbywhichthetotaltemperatureofthegases

atthecombustion-chamberoutletofa ram-jetenginemaybe determined
fromthelossintotalpressuremeasuredacrossthecombustionchmiber.
A workingchartispresentedby meansofwhichtheratioofthetotal
temperatureofthegasesatthecouibustion-chamberoutletto.thetotal
temperatureofthegasesatthecouibustion-chauiberinletmaybe deter-
minedfromthemeasuredlossoftotalpressureacrosstheconibustion
chamberandthelmownvaluesofairflow,totalpressure,andtotaltem-
peratureatthecombustion-chamberinlet.

c’
Valuesoftotal-temperatureratioacrossthecombustionchaniberof

a 20-inchramjetwereobtainedinthe”~A Mwis altitudewindtunnel
P overa rangeofpressurealtitudefrom6000to 15,000feet. Thediffer-

encebetweenthetemperatureratioacrossthecom&stion
* minedfromthechartandthatobtainedfromthermocouple

within6.2percentofthethermocouple-temperatureratio
theaccuracyofthethermocouplemeasurements..

Jl$TRODUCTION

chauiberdeter-
measurementwas
andwaswithin

Theevaluationoftheperfo’kmanceofa Jet-propulsionengineand
itscombustionchauberrequiresa knowledgeofthetemperatureofthe
combustion-chamberoutletgases.Thetemperaturesina ram-jetcom-
bustionchamber,however,areoftentoohighforthermocoupl~measure-
mentandmusthe determinedby othermeans.Becausethetotal-pressure
lossacrosstheconibustionchaderisdependentontheratioofthe
totaltemperatureoftheoutletgasestothetotaltemperatureofthe
inletgases(reference1),thetemperatureratiocanbe determinedfrom
thetotal-pressuremeasurements.

0

#-

A chartispresentedinreference1 to estimatethepressurelosses
in jet-propulsioncombmtionchambersfromtheknowntvaluesoftotal
temperature,totalpressure,andairflowatthecotiustion-chauiber
inletandoftheratiooftotaltemperatureoftheexitgasto total
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temperatureoftheinletgas. This
thatthepressurelossesina given

chartisbasedontheassumption
ccmibustionchambercanbematchedby ‘

thoseofan equivalentconibustionchaniberofuniformcross-sectional
area.

In orderto determinethetemperatureofram-jetcombustion-chamber-
outletgasesfromthepressure-losschart,whichistheapplicationof
thechartd.escri%edinthisreport,therequiredknownfactorsarethe
pressurelossacrosstheconibustionchauiber,theairflow,andthetotal
temperatureandthetotalpressureoftheairatthecombustion-chamber
inlet.

As an illustrationoftheuseofthepressure-losschartto obtain
conkmstion-chmibertemperatureratios,a comparisonismadeofthecom-
bustion-chambertemperatureratioscomputedfromthepressure-losschart
withthosedeterminedattheNACALewislaboratoryby thermocouplemeas-
urementfromwind-tunneltestsofa 20-inchramjettakenovera range
ofpressurealtitudefrom6000to 1.5,000feet. Theccmibustionchauiber
ofthe20-inchramjetwasconsideredto extendfromtheflameholderto
thenozzleoutletbecausecombustioncontinuesinthenozzle.Therange
oftemperatureratiocomparedwas.limite,d,however,tothevaluesof
conibustion-chaniber-outletgastemperatureforwhichthermocouplemeas-
urementscouldbe made.

Thefollowingsymbolsareusedinthisreport:(Thesymbolsonthe
pressure-losschartinreference1 havebeenmodifiedinthepresent
chartto conformtothecorrespondingram-jetsynibolsthatapplytothe
locationsshowninfig.1.)

A

K

%

%

‘2

PB

—.—.. ——- —

=ea ofcrosssectionofequivalentcombustionchauiberofconstant
crosssection(sqft)

frictionpressure-lossfactor
.

