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Teatawere&de “ofa modelrepresentativeof E aingle-
englnetraotor-typeairplanefor the purpose of determining
the stabilityM oontroleffeotsof a propellerueedas an
aerod~namlobrake. The testswere made with single-and dual-
rotatlonpropellersto chowthe effeotof type of propeller
rotatIon,ad with positivethrustto providebasiodata with
.whlohto oanparethe effectsof negatIvethrust. Four con-
fl~t Ionsof the modelwere ueedto give the effeotsof
tlltl~ the propellerthrustazisdown 50, raisingthe hori-
zontaltall,ti ccmblningboth tIlt and raisedtall. Re-
sultsof the teatsm-e reportedherein.

The effectsof ~tive thruetwere foundto be ~ignlfl-
Cant, The longitudinalatabllityw Increasedbecauaeof
the loee of wing llft ti lncreaaeof the angle of attackof
the tall. Dlreotionalstability- both longitudinaland
directionalcontrolwere.decm+qd beqmee of the reduoed ve-
looltyat,the tail. Them ef’fectsare modemte formoderate
brakingbut beocmepronouncedwl~ ~=power bhak~, par-
ticularly.at high valwa of lift ooefflclent.

The effectsof model oonflguration changeswere auMJ
when oauparedwith thb ovqFalJ efrectsof negatlve-thruet
.operation;however, Ipproved stabilityd oontrolchamoter-
,ls~ioswere erhiblted.by the modelwith the tiltedthruet
12XIB . Raisingthe horizont@.tall -veal the longlttilnal
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charaoteriatioq,but was detr~ntal to dlreotlo~ ohamoter-
Istioeo The use of a dual-rotationpropellerreduoedthe dl-
reotionaltrim ohargeareeul’tlngfrom the brakingoperation.

A prototypealz&ne was assumed“andhandlingqualities
were oomputedsM analyzedfor normal(positivethrust)*
brakingoperationwith full- partialpower. The resultsOf
theseanalysesare presentedfor the longitudinaloharaoterls-
tIos tn steadyand aooeleratedfllght,and for the directIonal
oharaoteristiosIn high-ad low-speedflight. It was found
thatby 1Imlting the poweroutputof the engine (assumingthe
constant-speedpropellerwill funotlonIn the range of blade
anglesrequiredfor negativethrust) the stabilityand oontrol
oharacterlstlos~ be heldwithinthe llmltsrequiredfor safe
operation.Brakingwith full”power,particularlyat low speeds,
is dangerous,but brakingwith very -11 power outputis satls-
faotoryfromthe stamlpolntof control. The amountof braking
produoedwith zeropoweroutputIs equalto or betterthan that
produoedby conventionalspoiler-typebrakes.

.ofa
type
thle

IIWROIXJCTIOIV

Modernaerialcombatexperiencehas demonetnted the need
deviceto produoempld decelerationof oertalntaotloal-
alroraftfor the followingpurposes: (1) to allowmore
for almlngand shootingat a slow-movingtargetafter it

has been overt&ken;.(2).toreducethe time.requiredto slow
down for torpedolawnchlng;and (3) to llmltthe mximum speed
in a dive. Altho@h not coveredin this report,a fourthpos-
sibleuse of a powerful.decelerat~ deviceis to shortenthe
landlngrun of an airplaneafter it has made
ground.

Previoustestsof amodel equipped with
typeaerdynamio brakeshave shownthis type
severalundesirablefeatures: (1) changeof

oontactwith the

. . .
flap-or spoiler=
to be subJeotto
trim of the air-

planeresultingframapplioatlonof the brakes,thus spoillng
the pilot’saim on the target;(2) tallbuffetingresulting
fromthe turbulentwake of the drag-produoingflaps impinging
on the tallj (3) loss of effectivenesswith decreasingspeed,
- (4) InoreasedoonrplJoatlonsof the WIU structure- dif-
fioultlesof producinga smoothexteriorsurfaceon the wing.
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Wind-tunneitestshavebeenmade to detemine the effeot-
tlvemessof a propelleras a brake (reference1): It wa8
feud that ne~tive thrustooul~-’bti”mo~eff06tiveIn Qlowing
downtM airplanethan tlw
bmkes.

Inoraaseddrag oa-ed by flap-type
Curvesehowlngthe mxputed.variationsof airplane

speed@th timeare sham In figure 1 for both t~ed of bm&-
ing. No meaaurmenta weremade,however,of the effeotsof
negativethrustof a propelleroh the stabilityami oont??ol‘
Oharaoterlatlosof the model.

It la the purpose of theteats reported hereinto deter-
mine the effectsof a braking propeller,as It might be used
In actualservice,on the stabilityand eontl’oloMraoterl8-
tlos of a wind-tunnelmdel. .The teetaweretie In the Ames
7- by lo-footWind tunnel. The model used for the teata 18
not a male model of a partlmlar airplane,but ratherla
representativeof a generalt~e of highlyloaded,highlypow-
ered,aingle~englne,tmotor-typemllltaryalroraft. The
aoopeof the teatawas Intendedto be aufftolentto coverthe
use of the propelleraa a brakein leveland divingflight.
No teststo almulatethe ~ oofiitionwere made.

Some briefpreliminarytestsmade with anothermcxlelln-
dioatedthat the use of negativethrustproducedaignifloant
_ea In the Btabllltyand control oharaoterlstios. For
this reasonthe soopeof the presentteatwaa expandedto in-
cludeoonfiguratIon changeawhloh it was hopedwouldresult
In Improvedcharacteristioawith negativethrust,&nd alao to
~ide a basisfor estinmtlngthe charaoterletlcaof alr-
planeaof differentoonfomations. The configurationohangea
includetilting the propellerthrustaxla,raisingthe hori-
zontaltail,cud a combl~tion of both. The model in all
conflgumtionswas testedwith both alngle-and dual-rotation
propellers.

MmEL

.

The model used Is representativeof a midwlngsl@e-
englneairplaneof a type requiring additloml”means of apeed
oontrolbeca~e of Its taotloalpurpose. The fuselage,lines
havebeen al?nplifledanijdo nqt IncltieB ~.. . For oon-
venlenoti,”the.model la referredto aa the atabllitymodel.
A three-viewdrawingIs given In figure2 and oomplete

—— .—
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dimensionsin tableI. Phot~@li
the wind tunneleuw given In figure

of the model installedIn..
3.

The horizontaltail couldbe mountedIn two positions:
4.26 inches(baaioconflguratlon),and 12,77inchesabovethe
fusel~e referenoeline. Also,the thrustaxis of the pro- “
peller,whichnomlly oolncidedwith the fuselagereferenoe
llne,Gouldbe Inclinedin a vertioalplaneabouta pointap-
proximatelymidwaybetweenthe two propellerdisks. A sketd
showingthe relationof the propoller and horizontaltall to
the oenterof gravity1s given In figure4. A key to the con-
figurationnotationused 18 given In the appetilx.

Both the.slngle-and dual-rotationpropellersweremounted
In the dual-rotationspinner. The fronthub was keyedto the
motor shaft,~ drovethe re~ hub throughreversinggears.
Four bladeswere used in both the single-and dual-rotationpro-
pellers. For singlerotation,fourbladeswere placedin the
rear hub. Sincethe rear hub will acceptleft-handbladesonly
left-bud rotationwas used for all testswith the slng.le-
rotationpropeller. The propellerdlanmterwas 2.52 feet.
The bladesusedweremodelsof HamiltonS~ blade fonus
~OS. 3155-6and 3156-6.

