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Four 7.5° boattallbodle6of revolutionwith sac- alr scoops
were testedin free-fll$htto find the changeIn drag coefficientwhen
a simulatedturbo~etexhaustIssuedfrcm ccmlcalshort-lengthejectors.k Models1-2 eachhad singlescoqs and a spacingratio Z/~ of 0.387,

,
whereasmodel 3 had two scoops and the same Z/dp as mdels 1 and 2.

8 Mode14had aOingle scoopand an Z/dp of O.O~. AU modelstested

had the samediameterratio ~~~ of 1.256. The results=icated that

the Jet-ontotaldrag coefficientswere lowertbrou@out the test Mach
nunib=rangethan corresponding~et-offvaluesof the forebodydrag coef-
ficient. PhrtWrmre, It appesredthat increasing-the correctedweight-
Zlow ratio~ doubllngthe numberof secon&ry scoops.-eased the -z“’.“* “S -
incrementbetweenJet-on- JelY%ffdrag coefficients●

. . .. ,,.

The
rearward
external

Q?TRommm

propulsiveJet Issuingfrcmthe Ixme of engin~nac*~s orthe
sectionof fuselagescan causean appreclablk$%duckicmof the
cmflgurationdrag (asreportedin refs.1 to (5~_.WJ@q . s

propulsiveJetwas used In a short-lengthe$3ctorwith S&c-&&y a*
flow,whichwaa neededfor coollngthe engineand accessories,base and
boattailpressuredrag reductions(from$et-offcotiition)were obtained

(asreportedin refs.7 to U). - effect of 8 pr+~y Jet with sec-
b q afi flm on _sI’IM COIIfSti= drag,however,has not been

fullyinvestigatedand, of the investigationsccmducted(ret%.7 to U),
only referenceU has publisheddata coveringthe transonicspeedrange

● In whichpresent- Jet aircraftwere qperating. Thus,as a phase of
the currentJet-effectresearchprogramat the LangleyLaboratory,a
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study of the effects of a jet iss~ at tie base from conicalshroud
eJectorson the externalconfigurationdragwas made throughthe tram
sonicand low supersonicspeedrangeand is reportedherein.

The invtzfstigation cmsisted of the free-fMght testingof four
resesmh modelswith conicaleJector-shroudassemblies.The prlmzry
Jet issuedfrom a sonicnozzleand sjmulatedfull-scaleturbojetexhaust
~s ~ we of a sol~ ProPel.lmtrocket_ (designedUCOrdiW
to ref. 12). Auxiliaryexternal.Mets suppliedand controlledthe
amunt of sac- coollngair used in the mdels. !’hevariablesfor
the modelstestedwere spacingratio %~~ and correctedwei@t-flow

ratio. ~ testswere cmducted at the LangleyPilotlessAfrcraft
ResearchStationat W&llopsIsland,Va. Jet-offdata covereda Mach
nuuiberrangefrom 0.85to 1.47 and Jet-cmdata,from 0.g2to 1.47. me
Reynoldsnumber (basedon body length)varied durhg the jet-offphase

from 19.5 x 106 to 52 x l& d duringthe jet-cmtie from 25 x 106

to 46.9 x 1o6. The ratioof the jet staticpressure%0 the free-stream
staticpressurevariedfrom about3.0 to 4.2 - the correctedwei@t-
flow ratiomled from 0.014to O.~ duringthe Jet-onphase.

.

SYMEOLS .

●

Sxea, Sq ft

drag coefficientat secondsryair-flowratioof 0.009

drag coefficientat flightsecondexyair-flawratios
.

pressurecoefficient

diameter,ft

eJectorgrossthrust,lb
.*

z dd.stmce betweenmmzle exitto modelbase,ft

M Mach number

P staticpressure,lb/sqft

Pt totalpressure,lb/sqft

~.. .~?z.w..
~. ● ...- ~*x:L_----.

