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Abstract.

Followingproblemswereinvestigatedby wind-

tunnelmeasurements:Blownflapshavingvarious

forms,especiallya slottedflapwithblowingfrom

itsleadingedge.Simultaneousblowingoverflaps,

aileronsand frcmthewingnose,especiallynear

themaximumlift.Slipstreamdeflectionby blowing

overhorizontalrudder,etc.Theresultswere

appliedin designingan experimentalaeroplane.

In flightteststhe influenceof blowingon

aerodynaaicand flightcharacteristicsof theaero-

planewas investigated,mainlytherestitution

valueof theblowingcoefficient,etallingchara-

cteristicsand controlabilityafterinterruption

of blowing.

Specialmethodsweredevelopedfortunneland

flighttesting.

Introduction.

Tne researchwork on someproblemsof BLC by

blowingand on the jet-flapschemewas conducted

at ARTIduringseveralyearswiththeaim to in-

vestigatethepossibilitiesof itsapplicationto

STOLaeroplanesand to becomeacquaintedwithspe-

cialproblemsoccuringby theirtestingand design-

ing.Besidessomeproblemsof general,basiccha-

racter,theresearchwas focusseduponthedeve-

lopmentof an experimentalaircraftwithBLC.To

thispurposea conventionalsmalltwo-engineaero-

plane/typeMoravaL-200/was adapted.The inves-

tigationswerethereforelimitedto classical

formsof wingsand flaps.

The resultsof wind-tunnelinvestigatices,of

flighttestsas wellas sometheoreticalsolutions

are containedin manyinternalreportsof ARTI;

themainresultsof theaerodynamicresearchare

x) NotesInsteadof decimalpointscommasare used.

summarizedin a SummaryReport(1).In thepresent

papersomespecialproblemswillbe emphasised.

• Someresultsof wind-tunnelresearch.

/byZ. JaAour/

1. Theinfluenceof theshapeof theblown

flaoon theietflap•fficiency.

A symmetricalwingbetweenend-plateswas

testedwiththreeinterchangeableflapsof various

forma/seefig.1/

(a)
AffigngAlk 45'

Fig.1. Wingmodelsections.Size0,2mx0,2x).

Basicprofile:a/ NACA0018,20% flap.

b/ NACA63A416,25% flap.

a/ flapwithflatuppersurfacefollowinga

circularroundednose.

b/ flapthe topsurfaceof whichwas broken

threetimesby anglesof 15°.

c/ flaphaviogcircularycylindricalupper

surface.

The angleformedby thetangentto theupper

surfaceat the trailingedgeandby thebasicwing

chordwas thesameforallthreeflaps,namely45°.
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The upperwurfacewesblownby a jetissuingfrom

a slitin therearedgeof thebamicpartof the

wing.

It is naturalthat- withoutblowingoverthe

flaptopsurface- thelargestliftvaluesare

attainedwiththefirst/flat/flap,becousethe

primaryeffectforliftincreaseby a flapis the

amountof loweringthetrailingedge.On theother

sidethedeflectionof thejet•ffectedby the

flapis due to theCoandaeffectwhichcanbe in-

fluencedby thelongitudinalcurvatureof thede-

flectingsurface.In orderto investigatethiswe

needto comperetheliftincrementsdueto blowing.

Thisis donsin fig.2 whichshowstheliftin-

crementsat a fixed/zero/angleof attackas well

as themaximumliftincrementsforthegivenwing

fittedwitheitherof thethreeflaps.

The bestliftincrement'arereachedwith the

brokenflapsurface.The lowestincrementswith

thecylindricalsurfacearedueto prematuresepa-

rationof the jetfromthesurfacebeforereaeing

thetrailingedge.Thiscanbe observedalsoby

calculatingthedirectionsof thereactionforce

fromtheratioof thelongitudinalforce/negative

drag/to thelift,so as measuredin freeair.The

deflectionangleswere

forflapI /flat/ 48,50

forflap 2 /broken/ 47,00


forflap3 /cylindrical/42,5°

Higheramountsof deflectionwiththeflaps1

and2 may be explainedeitherby an aerodynamic

forceinducedby themixingof thejetwiththe

ambientair,or se a realdeflectioncausedby

asymmetrioalmixingon bothsidesof thejet.

I slottedflapwithblowingoveritsupper

surfacefroma slotin theflapleadingedge,as

illustratedin bottomof fig.1, was envisagedfor

applicationon theexperimentalaircraftin order

to maintaingoodliftcharacteristicsin take-off

or landingalsowithoutusingblowing.Withblowing

the slottedflapprovedto giveslightlyhigher

liftvaluesthana correspondingplainflap.

It is a disadvantageof theslottedflapwith

blowingfromitsnosethattheoptimalpositions

formaximumliftrelativelyto thebasicpartof

thewingare stronglydependentnotonlyon the

flapdeflection,butalsoan thevalueof thejet

momentumcoefficient.To determinetheoptimal

positionslargesystematicsetsof measurementsars

to be undertaken.An exampleis shownin fig.3.

75.

75.
- 0,08

Fig.3. Optimalpositionsof a slottedflap.Basic

profileNACA63A415,25% flap.Re1,3x106.

The coordinatesf, 12givethepositionof thelip

of theblowingslotin theflapnoserelativelyto

therearedgeof thebasicpartof thewing.

The changesof theoptimalpositionswith

blowingratearelargestduringtherestitutionof

potentialflowovertheflap.Themovementsof the

optimalpositionwiththeflapdeflectionseem

0,5 cr". 10

Fig.2. Liftincrementsvithflapsof various

forms.Re,. 0,25:106.
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oftennot to be smooth.I mustbe statedthat,in

manyinstances,therecouldbe foundmoreliftma-

ximain differentpositions,someof themfalling

outof theinvestigatedregion.

