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NATIONALADVISORYCOMMITTEEFORAERONAUTIOS.

TECHNICALNOTENO.

A NEWMETHODFORTHEPREDICTIONOF

By E. P. LesleyandE.

summary

302.
“e

AIRPLANEPERFORMANCE.

G. Reid.

A newmethodforthepredictionof airplaneperformancein

levelandclimbingflight;togetherwithcompleteinformation

regardingpropellerspeeds,is describedin thisreport.

DevelopedfromBairstowlssystemandmakinguse of America

absolutecoefficients,thismethodhasadvantagesof simplicity

andbrevity.
w

An illustrativeexampleis appended.

●

Introduction —

Theulethodof performancepredictionwhichis describedin

thispaperis a simplificationandrevisionof Bai.r6hW1S Method

(Reference1),whichhasbeengenerally

curateanddependablebutalsosomewhat

cated. Thenewmethodisof advantage,

Americanaeronauticalengineer,because

consideredashighlyac-

Iaboriousad compli- -

particularlyto the

it is formulatedin

termsof theAmerican,ratherthantheBritish,systemof abso-

lutecoefficients;ityieldsresultswhichareas accurateand

completeas thoseof theorigin%lmethod;itrequireslesslabor,
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anddoesnotinvolvetheuseof theunfamiliarfunctionsv/nP,

B.HP./Ns,ad ~ kT (V/nP)-2.

‘Thenew system,likeallothers,is merelya methodof de-

terminingtheconditionsof equilibriumin steadyflight.Al-

thoughit isusualinperformancepredictionto considerthe

requiredandavailablepoweras variablesdependentupontheair

speed,thedependentvariablemightequallywellbe thrust,

\orque,orpropellerspeed. Theuseof a fictitiousquantity,

theproductof thesquarerootof the

thepropellerspeed,as thedependent

guishingchsxacteristicof themethod

relativeairdensityand

variableis the.distin-

describedbelow. This

productoti21?,willbe calledthe

of a betternme andbecauseof its

dicatedairspeed ~1/2 v 9

l~indicatedR.p.M.lf forlack

apparentanalogyto thein-

Theadvantagesof thisartificearetwofold.First,the

determinationof propeller(orengine)speedforanycondition.
of steadyflightrequiresno additionalcomputationas.itsvalue

is automaticallyfixedby theairspeedendrateof climb(if

any). Second,a singlecurvemay beusedto representtheair-

planerequirementat allaltitudes,as thequantitylfindicated

R.,P.M.

ticof

speed.

requiredforlevelflight’1hastheunusualch~acteris-

dependingonlyuponangleof attack,or indicatedair
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Descriptionof theMethod

requireddataare:

Weight,wingareaandaerodynamicch~acteristics

of theairplane(CLVS. CD). .

Dismeterandaerodynamiccharacteristicsof the

propeller(CT, Cp and q VS. v/nD ) .
2 1

Sealevelspeed-powercharacteristicsof theetngine.

Relationbetweenaltitudeandenginepowerat con-

3.

stantspeed.

Thereader~sattentionis invitedto

pellercoefficientsusedhere. Theusual

m n

theformsof the.pro-

coefficientsare

CTXV
cT=’cp=r”~ ‘——
1 PIYIJ4J Pn?Qs Cp nIJ1

Fromtheseare derivedthelesscommonforms

-2
cT2

(
‘GT~)=T

(_%2 , 5j)-3= p&2= Cp1 n ~} peg2

Allthesecoefficientsaxe,c“fcourse,f~ctionsof V/n~.

Forreasonswhi~hwillappear,theforms C> andCpl aremost

convenientforusewiththismethod.Thefollowingsimplifying

assumptionsme made:

a. Thrustis alwaysparallelto theflightpath.

b. Liftis alwaysequalto weight.
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Thefirstassumptionis madein theabsenceof knowledge

of thedirectionof theresultantforceactingupona propeller

whichhasitsaxisinclinedto thedirectionOf flight;it is

partiallyjustifiedby theknownnegligiblereductionof thrust

whichaccompaniessmallsnglesofpitch.