..-

●

.
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%e Reynoldsnumber (basedcm body length)

R *S constant,lb-ft/lb-%

s meximumcross-sectionalarea,sq ft

t time, sec

w weightflow,lb/see

r
> ‘s

q
correctedweight-flowratioof secondary* ta prlmsryjet

‘P

T temperature,OR

7 ratioof specificheats

Subscripts:

b base

f forebody(excludesbase of model)

P prima-y

s secondary

t total

w wall

w free stream

rms rootmean sq-e

MODELSMD APPARATUS

Models

The external fuselage of the modelsconsistedof a parabolicnose, a
u cylindricalcentersectionwith a 6.5-inch diemeter, - a cauicalboat-

tail. The parabolicnose section,the coord~tes of which are given In
tableI, was 26.00incheslong and the strai@t cyl.fndricalsectionwas

. 28.03inchesIn length. me conical boattafl M a 7050 -e ~ ~
10.~ Incheslong. The totallengthof the fuselagewas 65.00 ~hes;



thus,the cmfigurattonhad a finenessratioof 10.
s

l!burthin w Bwept-
back fInswith beveledleadingand trall~ edgesattachedto the conical
afterbodywere used to stabilizethe body h flight. Photographsof the b

configurationstestedare shownh figure1.

W externala~ance of the testmodelswas allke,exceptfor the
numberof secq air scoopsincorporatedon eachmdel. Models1, 2,
and 4 had singlescoops,whereasmodel3 had two scoopswhichwere 180°
apart. Models 1 and 2 were dimensionallyidentical.A two-viewdrawing
and detaileddimensionsof a single-scoopmcdelare slmwnin figure2.
Similar,scoopswere used on all the testmodelsend a typicalcrosssec.
tion of one scoopis shuunin figure2.

Models1, 2, and 3 had the same spacingratio Z/~ = 0.387,whereas
model b had an Z/dp of O.~. All modelstestedhad the seinediameter
ratio dsl~ = 1.36. .—

Figure 3(a) showsdetailsof the contcaleJector-shroudassembly
used on thesemodels. The e$Mmr p-meters, mixinglength 1, spacing
ratios 1~~, and diamter ratios dsi~ for eachmodelare aWo given

in this fQure. Photographsillustratingthe two spacingratiosused
me shuwnas figure3(b). The tube and orifice(locationgivenIn
fig. 3(a))used to measurewall-exitstaticpressureduringJet-offand
Jet-onfli@t can be seen In thesephotographs.

b“

Figure4 showsa crosssectionof the turboJetsimulatorused in
the fllmt models. It consistedessentiallyof a combustionchamber,a
flow-controlnozzle,a plenumcheniber,and a convergentsontc-exitsec-
tion. The slmulatms utilizeda modified3.~-inch aircraftrocketccm-
bustbn chambercontaininga speciallymachinedcordite SU/K solid
propellant. Each turboJetstiulatorhad a throatdlsmeterof l.~ hches
and a scmlc-exitdiemeterof 2.582Inches. The modelshad an average
take-offweightof 44.30pounds.

Model -trtmentation

A five-channeltelemeter,whichwas carriedin the nose sectionof
eachmodel,continuouslytransmittedmessurementsof acceleration,cm-
bustionchemberpressure,secondary-flowinletstaticpressure,secondary- -
flow totalpressureand exit-wallstaticpressureto grouudreceivingsta-
tions. !lhesecondary-flowstatic-pressure orificewas locatedIn the
throatof the seconderyInletnozzleas shownin figure2, whereasthe u

secondarytotalpressuredata representan averageobtained- four
slotted-totalpressurepickupswith slotsacrossthe erm~ duct at
approximatelynacellestation60.0. The orificelocationsfor the walJ.-

.

exit pressureand rocketchember~essure sre shownin fIgures3(a) and
4, respectively.
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Data for the fli$httestswere obtainedby use of telamet=,
CW Dopplervelocimeter,tracktngradar,and rawlneonde.The rawlnsonde

4 gavea surveyof the atmsphertc conditionsoverthe test altitude. The
modelvelocityobtainedwith the velocimeterwas correctedfor wind
velocitywhichma determinedfromrawlnsondemeasurements.

mm! AND ANALYSIS

Gz’oundTests .