A prototypeatrplanewae assumedIn orderthat the wimi-
tunneldata couldbe appliedIn terms,of handllngqualities of .
a full-soaloairplane. Tho dimensionsof the prototypewere
suchthat the model testedbeoemea 3/16-aoaloreplioaof an
airplanepossessingthe followingcharacteristics:(1)weight,‘
14,700pouds
horsepowerat

In order

(W/S-=39.2 lb/sqi+),and
1350 ~ of propeller.

POWERCONDITIONS

to convertthe wind-tunnel

(2) power,2100brake-

data intoairplane
opemting conditions,relationshipsbetweenthrustcoe?ficlent
Tc and lift coefficient~ are required for the various
mnstant-poweroutputsto be considered.To achievea constant-
poweroutputwith negativethrust,the propeller-blade-angle I
actuatingmeclumlsmmust be oapableof funotlonl~ in the neg-
ativeblade-anglerangeIn the manemanneras in the normal
positiveblade-anglemnge for positivethrust. To avoid
overspeedlngthe eng~, the blade-angleaotuatingmechanism
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must be oapble of.mapidmotionthroughthe wlmlmlllingrange.
It may be well to reviewthe operationalstatesof a propeller
as the bladeangleIs ohangedfranpcmltiveto ne$atlve.

Assume for 8@plloity that”the propelleropititesat a
Oonstantvalueof v/ml (OonstlmtSpe8dof the airplaned
oonstantrpm). At a I.emge poeltiveblado angle, the p’oP~er
produoeapositivethrust and absorbspowerfrom the engine.
As the bladeangleIs progres@yelyreduoed,the propellerab-
sorbslesspoweraml produceslestithrustuntil it no longer
absorbspower~ Is furnlshl.nga snnll.amountof ne~tlvo
thrustbeoauseof its om rotationallosses. This Is the be-
glnn~ of the wlndmllllngstate;ard the propellernow tends
to drivethe engineand till oauseit to averspeedunlessa
brake-Is usedto holdthe revolutlahsper ~ute constant.
The negativethrustproduoedis progressivelyInoreaalng.A
bladoangle,however, will be reachedat”whlohthe propeller
no longertendsto drivethe engine. This Is the zero-power
conditionad Is accompaniedby a substantialamountof nega-
tive thrust. Furtherreductionof the bladeanglewill oause
the propellerto wldnllJ baokmrd unlesspower is supplied
by the engineto keep it turning In the normal direction.
TMs Is the beglnnlngof the power-onne@lve-thrust state;
the amountof negativethrustmy be Inoreasedby increasing
the enginepower.

The relationships“of To to ~ (flg. 5) were ocxnputed
fromtho data of reference1. A ratepowerof 2100brake
horsopuwerat a propellerepoodof 1350 rpn and a wing load-
ing of 39,2 pousids per squarefootwereassumed. Curvesfor
zeropowerat 1350and 1000rpu are also shownIn figure5.
It will be notedthat,for low valuesof ~ (correspotiing
to highvaluesof V/nI)),onlya smalltioreaseof ne~tlve
thrustresultsfrcnnthe use of fullpower. An lnflniten=-
ber of familiesof To versus ~ ourvesnny be obtained
by varyingthe powerand revolutlcmsper minute,and it
shouldbe possibleto fld a poweroondltionwhichwill sat-
isfythe operationalre@rements for ne@ive thrust.

,.-

The whd-turmel tests%re tie of the model In the fol-
10W* Conflguratlons:

.

(1)Model In ?&lo mnflguratlon

i



(2)

(3)

(4)

Model in bmlo
tilteddown

canfiguration
50

Modelwith raised

Modelwith ralmd

. .

horizontal

horizontal

H40A m No. 5C01

with -t axis

tail

tall,thrustaxis
tilted&own So

Testswere alsomade with the tall removed.

In additionto teatswith ne~tlve thrust8testswbremado .
with the propellerremovedand with positivethrustto serve
as basesof compemieonfor the effeo-tsof negativethrust.
Testsmade with the si@e-rotation propellerwere duplloated~
with the dud-rotationpropellerto give the effectof type
of propellerrotation. All testswith powerwere made at
oonstlMltthrust.

Scme preliminarynegative-thrusttestsweremade with
propeller-bladeanglesof -50, -lOo,and -150 (measuredat
the 0,75 radiusstation). The effectof bladeangle on the
stabilityoharaoterlsticsof the model provedto be inappreci-
able,and, sincea bladeangleof -150 eve the best condi-
tionsfor tunnelope~tion, all furthernegative-thrusttests
were?mde with this bladesettl~. Testswith positivethrust
weremade with a bladeangleof 25°. ExperimentaUydetermined
T= versus V/nD relationsfor thesebladeanglesare shown

In figure6.
.

LongltudlnalTests

To detemlne longitudinal-stabilityand longltudlnal-
controlcharacteristicsof the model,testsIn pitohweremade
of themcdel h all four conflguratlonewith variouselevator
deflections. .

Dtieotloml Tests

Tests in yaw to providedlreotlonal-stabilityand
directional-controlcharaoteristlcsweremade of the model In
the basicconfigurationand with the thrustaxis tilteddown
So with veriouerudderdefleotfons.The modelwith raised
horizontaltail,thrustaxis untiltedand tilted,was tested
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with the rudderundefleotedonly.
at.twoanglesof attack, ~ = -2°

., . .,. .,. .“ ..
..

The teqtsIn yaw
ad .q = 9.:.. ...

.. . :... . ,..,r
.Cat!macmmsANDccmEcmolvs .:. .

.
..

The data are.pre&efitedIn MA& standardmd?fiolent fozzu
and are correoted#or tunnel-u effeotmi The oorreotiona
.wereappliedt? the negativ6-thrustdata in the’samemanneraB
for podtive thrustb~oaueeof “laokof Informationon tunnel-
wall effeotswith negativet@mt, Ho oorreet~oneyere ap-
pliedfor strut-t+ ad IpterXerenoeeffeota. PrevioueeX-
perlenoewith g@Uar modelshas shownthat the corheotions
are emallaml have”no appredable imfluenoeon stabllltyand
controloharaoterietics.The Mmenelone on whichthe coeffl-
oientsare basedand the tunnel-walloorrectioheappliedare
@ven In the appendix.

Momentcoefficlentawere computedfor a centerof gravity
looatedforeand aft by the 25-percentpointof the mean aero-
dynamicohordand l-peroentmean aerodynamlochordvertically
abovethe fuselagereferenceline.

Teatsto

The large
to presentall
conflguratlone

RESULTS “

DetermineLongitudinalCharacteriatlcs

numberof“figure~involvedmakee It Impractical
of the conetant-thrustdata for the fourmodel
teeted. In6tead,oompleteconetant-thruetdata

for the basicconfigurationof ~he &el, single-rotationpro-
peller,are presented..However,longitudinalolyuaoterlatica
oorrespondhgto varlouepowerodnditioneobtainedby wosEl-
plottlngthe fundamentaldata are givenfor all model oon-
figurationa,...