Thefiecondassumptionfollowsdirectlyfromthefirstfor

thecaseoflevelflight.As appliedto climbingflight,how-

ever,it isan approximationwhichimprovesin accuracyas the

angleof climbdecreases.Theresultis thatratesof climb

areslightlyunderestimatedforlowaltitudesbutnegligibly

so neartheceiling.In theillustrativeexample,thisapprox-

P imationleadsto an errorin the.initialrateof climbof be-

tween3 end4 per cent. (Itshouldbe notedthattheangleofb
climbisunusuallylarge,approximately13.70.)If greater

accuracyis desired,a secondcomputationof theinitialrate,

involvingtheangle

desiredresult.

Theprediction

of climbfound

of themaximum

in thefirst,willgivethe

speeds.in levelflightis
.

accomplishedby locatingtheintersectionsof thecurveof

IlindicatedR.P.Ii.requiredforlevelflight”vs.indicatedair

speedwiththecurvesof l’indicatedR.P.M.availableat full

throttle”vs.indicatedairspeed.Theindicatedvaluesare

thendividedby appropriatevaluesof relativeairdensityto

obtaintrueairspeedandR.P.M.

.
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Theminimumspeedsare,of course,thoeecorrespondingto

themaximumliftcoefficient{exceptin theneighborhoodof the ‘

ceilingwheretheavailableindicatedR.P.M.i6 insufficient

to permitlevelflightatmaximum

conditiontheminimumvelocityis

sectionas in thecase.of maximum

liftcoefficient;underthis

foundby locatingan inter-

speed. Theproceduxeof de–

terminingtheco~rdinateof thecurvesof requiredandavailable

indicatedR.P.M.vs. indicatedairspeed,whicharealsoused

forthecsllcul.ationof climbingperformance,willnowbe de-

tailed.A tableof symbolswill,befoundin theAppendix.

Theconditionsof equilibriumin levelflight,according
P to theassumptionsmentionedabove,are

b W=L and TD=

Theassumptionof m indicatedairspeedfixestheliftcoeffi–

cientas

CL= 2 w
(P1’’2’vrs

Thecorrespondingdragcoeff~cicntmaybe foundby referenceto

thepolarcurve. Thethrustcoefficientmaynowbe calculated

by useof equation(1)

(1)

which,is derivedby equatingT andD in theforms

T =c~pvap

D=~SPV2/2



N.A.C.A.TechnicalXotei!o.302 6

The

may

now

valueof V/nIJwhichcorrespondsto thisthrustcoefficient

be foundfromthechartofpropellercharacteristics.Ifwe
/2combinetheindicatedairspeed ol V, thepropeller

functiotiv/m_, andthepropellerdiameter~, as follows:

we obtainthequantityoV2n whichmaybe calledtherequized
#2‘[indicatedr.p,s.l!andfromwhichwemayfind N, the‘ind-

icated Fi.p.:[.ll”requiredforlevelflight.When V is in

M.P.H.,thevalueof ul/2~ is givenby theequation

-.

Thesecal.culatiorsareto be duplicatedforseveralindi–

catedairspeeds.Theresultingcurveof ol’2N vs. &/2 v

is uniqueas it representstheairplanerequirementsforall

altitudes; itsindependenceof airdensityisdemonstratedin

theAppendix.