A prefli@t staticfiringof the turboJetsimulatorwith the eJector-
shroudasseriblyof model 1 connectedwas made at the Ianglqyrockettest
cell and measureinentsof the thrustof the ~tem, the rocketchamber
pressure,the secondaryinletstaticand totalpressures,and the wall-
exitpressurewere recorded.

night Tests

h

- models were launchedfran a rail-@pe launcher(fig.5) at an
angleof approximately5P. A sinQe 65-= rwket motor boostedeach
model to the peakMach number. Jet-offdata were obtdned duringthe.
deceleratingfli@t after s~ation of the mdel *cm the boosterand
afterburnoutof the simulatormotor. Jet-on datawere obtainedduring
the fIringof the turbojetsimulator.Models1, 5, and 4 coaatedto
mibsonicspeedsbeforea turboJetsimulatorfired,whilemodel 2 was
firedsftera shortcoasttime to obtaina highertestMach nuuiberwith
jet on, aa shownin figure6. Thisproduceda higherReynoldsnmiber
for model2 than fcm mdels 1, 3, and 4 with Jet on (fig.7), sincethe
altitudewas lowerand the free-streamstaticpressme greater. Simi-
larly,the jet static-pressureratiopresentedin figure8 was lower
formc%%e12 thaJlformodelt31,3, and4.

Analysis

Fimm the data obtainedin th preflightstatictest,a calibration
curveof the measuredthrustof the systemas a fuuctionof rocketchamber
pressurewas made. Duringthe ~efli@t statictest the primsryjet
entrainedems secw cooldngair whichmounted to a correctedwei&-
fluw ratioof 0.009. Therefore,the measuredthrustobtainedfrcm the
calibrationcurveincludedthe thrustof the primaryJet as well as any. effecton the measuredthrustfmm a correctedsecordmy weight-flow
ratioof Ok009.

.
hasmuch as the rocketchember pressureswere recordedin flixt,

the thrustsof the propulsionsystemsfor the flizt modelswere obtatied
by usingthe establishedcalibrationcurve- an altitudecorrection.

:~l=f ~’=~=’~~~~~~=~ ~Lt



Mach nwnberIn figure9. Also plottedin figure 9 m jet-offvalues
of totaldrag and base drag coefficientsfor the model-s.The ~ocedures
of cwputhg Jet-onEUM2Jet-offdrag coefficientsand base drag coeffi-
cientswere the sameas thoseoutlinedh reference1.

Reference1.3has shownthat the grossthrustof a conicaleJector
verleswith secondaryah flow;that 1s, for a givenenginethrustthe
grossthrustof the conical-ejectorsystemincreasedas the ratioof
the secon~ weightflowto the primaryweightflow increased.During
the flighttestsof the presentmdele, the mount of secon~ air
“Mucted by the scoopsmied althoughthe prs Jet remainedrelatively
cmstant. Sinceno attezqptwas made duringprefll~t staticteststo
evaluatethe effectof the secoq Wed.@ t-flow ratioon the grossthrust
of the conicalejector,It was necessaryto use data obtainedfmn a com-
parableejectorto estimatethe chmge in the ejectormss thrustin
flight. CotiigurationG of referenceu was caqparableto the conical
ejectorused in models1, 2, and 3; configurationG had an 8° conical
shroud,an Z/dp of 0.408,and a ds/dp of 1.10 as cqed with a

7.5° C~~~ mud, = l/~ = 0.387,W a d~~ of 1.256for
models1, 2, E& 3. ConfigurationG %as alsotestedat approximately
the seinejet temperatureand jetpressureratioas the.presentmodels.
Althoughthe eilectorgeometrywas slightlydlf’ferent,the data of refer-
ence 14 showthat the effectof the differencesin geauetryfor the j*_
pressure- weight-flow ratioscoveredwas small. Thus,it was assumed
that tie vsmiationof the-grointhrustof the ejectorwith corrected
secq ah-flow ratiofor models1, 2, anl 3 wouldbe the sameas that
of ccmfigurationG of reference13. The slopeof the curveof the ratio
of the ejectorgrossthrustto the primary#et thrustas a functionof

.

