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This reportpresents

AERONAUTICS

AND RAM-RECOVERYc!HARAmsTIcs

INLETSAT HIGH SUBSONICSPEEDS

By JosephL. l?mnk

SUMMARY

OF I’?ACA

ram-recoveryand mass<low ratiosfor NACA sub-
mergedinletsat four positionson the fuselageof a model of a hypothet-
icalfighterairplane. Ram+recoveryand mass-flowcontoursin the inlet
and plots of the pressuredistributionover the ramp and in the inlet
entranceare shownfor the rearmostinletposition. The Mach rnunberrange
was from 0.30 to 0.875,and the angle-of-attackrangewas frm -2° to 12°.

Ram+recoveryratioswere generallymaximumfor mass<low ratios
between0.60 and 0.80for all inletpositions. The inletin the most for–
ward positionprovidedthe highestram-recoveryratiosfor almostevery “
test condition,ram-recoveryratiosas high as 0.94 beingmeasuredfor
thisposition. Ram-recoveryratioat the inletin the secondlocation
was satisfactory,averaging0.025lowerthan that of the forwardinlet.
At the two rear positions,ram-recoveryratiodiminishedrayidlyas the
Mach numberwas increasedbeyond0.70 and the angle of attackwas increased
aboveOO.

INTRODUCTION

Testswere conductedin the Ames l&foot hig~speed
continueinvestigation,at highersubsonicMach numbers,

wind tunnelto
of NACA submerged

inletsdevelopedin the Ames 7- by lo-footwind tunnelsas discussedin
references1 and2. For thetestsin the l~foot wind tunnel,the inlets
were mountedat four longitudinallocationson a model of a ~othetical
fighterairplane. Resultsof tests in the l~foot wind tunnelfor inlets
in the most forwardpositionon the fuselageand with boundary-layerdeflec+
torswere reportedin reference3 with the presentationof ram-recovery

, ratios, mass-flowratios,=d pressuredistribution.Resultsfor inlets
. at fourpositionson the ,fuselage(with“andwithoutboundary-layer

deflectors)were reportedin reference4.with the presentationof r-
●

recoveryratiosand mass-flowratios. To expediterelease,reference4
.

presentedr-recovery and mass-flowratioscomputedfrcmpressuredata
.

..+MWF#EW:lA5”8



2 NACA RM A501o2

averagedduringthe testsby an integratingmanometer. The presentreport
yresentsrem-recoveryandmass410w ratioscomputedfrom the dataused in
reference4, but computedby the methodof reference3, whichyieldsmore
precisevaluesof pressurerecovery. Ramp and tnletstatic-pressuredis-
trilnzizlcmand contoursof localram-recoveryand Iocalmass+flowratios
in the inletmountedin the rearmostpositicmare also presented.
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SYMBOLS

The s~bols used in thisreportand theirdefinitionsare as follows:

effective-totalpressure,poundsper squarefoot

Mach number

pressurecoefficient
(W

criticalpressurecoefficient(thepressurecoefficientcorre-
spondingto localsonicvelocity)

staticpressure,poundsper squarefoot

dynamicpressure,poundsper squarefoot

angleof’attackuncorrectedfor tunnel=walleffects(measured
relativeto the fuselagereferenceline),degrees

Yam-recoveryratio

mass+low ratio (theratioof themass
area to the mass flow througha unit

flow througha unit inlet
area in the free stream)

.

.

Subscripts

o free stream

1 duct entrance

APPARATUS .

.

A completedescriptionof themodel is givenin reference3. The
model (shownin figs.1 and 2) representeda hypotheticalfighterairplane.

.

.
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Throughoutthe testsa pair of identicalinletswas used. They were dis-
posed symmetricallyon each side of the fuselageand were connectedto a
conmmnplenumchamherin the rear part of the fuselage. The fuselagesta-
tionsmentionedthroughoutthis reportare expressedin inchesfrom the
fuselagenose. me four longitudinalinletlocaticmsinvestigated(fig.2)
were at fuselage stations34.25,42.50,50.75,and 59.00and corresponded,
respectively,to 16.7 percentof the root chordahead of and 8.3, 33.3, and
58.3 percentof the root chordbehindthe wing-rootleadingedge. Dimen-
sionsof the ramp and the lip are shownin figure3. The ramp angle (7°)
and the ramp length(21.10in.)remainedconstantfor all inletlocations.
Due to the differencein fuselageshapeat the variousramp locations,the
curvatureat the beginningof the rampwas differentfor the variousloca-
tions. Duringall parts of the investigationcoveredin this report,the
angleof the inletlip (fig.3) was -3°.