Thevaluesof availableindicatedR.P.M.(asfunctionof

indicatedairspeed)aregivenby a fsmilyof curves;eachcwrve

correspondsto a particularaltitude.Thedeterminationof the

coordinatesof a pointof oneof thesecurvesisbaseduponthe

followinsprinciple:Thevaluesof enginepower(fullthrottle)
s

andindicatedR.P.M,arefixedby theassumptionof an altitude
a \ andan enginespeed.Thepowercoefficientcanthenbe cd.cu-
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IatedandthecorrespondingV/rQ foundby referenceto the

. propellercharacteristicschart. Theindicatedairspeedat.-
whichthepowersuppliedto andthatabsorbedby thepropeller,

at theknownvalueof alla~ camnowbe computedsince 0V2N,,1
V/nQandQ areknofi. Thisprocesshastobe usedonlyin

thecaseof the sealevelcurve;thecomputationsforotheral-

titudesrequirelesslabor.

Thedetailsof thecalculationsforthesea-levelconditirn

areas follows:Havingassumeda valueof N, thepoweris

founddirectlyfromtheenginepowercurve. Thepowercoeffi– ..-.
cientis thencalculatedaccordingto theequation

.

.
CP=P

Pn3~
(3)

Thecorrespondingvaluecf V/nQ isthendeterminedby refer-

enceto thechartof propellercharacteristics.Knowingv/W

and ~1/2~, thelatterof whichat sealevel,is equal.to N,

the indicatedairspeed(inM.P.H.)is

(4)

A fewrepetitionsof thiscalculationfurnishthedatafrom

whichthecurveof availableo1/2 #2N VS. V forsealevel

maybe plotted. .
Theworkof calculatingtheccmrdinatescf thecurvesfor

etheraStttudesIs somewhatshortenedby combiningthecalmla-
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tionsof enginepowerandpowercoefficient.Ifwe assumethat

theenginepowerat saysltitudeisgivenby theequation

Pz = Rz x P. (5)

whereinthesubscriptsoandz referto sealevelandany

otheraltitude,respectively,and Rz, whichis a functionof

theairtemperatureandpressure,is independentof theengine

speed,thepowercoefficient

by use of theequation

Cpz =

foranyaltitudemaybe calculated

(6)

Pz P. Rz =
since

Po R=
Cpz= pz n3 ~s = p. Oz n=Q5 ~ n3 Ds x ~—

and Cpo= P. .
P. n3Q6

For thehigheraltitudes,then,oneassumesa v~ue of N =d

computesOIEN. Thevalueof CPz maybe obtaineddirectly

fromthesealevelpowercoefficient(Cpo) forthessmevalue

of N by theapplicationof (6). Thevaluesof V/@ -d

0~’2V a-ethenobtainedas outlinedaboveforthesea–level

condition.

Performancein climbingflightis alsoderivedfromthis

samesetof

assumptions

equilibrium

curvesby f~ther computation.Bearinginmindthe

~adeat theoutset,we may statetheconditionsof

in climbas follows:
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W=L
vT=D+W:

If the“latterexpressionbe put incoefficientformand W re-

placedby L, itbecomes
.

Dividingthroughby ~, we have

.

whence (7)

Theassumptionof.an indicatedairspeedfixes CL ~~

CD. By referenceto thecurves(seeFigure4, forexample),the

availableO* N maybe foundandthevalueof V/nQ computed

accordingto theequation

(8)

Having v/lQ,CT canbe foundby useof thechartofpropeller

characteristics.Thusallof thequantitiesin theright-hand

memberof equation(7)areknownand.theratio V%/V is fixed.

Therateof climbmaynowbe calculatedsince

o1/2
Vc (ft./rein,)= ~ X ‘(mH) x 88

~flz (9)

——
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Th&computationof theratesof climbat threeor fourin-

dicatedairspeedsat eachaltitudeisusuallysufficientto

establishthemaximumrateof climbat thatheight.Theplotted

resultsof suchcomputationsforan illustrativeexampleare

shownas Figure5. Havingthesecurves,thevariationwithal-

titudeof theindicatedairspeedforbestclimbmaybe deter-.

mined by passinga curvethroughthemaximaof theratecurves.

Thiscurve,whenextrapolatedto zerorateof climb,fixesthe

singlevalueof indicatedairspeed.at whichlevelflightis

possibleat ceiling.