.

d(Fej/Fj)
correctedweight-flowratio , & was detemlned for the—

3,7’50° R afterburner
In the ejectorgross

flowratiosand that

W8S obtained. Then,

‘[wS/wPJTs/%)
temperature.~ usingthis slope,the increment
thrustbetweenthe actualfl~t correctedweidht-

- &g=o.oo9jof the preflightstaticfiring

this incrementwas addedto the ejectorgrossthrust —.

of 0.009to givethe ejectorgrossthrustat the

fllghtcorrectedweight-flowratios. This correctedtbruetwas used to
computethe jet-ondrag coefficients for models1, 2, and 3 whtchhave
been plottedagainstMach nuniberin figure10.

Model4 had differentejector-shroudgeometrythanthe othermdels

(that is, l/~ = 0.097)- It was assumedto performas a zero-length

ejectorsystem. The measurementsmade m the secm air-flowsystem
of thismodel ~icated that the secondarymomentumwhich existedfor

.

~—~- .- -al--

.

.
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.
jet-off’md jet-onflightwas smalland wsa approximatelythe ssmevalue.
Thus,it was assmed that the grossthrustof the systemwas the seine

4 as the *t of the primary$et. ~erefore, the calibrationcurve
obtainedfrompref~t statictestwas modlfledto representthe thrust
of the primsmyJet aloneby mibtractingthe increasein thrustMicated
by reference1.3for cmrected wel@t-flow ratioof 0.009. Thismodified
calibrationcurvewas then used to determinethe total 12unmtof model 4
end from -se valuesthe Jet-ondrag coefficientswere ccqputedd
presentedin figurelo(d).

The correctedwet#rb-flowratiowas detemined
ratioof the continui@ equationsfor the sac-

where ps was measured directly h fllght = ~

frcxtlthe fouowlng
and ~lmsry jets:

was obtaineddur~
sqpersaiicspeedsby assuminga normalshockstandingin frontof the .

. Inletand determiningthe free-streamtotalpressureenteringthe Inlet.
A zero losswas assmed frcm inletentranceto inletthroatwhere As

d ps me ~s~ed. The ~x wei#htflowwas determinedby using.
the conditionsaisting at the simulatorsonicexit station: that is,
~=1,.~m~smed,ti~mdet~ from the preflight

modlfkd calibrationcurve. The valuesused for the
ertles, y and R, of the seccmdarycoolingalr and
as follows: ys = 1.40, ~ = 75.30, 7P = 1.25, ~

Pr_ ~et tmpewhre at approximately~,000°R.

Accuracy

th~~c mm
W- Jet were
= 65.50, and a

~ orderto establishtelemeteraccuracies,statisticaldata have
been ccuqpiledover a numberof years~ the lhstrumentResearchDivision
of the IangleyLaboratory;m the basisof thesedata it is believ~ that
the maximumprobableerrorOfeach measurementis almti~ percentof the
full-scalerange.

.

.

The error in total jet-off drag coefficientwas obtainedby estab-
ltshlnga root-mean-squa”etotal-drag-coefficientcurvefor five bodies
of revolutionwhichwere also the ssmebasicbodiesof revolutiond
were a~roximatelythe samewe=t as the test models (excludlngthe
Secondaxyscoop). A staadarddeviationor root—mean-squaredeviation
fran the mean-dragcurvewaa calculatedfor severalMach numbersand
thesedeviationssre tabulatedbelow. !l%eaccuradyof wall-exitpressure
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coefficientswas cmputed by usingthe probableinstrumenterrorsgiven
e=lier, m the basisof the foregoing,thetest accuraciesfar Jet-off
conditionsare withinthe valuestabulatedbelow:

l&ch number $,W Q,t,nlls

o.% *o .015 to .0103
1.10 *.005 *.(x@
1.30 *.005 t.oo58

& A

—.