The w~-tutmel data obtainedwith the model in the baslo
oonfiguratioh,.elpgle-rotationpropellerwithpositiveand
negatlve“*tit, are givenIn fIgures7 to 13. Data obtained
with the tallrmmved are givenh figures14 and 15. Data
ob~ned with the propelJ.er removed, tail on and off,are
glv6n @ figure.16.

\ -.
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Longitudinal charaoteriatlosfor the fourmodel configu-
rationsare presentedIn figures17 to 32. For eaoh ooqflsu-
ratlon,ratedpoverwas dnualatedwith single-and duals
rotationpropellersfor positive.andnegativethrust. Summary
plotsof the varlatl~-of ~ and C% with CL to show

the effecdmof model conflgirationwith eithersingle-or,..
dual-rotationpropellersare presentedin figures33 to36”.
The effectsof a changein Incidenceof the horizontaltall
‘forthe basio ocnfigmtion are givenin.figure37.

In orderto showthe affectof poweron the longitudinal-
stabllitycharacteristicsof themodel‘uIthbasic configura-
tion,a summaryplot for variouspower conditions is given in
figure38,

To investigatethe effectsof the slipstreamon the
horizontaltail,velooitysurveysweremade in a vertioalplane
containingthe elevatorhingelIxM. The data,plottedIn the

form of contoursof equalvalussof the ratio

are presentedin the followingfigures:

F@. no.

..
39(a)

39(b)..

40(a)

40(b)

40(C)

Configuration

SPs.lB-~

-ls-~
%..

sP&Q’v

. S&%Iv

sP# -IN

(2!3)
o

0

9

9

9

~tail
Qfreest~e~ :
#

Tc

-0.1

-.2

-. 1.

-.3

-* 5

For the purposeof @i~ furtherinsightIntothe sta-
bilityand controleffectsof negativethrust,the ratio “
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c% were ocmputedas fOllows: . .

tit

‘=@7’m

(suba&pt t denotestail)

rated-poweroperation~e ocmparedin flguroTheseresultsfor
41 for the fourmodel oonflgumtions.

The computedvariationsof elevatormgle and stickforoe
with indloatedairspeedIn steadyflightare presentedIn fig-
ure 42 for all fourmodel oonfiguratlone,.rated-poweroperatIon.

The longitudlrdoharacterlstlcsoorreepondlngto zero
powerat a propellerspeedof 1000 rp for the model in the
baslooonflguratlon,single-rotationpropeller,are presented
In figure43. The longitudinaloharaoterlatioewith elevator
deflectedfor the otheroonflgurationsof the model will not
be presented,becausealmostidenticalelevatoreffectiveness
and hinge-mment oharaoteristlcswere foti. Hcwever,longi-
tudinalcharacteristicsfor all model oonflgurationewith the
elevatorudeflectedare presentedin figures44 and 45.
Ccsuputedvariationsof elevatorangleand stlokforcewith
IndicatedairspeedIn steadyflightprovedto be nearly
identicalfor all model oonflgurationswith this poweroondl-
tion,and are presentedfor the baslooonflgm?ationof *
model OId.J In fl@re 46.

The oanputedvarlatlonof elevatorangleand stlokforce
with nomal.aooelerationIn a divepuU-out (T. = -0.13,TM
= 310mph) Is presentedIn fIgure47. To serveas a basicof
oaqparlson,the variationof elevatorangleand stiokforce
with normalaooelerationin steadyturningfllghtfor positive-
thrustoperationIs presentedin the samefigure. Shoe all
oonfigurationegave slmllaretlok-forcegradient8, results
obtainedwith the model in basio oonf@urationO- are

presented. .

~–-.–..–. -.



Teatsto Detemlne DlrecMonal and LateralCharacteristics.
... ..

The testsat ~ = -20 withpositivethrustwere’madeat

To = 0,03 to give oharacteristlosoorrespondlngto high-epeed

flightwith ratedpower,and with negativethrustat Tc = -0.19
to give characteristicscorrespondingto divingflightwith
rated-powerbraking:“Results”obtalnedwith the rudderdeflected
are presentedIn figures48 to 52.

Testsat ~ = 9° withpositivethrustwere made at Tc

= 0,32 to give characteristicscorrespondingto cltibingflight
with ratedpower, To obtaincharacteristicscorrespotilngto
slow-speeddeceleratingfllght,testswith negativethrustwere
made at TC =-0.19 and Tc = -0.38. The maxtiumnegatlve
thrustavailablewith ratedpower correspondsappr=lmatelyto
Tc = -0.38,and Tc = 0.19.was selectedarbitrarilyas corre-
spondingto one-halftho availablenegativethrust.

Characteristicsof themodel with rudderdefleoted,slngle-
rotatlonpropeller, are presentedIn flghres53 to 59. The
ruddereffectivenessobtainedwith the dual-rotationpropeller
was Stlllllm,

For the purposeof showingthe effectsof chmges In model
configurationand type of propellerrotationon the dlrectional.-
stabilitycharacteristics,resultsof testswith the rudder
unreflected
S~ZPIO~S % ~~es% t?6~ ‘0

J are presentedin the
.

CcmparisonEof the effectivenessof the rudderare made
in figures.70(a)and (b),in whichthe mtio

(dC#~)power off .
..

is givenfor the basicmodel configuration. .

The effectof poweron the lateralcharaoterlstlcsof
them@el, basic conflguratlon,is presentedfor the hlgh-
speedc.ondltionin ~igure71. Sincethe effectsare small
tinevariationof CZ with ~ only Is presented. For the
low-speedconditionthe effeotsare considerable,@ the
variationsof CL, cm, CYJ ~ cl vlth v are

I
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presentedIn ffgures72 and 73 for
and Offa To give an InMoatian of

u.

the modelwith the tall &n
the effetiof puwer on

- I.atie--direetiomal-o~spondenoe, ‘theratioof dO~d$
to dC~d@ iB plotttiss a fbdi= of’ To @ f- 744.’.

,

. Longitudinal Chemaoterlstlos

To faollitatepresentationand amlysis the longitudi-
nal oharaoteristios are disoussti under the headings: Steady
flightwith fullpower,”Stee@ fllghtwith partialpower,and
Aooeleratedfltght. HandMng requlreanentsfor a fighteror
torpedobcmberare usedas ‘abasisfor Judgmentof satisfac-
tory steady-fll@t oharaotert’tiles.Elevatoroontrolin a
divepull-outwouldbe orltioalfor a divebomberand is
thereforuusedas a basisfor Ju@nent of satIsfactory
accelerated-fllghtcharaoterlstlcs.Beoaueeof the slmllarlty
of resultsob.talnedwith single-and dual-rotationpropellers,
all Unquallfledstatementsapply,tothemodel equippedwith
eitherpropellertype operatingat ne~t Ive thrust.

It will be notedthata largspart of this discussionis
devotedto camnen-tson the handllngqualitiesof thismodel.
This is consideredJustlffiblesinceit Is t~lcal of the
existinghi@ly powered, single-engine airplanes and Its char-
acteristicsare probablyrepresentatIve. On the otherhand
theseoharaoterlstlcsmay be alteredby eithera movementof
centerof gravity(whlohwouldtranslatethe mcxnentcurves
and oaused$fferentsqotloneof the cnzrvesto be utilizedfor
trim) or by a changeIn tallplan form (whiohwould oausethe
tall to resporut.differentlyto the Influenoeof qt and x).
For thisreason,due regerdshouldbe givento qt, ~, and

the tail-offcharemteristicswhich indioatethe &me fundamen-
tal ef’feotsof a propellerproduo~ ~tive thrust.