It isusuallydesirableto know

spendingtomaximumrateof climbat

theenginespeedcorre-

eachaltitude.pointvsl-

ues forthealtitudesunderconsiderationmaynowbe determined

by findingfromthecurvesthevaluesof availableindicated

R.P.M.correspondingto theindicatedairspeedsforbestclimb,

anddividingthemby a~ .

Thisexplanationis followedby an illustrativeexample.

Thereaderrsattentionis invited,particularly,to thebrevity

of therequiredcomputationsandcurvesinviewof thecomplete-

nessof thefinalresults..
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IllustrativeExample

Theperformanceof an airplane,whichweighs2075pounds

andhas284,5squarefeetof wingarea,is to be predicted.In

TableI therearetabulated(a)theaerodynamiccharacteristics

of theairplane;(b)theaerodynamiccharacteristicscf the

prcpeller(diameter7.5feet)and (c)thespeed-powercharacter-

isticsof theengine;thesedataarepresentedgraphicallyas

Figures1, 2 and3. Trieenginepowerat const~tspeedis as-

sumedto varydireet~~with-theatmosphericpressureandinverse-

ly withthesquarerootof theabsolutetemperature,i.e.,

Rz=~_. (Itis emphasizedthatthisaltitudepowerrela-
J Tz

tionis entirelyarbitraryand-hasno bearinguponthevalidity

~f themethodof predicti~nas a whole. Theessentialqu~ifi-

cationof sucha relationis thatit shallfitthep~tictiar

powerplantused. Specialequaticnsmustbe.used,of course,

whentheengineis superchargedor overdimensioned.) Thep@-

iormmceis.tobe calmlatedat thesltitudeslistedin Table11.
whereintherewillbe found,also,thecharacteristicsof the

stankrdatmosphereat thoseheights.

In Table111arethecslculaticn~leadingto thecurveor
#2 ~ ati2V (curveAB)of Figure4.required vs. Belowthe

tabulateddatawillbe foundtheequationsused;thesehavebeen
b

simplifiedby thesubstitutionof theconstantsforthispartic-
..—-—.

● ularcase.
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Thedatafromwhichthecurvesof available& N VS.

CJd2 V havebeenplotted(Figure4)willbe foundin TableIV

alongwiththespecificequationaused. Attentionis calledto

thefactthatpowercoefficients((7P)havebeencalculated

forvaluesof N which,at sealevel,lieoutsidetherangeof

flight.Thisis donebecausethecalculationsforhigheralti-.
tudesnecessitatethecomputationofpowercoefficientscorre–=

spendingto smallvaluesof N and,as explainedabove,the

workis simplifiedby makinguseof thesealevelpowercoeffi-

cients.It is alsopointedoutthatin somecasestwovaluesof

V/nIJu-efoundto correspondto thecamepowercoefficient.
. Thereasonforthisisapparentintheshapeof thepowercoef-

. ficientcurve, Thephysicalinterpretationis that,withtheb
engineat fullthrottle,therearetwoairspeedsat whichthe

samepropellerspeedmaybe expected.This~eatureis graphic–

allyrepresentedby theappearanceof a minimumvaluein each

curveof availablea1/2N VS. &/2~
●

Theperformancecharacteristicsin levelflight,as derived

fromthecurvesof Figure4, aresuminarizedinTableV.

In TableVI aretabulatedthecomputationleadingto the

determinationof theratesof climbatvariousairspeedsand

altitudes.Theresultof thesecalculationsareillustratedby

Figure5. Moredatathanwerenecesstiyfortheestablishment

of themaximahavebeencomputedandplottedto illustratethe

shapeof therateof climbcurvesovertheentirespeedrange.
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Thesummaryof theclimbing

Thevaluesof Vc max. and

performanceis givenin TableVII.

thecorrespondingindicatedair

speedsaredefinedby theintersectionsof thecurve CD with

therateof climbcurvesof Figure5.