Themeasurementson aerofoilswithblownflaps

verifiedtheapproximaterelationsforthelift

incrementsby blowingat a• 00 , i.e.

dc, ^,c,„ for ce < cm, /under-restitutionrang./

dcA for > cm, /over-restitutionrange/


Formaximum-liftincrementstherelation

dc Ax ce
was foundin mostcases.

2. plowiarfromthe Issas" edgeof thewing.

0,82

0 20' 40* oc 60'

It is wellknownthatwithincreasingrateof

blowingthestallingangleof jet-flappedwingsdi-

minisheddownto thevaluesapproachinga_ 00. To

remedythisit is intendedto preventthspremature

separationof theflowon thewingleadingedgeby

blowingalongtheuppersideof thewingfroma

slotin theleadingedge.Of course,theslot

Shouldbe placedupstreamof thepresupposedposi-

tionof thepointof separation.

The effectof blowingout of thewingnoseslot

onlywas firstinvestigated.Withgrowingrateof

blowingtheeffectconsistsin restitutiogthepo-

tentialflowoverthewinguppersideand finally

overthedeflectedflap,thusdelayingabruptsepa-

rationto higherincidences.Withintherestitution

rangeof the jetmomentumcoefficienttheliftat

moderateanglesof attackis littleinfluenced.An

overallliftincreaseoccurs,of course,with

higherblowingrates,causedby thejet-flapeffect

of the jetpassingoverthetrailingedgewith

over-abundantmomentum.Theseeffectsare Must-

atedin fig.4 gainedfrommeasurementson a small

wingprofilemodel.

Generallyblowingoverflapsis moreefficient

meanforincreasingliftthanblowingfromthe

leadingedgeat thesamerate.

3. gmbingalaiu.

Withblowingsimultaneouslyfromseveralslots,

e.g.on wingleadingedgeandoverflaps/andover

ailerons,maybe /theoveralljetmomentum

coefficient
+ Cpx + C40

mustbe takeninocasideretionas a assure of power

requiredforblowing./TheooeffioientscAommm4A4F)

Fig.4. Effectof blowingfromthewingleading

edge.BasicprofileNACA63A416,20% plain

flap.B. is0,251106.

are relatedto thetotalwingarea7./ The

efficiencyof combinedblowingdependsprimarilyon

thedistributionof theblowiograteamongthein-

dividualslots,whichshouldbe optimalfromthe

pointof viewof thebestliftattained.

Somemeasurementsperformedwith smallwing

modalsdidnot giveencouragingresults.Therewas

littlepossibilityin themodelsto changetheratio

of jetmomentumcoefficientsceN/C6a , and the

investigatedvaluesof thisratioprovedto be

eithertoolow or toohigh.For thisreasonthe

modelof theexperimentalaeroplanewas fittedwith

throttlingflapsin allChannelsdistributingcom-

pressedair amongtheblowingslots.Thewidthsof

thsslotswerechosen,followingpreviousexperien-

ces,so thatwithfullyopenedductstheblown-out

momentumwas distributedby theratios

C m. p( C Cm.N 0,40 0,24 s 0,36

Expressedas theratioof momentablownoutat the

leadingedgeandat therearof thewing,i.e.

CeN/(oe,+ ce0 S 0,55.

/In thisratiothesusc.m.„4.Cea is somewhatconfue-

ing,becausetheflapsandtheaileronshavedif-

ferentaoglesof deflection./

The resultingliftcurveswithoutblowingand

withblowingat twodistinctvaluesof the total

•omentumcoefficientareshownin fig.5. For each

curvethe respectivethrottlingof theair inlet

is informativelyindicated.
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-10' 0. 10 ci, 20.

Fig.5.Effectof blowingratioce.m/(cp.K4"
TheE-33aeroplanemodelwithouthorizontal

tail,withoutpropellers.Blowing:




flaps ailerons wingnose
I fUll full 0
2 full full 1/3
3 full full 2/3
4 full full full
5 2/3 2/3 full

The decidingdatumis thevalueof maximumlift

coefficient,whichis ehowntobe thegreatestwith

fulladmissionof theblownairintoallslots,or

withsomethrottlingof theairadmissionto flaps

andailerons.Th. distibutiongivenby theabove

ratiosprovedthusto be approximatelyoptimal.

Teo importantfeaturesmustbe mentioned.First-

ly,thelaowingslotin thewingleadingedgemust

be placedforwardenough,in orderto preventsepa-

rationalsoat largeincidences;in theprofileof

themeasuredwingit was placedin 0,2percentof

thechord.Secondly,theapplicationof blowingout

of theslotin thewingnoseis mostimportant

betweenthefuselageand thenacelleswiththeair-

crafttypein consideration,so as confirmedby

measurements.

The blowingslotin theleadingedgerepresents

a seriouaperturbationon thewingsurfacewhen

thereis no blowing.In thebottomof thefig.5


twoliftcurvesarecompared,onerelatingto th•

aircraftmodelwithopenedslot,theotherto the

samemodelwiththeslotsealedby a maskingtape.

The differencein maximumliftvaluesis considerw.

able.

Anotherconfirmationof theadvantagesof the

conceptof combinedblowingis givenin fig.6.

0,05 0,1 as

Fig.6. Lift incrementsandmaximumliftincrements

by blowingoverflapsandaileronsandby

combinedblowing.

Aeroplanemodelswithhorizontaltail.