SteadyA* t tith fullpower.-ApplloatIon of fulllpower
to a ~ propellerproduoesvery M@ deoelemtionby re-
duoingthe alr velocitythroughthe propellerdisk. When the
thrustcoefficientTo becomesgreaterthan -0.4,themean
velocitythroughthe disk is less thanhalf the free-stream
velooity,and the propellerwake Is neoesearllymuoh larger
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. .

than the prmeller dlemeter. The resultsof velooltysurveys
fn tho tall~reglon(figs. 39 and 40) show that the wake ln-
$enSlty.-SlZe area fbot@. Of To, and the Wake 10C13th3
is a functionof a, Slmllarsurveyswere madewith the pro-
pollerthrustaxis tilted,but are not presentedbecausethe
resultswere essentiallythe same. Considerationof these
velocityeffeotsalonewouldprobablylead a designerto ex-
pect the followingresults,whlohare partiallysubstantiated
by erperlment: (1)a 108s in wing effectiveness(d~da) ,
(2)a loss In elevatoreffectiveness(d~d8e) , ~ (3) 10SS
in tail load for a givenmodel attitude.

BaSlc corm~tlon.- As expeoted,the value of d~da

(tailoff) with negativethrustappliedby a sln@e-
rotationpropellerIs 51 percentof the value obtained
with propellersremovedand 43 percentof the value ob-
tainedwith positivethrust(figs.16, 17, and 18). A
changeto dual rotationprduces an unexplainedC-O
In d~da whichraisesthe foregoingfractionto 60

and 47 peroent,respectively.(Seefigs.16, 19, and
20.) Theselift-curveslopesare not unreasonablewhen
it Is oonslderedthat one-thifithe wing area Is behind
the propellerdisk,ami thatat CL = 0.8 (Tc = -0.4)
the mean-velocityflowthroughthe prope~er is less than
half the free-stroemvelocity,Also,as the velocity
ovorthe wing Is reduced,the wing of aspectratio5.4 is
@ving the effectof two smallerwingsof aspectratio2.

: The loss In llft-ourvoslopoprobablycouldbe mlnimlzed
by loweringthe wing with respectto the thrustline,by
decreasingwing taper,or by increasingaapectratio.

Applyingnegativethrustto tho modelwith the tall re-
movedproducesa negativeincrementin ~. This increment
growswith ~ and, at the higherattitudes,the model with

tall off exhlbltsa negative d~d~. A smallpart of this
stabilityohangeIs due to the ne~tive-thrustmoment,and
the ~lnder must be causedby propeUor nomal forceand the
propellerwake effectonwlng and fuselage. Evidenceglvon
laterIn this discussionindicatesthatmcnnentsproducedby
the normalforceare smallwhen the propellerIs producing
negativethrust.

.. .—- . .- .
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.,.
The cxxupletemodel operatingwith negativethrustPOB-.

sesseamoderatestabilityat low lift mefflolentsand very
high stabilityat the higherli$k cqeffiotents.The high
stebilltyis largelya result of a tetienoytowardtiabllity
with thetail off ar@ the very low d~dap With dual rota-
tion the stabilityIs not EIOgreatbeo&e d~da Is higher
thanwith,singlerotati~ Contraryto expectationthereis
no oonslstentreduotionin d

w da withapplicationof.

negativethrust, althoughthe loss In elevatoreffeotivenesa
oan”beseen by ocmcparlngflgurw 16, 18, and 20.

The oausefor the ~lntenanoe of d~da whlohIs as

great as or greaterthan that observedwithpropelleroffmy
be foundIn ~he varlatloneof q~q and ~ (fig.41) and
theirsubsequenteffecton .d%J da. It oan be shownthat

the followingIs true:

$=i+y!)+;?l$

At low angleaof attaokthe stabllltycontributedby the first
term of the foregoingequation- the high @./da are

nearlysufficientto oorgpensatefor the low qt/q. At the
higheranglesof attaok (uXO) the stabilizermovesout of
the low-veldoityoore of the wake (figs.41 and 42), and
d~da Inoreasessharplyto Increasefurtherthe stabillty

contributedby the tall. The generallyhigh valueof ~da

oan be attributedto the loss In wing downwashbehitithe
propeller. The sharpIncreaseIn d~da between a = 4°
and u = .6°.1sprobablya resultof the stabilizermoving
.intothe wake upwashwhiohla present”inthe lowerhalf of
.hlgh-lntensltywakes (referenoe2). The same trends of qt
and ~ oan be observedIn the hinge-nmuentourves,but,-

sincehingenumentsare subJootto seoondaryeffeots,theydo
not led themselvesto a direotanalysis.

~ ~btion of elevatoranglead stiokforcewith “
speedfor the assumedairplaneshowsadequatestiok-fixed
and stick-f%eestabilityfor ne@lve-thrust operation(fig.
42). For positivethrustboth the stlok-fi%eand stlok-fixed

i — --- — —-— --- —
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stabilityare margizM whioh la net unusualfor a hig41ypower-
ed airplaneof this type.

The minimumtrim speedIs about160 miles per hour due to
the very high stick-ftxedstability(high d~d~ and low
d~d8e) in the low-speedrange. Sinoethis speedis appraxi-
matel~the speedfor torjedolaunohlng,sucha limitation
wouldbe objectionablefor a torpedobcnuber.At fhet it
mtghtappearthata compramlse”instabilizerInoidencewould
satisfactorilylowertheml~Lm trim speed,but at best only
5 to 10 milesper hour couldbe gainedbecauseof the extrame-
Iyhlgh stability (d~d~).

Ona fighter-typeairplaneIt wouldbe desirableto change
frompositiveto negativethrust.withouta ohangeIn trim. The
changeIn elevato~requiredfor trimat a glwn speedIs small
In high-speedflightwherethe brakingpropellerwouldbe used.
Tho untrimmedstickforcesdifferby 30 or 40 pounds. Proper
locationof a trim tab relativeto the propellerwake and slip-
streamprobablycouldreducethis differencewhen the tab is
st3tfor trim In posikive-thruetoperation.

Propellertilt,-By tiltinga propellernosedown, the thrust—. .
line is raisedrelativeto the centerof gravity,and the
thrust-.lirmangleof attackis decreasedfor a givenattitude
or lift coefficient.It has ~een shownthat for.positive
thzm.stthe resultingIncrementsof pz-opuller-thrustand normal-
forcemomentswill Increasethe stability. It can be slmilar-
lY reasonedthatwith negativethrustthe oppositeeffect
wouldbe realized;that is, the stabilitywouldbe docrzased.

As anticipated,the sole effectof propellertilt is to
shiftthe rotatethe pitching-mmontcurvesfor eithertajl on
or off (figs,34 and 36). The variationsof gt/q - ~

with a presentedIn f~uro 41 showno s@nificant”changedue
to propellertilt. Wlthtithe erperlmentalaccuracythe change
inmmont characteristicsoan be Justifiedby the thrustmcment
whichindloatesthatnormalforcesare ins@niftoant. -

~cept for possibleeffectsof stalledportionsof the
blade,a“muchreducednormalforceshouldbe expectedfiatna
propellerdevelopingnegativethrust, The oausefor normal
force on a propellerdevoloplngpositivethrustoanbe explained
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by sketch(a)helm whlohshowsa propeller-bladeel,amentwith
its l?d+tional~ fo~ velooityvetior~.