.

b

The velocitymeasmed by the CW Dopplerveloc-ter is lmownto
have an errorof lessthan 1 percent. SinceMach numberis determined
frcmveloci~, the abovequcrtederrorsalso qpplyto Mach nmiber.

..

The de”greeof accuracyobtainedfor the computedjet-ondrag coef-
f Icknts was basedmainlyon the accuracywith whichthe thrustsof the
rocketxwtorcouldbe calculatedsincethe absolutevaluesof the thrust
“wereaboutfourto ten timesgreaterthan thoseof the drag for all Wdels
tested. It was conceivablethat a maxinumprobableerrorof *1O pourds .
of thrustcouldhave been inherentIn the techniqueused for obtaining
fli@t thrustvalues (becauseof the quotedprobableerrorof the static
thruststandeqloyed h the prefli@t testingphase of the simulator). .

This errorcorrespo- to an errorIn jet-ondrag coefficientsof *0.044
at M = 0.g5,ti.033at M = 1.10,and +0.025at M =-1.30.

RESULTSAND DISCUSSION -
--

Wag

The variationof Jet-offamd jet-ontotaldrag coefficientsd Jet-
off base drag coefficientswith free-streamMach nmiberfor the present
mdels is presentedin figure9. !lhesetotal.drag coefficients(jetoff
and jet on) were obtainedby usingthe measuredfMght-data and prefll*t
cali.’tmaticmcurveas outlinedin the analywis section. The jet-off base
drag coefficientsfor the modelstestedhave the samegeneraltrends, -”
that is,negativeor tbrustlngvaluesin the traneonicregionand, except
for model2, have slightlypositivevaluesk the supersonicregion. The
Jet-off base drag coefficientsfor model 2 rematislightlynegativeti
the superscmicregion,but the differencewhichexistsbetweenthis mdel .
and the othersis negligible,that is, the dlfferencelieswlthlnthe
accuracyof the data. Models1, 2, szd 4, the single-scoapmodels,have
abmt the sanemagnitudeof jet-offtotaldrag coeffIcientsthroughout
the testMach number rangewhereasmodel3, the double-scoopmodel,has

.

—
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abouta 20 percenthigherdrag coefficientin the supersonicregion.
The Jet-ontotaldrag coefficients,~,m for all modelstestedwere

4
lowerthan the $et-offvaluesthroughoutthe testMach nunhr range,
mdel 3 havingthe kgest reduction.

The Jet-onvaluesof drag coefficientspresentedti figure10 have
been alterd fromthosepresentedIn figure9 by includingthe estimated
effecton the measuredfli@t valuesof thrustdue to differencesin
secmdary rate flowsin the conicale$sctorsystemfrcunthqt used ti the
preflightstatictest. The procedure,by whichthe grossthrustof the
conicaleJectorsystemsfor models1, 2, 3, and 4 me obtained,has
been outlinedpreviouslyIn the analysissecttan.

Figure10 showsthe vartationof Jet-ontotaldrag coefficientand
the jet-offforebodydrag coefficients(totaldragminusbase drag) as
a functionof free-streamMach numbar. Thisptit showsthat the mamtude
of @t-on totaldrag coefficientsis lowerthrou@out the test Mach nmber
rangethan the Jet-offforebodyvaluesfor all modelstested. The dif-
ferenceswhichexistbetweenthe Jat-offforebodydrag coefficientsand
Jet-ontdal-drag coefficients=e an Indicaticmof the amountthe jet+ff

. bbattailand fin drag coefftcleatshave been reducedby operatlcmof the
jet,the largestreductionappear= in mdel 3 (flg. lo(c))which inci-
dentlyhad the maximumamountof secondarycoollngair mlxhg with the

. primaryjet.