Internalpressures(fromwhichpressurelossesand flow rateswere
calculated)were measuredwith a rake in the duct 2.1 inchesbehindthe
lip leadingedge. The rake consistedof 30 total-pressureand 30 static-
pressuretubes. Locationof the pressuretubeson the rake is shownin
figure4. Orificesto measurepressuredistributionwere locatedalong
the ramp centerlineand along the.walls of the ramp. Theserows of
orificesextendedpast the inletinto the duct.

TESTS

Range of tests

During the teststhe Wch numberwas variedfrom 0.30 to 0.875. The
Reynoldsnumbersper foot of lengthcorrespondingto theseMach numbers
were 2.0 and 3.9 million,respectively.In general,the angle+f+tkck
range of the testswas from 42° to 12°, exceptwhere the strengthof the
model limitedthe angle of attack. The mass-flowrations variedfrom
O to 1.80,the upperand lowerlimitsdependingupon pressurerecovery
and flow instability,respectively.With the lowesttotalmass+flowrate
for both inlets,flm instabilityforcedmost of the air to flow into one
or the otherof the inlets. Data for the low mass<low ratioswere not
obtainedat someanglesof attackbecausemost of thd flow usuallyentered
the inletin which the measurementswere taken. At a Mach numberof 0.875
mass-flowratiosaboveapproximatelyO.gO were not obtained,probably 9

becauseof chokingin the internalducts.

4 Data Corrections

.
The Machnumbercalibrationfor the testswas derivedfrom a survey.

of the wind tunnelwithoutthe model in placeand was correctedfor

--mm@mm+
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4 NACA RMA50E02

constrictioneffectsdue to the presenceof the modelby the methodof
reference5. No othercorrectionswere made to the dataf’ortunnel+all
effects. The uncorrectedangleof attackof themodel is estimatedto
be about10 percentsmallerthan it wouldhe in free air for the same
lift on the wing.

Calculationof Ram-Recoveryand ~SS+?lOW

To e~edtte releaseof reference4.,ram-recovery

Ratios

end mass+flowratios
were computedfrom datarecordedby an &eraging man&eter, thismsnometer
supplyingthe arithmeticalaverageof readingsof 30 total=presmretubes
and the arithmeticalaverageof the readingsof 30 static-pressuretubes.
However,the averagetotalpressuresuppliedby the averagingmanometer
was not a correctmeasureof the streamtotalenergy;f’orthisreasonthe
resultsof the seamtestswere recomputedfor the presentreportby more
exactmethodsdiscussedbelow.

The effectivetotalpressure E used in the presentreportfor com-
putingram+ecoveryratiorepresentsthe totalenergyper unitmass pas-
ing a givensection=in this case a station2.1 inchesbehindthe leading
edge of the inletlip. To correctlyreflectthe local total energyin
the area assignedto each of 30 total+resauretubes,the logarithmof the
totalpressureat each of the tubeswas weightedby the mass flow through
the area assignedto that tube in accordancewith themethoddevelopedin
reference3. The logarithmof the effectivetotalpressurewas thencal-
culatedby dividingthe sunmationof’theseweightedvaluesby the total
mass flow throughthe inlet. ~

Mass flowswere computedfor the areasassignedto each of the 30
total~reasuretubes;the mass+flowratiofor the entireductwas then
computedfrom the sumati.m of these30 localmass flows.

In contrastto themethodof calculationof ram+?ecoveryratioused
in the presentreport,the averaging-manometermethodused in reference4
employsa totalpressureaverageddirectlyfrom the readingsof the total-
pressuretubes,therebeingno weightingfor themass flow throughthe
area assignedto each tube.