Herethe liftincrementsby blowingon theexpe-

rimentalaircraftmodel/E-33/arecomparedwith

liftincrementson a verysimilarmodel/1,-300/,

whichdifferedfromtheformermainlyby thetype

of flaps.WhereastheE-33modelhad25 percent

slottedflapswithblowingoutof theflapnose,the

L-300modelwas fittedwithplainflapsblownfrom

therearedgeof thebasicpartof thewing.Also,

in theL-300blowingfromthewingleadingedgewas

not provided.The liftincrementsat zeroangleof

attackAcAowersthesameforbothmodels.Withblow-

ingoverflapsonly,themaximumliftincrements

zlc on E-33modelwerelower;thiswas caused
A max

by theperturbationformedby theopensloton the

wingleadingedgeon onehand,and,on theother

hand,becausetheslottedflapswerenot,incident-

ally,placedin correctoptimalpositions.Despite

of thelastfact,themaximumliftincrementswith

combinedblowingprovedto be farbetter.

4. Induceddramof winkswithblownflaps

betweenend-plates.

A relevantproblemariseswhenwe attemptto

reducethemeasuredvaluesof thedragcoefficient

to an infiniteaspectratiowithjet-flappedwings,

especiallywithwingsbetweenend-plates.Here,the

c -o
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valueof the•ffectiveaspectratiomustbe deter-

mined.Whenthegeometricalaspectratiois lowand

doesnotallowforusualmethodsof calculatingthe

•ffectiveaspectratio/takingtheeffectof end-

platesintoaccount/,thisvalueis usuallydeter-

minedby measuringtheliftcurveslopeof the

wings.

In sucha way,fora largewingmodel/0,6mx

1,2m1betweenlargeend-platesan effectiveaspect

ratio11,6was found.Thewingwas fittedwitha

slottedflapwithblowingslotin theflapnose.In

fig.7 theresultsof measurementsof thelongitu-

dinalforce,i.e.the differencebetweenthehori-

zontalcomponentof thereactiveforceand thewing

cx cx 1/K r 'D

Fig.7. Longitudinalforceon a wingwithblown

slottedflapbetweenand-plates.

.•00,Re s 1,31106.

resistance,areplottedas functionof the jetmo-

mentumcoefficient.The resultswerecorrectedfrom

AR • 11,6to infiniteaspectratio,thusthey

shouldnot containany induceddrag.When thehori-

zontalcomponentof the jetreactionforcewas

subtracted,theprofiledragremained,as indica-

tedby dashedlines.

In thiscasetheprofiledragcanbe considered

as almostwhollyof frictionalorigin,because,in

theover-restitutionregionof blowingandat zero

incidenceno separatedregionsof flowoverthe

wingcanbe expected.It is thussurprisingthat

theprofiledragShouldincreasestronglywithin-

creasingjetmomentum,as canbe seenin theupper


partof fig.7. It seemsto be moreplausibleto

supposethattheperformedcorrectionswereinsuf-

ficient.

A hypothesiscanbe proposedthatthechordof

thewing is effectivelyprolongatedby thejetflap,

so thatth•effectiveaspectratiodecreasesand the

proportionof induceddragincreaseswithincreasing

jetmomentumrate.Thiseffectcanbe calculatedif

onemakesuse of oneof themethodsforcalculating

the jetflap,in whichtheeffectivechordlength

is usedas a calculatingquantity.Sucha methodis,

thoughan approximateone,e.g.themethodby Strat-

ford(2)oritsextensionto wingsof finiteaspect

ratio(3).Followingthisthecorrectionsof the

longitudinalforceandtheprofiledragwereinform-

ativelyrecalculatedat lowervaluesof flapdeflec-

tion/30°,450/withtheresultplottedin thelower

partof fig.7. The slightincreaseof theprofile

dragis muchmoreacceptablethanthe previous

results.The effectivechordwas prolonged,within

therangeof measuredvalues/clut-0,15/,by as much

as 15 per centand theeffectiveaspectratiode-

creaseddownto approximately8. For largeflap

deflectionsrecalculationswerenot performed,be-

causethe theoryis linearizedand thuslimitedto

smallangles.- By thisexampletheabovehypothesis

becomesveryplausible.

5. Pitchingmomentof theaeroolanewit4

blownflaps.

It is wellknownthatthejetflapcausesstrong

nosedownpitchingmomentsactingon thewing.The

growthof thepitchingmomentis shownin fig.8 for

2 Z 5
3 cA 3,5
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Fig.8. Pitchingmomentvs.liftdependenceof an

aerofoilwithblowing.NACA63A415section,

25% slottedflap,cc• 00.
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a wingwith25 percentslottedflapwithblowing

outof theflapnose.It canbe alsoobservedthat

additionalblowingfromthewingleadingedge

reducesthepitchingmomentonlya little,as shown

by dashedlinesin thefigure.

Withthecompleteaeroplanethisunfavourable

effectis partlyautomaticallycompensated.By blow-

ingoverdeflectedflapsthedownwashangledown-

streamof thewingis increasedso thattheinciden-

ce of thehorizontaltailsurfacesdecreases.This

effectfurnishesa positivecontributionto the

pitchingmomentof theaircraftandcompensates-

at leastpartially- thenegativemomentdueto

blowing.The changeof theincidenceon horizontal

tailis ahownin fig.9, so as it hasbeenmeasured

on theL-300model.

cc„

o '

0,05

0,1

0,2

0,45

10•

Fig.9. Changeof angleof attackon horizontal

tailby blaringoverflapsandailerons.

L-300model,+2,430°, 0°.

In the fig.10 thepitchingmomentcurvesof the

IC-33modelwithouthorizontaltailarecomparedwith

thoseof thesamemodelwithhorizontaltailadded.

The effectof thetailis clearlyin restoring

longitudinalstabilityof theaeroplane.