Figure11 summarizesthe Jet-offforebodydrag ~,f and Jet-on

totaldrag coefficknts for modelswith no scoop (mdel 3 of ref. 1),
singlescoop,and doublescoop. The Jet-offforebody-drag-coefficient
curvefor the single-scoopmodelrepresentsa mean curve”derivedfrom
models1, 2, and 4. The additionof scoopsto take in secondaryalr flow
ticreasedthe Jet-offforeb&iydrag coeffIcientsabovethosefor the no-
scoopmodel,and the magnitudeof the Increasewas almosttwiceas great
for the double-scoopmdel as it was for the single-scoopmodels. There
appesm to be an effectof supersonicMach numbercm the magnitudeof the
hcrease; that is, as the M&ch mmiberIncreasesabove1.2, the changein
forebodydrag coefficientbetweenthe no-scoopmdel and mdels with
scoopsterdsto increase. me U. SIMYWSthat,when the propulsivejets
were operated,the drag coeffichntswere reducedfrcunthe Jet-offvalues.
For all modelstested,the Jet-ontotaldrag coeffIcientswere somewhat
greaterthan thoseof the no-scoopmodel,but the magnitudeof drag reduc-
ticmbetweenthe Jet-on and Jet-offconditionsfor all modelsrepresented
In thisplot were of the same o=er of mamitude. Also,tithinthe accu-
racy of the test results,increasingthe amountof secondaryair flow ~
doublingthe numberof scoopstendedto increasethe incremmt in drag
coefficientbetweenJet-onard Jet-offfli@t. Althou@ decreasingthe
eJector-spacingratio 11~ (model4) tmded to decreasethe Incremmt.
betweenthe Jet-onand Jet-offdrag coeffIcients.
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The correctedwest-flm ratio
r

.
% A mid frcm a~roxlmately

—

‘P %
0.014to 0.020for model 1, 0.019to 0.028for ~el 2, O.~ to 0.044 b
for mdel 3, sml 0.014to 0.021for modelk. (Seefig. u.) !l?Msvsri-

r
‘~ ~ appearsto have mu effecton the magnitudeof drag reduc-able
‘P ‘%

tion obtainedfor all modelstested,but it is clifficulthere to separate

r
the effectsof Jet static-pressureratio pp pm and ~ ~ m tie

I %?%
magnitudeof the reductionobtained. Some indtcattonof the effact of

r
Increasing~ ~ on the magnitudeof drag reductioncan be observed

‘P %
fran the larger incrementIn drag obtainedfor model3 overthe others

(figs.10 Emd 11). rIn generalthen,by Increasing~, s for the

modelstested,there
ill~et+lltdid &8g

“P\ “~
appearsto be a tendencytowardsfurtherreduction
coefficientsfi’cmlJet-offvalues●

Ejector-Shroud~acteristlcs

Figure12 presentsthe variaticmof Jet-offend Jet-cmwall-exit
pressure coefficientwith free-stresmWch nmber for models1, 2, 3,
end 4. It has been assmed that the jet-offwall-exit~essures ~e
representativeof the magnitudeof the pressurewhich existedacross
the base and,asa
coefficientswhich

The operation
coefficient cp,w
data,mdels 2 and
well belawthat of
models1, 2, and 3

result,theyhave be-ii used to coqpute the base drag
were presentedin figure9.

of the ~primaryJet hcreasedthewall-exitpressure
for all modelstested. Withinthe llmltsof these

3 emear to air Into a cmtinuous cume that falls
model1. Ihasmuchas the ejectorgecmetryfor
was the same- tie totalpressureof the Primaw

W Pt,p Was relativelyconstantfor thesem&els, it appear;that-one

of the reasonsthat the valueof ~,w of models2 and 3 fallsbelow

that of model 1 can be attributedto the dH’ferencesIn totalpressure
of the secm * fl~ pt,s betweenthat of model1 and that of
mdels 2 and 3.