. . .
V(l,+a)

(a)Positivethrust “ (b)Negativethrust ..“‘~

When the propelleraxis Is tilted“~o, the vector V(l+a)

rotatesrelativeto the propellerplaneassumingthe pcmition
r and 2 for bladeson the r@ht and lefthalf of the pro-
peller. The differencebetweenthe resulting ~ and ~
produoesuribalancedtorqueforcesbetweenrightand left sides
of the propellerdisk.“Tho differencebetweenthe torque
forcesis knownas propellernormalforoe. As shownIn
sketch(b)jfor a propellerdeliveringnegative-thrustthe
vector V(l+a) Is much amalhr because a Is negative. The
rcmultingnormalforceIS very smalland in the opposite
direction.

The changeIn trtiand 10HS in stick-flxhdstabilityre-
sultingfrmnpropellertiltreducethe mintiumtrim speedby 5
milesper hour (fig.42). This 1s a step In the rightdlreo-
tlonbut stillhaves muoh to be desired. The effeotsof pro-
pellertiltrealizedwith negativethrust,ocmbinedwith the
Increasedstabilityfor poslt$vethrust,reduoethe”trlmohanges
betweenpositive.and negative-thrustopemtion. Use of-atrti
tab at high speedsmight Inoreasethe differeno&”i+atlok”foroes
becauseof a ohangeIn tab effectivenessbetweenpositive-and
negative-thrustoperation..Lmk ofdeflnlte oriterla-speci-
fY~allmble *rti changeafora fl@termakeq finalJsnt
of trim charmterlstlosinrposslble. . . .

;
- Raised horizontal tail,.-,. -.,_,.ln&@@@al.&dl pot3i-

tlon frau low to hlghresult~ in the folloylngstability
Increments:(1)anlnqeEse &t lw. lift ooeflloients,(2)a
large deoreaseat ~ = 0.4 to 0..6,and (3)a“sltghtto large. .
deoreaseat high lift ooefflolentsdependingupon whethera
alngle-or dual-rotationpzwpellerwas used (figs.34 and 36).

—— .
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The causefor theqq @cramenta whiohproduoean S-shape ~
versus ~ ourve can be traoed to the variationsof , @q “““
and q (fig.41). Subatltutionfor eaoh of the verla~lesin”
the equationfor d~/da (givenin dlsmssion of basio con-

fIguratloncharaoterlstios) will showthe contributionof each
to the stabilitywith a raisedhorizontaltail. In brief,
entryof thp tail Intothe wake Is delayed,which changesthe
phaserelationbetween q~q and ~, ad whichplacesthe
tail in the core of the wake at high lift Coefficientsw~n .
tho wake Is Intense.

The cin-ves of 8e and stickforcevereus VI given In
figure42 (fornegative-thrustoperation)are not slgnlflcantly
differentfrcauthosefor the basic configuration.Even though
the stabilityis lower,the minimumtrim speedIs greaterby 5
cr 10 miles per hourbecauseof the very low elevatoreffective-
ness.”For positivethrustthere1s a definiteImprovementIn
stabilityas wouldbe predictedfrau resultsof testson
similarmodels.

Raisd horizontaltall and tiltedpropeher. - Withina fair
degreeof ac&racy~ the p~tohin&m&nt -characteristicsof
themodelwith I%lsedstabilityand tiltedpropellerare the
pitching-mcmentcharacteristicsof the baslooonfQuratlon
with the Indlvldualeffectsof raisedhorizontaltall and
tiltedpropellersuperimposed(figs.34 and 36). The trim
characteristicscannotbe obtainedby shple superposition,
becauseraisingthe horizontaltall removesany semblanoeof
linearityin the ~ versus ~ curves,and tiltlngthe

propellerrotatesthe curvesbrlnglnga differentsectionof
the curvesacrcssthe ~ . 0 ~ls.

The stabilityof the modelas Indicatedby the variation
of 5e and stickforcewith speed1s reducedfor negative

thrust~“lncreased for positivethrust. The resultingtrim
oknges fmm positive-‘tonegative-thrustoperationare small
for-any spe6dgreatert- 200milesper hour. The mlnhum
tr”lmspeedIs reducedto 150 milesper hour. Of the four
configurationstestedthis configurationyieldsthe best
longitudinalcharacteristicsIn steadyflight;however,It is
a~ent”that the effectsof mnfigurationare relatively
smqllwhen-c-d to the basiceffeotsof a propeller
produc~ negativethrust.

. . . . ,
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steady ~i.gllt with *U puwer.- To oheokon possible
tall%itifeting as a-resultof high““negativethrust,a grM of
p, -lo@ted h a verti~” planeat” the’ *IT; W= Obs-ed .
as the thrust ooeffioientwas varied.“Ata Tc of -0.2 * .
tufts beganoscillatingbadly,and at a “To of -0.3 the dis-
turbanceInoreasedso that the tuftsoscillatedtlircmgban in-
cludedangleof about45°. For To = -0.4 and -0.5the flow
near the fuselagereversedand the osolllation was so severs”
that it wouldappearunsafeto operatein thlbrange. Suah a
teBt is not neoesearllya quamtltativemeasureof buffethg;
however,It secuuslilmd.ythatfull powershouldnot be used
for brakingat low speed.

An obvioussolution”to the difficultiesexperlenoedwith
fuld-powerbrakingis to rsduoethe poweroutput. By properly
selectlngthe powerand propellerspeedIt is possibleto ob-
taina greatvarietyof To versti ~ relationships(fig.5).

The longitudinal-stabilltyoharacterlaticsof the model in the
basicconflgu&tlonare cqed In figure38 for seve~ power
CondltIons.“Only 25 percentpowerproduceshalf the stability
change (d~d~ ) betweenzeropowerand fullpower. Zero

powerappearsto be the best operatingcondition,sinceIt pro-
duoesgood brakingand yet does not oausekge danges in
pltthing-momentcharacterlstIcs.

With zeropowerthe longlinzdlnal-stabilityOharacteristios
for the four conf’lgumtionstestedeme nearlythe same (fIgs.
44 mad 45). Most of the effectsnotedwith fuJJ powerare
stlJJpresentbut to a lesserextent. Both stick-fixedand
stick-freestabilityas shownby figure46 =e satisfactoryfor
the basicconfiguration,and, althoughnot presented,were eab
Isfactoryfor all configurationstested. The eliminationof
-reme stabilityat low @eed and the Inoreasein elevator
effectivenessranovethe seriousMmitation of mlnlmumtrim
speedexistingwith fullpower. The A13e requiredto maintain
a givenspeeduponapplicationof the brakeis small. The
stick-forceIncrementsrequiredto mdntaln a given speedshow
no oonststentImprovement.However,stick-foroecheraoteristlos
are a funotionof many variablesad If A8e Is smallthe ln-
orcmentsoouldprobablybe held wlthlnthe desiredMmlts by
ad@tment of thesevariables.. ..- ..