A preliminaryinvestigationwas madeon the

applicationof BLCby blowingon thehorizontal

tail.A tailplanesectionwithan elevatorof 45

percentchordlengthwasprovidedwithblowing

overonesideof theelevatorsurface.The lift

was considerablyincreasedby blowing.Themaximum

liftvaluesattainedat differentintensitiesof

blowingareplottedin fig.11 as functionof the

Fig.10.Effectof horizontaltailon thepitching

momentof theE-33aeroplanemodel.

elevatordeflection.Unfortunately,theapplicability

of theserelativelyhighliftcoefficientvaluesis

limitedby thefactthat- as so as withwingswith

blownflaps- theangleof attackformaximumlift

0 30• 60 90•

/ag. 11.Maximumliftof a tail-unitsection.NACA

0010section,45% rudder.Re 0,25x 106.

stronglydiminisheswithincreasingblowinginten-

sity.So, at moderateanglesof attackof theaero-

planethehorizontaltailwithblownelevatorcould

becomestalled.In thefigure,by daahedlinesare

indicatedtheapproximatelimitson whichthemaximum

liftis attainedat theindicatedangleof incidence

of thehorizontaltailsurface.The regionof

0 0

Io'
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applicablevaluesof elevatordeflectionand of

cA coefficientis situatedto theleftof these
 max

limits.

The fullapplicabilityof BLCon thehorizontal

tailcouldbe restoredby additionof blowingout

of a slotin theleading•dgeof thetailplane.But

in thiseasetherewouldbe unavoidableto provide

thereversibilityof blowingwiththesenseof

rudderdeflection,i.e.blowingeitheroverthe

uppersurfaceor overthelowersurfaceof the tail-

plane.

Duringflighttestswiththeexperimentalair-




craft,BLC on thetailplanewas in no casenecessary.

6. Pronellerslinstreamdeflectionby blows

Liam.

If thepropellerslipstreamhasto be deflected

by meansof rigidflaps,largoflapsor flapsysteas

arenecessary.The resultantforceactingon a sta-

tionarywing/in freeair/is alwayssmallerthan

thepropellerthrust.If,however,a jetflapor

blowingovera rigidflapare used,an almost

perfectslipstreamdeflectioncanbe achieved;more-

over,an inducedaerodynamicforceoriginates,so

thattheresultingforceactingon thewingcanbe

greaterthanthesum of thepropellerthrustand the

jetreactionforce.Fig.12 givestheresultsof

informativemeasurements.
V.

0 0,4 0,8 1,2

Fig.12.Thrustaugaentationandslipstream

deflectionby blowingovertheflap.Section

BACA641212,13,6%plainflap.

R denotestheresultantforce,S thepropeller

thrust,Se,the jetreactionforce,e theangleof

slipstrewsdeflection.Apparently,• "thrust

augmentation"by as muchas 15 per centwasachieved.

Withapplicationto aeroplanemodelthefollow-

ingconclusionsweremade:By additionof propellers

runningat zerothrustto themodel,theaeroplane

lift,expociallymaximumlift,was diminished.With

growingpropellerthrustcoefficienttheliftwas

restored/approximatelyat7 • 1,5/and increased

withfurtherincreasingthrust.But thepossibility

of usingthepropellorthrustand slipstreamde-

flectionin orderto shortenthe landingwasnot

confirmedby wasurementson theaeroplanemodel,

because,evenat largeflapdeflections/75°/,the

propellerthrustprevailedoverthe inducedresistance

and didnot allowfora descantof theaircraftat a

sufficientlysteepangle.

T. A noteon themodeldesign.


The mainproblemwithblownmodelsin wind

tunnelis thesupplyof compressedair intothemodel.

The connectionbetweenthepipelineand themodel

mustnot exertany forcesuponthemodel,in order

not to disturbtheweighingof aerodynamicforces;

an theotherhand,it mustallowforsmalldisplace-

mentsof themodel,wticharenecessaryduringweigh-

ing.An entirelysatisfactorysolutionwas foundin

the useof twometalbellows,whichare connectedby

telescopictubes.One of thebellowsis attachedto

the inletintothemodel,theotherone to therigid

supplypipeline.The twobellowsrepresenta sortof

flexiblejoints,thetelescopictubesservingto take

up thedilataticeof thebellowsundertheactionof

an overpressurein thepipeline,and peraitthemodel

to be rotatedabouttheaxisof thepipeline.The

connectionis illustratedin fig.13. (Theloser

bellowis not seen).

An unusualconceptionhasbeenadoptedforthe

modelof a largerectangularwing/0,6mx 1,2m/with

a slottedflapbetweenlargeend-plates/1,75mx

1,75s/.The modeloouldbe rotatedabouttheaxisof

the flap,intowhichtheairinletentered.The basic

partof thewingcouldbe displacedrelativelyto the

flapin boththehorizontaland theverticaldirec-

tion.The modelwas suspendedon straingaugebalan-

ces housedin theend-plates.All displacementsof

themodelend thechangeof angleof attackwere



relativelyeasyrebuildingto an aeroplanewithBLC

by blowinganda cheapandeasyflightmeasurements

of thegiventype.

On theL 200aeroplanetherewas adapteda wing

for blowing,furthertherearpartof thefuselage

and the tailplaneswithregardto thesupposedsmall

speedsand greatangles-of-attack,seefig.1. Into

thepassengercabintherewas installeda compressor-

unit,whichdelivered1,6kg/sof airwiththe

absolutepressureof 2,2kp/cm2at theatmospheric

pressureof 735 torrand temperature15°C.

Fig.13.Flexibleconnectionbetweenmodeland

supplypipe.

performedby built-inelectric

controland reading.A partof

branchedintothewingnose.-

enableda rapidfindingof the

motorswithremote

theinletairwas

Thisarrangement

optimalpositions

of the flaprelativelyto thebasicpartof the

wing.