Thecollectedresultsof theperformancepredictionare

presentedingraphicalformas Figure6. Curves?f rateof

climb..,maximumtrueairspeed,indicatedairspeedof bestclimb,

R.P.M.inlevelflight,andR.P.It.in climb,allplottedcgainst

altitude,willbe foundthere. Theceilingis indicatedby the

rateof climbcurve;thecorrespondingspeedandR.P*M.ha~e

beencalculatedforthisaltitudein orderthatthecurves”

couldbe properlyfairedabovethehighestaltitudeforwhich

routinecomputationshavebeenmade.

Theonlycurvewhichseemsto requireanycommentis that

of R.P.M.inlevelflightat minimumspeed. Thesharpbreak

in theneighborhoodof 22ZO00feetis there”sultof therebeing

available,abovethisaltitude,insufficientpowerto maintain

levelflightat airspeedscorrespondingto thezn~imumlift

coefficient.At higheraltitudestheminimumspeedof level

flightcorrespondsto lowerliftcoefficientsand,consequently,

to reducedvaluesof requiredpowerandof al’2N.
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Appendix

Therepresentationof thelevelflightrequirementsof an

airplaneat allaltitudeshy a-singlecurveisnet a newcon-

ception,but,as ithasnathadmuchuse in thiscwntry,it

will.beexplainedindetail.It is tG be demonstratedthatthe .—

indicatedR.P.M. (a1’2N) requiredto maintainaD airplanein --

levelflightat a givenanglecf attackis independentcf alti-”

tude. Twopr~ofsaregiven. Thefirstis a directanalytical

prcof,whiletheseccndispresentedin an effortto givea more

completephysicalpioturecf theinter–relatirncf thequanti–

tiesinvolved.

Thedragof a givenairplaneat a particularangleof at–

tackinlevelflightisfixedby theratio L/D andis inde–

pendentof airdensity..4sthethrustis assumedto equilibrate

the-dr~,thethrust,also,isnotaffectedby variationsof

density.

Thethrustaf a givenpropelleris a function~f theratio

V/nQ andof thedynamicpressureP V2/2, oz q, i.e.,

T = f(V/nD,q)

or,in explicitform
T= CTFV2~2

(a)

wherein CT is f(V/nQ).
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Thestipulationof levelflightat a particularangle.of

attackfixes q. Equation(a)thenconsistsof f(V/nD)and

twoconstantsT andq; consequently,V/nQ and V/n are

constants.It is thusshownthat n mustvarydirectlywith V.

As 0ti2V theindicatedairspeed,is constant,a~2N must>

alsobe constant.

Whiletheforegeingpro~fis completein itself,thetreat-

mentwhichfoll~-wsmaybe ‘ofscmeassistancein clarifyingthe

physicalbackground.

Considera airplanewhichis assumedtobe inlevelflight

atsea levelz.tsomeparticularspeed. The

theR.P.kl.of thepropellerare,therefore,

Nowletus assumethattheairplaneascends

mgle cf attackand

definitelyfixed.

to someccnsider~ble

altitudemd is flownhorizontallyat thesametinglecf attack

as at sealevel. Thereducticnof airdensitynecessitatesthe‘

iqcreaseof thetrueairspeedto sucha valuethatthedynamic

pressureat thehighaltitudeshallbe thesameas it wasat

sealevel,i.e., p V2/2 or atizV= constant.Thedr~ of

theairplaneremainsunchangedinasmufihas the L/D is a func-

tionof angleof attackonly. Sincethethrustis assumedto

equilibratethedrag,theformermustalsoremainccnstantso ●

longas theangleof attackis netchanged.