—

lWure 13, a plot of the variationof ~/~,p with

%, s/%,pY shows-t Pt,s for models2 and 3 is approximately the same .
over a portionof the rangecoveredand is considerablygreaterthan the
~,s valuesof model1. Althoughtherewere not enoughmeasurementsmade .
in theseteststo detemine the reasonthat pt,s effects Cp,w, it is

feltthat the secondaryair flowtendsto act likea cushionbetweenthe

.
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conicalshrotiwall and the

d cushioningeffectincreases

The Jet-onvalueof ~

II

w-- CW* ~~s as Pt,s increases,the

and causes C$ ~ to decrease.9

,,w for model4 a~~s to rsnuubrelatively

constantthroughoutthe test-Mach mmiberrange. When the jet-onvalue
of cp,w of model4 is capered with the valuesfor the othertest

models,it showsthe leastamountof influenceof the primmy Jet on ~,w.

The locationof the wall-exitpressureorificefor model4 was approxi-
matelyin the seineplaneas the exit of the pr- nozzlewhereas,for
the othermodelsit was abcmt0.29 Jet d&neters downstream. Thus,the
prm Jetbad much less chanceof influencingthe valueof ~,w for
model4 thm it W for the othermodelJ3.

~ figure13, the variationof the ratioof wall-exitpressureto
the totalpressureof the primaryJet ~/pt,p with the total-pressure
ratioof the secon&my b primaryjet Pt,slpt,p has beenplottedfor

the presentmodels. The data for the ejectorsof the samegecunetry
(models1, 2, and 3) were plottedand formeda continuouscurvewhich.
is wltlxlnthe accuracyof the data. The variation,which existedin
this curvefor the limitedrangeof pt,s/%,p covered,was felt to

.
be due ma- to the effectof pt s on ~. As pt s was increased,

Pw decreasedfor relativelyconst& valuesof pt,p~
4

me p pt,p

data for modelh were approximately40 percentlowerthan the data for
the hi@er spacingratios. It app=s that the valueof pwlpt,p for

model 4 was insensitiveto any increasein pt,spt,p for the Ilmlted

rangecovered.

Ih orderto gtve some titivationof the pumping performsme for the
ejector-shroudassezibliesused h the presentmodeti (fig.14), the
vsriatIon of the total-pressureratioof the secondaryJet to the imary
jetwith correctedweight-flowratiohS been ~~ared. TFigure14 a) is
a comparisonof the pumpingperfommnces obtained

(/

for mdels 1, 2, and 3
Z dp = 0.387) with resultsobtainedfrom ref~ence u (conf@urationG)

and reference14 (configuratlmwith Z/~ of 0.39 S3addsl~ of 1.21).

Althoughthe spacingratiosand diameterratiosfixm thesereferenceswere
not mctly equalto valuesof the presentmodels,nmetheless, it was
felt that sucha comparisonwuuldat leastindicatethat the eJector-
-x-perf~ e data obtainedfor the presemtmodelswere h general
agreement. The solidcurvepresentedh *is plotwas obtainedfrcuna
crossplot of the datapresentedIn reference14 whtchhad a temperature
ratioof 1.0 (coldJets). Data of referenceu presentedin this plot
showthe miation of afterburningand nonafterburningtemperatureson
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the puqpingperfomlance of configuration(3. Also plottedin figurelb(a)
are somepuqplng—performance data obtainedfmm the prefll@t statictest
(dashedCircularSymlmls). Model4 couldnot be tncludedin the c~ml- ‘
son with the othermdels becauseof the pronmmced differenceIn spacing
ratio (2/~ ) ommme d8ta of model4 have= oeog7 ; mus} the wwing-perf
beenpresentedIn figure14(b).