Machnmiberofairflowat inletofequivalentcombustionchauiber
ofconstantcrosssection

Machnuniberofairflowat inletof combustionzone(fig.2)of
‘ equivalentccribustionchauiberofconstantcrosssection ~

totalpressureofairat
(lb/sqft absolute)

totalpressureofairat

inletofcombustionchamber

combustion-zoneinlet (lb/sqft absolute) .
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, P*

%

‘M

‘2

‘3,
T4

w

totalpressureof
outlet)(lb/sq

pressurelossdue

pressurelossdue
bustion(lb/sq

over-allpressure
(lb/sqft)

totaltemperature

totaltemperature

totaltemperature
(nozzleoutlet)

3

airat outletofassumedc&nbustionzone(nozzle
ftabsolute)

tofriction(lb~sqft)

toadditionofheatto theairstreambycom-
ft)

lossduetofrictionandheataddition

ofairat inletof combustionchaniber(%)

of airatnozzleinlet (~) ,
\
ofgasesat outletofassumedcohustionzone
(%)

airmassflowthroughcombustionchwiber(lb/see)

DISCUSSION

Theover-alltotal-pressureloss APT f~omthecombustion-chaniber
inlettotheconibustion-zoneoutletisco~ideredequalto thesumof
twocomponentpressurelosses,thefrictionpressureloss APF andthe
momentumpressureloss APM. Thefrictionpressurelossresultsfrom
frictionandturbulenceintheflowproducedby theflameholderand
correspondstothepressurelossinthesectionbetweenstations2 andB
intheequivalentconibustionchamber(fig.,2).Themomentumpressure
lossresultsfromtheadditionofheattotheairflowinginthecom-
bustionzone.Themomentumpressurelosscorrespondstothepresswe
lossinthesectionbetweenstationsB and4 intheequivalentcom-
bustionchamber.

Thepressure-losschartinreference1 is arrangedtoprovid&
. AP~ MM

valuesoffrictionandmomentumpressure-lossratios— and
P2 —Y

‘B

.-. .. . . . . .. . . ... . . ..—. — . . . . . —. ——-. — -.—— . ..— _._. —_ .- —.. ..- ———- . ...-
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respectively,forlmowncombustion-chauiber-inletconditionsandtempera-
tureratio T4/T2Joncethevaluesoffrictionpressure-lossfactorK 3

andcross-sectionalareaoftheequivalentcombustionchamberA are
known.Theconstructionforobtainingthepressurelossesfromthe
chart(reproducedwithchangednotationasfig.3) startswiththeIW.IOWII
valueoftheentranceparameterw @7~2 ontheordinateofquad-
rantIV. TheMachnuniberM2 isobtainedfromtheproperA-curvein ~quadrantIVand APF/P2isobtainedfromthecurveinquadrantI with
thevalueof KA2 forthecombustionchamber.Fromthisvalueof
ApF/p2andthecurveinquadrantIIhavingthevalueof ~ previously
obtained,~ isevaluated.Themomentumpressure-lossratio ‘M/pB
isobtainedfromthisvalueof ~ andtheknownvalueof ‘4/T2*,The
over-alltotal-pressure-lossratio ApT/p2
and APM/PB(equation(2)).

Thevaluesof K and A fora given
obtainedfromthepressure-losschartwith

APF,takenforthesaw knownvalueofthe

isthenthesumof ~F/p2 \

combustionchauiberare
a measuredvalueof @T and ●

entranceparameterw&/P2 ●

~e=he of APT isobtainedbymeasuringthepressurelossacrosst~e
combustionchauiberwithcombustiontakingplaceat somemeasurablevalue
ofthetemperatureratioT4/T2. Thefrictionpressureloss APF iS

measuredacrossthecombustionchamberwithairflowingatthesame
valueoftheinletparameterW&/P2 withoutcombustion.Thediffer-’
encebetweenAPT and APF is equalto APM (equation(l)).The
valuesof K and A areobtainedusingthisinformationonpressure
lossesandtemperatureratioacrosstheconibustionchamberby meansof
theconstructionY shownonfigure3. Line a-b isdrawnparallelto
theabscissathroughtheknownvalueof APM/PBendingonthecurve
havingthevalueof T4/T2usedwhen APT wasmeasured.Line c-d is
drawnparallelto theabscissathroughtheknownvalueof AP /P2. Line
e-f isdrawnparalleltotheabscissathroughthevalueofd e inlet
parameterw @7p2 usedh determining&T and APF. Theline a-g
drawnparallelto theordinateintersectsline c-d ona curveinquad-
rantIIhavtagsomevalueof ~. Line h-j isdrawnparalleltothe
ordinatethroughthisvalueof M2 ontheabscissaofquadrantI. The
intersectionofline h-j withline c-d determinesthevalueof KA2.
Theintersectionofline h-j withline e-f givesthevalueof A.
Thevaluesof K and A arereasonablyconstantforallconditionsof
ram-jetoperationforwhichtheflameis steadyandoriginatesatthe
flameholder.