A comparisonof data cmnputedby the two dtfferentmethodsrevealed
thatrem-recoveryratioscomputedby themore exactmethodof weighting
the totalpressureswere ccmsistemtlyhigherthan thosecomputedby the
shorteraveraging=mananetermethod. l?am~ecoveryratioscamputedby the
more exactmethodaveragedapproximatelyO.~ higherat 0.60mss<low
ratioand approximately0.024higherat 0.80mass+?lowratio. %1OW a
mass+?lowratio of approximately0.88,mass+’lowratioscomputedby the
more exactmethodwere lower;above thispoint,theywere higher.

.
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RESULTSAND DISCUSSION

The variationof ram+ecoveryratiowith mass-flowratiofor various
numbers and anglesof attackis shownin figures5 through8. Figure95

5

cross+otted from figures5 through8, presentsthe variationof ram
recoverywith angle of attackand with Mach number. Figure10 presents
contoursof localram-recoveryand mass+il’lowratiosfor the inletin the
rearmomtlocation. Figures11 through24 presentthe pressuredistribu-
tionalong the rap and walls of the inletfor the rearmostlocation.

. Effectof Mass+?lowRatio

In general,the shapesof the curvesof ratn+ecoveryvariationwith
mass+l?low,shownin figures5 through8, were similar for all inlet loca-
tions,Mach numbers,and anglesof attack.“The generalpatternwas a ‘
sham rise in ram recoveryas mass flow was increasedfrom thd lowest
valuesto approximately0,60,a levelingoff and matimumram recovery
between0.60and 0.80mass+flowratio,and a droppingoff of ram-recovery
ratioabove0.80mass~low ratio. Thus,it is seen that the regionfor

. most efficientoperationof the inlettested,as indicatedby pressure
measurements2.1 fnchesbehindthe lip leadingedge,was between0.60 and
0.80mass+f10wratio. The crossplots shownin figure9 weremade at 0.60.
and 0.80mass<low ratios,the regionof maximumram recovery.

As indicatedin
providedthe highest

Effectof InletLocation ~

figure9, the inletin the most forwardlocation
ram recoveryin all excepta few instanceswhere

recoveryat the inletin the secondlocationwas equal. This superior
performanceof the most forwardinletwas to be expected,as reference4
showedthat the boundarylayerwas relativelythinalong the forward
portionof the fuselage. The maximumram-recovery ratioat the forward
inletwas 0.94 for a Mach numberof 0.6Qan angle of attackof +0, and
a mass<lowratio of approximately0.70 (fig.5). Ram recoveryof the
inletin the secondlocationwas satisfactory,averaging0.025lowerthan
that of the forwardinlet. The maximumdifferencebetweenram-recovery
ratiosfor the two forwardlocaticinsfor similartestconditionswas 0.035.

Inletsat the thirdand fourthlocations(fromthe nose)maintained ,
satisfactoryram+recovery ratiosat Machnumbersbelow0.70 and anglesof

* attacknear 0°, averagingonly 0.03and O.O&,respectively,below those
. of themost forwardposition. However,as Mach numberwas increasedbeycnd

0.70 and angle of attackwas increasedabove0°, ram recoveryat the two
. rear inletsdecreasedrapidly. The progressivelypoorerram recovery(as
d the inletwas moved aft)was due mainlyto two factors.
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The firstfactorwas the growthin thicknessof’the boundarylayer
alongthe fuselage,the boundarylayerat the rearmostinletlocationbeing

.

at least twice as thickas thatat the forwardinletlocation. The ccn-
touraof localram-recoveryratio,presentedfn figure10, show the areas
of low ram recoveryin the rearmostinlet. The contoursin figures10(n),
1O(O),and 10(s)showthe largelossespresentat the outer comers of the
inletwhen operatingwith highmass ~lows. T!heselossesare believedto
haveteen due, in part, to the boundary-layerair that spilledover the
outeredgesof the rempwallsand flowedintothe cozmereof’the inlet.