AcceleratedflIght.-,oneof the fllghtmxditions for Whloh
tho use of the propelJer as a brake1s consideredis that of

.-. — .—
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lhlting the m.xtiumspeedIn a dive. It is assumedthe pilot
will use a predeterminedamountof powerto hold the desired
speedIn the dive ard thenpm out withoutchangingthe power
outputof the engine. Thismaneuvermey proveto be the orltlOal

. oauseof the stickforcerequiredof.the pilotto producethS
desiredamountof normalacceleration.(A steadyturn pOSSiblY
“wouldrequiremore stickforce,but this is not considered.to ,
be a normalmaneuverwith negativethrust.)

The conditionselectedfor analysisis a 700 dive at a
speedof 310 miles per hour. The thrustcoefficientrequired
to llmitthe airplaneto this speedis -0.13for an assmed
drag coefficientof 0.025. The variationof 8e @ stick
forcewith normalaccelerationfor the basic configuration
of themodel Is presentedIn figure47. In orderto give
a %asls’of,comparlaon,tlibvarlationp..of,6e and stickforce
withnomal accelerationin steadyturningflightwith rated
powerand positivethrustat the ssme speedas the dive pullo-
uts are shownin the seinefigure. The stick-forcegradient
is only slightlygreaterfor negative-thrustoperation(about
18 lb perg). It wouldbe expectedthat the use of negative
thrustwouldresultIn higherstlok-forcegradientsthan with
positivethrustbecause d~d~ fs increasedand d~d6e

Is decreasedwith negative.thrust.However, dC~d6e de-

Ci”OMoS fasterthan d~d6e so that n-ly Identloalstick-

forcegradientsfor positiveand negativethrustare the net
results. Similarresultswere foundfor the othermcdel con-
figurations.Hwever, tho modol with the raisedhorizontal
tailand inclinedthrustaxis gave considerablyhigherstick-
forcegradients(about28 lb per g) for both divo pull-outs
and steadyturnlogfllght.

The numericalvaluesgivenfor the stick-forcegradients
are higherthan are desimble and couldbe reducedby redo-
slgnhg the horizontaltafl,but It is bellevedthat design
changesfor the purposeor reducingthe stick-forcegradlmrb
withpositivethrustwill have a shllar effectwith negative
thrust, Sincethe sticlc-forcogradientsare of the samemag-
nltudofor both positive-thrustdnd negative-thrustoperation,
the use of tho propolJeras a dive hake appearsto be satis-
factoryfromthe standpointof stickforcein dive pull-outs.

— -. —-.-—. .. . . .— ■ n ,
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DlreotlonalCharaoteriatios
;. .

.. “Thed~otloti.ehab&ty W direoticnaloontrolMo-
terlstim are dlsousmd under the headings High speed””and LOW
speed, High-speedoharaotertatioswe= obtainedat .~ = -2°
whloh,for positive-thrustoperatiti,oorrespozxlsto high-a~ed
levelfllght,arilfor negative~thrustopez%tIon corresponds”to
divingfllght. Low-spe~ ohamoteriatioswere obtainedat.
~ = 9° whloh,for positive-thrustope~tion, “omresponde td “
tihblng fl.lght} d for ne~tive.thrustope~tion oor&esponds
to deceleratinglevelflight. - .

. .

High speed.- Inspeotiopof the & versus * ourvesfor
the al with tallremoved ~ = .20 (figs.48 to 52) ShOWS
the model to be dlreotlonally~able with the propelJerre-
moved and that the applicationof power To = 0.03 or -0.019
haa littleeffeoton the stability.As wouldbe expeoted m
oonslderatIon of the velocityeffeotsof the propellerslip-
stream,the yawingmomentsuppliedby the vertloaltail Is
Inoreasedwith poeltive-thruetand deoreasedwith negatlve-
thrustoperatio~ The differencesare small,however,and
beoauseof smalldifferencesin the stabilityof the *1,
tall off,the directionalstabilityof the canpletemodel -
nearlytie samefor positive-and
Similarresultswere observedfor
rudder(fig.70(a)).

negative-thrbtoperation.
the effectivenessof the

a5?2”- T~ varlatlonof Cn with $ for themodel
with tall removed ~ = 9° (figs.53 to 59 Indioatesa nydced
reductionIn stabllltyfor posltlve-thruetoperatlcm To = 0.33,

partlmlarly formodemte mgles of yaw. Newtive thrustwith
To = -0.19 has dl effeoton the stabfllty,but.@th Tc
= -0.38 the stabilltyof <he modelwith tall removedis posi-
tive for the rangeof anglesof yaw betm,enapproiximtely*lOO.
For largeranglesof yaw the stabilitybeoauesnegativeAnd
app~ches the valueobtainedwith the propellerremoved. The
positivestabilit~diblted formoderateanglesof yatiis
greaterwith ths single-rotatlonprcp@J_erthan”wlththe dual-
rotatlonpropeller(f@s. 68 * 69). “ . .

Theseresults~ be explalnedby oonsldematlonof the ef-
feot of propellernomal forceand the effeotof the propeller
wake m the wing-fusele.geoanblnatlon.Study”of the sketchon
PE@ 14 wI1-1showthe effeotof propellernornw+lforoewith

.

\
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positivethrustto be destabllizlng,ad ocmlputationeshowthe
effetito be mall. F= negative-thrustoperation, the effeot
of propellernormalforoeIEIstabilizing,but of auoh small
_tude as to be Inconsequential.Therefore,it is believed
that the effeot of the propellerwake on the wing-fuselageoom-
binatlonIs the prlnoipalfactoraffeotingthe stabilityof the
modelwtth tail removed. Sincethe model Is unstablewith the
propellerremoved,it is logioalthat it shouldbeccmmmore un-
stablewhen the fuselageIs ImmersedIn the high-velooityslip-
streamassociatedwithpositivethrust,and beoomeless unstable
when surroundedby the low-velooltywake associatedwith noga-
tlve thrust, The.reasonfor the S-shapeof Cn versus ~
ourveefor Tc = 0.38 (fl&. 68 and 69) Is not -erstood, but

It is believedto be’primuily an effeotoausedby the emer-
genoeof the trailhg portionof the fuselagefra the propeller
wdce at hge angletiof yaw.

With the tall on, the directionalstabilltyof the model
for negative-thruetoperationis reducedto”apprmlmatelyhalf
that obtainedwith the propellerremoved. The stabilityfor
Tc = -0.38Is allghtlygr~ter than for T= = -0.19. This ap-

parentlycontradictoryresultIs oausedby the stabilitychar-
acteristicsof the modelwith tall removed. The yawingmcauent
suppliedby the vertloaltall is aotualJymuoh less for To
= -0.38 than for To = -0.19, but beoauseof the positive

stabllltyexhibitedby the modelwith tail removed (Tc = -0.38)

the resultantstabilityIs slightlygreater.