II.Someresultsof flightinvestigationoq

theE 33 experimentalaeroplanewith

§LCby blowing.


/by V. Hake/

1. TheE 33 experimentalaeroplane.

The practicaluseof BLCby blowingto shorten

thetake-offand landingdistanceappearsadvan-

tageoueat aeroplaneswithjetpropulsionand thin

wings,at whichtheratioof thethrustof jet-

enginesto theaeroplaneweightisgreaterthan

0,35.To performtheconsideredinvestigationof

blowingin flight,in spiteof thatsaidstove,

therewas adapteda smalltransportaeroplane"Mo-

ravaL 200"providedwithtwopiston-engines

"WalterMinor6-111"(maximumpower160hpat 2500

rpm)andwithvariable-pitchpropellersof 1,9meter

diameter.

Therewere tworeasonsforthischoisesFirstly

theflightmeasurementswereto be usedto gain

fundamentalinformationabouttheeffectof blow-

ingon theaerodynamiccharacteristicsof theaero-

planeand on itsflyingqualitiesandnot to find

out theoptimaldesignof an STOLaeroplane.Se-

condlytheelectedaeroplanemadepossibleits

Fig. 1. TheIC33 •xperimentalaeroplanewithBLC

by blowing.Theweightof theaeroplane0  2072kg;

thewingareaF • 17,28m2; thewingaspect-ratio

A  8,35;thewingsectionat therootNACA633

A 417,at thetip633A 412;therelativechordof

theflaps0,25,of theailerons0,20;thehorizon-

tal tailplanevolumeV • 0,937.

The slotsforblowingwereinstalledat the

leadingedgeof thewingin 0,5%of itschord

betweenthefuselageand theenginenacelles(the

slotnotation"n")andbetweenthenacellesand

Blowin9 slots :
n,N,K,Q

8



Fig.2.The diagramof theslotsforblowingon

thewing.

thewingtips(theslotnotation"N"),furtherat

the leadingedgeof theslottedflapin 0,5%of its

chord(theslotnotation"I")andfinallyat the

tip of theupperpartof thewingin frontof the

aileron(theslotnotation"Q"),seefig.2. Besides

the slottedflaptherewas us•dalsoa plainflap,

withregardto the simplemake,on whichit was

blownfroma slotat the tipof theupperpartof

thewingin frontof theflap(likewiseas at the

aileron).It was possibleto deflecttheflapsin

the rangefrom0 to 730and thebothaileronssym-

metricallydownwardin therangefrom0 to 30°.

The distributionof thereactionof theblownair

in theslotsK, Q, n andN was approximatelyin the

ratio4,1:1:3,5.It was possibleto setout of work

the individualblowingslotson theground.The

usedsimpletypeof slotsdesignhadan disadvantage

of thedependenceof theslotareaan pressure.The

absolutewidthsof theindividualslotss and the

relativewidthsaccordingto themeanchords/1are

shownin table1 for theexperimentalaeroplaneand

for itsmodelin thescale1:6.

Table1.

Mean n*N




K Q__




slot- s 10 s/1 s 103s/1 s 103s/1

width mm 1 mm 1 mm 1

E 33 0,26 0,17 0,43 0,28 0,25 0,22

Model 0,58 2,97 0,60 2,31 0,40 1,60

2. The methodicsof measurement.


It wasnecessaryto supplementthemethodics

of measurementin flightfora conventionalaero-

planeby themeasurementof quantities,whichde-

terminetheconditionof theblowingsystem,and

to arrangethemeasurementin accordingto a suit-

ablecharecteristicparametrof blowing.

At wind-tunnelmeasurementstheblowingcondi-




tionis usuallydeterminedby the'blown-jetmomentum

coefficientc , whichin thesubcriticelel 9.F
streamin slotsis identicalwiththeblowingreac-

5„
tioncoffecientc= 	 ' • In thesedefinitionsel 9,F
the termmoaningis thefollowing:rn, is themass

flowthroughthe slotin a second, is thegas-




velocityin the slot,Sp.is thestream-reactionin

theslot,q.is thekineticpressureof theaero-

plane,and F is theasroplane-wingarea.At steady-

flightsmeasurementswithan aeroplanewhichhama

separatesourceof blown-gasindependentfrom

flight-velocity,it provedeasierto keepa constant

valueof theparametersp.A;=conatat different

flight-velocitiesthanthatof cm.•const.To com-

parethe resultsof wind-tunnelmeasurementsat

cp.• coastwiththeresultsof flightmeasurement

at;/b. coastthe relation

G = cA
is used.

It is impossibleto measureboththethrustof

individualslotsand thetotalthrustof all the

slotsdirectlyin flight.To determinethethrust

at thesubcriticalstreamin slots(Ntdpm< 1,893)

therewas usedthe expression
k-1

'k [/
- • Fe,

whereNis the staticpressureof theundisturbed

air,k 1,400(theadiabaticcoefficient),Pop.is

the totalpressurein theslotandFp is theslot

area.In flighttherewasmeasuredthe staticpres-

sure pm and thetotalpressurepoy in boththe

individualsupplyingpipesandbehindthecompres-

sor.The pressuresNm.and theareasFelwere p

determinedfromtherelationspo,,,(11t)andFe.,(R)
whichwerestatedby measurementson theground.

The imperfectionwas thatthestaticpressureat

the slotsin flightwas differentfromthaton the

ground.