CONCLUSICMW
.—

lbur 7.5° bcattail bodies of revoluticmwith sec_mdaryair scoops,
a dismeterratioof 1.256,and spacingratiosof 0.387end 0.0g7were
testedin freeflightwiti a turbojets-tar to determinethe effect
of a primsryjetwith secondaryair flowon the ccmfigurationdrag In
the transonicand supersonicspeedranges. Jet-offdatacovereda Mach
numberrangefkm 0.85 to 1.47end jet-ondata from 0.92to 1.47. The
Reynoldsnuuiber(basedon ~ length)for the Jet-di?fdatamxritifrum

19.5x 106 to 52 x 106andfor the Jet-ondata,fran 25 x K$ tO

46.9 x M$. me jet to free-stieamstatic-pressureratiovariedfrcm
approximately3.0 to 4.2. The data obtainedfor the modelsindicated

.

the followingconclusions: — —

1. The additbn of scoopsto tiuct sec~ alr fluw Increasedthe
.

jet-offforebodydrag coefficientsabovethosefor the configuraticm
with no secx scoaps. !ibemagnitudeof the increasewas almost
twiceas greatfor the double-scoopmodelas it was for the single-scoop
models.

2. When the propulsive Jets were operated, the drag co&ficients _
were reduced frcm the values obtainedwith the jet off. For all models
testedthe Jet-ontotaldrag coefficientswere somewhatgreaterthan
thoseobtainedfor the no-scoopmodel,but the drag reductionbetween
jet-onsad Jet-offconditionsfor all modelsrepresentedwas of the ssme
orderof magnitude.

3. Withinthe accuracyof the testresults,increasingthe mount
of secomlez’yair flowby doublingthe nwnberof scoopstendsto increase
the incrementin dragcoefficientbetweenjet-onand Jet-offfI.lght

.

.



NACARM L56H23

conditions.Decremlng the eJector-spacingratiotendedto dxrease
the incrementbetweenJet-onand Jet-offdrag coefflcknts.

Langley Aeronautical Laboratory,
N&tionalAdvisory(Xxmltteefor Aermautics,

~SY ~ti, Va., Aummt 10, 1956.
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T4BLE I.- COORDINATESOF P-LIC NOSE

[station measured flm?l fuselage nosg

I station, I Ordinate,
in. in.

o
1

~

10
14
18
22
26

0
.245
.481
.923

1.327
2.019
2.558
2.942
3.173
3.250

.

.

.

.



. .

, # &

.,,
“! ..:
:;::

:

i.”

1,.

1

t

,.

. . . .. A K

(a)Mx%ele1, $?,aud 4 (single-sccop mdels).
Irg0310

,.

l’”““
,,

,.

. ,,
i., ,

,.

:,

L-90194
(b) Wdel 3 (dOlibb-SC~ mdel).

mgure 1.- Photog’@Js of exkrnd. ~aticms forthemdeb tested.

3!



. . . . . . . . . . . . .

Sss cMII A

2.!5s2Mofof sxn

*

., ,, ~Throat I i II

TYPIIXI! fin ssctlon A-A

Stdc+lmsurs hlh

mm= 2.- DetEdls and (tlmzushxlflfor a typical test Imael. All dimeJl-

Sions are in Inches.

, . ,, ●

✎✍✎

.

1-
(n

I
E
z

i
u



19

3/32 Wall

*!”c

.2
3/32 Wall

Wall - exit pressure tube ~

Model

1

2

3

4

length, 2

1.00

1.00

1.00

.25

spacing
ratio, 2/~

o.3f37

.%7

●*7

9W7

Diameter
ratio, &/dp

1.256

1.256

1.256

1.256

(a) Detail and dimensions of the conicaleJector-shroud
ameniblyused. All dlmensio?lsare in inches.

Figure3.- Home eJector-shroud assenbly characteristics.
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pressure tube
7

2.582
Exit dia.

A .07’0 wall - -
1,154 Throat diameter

Plenum chamber
I

Section A-A

Figure4.-Chmm Becticm at typical turbojet
em in Inches.
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(a) Model 1.
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(b) Model 2.
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(c) Model 3.
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● ,*”

(a) Model k.

Figure 6.- Variation of free-stresm Mach number with time for the models
tested.
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Figure8.- Variation of Jet

number
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(b)Model 2.

Figure9.- V=iation of Jet-off and jet-on total-drag coefftclent and
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Figure 9.- Concluded.
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