The comparativeeffectivenessof the rudder (flg. 70(b))
is In the expecteddirection;.that1s, the effectivenessis in-
creasedtith positivethrustand reduoed with negativethrust.
For negative-thrustoperation To = -0.38 (approximatelyfull

-r) t~ tider effectivenessis so greatlyreducedas to
make the operationof the airplaneexoeedlnglyunsafe. It la
estlmrkd thataboutSo of yaw oan be produoedby use of full
rudderwith the single-rotationpropeller,and about 200 with
the dual-rotationpropeller. The reasonfor this dlfferenoe
In yaw is not”greatertider effectivenesswith the dual-
rotatlonpropellerbut lowerdirectio~ stabilitywhichmay
be traoedbaok to the dlrectioraloharaoterlstioswith the tall
removed. With To llmltedto -0.19 (approximatelyzeropower)
more than 200 of yaw oan be produoedby use of fullrtider.
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RMder hinge-manerrtohammterletlos
seinetrend8ae the dlreotiomal-stablllty
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the

oontrol.”characteriatica~ hut-‘ai%n6t“am&ble_‘to-is be=
oaqseof semz@ary effefis. J .-

S&lle“apprcm~te rMder-pedal.forceoaloulatlonsweremade
-negl.ectlhgthe contributtohof the lateral-oontrols$fsta“to
direotlonalStability.For the high-speedattitude, ~ = “-20,
and * Indicatedairspeedof 300 milesper hour, it was foti
that the ave~ gradiebtof the rudder.pem foroewas approx-
lmtely”the same.ftm positiveand.negative thrust. Assvnxlx
an instantaneous ohange frd positiveto ne@ive thrust(T.

= O●03 to -0.19)”sthe changeIn rudderangle“requiredto hold
zero sidesllpis about~ rightrudderwith the slngle-
rotationpropelJerjand about1* rightrudderwith the dual-
rotationpropeller. The correspondingaverageohangeIn the
untrinmedrudder-pedalforceis about40 pc~s on the right
rudderpedal.

For the low-speedaltitude (~ w 90) and an indicated
atispeedof 160 milesper hour,the changeIn rudderanglere-
quiredto hold zerosideslipfor the me frcxnpositiveto
ne@tlve thrust (T. = 0.33 to -0.19) Is about 23° right

rudderwith the single-rotationpropeller,and about30 right
rudderwith the dual-rotationpropeller. The corresponding
changesIn rudder-pedalforoesare about120 poundsand 10
pouds on the rightrudderpedal,respectlvely.

The effectof tiltlngthe thrustaxis is to reduoesllght-
lY both the pedal-forqegradientand the changein pedalforce
for trimbecauseof the slightlyloweratabllityexhlbftedby
the modelwith the tiltedthrustaxis. No rudder-deflected
testsweremade with the raisedhorizontaltall becauseof dlf-
flcultieaof deflectingthe rudder. However,Inspectionof the
en and c% versus * oumes for the tail.highconfl~-

tlone (figs.60 to 69) showsa ellghtreductionof d~dlll 8M
dch~d~ for angleaof yaw between+1.60d a cohslderable re-

ductionfor greateranglesof yaw. This effectmay be caused
hy interferencebetweenthe horizontalad verticaltail,which
in aKl probabilitywouldresultIn reducedruddereffectlve~ss.

..-

Frau“thestandpointof dlreotioml stabilityad oontrol,
it app”ms &t the bestmodel ccafiguratlonIs the nonual

.
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positionof tail with the thrustaxis tilteddown. The use of
a dual-rotationpropellerwill reducethe trti changeswith
use of power. For brakingOperation$the maximumamountof
negativethrustwhiohmay be used with safetyis that corre-
~pondingto a To of about -0.2whloh oan be produoedwith the

use of littleif any.power (fig. 5).

It appearspr&able that the dlreotionalstabilityand oon-
trol of a single-engineairplanewouldbe Improvedfor braking
operationby the use of twin vertloaltails. As one tail m-
teredthe low-velocityoore of the propellerwake, the opposite
tall wouldbe emergingintothe highervelocityof the free
stream. Thus the aombinedefleotlvenessof the two tails-would
tend to rmain more nearlyunlfozmthroughoutthe yaw ran@.

. .

. DihedralEffect ..

Tho dihedraleffectof the modelprogresslv&y Increases
as power Is appliedto a propellerproducing negativethrust
(fi@. 71, 72, and 73). Conversely,the dihedraleffectIs
reducedwith applioatIon of powerto a propellerproduoing
positivethrust. It has been provedthatthe effectwith
positivethrustresultsfrom the high slipstreamvelooityin-
creasingthe lift on the trailingwing,and that the effoot
Is a functionof wing lift ooeffioient,thrustooefflcient,
ard distancefrompropellerto wing. It oan be stillarly
reasonedthat the effeotwith negativethrustresultsf-
tho low slipstreamvelocitydecreasi~ the lift on the trail-
ing~~, and that it Is a f=ion of the same v=iables.
The Inorementof dihedraleffectoan be computedwithin20
percentby ass- that the propellerwake trailsIn the
free-streamdirectionad that the loss In lift occurswhere
the wake orossesthe wing.

The largedihedraleffeotis tiesirable,partlcml.arly
when coupledwith the low dlreotlonalstabilityassociated
witha brakingpropeller. The lateral-directionalc~e-
spondenco,as Indloatedby the ratio dC#d* to aC2/~,
variesovera wide rangewhen power Is changedfram full-
negatlveto full-positivethrust(fig.74). As a result,If
an airplaneis designedfor properlateral-direotlonalcmre-
spondencein the positive-thrustrange (whiahIn itselfis a
difficultcomprmlse),it will becanetoo sensitivelnroll
for high-negative-thrustoperation. Sinoefor the dive oon-
ditionboth liftand thrustcoefficientsare roll, tho. .

..
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problanis qot serious. If full-power b= is usedfor the
torpedolaunohingrun,“adefinlte’”-blemexists;however,
otherproblemsInvolvedIn the use of full-powerbmklng at

low speedprobablywill preoltieits use. For zero-power
braklng$the lateml-dlreotionalohamoteristlm wbuldnot be
neoemarlly idealbut probablywouldbe aooeptable.

The results of thesetoataIdloato that
may beueedaaameane of EIpoedoontrolfor a
tmmtxzr-typeairplaneto an extentwhiohwllJ
moro effoctIve than oonventIonalepoiler.typo

the propeller
single-engine”
be equallyor
dive brakca,

particularlyat low epeoda. The tivantagoi-In favorof uiing
tho propellorratherthan oonventlonaldive brakes,In addl-
tlon to gmatwr offootivonessat low speeds,are thoeeof
s@llfloatlon of the airoraft structureand oonoanltantsav-
ing in melght. The disadvantagesare the slgnlfioantG~eS
of the stabilityand controlohamicterlstIos of the airplane
producedby the brakingprope~er. Theseeffeotsare largely
oaueedby the low-velocitywake of the propelJ.erflowlngover
wing,fuselage,and tall,ratherthanany directforoesacting
on the propeller.

The resultsof the testsalso showthat the umleslmble
effectsof a brakingpropellermy be mlnlmizedby properde-
sign of the airplane. Tlltlngthe propellerthrustaxisand
looatlngthe tallas remotefrcnnthe propellerwake as poasl-
ble help to reducethe stabllltyand controlohangesacmmpany-
ing the use of negativethrust. The use of a dual-rotation
~ener Is of benefitIn reduolngthe danges of rudderangle
and rudder-pedalforcerequiredfor trimwith ohangeof.power.