In steadyflightsa methodof saw-typeflights

was usedin.surroundingsof a constantstaticpres-

surepm et somegivenconstantvaluesof thetotal

pressurepovbehindthecompressor(theeffectof
the aeroplane-weightchangeswas neglected).In un-

steadyflightstheprocesswasmorecomplicated.At

repeatedmeasurementsduringone flightth•refol-

lowedfromtherequirementto keepconstantthe

value,of the NewtonandFroudenumbersand the

(1)

(2)
= m F

?.L
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ratioSeh/Gthatit wasnecessaryat a constantini-

tialvelocityof flightto increasethedensity

heightaccordingto thedosinishingweightof the

aeroplane.

To statetherestitutioncoefficientof the

blowingmomentum at theliftflaptherewere

usedphotosof triftsbondedoverthewholearea

of theflaps.

3* ilamagicsLAMIZMISkiLAILliadZiaidit.

The dependenoeof theliftcoefficienton the

angleof attackis shownon thefig.3. at the

flapsdeflections/2,•0 and600,at thesymmetrical

deflectionof aileronef,s10°andat theblowing

fromtheslotsI, Q, n, I in differentcombinations

at a constantmaximumcompressorpower,at whicha

reliablysuperrestitutionflowovertheliftingflap

was attained.The propellerswerefeathered.With

thezeroangleof attacktheblowingeffectappeared

as themostexpressivewhenhavingblownon thelift

flap,wheretheratiosds • 0,019was achieved.The

maxims valueof theliftcoefficienthas increased

by 0,30to 1,86at theslottedflapin theposition

"a" ( fs • -1,22%,72,•1,66%).Theuseof blowing

at theleadingedgeof thewingbetweenthefuselage

and thenacellespreventeda stallof thispartof

thewingand increasedin thisway theliftcoef-

ficientby another0,30to 2,16thenaximumangleof

attackhavingbeensteadily12,50.Whentheblowing

at theleadingedgeoutsideof nacelleswas added,

thecoefficientc,,m,increasedonlyby 0,11at the

angleof attackvalue210,butthetopof thelift

curvebecomeflat.It was possibleto achieve

anglesof attackuntill30Pwithouta stallof the

aeroplanetookplaoe.Theblowingat theailerons

at fo • 100increasedtheliftcoefficientonlyby

0,02.Whenhavingblownfromalltheslotsthe

maxima valuecow,• 2,29wasreached.In thiscase

thedistributionofSpASontheslotsK, Q, n, I

correspondingto thetotalvalueSmA;410,026,was

0,011,0,003,0003end0,009,and thedistribution

of theblowingreactioncoefficientCs • 0,060at

cArna.
on theindividualslotswas 0,016,0,007,

0,008and0,020.The flapsdeflectedfurtherto 730

andtheaileronsto 20°didnotproduceany substan-

cialincreaseof the lift.

In fig.3 thereis drawnalsotheliftcurveat

blowingfromall theslots,theslottedflapbeing

in theoptimumposition" b ". (
f

a

K+ti+n+N;S./6.19026 K+n+N; 4./G0,027

/ .00--K+n;
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11
10 15 20 25 30

Angle of attack , a'

Fig.3.The effectof thevingconfigurationand

of theblowingfromdifferentslotson

theliftcurvecpx).

"b" theslottedflaps,"0"- the

plainflap.

7,• 0,25%),whichwas foundoutby measuringin

a vind-tunnelon a bigmodel.Furthera liftcurve

of a plainflapis given,whichis moreadvantageous

fromthedesignandworkpointsof viewthanthe

slottedflap.In thefirstcasethevaluecA• 2,35

vas achieved,in thesecondcasethisvaluewas


diminishedonlyby 0,12tocA • 2,17.

The substanciallyhigherincrementsof thelif-

coefficientwereachievedwhenblowingwas usedat

the fullpropellerthrustforto deflecttheslip

streamby the flap,seefig.4.

1

12e614 f,,,.10




I
S1./G 0,026;


blowin9K+Q+n+ N






thrusA"
AEA

A
\ 0/Q-0

_

zero thrust






l
5 10 15 20

a
25

Fig.4. The effectof blowingan theslipstream

deflection.
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Withoutblowingthemaximumliftcoefficientwas

increasedby thepropeller-effectby 0,77to 2,44,

whilewhenblowingit increasedby 1,47to 3,76.

In unpleasantphenomenonat landingwas a consider-

abledecreaseof dragat theflap-deflectionsbeing

smallerthan900.

Oneof themostworthfulresultsfor theuee

of blowingin practiseis indisputablythe state-

mentof thelocalblowing-reactioncoefficientc'w•

at differentdeflectionsof flaps.Theresultsin

fig.5 egreewellwithresultsof measurements

beingachievedabroadand theyshowclearlyrela-

tivelynarrowslotsto be advantageousto achieve

the restitution.At theflapsdeflection600 there

was thevaluec:„.=0,021(ce,rs0,011),i.e.

approximatelysixtimessmallerthanwhenmeasured

in a wing-tunnelon a model,whererelativewidth

of slotswas abouttentimesgreater.
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0 60 12„;70

Fig.5.The dependenceof therestitutionvalueof

theblowingreactioncoefficientew=S6diF'

on theflapsdeflectionr2xandon the

relativewidthof theslots/1 . ( F' is


thewingareain thospanof theslot;at

theE 33 aeropalnec,,= 0,52x

The result.of measurementsin flightand of

thosein a wind-tunnelon a modelarecomparedin

fig.6. The deflectionof flapawas600and of

aileronsfo = O. It was blownonlyfromthe flap,

therelativethrustof theslotbeingStot=0,019.

The popellerswere feathered.Themaximumlift-

coefficientvalueat blowingwashigherin flight

thanon themodelby 38%,andwithoutblowingonly

by In. Thesedifferencesareprobablydueto the

differencesof relativewidthsof slotsand of

Reynoldsnumbers(inflightsII11 0,28x10-3;Re

3,01106; on themodelss/1 2,31x10; Re • 0,25x


106).The differencesin drag-coefficientvalues

werenot yet fairlyexplained.