Howmaythisthrustbe produced- at an increasedtrue

airspeedthroughairof reduceddensity?Letus dealwitha

singleeleaentof thepropellerbladeandseehow itsthrust
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maybe maintainedat thesamevalueas thatfortheloweralti-

tude. Theforceuponthiselementaryairfoilis dependentupon

twovariables:theangleof attdckandthedynamicpressure

correspondingto thespeedof thebladeel~ment.If thesequan-

titieshavethesamevaluesas inthepreviousconditicn,the

forceon thebladeelementand,consequently,thethrustof the

wholepropellerwillremainunchanged.

fixedby theratio v/rQ Letus find

ingthesealevel V/nQ at thehigher

fixed, N mustvarydirectlywith V.

Theangleof attackis

theresultsof reproduc-

altitude.As ~ iS

Thereforep N2 or
~l/2N mustremairiccnstant.We mustn@w findthedynamicpress-

ure. Since V/nIJisunchangedthepathof thekladeelement

is geometricallysimilartc thatwhichit describedat thelower

altitude.Therefcre,thetruevelocitiesof thebladeelement

at thetwoaltitudesad thecorrespondingdynamicpressures

~e proportimal,respectively,to thevelocitiesof flight .
andtheircorrespondingdynamicpressures.As we know,the

lastmentionedqusmtitiesto be.equal,themaintenanceof the

same V/@ withtheairplanein levelflightat a givenangle

of attackproducesa constantthrustat all~titudes. This

was theconditionwhichwasto be satisfied.Thusithasbeen

shownthatwitha constantV/nQ theindicatedR.P.M. #2 ~9

remainsconstantundertheseconditions.

-- — —



.

. N,.A.C.A.TechnicalNbteNo,302 16a

.

.

.

.

weight,lb.

lift,lb. .

drag,lb.

thrust,lb.

propellerdiameter,ft,

wingsxea,sq.ft,

pewer,ft.lb./$ec.

brakehorsepower

flightvelccity,ft./see.

rateof climb,ft./see.

airdensity,slugs/cu*ft.

relativeairdensity (P/PO)

airpressure(in.Hg)

airtemperature(degreesFahrenheit,abs.)

dynamicpressure(Pv~/2),Ih./sq.ft.

propellerspeed,r.p.s.

propellerspeed,R.P.M.

liftcoefficient(L/qS)

dragcoefficient(D/qS)‘

thrustcoefficient(T/PV’ Q’)

powercoefficient(P/Pn’Q’)

indicatedairspeed,ft.[see.

llindioatedR.P.M.lf

powerratio (P/PJ
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TABLEI.

Airplane,EngineandPropellerCharacteristics
.

(a)Airplsme (c)Engine

CL R.P.M.— \ 5 I —–
0.0 ‘
.2
.4
.6
.8
1.0
1.2
1.3
1.335
1.322

Vhlg

0.3
.35
.4
.5
.6
.7
.8
.3
1*O

0.0470
.0480
.0555
.0690
.0890
.1135
,1525
.1900
.2300
.2500

I 1500
1600

I 1700
1800

I 1900
2000

(b)propeller

Cp—
0.0870
.0877
.0880
.0872
.0845
.0802
.0733
.9629
.0498

E?.HP.
..-— —
189.7
201● 8
213.7
225.0
235.3
244.9

.—
0.487 I 1.570
.544 I 1.113
. 594 ; .817
.679
“.744
.788
.809
.8P5
.752

CT= T .Vw
P V2 Q2 (v/nQ)’

.474

.291
~184
L116
.0695
J0375
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TABLE11.

AltitudeRelationsBasedon StandardAtmosphere
(Reference2)

Altitude

(ft.)

500:
10000
15000
20000
25000
30000

.

,

Pressure
ratio

P
()g)

1.000
.832
.6E7
.564
● 459
.371
.297

Temp. Density Power
ratio ratio ratio

1.000
.965
.931
.89?
.862
.828
.734

1.000
i862
.738
.629
.533
.448
.374‘“

,—

1● 000
.847
●712
.596
494
:408
.334

1.000
.928
.859
.793
.730
.669
.612

18

R
5“

:0000
.9825
.9650
.9475
.9260
.9110
,8905
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iABLE111.