BY limitingthe poweroutputof the enginesthusrestrict-
ing the amountof negativepropellerthrust,the stabilityand
oontrolcharaoteristiosmay be held wlthl.nthe ltilts”required
for safeoperationad st~ produoeadequatebraking. The
possibilityof tailbuffetingstllJr~lns to be lnvestl@ed
qr~titatively,but visualobsematlon of tufts tiloated the
absenoeof seriousbuffetingfor the rangeof negativethrust
correspondingto acoeptible operation frcm the standpoint of
stabilityand oontrol,

.-

AIUS Aeronautical.Laboratory,
NationalMvlsory Cmmlttee for Aercnnwt16s,

MoffettField,Callf.) Jan. 20, 1945.
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COllFIGURATIOHHEYKIR THE STABILl?FY~IIEL

0 basio conflgumtion.model In normalflylngochdltibnbut
without@pelle~ (i.e., w*, fusel&e~ verti.oaltail,
horizombal
traoted)

tall in nomd position,flapsand gear re-

P propelJer

subscript

8 denotesalnglerotation

D denotesdual rotation

superscriptdenotesbladeangle p in de~ees at
0.75radiusstation

H horlfmntaltall

v vertloal tail

CCIEFFICIENTSAND SYMBOLS

All coefficientsare given In NACA standardfozmreferred
to the atablilt;-axes,and are definedaa 20LLows:

%

lift coefficient (L/@)

drag coefflcien$”(D/qS) ..

lateral-forcecoefficient (Y/qS)
.“

pltoh*-mmeti coeffiaieni“(~qS;)
“. .

yawimg-moment coefflolent (N/qSb) ...

rolMng-momentcoefficient (L~/qSb)

elevatorhinge-nuxne+tcoefficient (~@le~e) “ “

rudderhinge-manentcoefflolent (~/@ror)

ik- —. —. -. —— ._ — —- —
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Ta thrustcoefficient (T/pV~)

where

L

D

Y

M

N

Lt

%

%

T

Q

s

c

b

se

. ‘e

Sr’

‘r

P

v

n

w

lift, lb

&ag, lb (alsopropeKlerdiameter= 2.52 ft)

orom-wlfi force,lb

pltohlngmment, ft-lb

yawingmment, ft-lb

rolllngmment, ft-lb

elevatorhinge-mament,ft-lb

rudder hinge-mauent,ft-lb

effectivethrust,lb

()
divnamiopressure ~ pVa lb/eqft

Wing area (13.18Sq ft)

mean aero@mmto chord(1.627ft)

wing span (8.48f%)

elevatorarea aft of hingeline (0.819sq ft)

elevatorchotiaft of hingeline (0.274 f%)

rudderarea aft of hingeline (0.369sq ft)

rudderchordaft of h-e llne (0.321 ft)

mass densityof air, slugs/cuft

airspeed,ft/Bec

revoluticmsper

In presentation
Q symbolsare used

second

and analysisof the remllts,the follow-
In additionto the coefficients:
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Am mo. 5C01

Wnoorreotedaugle
line,degreeB

of attaokof the fuselagereferenoe

27

angleof attaokof the fuselagereferenoellne oorreoted
for fluw inollnatlon@ tunnel-walleffeots,degrees

effectivean$l.e
greee

angleof yaw of

pitohlng-moment

of attaokof the horimntal
. .. .

Mne of symmetry,degrees

ooeffiolentproduoedby the

angleof inoidenoeof propellerthrustaxis
to fuselagereferenoellne,degrees

tall, de-

tail

with respect

angleof incidenceof horizontaltailwith respeotto
fuselagereferenceline,degrees

oontrol-surfacedeflection,degrees

subscripts

e elevator

r rudder

t horizontaltall

The following
all additive:

CORRECTIONS

tunnel-wallcorrectionswere appliedand

A~=8z$~a

Aa = 8e~ CLu x 57.3

A%* = -$+ %x 57=3x ~

*Applledto tail-ondata only.

-. —-,. . . , —..
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nAcA Am Ho. 5C01

where

:1 = 0.122

Ua’= o,i35”

53 = 0.0966

c =70aqf’t

.

%. = uncorrected

-0.031

..

lift co&ficlentwith tailremoved

. . ..-

—



NACA Am Ho. 5C01 Z9

W I.- DIMl?3iSICX13CIFSTABJZD7Y =
.—

Horizontal
wing

vt3rtioal
tail tail

13.181 3.007 1.160Area,total,sq ft
FpELn,ft 8.479 3.667 1.250
Mean acrodynamloohord,ft 1.627 ---------- -----------
Aapootratio 5.4 4.52 1.345
Taperratio ,500 ● 513 ,592
Root OhOrd,ft 2.093 1.093 1;188
Tip ohord,ft 1.047 .561 .703

HAOA 2418 0011- NACA 0012-64 NAOA 0012-64
Stantto 8ta- Inoaifieato Iuoaifleato

Root seoti.on tion1.766feet 10.71per- 8.9 peroent
outboardof oentthiok thlok
oenterline

MUX 0012-64 NACA 0012-64
modifiedto modifiedto

Tip seotlon NACA 2415 10.71per- 8.9 peroent
oentthlok thlok

Dihedral 80 70 -----------

00 ~lth oentel

Inoidencewith reepeotto
line. 20 to

20 00
fuselagereferenceline

left with
raisedhorl-
$onWl tail

Area of movableeurfaoeaft of
-1-, aqft ------------- 0.819 0.369

Hingeline,peroentohord ........----- 66.89 66.46
Aerodynamicbalanoe,peroeti
of area aft of hingeline ------------- 29.9 28.2

Tall length,25 peroentmean
=~ o chordto oenter
llnehinge,feet ------------- 4.315 4.320

Aamamedmeohanl(xaladvemlx@
of controlfor Cmputing
oontrolforce~,forae/Chq ------------- 20 20
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Figurel.-Thevariationof speedwithtimefor the stabilitymodelequipped
withspoiler-typebrakeor braking propeller.
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FIGUk’E 2.-“ THREE- VIEW DRA WING
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STABILITY MODEL .
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lIACA ARR NO. 5c01 Fig. 3

t,

\

‘\
\

(a) Normal tail position and thrust axis.

(b) Raised horizontal tail and thrust axis tilted down 5°.

Figure 3.- Photographs of the stability model mounted in the
Ames ?- by 10-foot tunnel.
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NACA ARR ?fo. 5C01 Figs. 7,8
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Figure7.- Effect of thrustcoefficienton char- Figure8.- Effectof thrustcoefficienton char-
acteristicsof stabilitymodel in pitch. acteristicsof stabilitymodel in pitch.

Basic configuration,elevatordeflected10o, single Basic configuration,elevatordeflected10o, single
rotation,P = 250. rotation,~ = -150.
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NACA AM? NO. 5C01 Figs. 9,10
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Figure9.- Effoat of thrust coefficienton char-
acteristicsof stabilitymodel in pitch.
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Fi@re 10.- Effectof thrust coefficienton ohar-
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rotation,@ = -150.



NACA ARR NO. 5COI Figs. 11,12—
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Figure 11.- Effect of thrustcoefficienton Figure 12.- Effectof thrustcoefficienton
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NACAARR No. 5C01 Fign. 13,14,15
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Figure 15.- P = -150.

oharaetuifiticuof stabilitymodel Figures14 and 15.- Effect of thrustcoefficienton
‘\,

4

in pitch.Basic configuration,eleratorde-
\

charactaristicn of stabilitymodel.

fleeted-200, minglerotation,~ = -150. Baeic configurationwith tail removed,singlerotation.
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