Fig.6. A comparisonof tbedependenceof liftand

dragcoefficientsmeasuredin flightand

in a wind-tunnel.

The deflectionof theliftflapsis of a fun-

damentalimportanceon thestaticeffectof the

elevator.It makesa greatdownwashin theareaof

thehorizontaltailsurfaces.The effectof blowing

is relativelysmall.Thiscanbe seenfromthede-

pendenceof theelevatordeflectionon thelift

coefficientin fig.7. Thenegativeincrementof

thepitchingmomentof thewingby blowingwas

compensatedconsiderablyby theeffectof downwash

an thehorizontaltailsurfaces,whichWOW called

outby the restitutionof potentialstreamon the

flapby blowing.Fromthechartit is obvioumas

wellan unfavourableinfluenceof the downwash

behindthewing,thehorizontaltail-surfacesget-

tingintoit alreadyat smallvaluesof angle-attack

70 to 9, as it was provedby measurementsof the

downwash in frontof thehorizontaltail-surfaces.

4. The resultsof measurementsat unsteady

The measurementsat unsteadyflightwereper-

formedon theaeroplanein glideandwithpropellers

featheredonlyin onechosenconfigurationre!„60°

and = 10°andwithblowingfromall theslotsat


the totalrelativethrustsof slots.$46=0 and

0,026.When blowingtherewerechosenthreeinitial

flightconditionscorrespondingto(0,60;0,85and

1,OcA x .

As to the short-periodlongitudinalmotionof

2,0 	

CA 12x=60°, fo =00

1,5 	

;$ G =0,019

in flight

in wind tunnel 


0'50,10 0,15

SA,IG =0

0,20 0,25 030 0,35cw q40

Jn flight: R=3,0.10, s/I =0,276 . 10-3
3n wind- tunnel: R =0,25 .106, 5/1=2,31 . 10-3

0,12

Cs

0,10

op8

0,06

0,04

0,02

10 20 30 40 50
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0

4

blowing this efficiencytends to decreasewith di-

minishing flight velocity,when blowing this ten-

dency is opposite.When flying at there


appeared an unfavorableeffect of the secondary

yawing moment due to ailerons,which was growing

with the increasingsymmetricaldeflectionof

aileronsf, • At the cAr,n,there yam not achieved

a quasi-steadyrollingmotion of the aeroplane,

this motion being oscillatingaround a certain

mean value.
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The c.g. position xs/I=0,283, the propeller

feathered, the tailplain deflection - 2°.

Fig. 7. The effect of blowingon the dependenceof

the elevator deflectionand the lift coef-

ficient.

the aeroplane the •ffect of blowing in the linear

part of lift-curveand •t the mean c.g. position

was not substantial.With the increasingvalue of

lift coefficientthe dampingdecreasedso that at

cAm. the period was 3,1s and the time to half-

amplitudewas 4,6s. The effectof blowing on the

phugoidmotion was not substantialtoo.

The blowing on aileronainfluencesfavourably

their efficiencyespeciallyat their maximum de-

flectionsso that the rollingmoment by ailerons

increasesby approximatly15 to 20%. To get this

incrementthere was sufficienta very small relative

thrust of the slot at aileronsSpX;is0,003 i.e.

6kp. The local blowingcoefficientem„
0,0145 was at that time substantiallygreater than

its restitutionvalue 0,0035.

The dependenceof aileronsefficiencyat small

step-deflectionsis obvious from fig. 8. Without

-q5 T T T

74 -60°, =10°

(4,5 -04
V 


.••••"

K 4-n +N; S,46•0,026

42 46

flight, v, r77/8

Fig. 8. The effect of blowing on the lateral

control.

5. Tlieresultsof flightinvestigationof the


aeroplanenotionaftera suddenfailure


of blowing.

An importantproblemis the way of practical

use of the lift-coefficientincreaseto shorten

the take off and landingdistancewith regard to

present flight requirementsand to the crash hazard

due to a sudden failureof blowing,which can be

a total or partial one accordingto the sort or

configurationof the blowinggas source.This

failure results in a sudden decrease of the lift

coefficientvalue at a constantangle of attack,

as it is indicatedin fig. 9.

Fig. 9. The diagram of the effect of a sudden

failure of blowing on the lift coefficient

at stick fixed.

To judge the aeroplanecrash hazard there was

investigatedthe aeroplanemotion followingfrom

a sudden failureof blowing by §ilhanekin ARTI

and its resultswere proved by measurementsin

flight on R 33 experimentalaeroplane.Teo phases

of this motion were investigated:

a) The motion in a short time intervalabout 1 sec

ITUX

I
krrt

Angle of attack, cx•

G•0

4

34 38
Speed of
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at the pilot stick fixed. This caseooresponds

to a lagging pilot response,who did not react at

once after the blowing failure.

b) The motion since the blowing failureuntil the

aeroplanereaches the horizontalflightwhen touch-

ing the ground, see. fig. 10, and a control process

to get the minimum lose of heightAz necessary for

this maneuvre.

Fig. 10. The diagram of flight paths at landing

with blowing and after a blowing failure

during the dangerous conditionswhen

landing.

5.1 Themotionof theaeroplanewithelevator

stickfixe4.