Theuseofthepressure-losschartwithwhichthisreportiscon-
cernedistheevaluationofthetemperatureoftheoutletgasesofthe
combustionchatierfrompressure-lossmeasurementsoncethevaluesof K
and A havebeenestablished.Bymeansoftotal-pressureprobes

. .— . .—.— .——— —- — — -—. .
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locatedatthecombustion-chamberoutlet,a valueofthelossintotal
pressure‘T acrossthecombustionchauiberisobtainedinthesubsonic
case.TheconstructionX shownonthepressure-losschart(fig.3)
givesthevalueof T4/T2 fromtheknownvalueoftheentrancepara-

meter WJi’7P2 andthemeasuredvalueof ~T. Thevalueof ~/P2
is obtainedfromthelmownvalueof W&/P2 andtheproperA- and
KA2-curves.Thevalueof AP /P2

f
issubtractedfromthemeasuredvalue

of l@P2 to give q/PB equation(i)).Line 2-m isdrawnpar-
al181to theabscissathroughthevalueof APM/PB.Line n-p isdraw
throughtheknownvalueof ~/P2 endingonthecurveinquadrantII
havingthevalueof ~ obtainedattheabscissaofquadrantI when
@/P2 wasevaluated.Line r-s, drawnparalleltotheordinate,
intersects’line2-m ona curveinquadrantIIIhavingthevalueofthe
temperal%reratio T4/T.

?l
Inasmuchasthetotaltemperatureofthe

gasesattheInletoft e combustionchamberT2 is known, the total

temperatureofthegasesattheoutletofthecombustionchamberT4
canbe obtained.

IBorderforthemeasuredvalueofthetotalpressureinthecom-
bustionzonetobe representativeoftheflowatthemeasuringstation,
thetotalpressuresobtainedfromthesurveyrakesshouldbeweighted
accordingtothelocalmassflowintheneighborhoodofeachpressure

. probe.As a firstapproximationthemass-flowdistributioninthecom-. bustionzonecanbe consideredtobe thesameasthatupstreamofthe
flameholder.Thisassumptiontakesno accountoftheeffectofthe
flameholder,fuel-spraydistribution,andboundary-layergrowthonthe
mass-flowdistributioninthecombustionzone.Abetterapproximation
tothemass-flowdistributioncouldbe obtainedby correlatingthemass-
flowdistributionupstreamoftheflameholderwiththatinthecombus-
tionzone.Thiscorrelationiscarriedoutforseveralcodustion-zone
temperatureslowenoughforthenecessarymeasurementstobema& over
therangeofcouibustion-chamber-inletconditionsof interest.Themass-
flowdistributionatthehighcouibustion-chambertemperaturesis
obtainedby extrapolatingthemass-flowdistributionmeasuredatthelow
conibustion-chauibertemperatures.Theuncertaintyregardingthemass-
flowdistributioninthecombustionzonerepresentsoneoftheapproxi-
mationsinvolvedinusingthemethodofthisreportto obtaincombus-
tion-chambertotaltemperatures.

Altitude-wind-tunneldatatakenona 20-inchramjet,whichwas
instrumentedwithtemperatureandpressuresurveyrakesinfrontofand
behindthecouibustionchamberandnozzleoutlet,wereusedinmakingthe
comparisonbetweenexperimentalandcalculatedvaluesof T /T2 in
tableI. Theoperationalpressure,altituderangedfrom600$to ls,ooo
feet.Thedifferencebetweentheexperimentalandthecalculatedvalues
of T4/T2 fortherangeofpressurealtitudestestedislessthan

.— --- . ..-. -—. ---- . .. ... _. . ______.. _________ -—- .- ..—— . - ______ ..__
f
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6.2percentoftheexpertientalvalue.Thisdifferenceinthetempera-
tureratiosobtainedfromthermocouplereadingsandpressure-lossmeas-
urementswaswithintheaccuracyofthethermocouple-temperaturemeas-
urements.