The secondfactorcaustngprogressivelypoorerramrecovery as the
inletwas moved aft was the velocitiesinducedby the wing. Localveloc-
itiesinducedby tha wing resulted,in supersonicspeeiis(andconsequent
shockwave formation)at a lowerfree-streamMachnumberfor the rear
inletlocationsthanfor the forwardlocations.Evidenceof supersonic
velocityfirstappearedfor the rear inletlocationat 0.70Machnunber
(fig.18),while supersonicvelocitywas not foundat the forwardinlet
locationbelow 0.80free-streamMachnumber (reference3). Earlierand
more intenseshockwavesat the rear locationsand interactionof these
shockwaveswith the boundarylayerat the rear inletlocationscaused
lossesin ram recoverygreaterthanthoseat themore forwardlocaticms.
The criticalpressurecoefficientsshownin the pressure~istributicn
figureswere calculatedfor isentropicflow. Hence,for pointswhere the

.

totalpressurewas less than the free-streamtotalpressure(suchas
behindthe lip leadingedge),the criticalpressurecoefficientsare same- ●

~~hatin error. Likewise,the velocitiesinsidethe ductare not exactly
as wouldbe computedfrom the pressurecoefficientsby the isentropic
relations. :

A furthereffectof the wing-inducedvelocitywas curvatureof the
flow, evidencedin the tuftpicturesin reference3, thatresultedin an
upflowalongthe fuselageadjacentto the wing leadingedgeand a downflow
fartheraft alongthe fuselage. The curvedflow introduceda ccmpmmnt
of velocityperpendicularto the tnletcenterline. Thisperpendicular
compcmentprobablyinterferedwith the flow down the ramp and contributed
to the rem-recoverylossesat the rear inlets.

The areasof low ram recoveryat the outercornersof the rearmcst
inlet,shownin figures10(n),1O(O),end 10(s)and statedearlieras
havingbeen due in part to boundarylayer,are thoughtto have been due
also to shockwaves. The pressureplotsof figures18 through24 (for
therear inlet)indicatethat shockwaveswere alwaysof greater inten-
sity alcmgthe lowerrampwall md usua13yof greaterintensityalong
the upperrempwall thanalongthe ramp center. Interactim of these
strongershockwavesalongthe rampwallswith the boundarylayerprobably
contributedto the lossesin the outercornersof the inlet. contoursof
ram-recoveryratiofor themost forwardinlet(reference3) showedno
evidenceof lossesin the outercornersof the inlet.

●

.

b
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IX?fectof Augle of Attack

,

u

Ram-recoveryratioat the inletsin the two forwardlocations
(fig.9) generallydecreasedgraduallywith increasingangle of attack.
This decreasein recoverywas probablydue to the increasein fuselage
boundary-layerthicknesswith increasingangleof attack,as shownin
referencek. Ram-rscoveryratioat the inletsin the two rear locations
(fig.9) decreasedgraduallywith increasingangle of attackat Machnum-
bers below0.70,but, at Mach numbersof 0.70 and higher,ram recovery
decreasedsharply,especiallyas the angleof attackincreasedabove OO.
This sharpdeclinein rem recoveryat the rear inletswith increasing
emgleof attackis thoughtto have been due to the increasingintensityof
shockwavesat the rear inletlocationswith increasingangle of attack.
This increasein shock+ave intensityis indicatedby the increasein
localsupersonicvelocitieswith increasingangle of attackin the pres-
sureplots of figures18 through24. The most rearwardinletwas probably
furtherinfluencedby the shockwavesfram the wing. At the higherangles
of attack,even the inletin the thirdpositionmight have been influenced
by the shockwavesfrom the wing.

CONCLUSIONS

Resultsof an investigationof NACA submergedinletson a model of a
hypotheticalairplaneindicatethe following:

1. Mass-flowratiosbetween0.60and 0.80are optimumfor efficient
operationof the inletsas indicatedby pressuremeasurements2.1 inches
behindthe lip leadfngedge. Withinthis range,~recovery ratios of
0.94 for the forwardinletand 0.90 for the rear inletwere measured.

2. Inletsin the regionof high-velocityfluw inducedby the wing
had high compressibilitylossesbeginningat approximately0.70Mach ntm+
her, while thoseahead of thisregionmaintainedhigh ram recoveryat the
highesttestMach number.

Ames AeronauticalLaboratory,
NationalAdvisoryConunitteefor Aeronautics,

MoffettField,Calif.
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Note:
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