Immediatlyafter a sudden failureof blowing

the aeroplane tends to increaseits angle of attack

by itself.As it is obvious from fig. 9 the passing

over the critical angle of attack depends at the

given aeroplaneon the value of lift coefficient

c,1 and angle of attackcclbelongingto the flight

before the sudden failure of blowing.According to

°,59 (cAmax)wow

reguirementsthere ought to be cAl(cA ,)10w43 =

. In the paper (6)• simple

method was derived to estimate the maximum in-

crementda r.a , and the time tA,, necessaryto


achieve it. A comparisonof computed

these measured in flight on the E 33

the functionof cAl is given in fig.

e.g. positionsof the aeroplane.
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Fig.11.The maximum incrementsof angle of attack

an the E 33 aeroplaneas the functionof

the lift coefficientvalue before a sudden

interruptionof blowing.

5.2 Thewholecontrolled•otionof theaeroplane

aftera suddenfailureof blowinx.


The minimum value of the height loss, called the

criticalheight, depends accordingfig. 10 on pilot-

ing procedure.The wayof finding out the optimum

control procedure is a variatinalproblem of condi-

tional extremum and with the fixed starting point

and free terminal point. There ia a special condition,

that the available values of angle of attack and ele-

vator deflection are limitedwithin of given final

interval.To solve this problem in paper (6) there

was used after certain simplifyingassuaptionsthe

general method of "principleof maximum" by L.S.

Pontrjaginand the graphicanalyticalway of solu-

tion was proposed.

From the analysis it followedthat for the given

aeroplane two domains of conditionsof landingwith

blowing exist, which are divided by the critical

value of lift coefficientat blowingCom,. An example

of results of theoreticalcomputationfor the E 33

aeroplane by the method of the 'optimumphase

trajectorie"is given in fig. 12, the chosen values

of boundariesof lift coefficientwithout blowing

being CA • 0 and 1,64 and the vertical descent velo-

city being supposed to be 2 m/s at a corresponding

power plant output.

Fig.12. The dependenceof criticalheight for land-

ing on the lift coefficientvalue before an

interruptionof blowing and of engines

thrust for the E 33 aeroplane.

In the domain of safe conditionsfor landing at

CA1 < CAlk the criticalheight is relativelysmall

(some meters maximum)and to reach a minimum loss

of height it is sufficientto increase the angle of

attack to maximum simplyby pulling the stick, at

which a necessarymargin of longitudinalmaneuvra-

interruption of b1owin9_

•

\ with blowtn9_

\ without blowin9
Ns.‘

4
Am:mu

3

2

1

01

values and

aeroplaneas

11 for three

Centre of gravity

0,25

q28

0,39

Critical

height

,

,
m

—cA,
.7,64

time, t
0 4111.
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bilityis to be keptto performthetransition

curvedpath.

la thedomainof thedangerousconditionsfor

landingat cAl com thecriticalheightvaluesare

substantiallygrater(severaltensof metres)than

in thefirstdomain.To achievethemininunloss

of heightthereis necessaryto beginwitha short

puthingthe stickto diminishshortlythelift

coefficientand to acceleratetheaeroplaneand

thento changetheliftcoefficientvalueto its

maximumvalueby pullingthestidk,at whicha

marginof liftremainsin orderto performthe

landingtransition.

Fig.13.An exampleof timedependenceof tho

elevatordeflection,angleof attadk,

kineticpressureandheightlossafter

a suddeninterruptionof blowingand

nginesthrustan theE 33 aeroplane.

For theE 33 aeroplanetherewas investigated

furtherthedependenceof criticalheightat a

givenvalueof liftcoefficientbeforethein-

terruptionof blowingCA, om thelenghtof time

of pushingthe stick.Examplesof timedependences

of theprincipalvaluesmeasuredin flightare

ahownin fig.13,wherealsotheconditionsof

the•xperimentsaregiven.Theseexperimentswere

donein thesafepressureheightof 1400m.For

theseconditionsthedependenceof thestick-

pushingtimevas smallas it canbe seenfrom

fig.14,whereis alsodrawntheresultof computed

ree60;f0=10'
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0

xs/l =0,28 for j <O'Crd = 219° Vz = 2m/s

Fig.14.The lossof heightnecessaryfortheE 33

aeroplanefortransitionto horizontal

flightaftera suddeninterruptionof

blowingandof enginesthrustas the

functionof timeof pushingthestickt137

(conditionsas in fig.13).

theoreticalcurves.Theagreementbetweenthe

computedresultsandexperimentsis good.

goscLusIcas

In thefirstpartof thispaperonlysome

specialproblemsof BLCby blowingwerediscussed,

fromwhichespeciallythecombin•dbldwingand the

influenceof blowinguponthepitchingmomentof an

aeroplanewereimportantfordesignof theI 33

xperimentalaircraft.Therewas provedin all in-

vestigationthatthetestsperformedon relatively

smallwingmodelsaresatistactorrforcomparison

of theefficiencyof variousarrangementsof blow-

ingand fora qualitativestudyof theiraerodyna-

mic properties.

In thesecondpartsomeresultsof flightmea-

surementson theI 33 experimentalaeroplaneare

analysed,whichare importantforexploitationof

BLC by blowingto shortenthelandingdistance.It

has beenprovedthatto achievetherestitution

valueof blowingreactioncoefficienttheuseof

relativelynarrowslotsis advantageous.Further

it hasbeenprovedthatwhenblowingat theleading

edgeof winggroatanglesof attackcanbe reached

withoutthewinghavingbeenstalled.But thedanger

of crashat a suddenfailureof blowingdependson

the rateof exploitationof themaximumliftcoef-

ficientwhenblowingat glidingbeforlandingand

on therateof decreaseof blowingintensityat

its failure(e.g.at thefailureef onesource
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fromseveralunitsor onlyonesource).The sugr

gloatedwayof controlat a suddenfailureof the

gas sourceenablesonlyto reacha minimumvalue

of criticalheightof landing.
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