Thetemperaturesobtainedfromthepressure-losschartarenotsub-
jecttotheerrorsinvolvedinmeasuringtemperaturewiththermocouples.
These-errcmsinthethermocoupletemperaturesincludetheabsenceof
correctionforconductionandradiationeffectsanduncertaintiesinthe
valuesofthethermocoupleimpactrecoveryfactorrequiredto compute
thetotaltemperaturefromtheindicatedtemperature.Thetemperatures
obtainedfromthepressure-losschartarethetotaltemperaturesrepre-
sentativeoftk stations.

Valuesof KA2 and A usedto obtainthecalculatedtemperature
ratiosaretabulatedinfigure3. Therangeofvaluesof ~@Z/~2
forthecompletecombustionchamberexceededthelhit oftheor~nate
scaleofquadrantIV. Forthisreasonthecalculationsweremadefora
60°segmentofthecombustionchamberforwhich W and A areone-sixth
as largeasthecorrespondingquantitiesforthecompletecortibustion
chamberand‘KA2 isthesamefarthesegmentandthecompletecombus-
tionchamber.Thevalueof A was0.36squarefootforthe60°segment
and2.16squarefeetforthecompletecoribustion&amber. Thegeometri-
calareaofthecrosssectionofa 20-inch-Uametercombustionchamber
is2.18sgyarefeet.Fromthesedata,theactualcross-sectionalarea
ofthecylindricalram-~etcombustionchambercanbe usedasa first
approximationforthevalueofthecross-sectionalareaoftheequiva-
lentccmibustionchamberA.

TemperatureT4 hasbeenconsideredto’representthecombustion-
chamber-outlettotaltemperature.Ifthetotal-pressureprobeswere
locatedata stationwithinthecortibustionzone,however,thevalueof
T4 obtainedfromthepressure-losschartwouldrepresentanestimateof
thetotaltemperatureatthatstation.A surveycbuldthusbe madeof
thelongitudinaltemperaturedistributioninthecouibustionchamber.In
general,separatevaluesof K and A should3edeterminedforeach
stationinthecdmstion zone.Thevaluesof K and A probably
requirelittleadjustmentexceptforstationsclosetotheflameholder.

Experimentalandcalculatedtemperatureratiosat station3 (fig.1)
arealsocomparedintableI. Thedivergencebetweentheexperimental
andcalculatedvaluesof T3/T

E
isattributedtoheterogeneityofthe

flameat station3. Mostoft e thermocouplesatstation3 appeartobe
locatedinflamezonesofhigherthanaveragetemperatures.

LewisFlightPropulsionMbmatory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,March3, 1947

1
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TAIZIZI- coMeARIsoNOFEXPERIMENTALANDCOMPUI!EOTWIAL—TEMPERATURE

RATIOSFCl1320-INCH-DIAMETERCOMBUSTIONCHAM8EROFRAMJET

. T4 T3

Altitude WE ~ q

(ft) y Calcu-Experi-DifferenceCalcu-&xperi-
lated mental (Percent)l&d nmntal
(a) (b) (b)

6,000 0.1820 2.08 2.14 -2.8 1.42 2.06
6,000 .3560 2.29 2.39 -4.2 1.43 1.84
10,000 .2164 3.40 .3.28 3.7 1.50, 2.55
10,000 .2671 3.75 3.64 3.0 1.67 2.62
10,000 .3842 1.44 1.49 -3.3 1.23 1.47
ls,000 .2155 3.54 3.77 -6.1 ---- ----
1.5,000 .2360 1.82 1.92 -5.2 1.33 1.77
ls,000 .3282 1.60 1.68 -4.8 1.20 1.64

%rom chartoffig.3. ~
%tromwind-tunneldata.

.

.
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Figure 1. - Diagram of 20-inch ram-jet engine.
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Station 2, nozzle inlet or
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outlet

nozzleoutlet
I

Air flOW
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h +Fluid-fric-
tionresis

Combustionzone1
ante zone

T

~igure 2.- Stationlocationson equivalentcombustion
ohamberof constantcross-sectionalarea.
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.

m 3.-Combustion-chamberpressure-losschart(fromreference1,notations
moMfled). (A15-by16-tiohoopy& thisohartisattached.)

.
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,Figure3.-Combustion-chamber pressure-loss chart (from reference 1, notations modified).