AirplaneRequirements

(LevelFlight)

(M.P.H.) I “—.—.———
46.6 ~ 1,322
46.3 ! 1.335
48,0 I 1.242
50 1.145
55 .946
60 ● 795
70 .584

.447
R .353
10C) .286
110 I .236
120 .199
130 .169

.2500

.2300

.1650

.1389

.1058

.0875

.0675

.0579

.0528
●0500
.0488
.0480
●0474

!

,—— T-——-—
.6320 ● 443 1234
.5817 .459 1183
.4170 .525 1073
.3511 .560 1047
.2673 .617 1046
.2212 ! .659 1068
.1707 I .717 1145
.1465 I .750. 1252
.1335 .?72 1367
.1265 .781- 150i
.1234 .787 1640
.1214. \ .790 1782
.1199 ~ .794 1921

2Vi 2 X 2075 xl= 2861fJL=
0 p. V-2s

L
= .00237X 1.4632X 284.5 ~ W ~z f

T D CDPSV2 CD S 284.5
CT = =— = CD

p V222 =pT22a ‘Zpvaqz 2Q2 2 x 7.52

= 2.529CD

●

●

— --
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TABLEIV.

Zngine- PropellerOutput,~11 Throttle

Sea level
—---l--
1950
1900
1850
1800
1750
1740
1725
1710

240.0
235.3
230.2
225.0
219.4
218.3
216.5
214.9

1700 223.7
1675 210.9

5,000ft.

1900
1850
1800
1750
1725

(As
above)

10,000ft.

1850
1800 (As
1750 above)
1725
1710

15,000ft.

1850 T’”
1800 (As
1750 above}
1725 t

.

d ~
(R.P.M.)

.

(Sam
as N)

1764
1717
1671
1625
1601

1590
1547
1504
1481
1470

1468
1428
1388
1367
1349

.Cp

).0684
.0725
.0768
.0815
.0866
.0875
.0892
.0909
.0919
.0948

0.0712
●0755
.0801
.0851
.0876

0.0741
.0?86
.0835
.0861
.,0876

0.0778
.0772
.0821
.0845
.0871

~aa~a I

.811

.755

.675

.529
.[ 1
.280

.475 ● 334

0.823
.773 “
.702
.583
.467 (.346)

0.791
.728
.626“
.546
.465 (.340)

0.806
.749
.662
.600
.503(.305)

C@v
(M.P.H.)

141.5
131.1
118.9
103.5

II
78.9 41.8
70.4 49.5

123.?
113.1
100*o
80.8
63.7(47.2)

107.2
96.0
80.2
68.9
58.2(42.6)

100.8
91.8
79*9 “
70.0
59.0(35.1)

.

—- —
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TABLEIV (Cont.)

Zngine- PropellerOutput,FullThrottle

.

B.HPO
(R.:.M.]
“-~

.20000 ft..

T

1800
1750 (As
1725 above)
1700
1675

25,000ft.

1800
1750 (As
1725 above)
1700
1675

30,000f-t.

1750
2725 (As
1700 above}
1675

D

~

~+ -fJ

(R.P.M.)

1314
1278
1260
1241
1223

1205
1171
1154
1137
1121

1070
1055
1040
1024

(+

0.0754
.0802
.0826
.0851
.0878

0.0742
.0789
.0812
.0837
“.0864

0.0771
●0795
.0818
.0844

v/m_

0.775
.700
.650
.582
.440 (.365)

●

0.789
.722
.682
.624
.535

0.750
.715
.667
.604

86.8
76.2
69,8
61.6
45.9(38.0)

.

81.0
72.0
67.1
60.5
51.2

68.4
64.3
59.1
52.7

(JP===. B.HPOX R X 550 X 60-3 B.HP.= 2,i12,300—
~R

p n3Q5 P. ~ Ir Qs r x=

—
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Altitude

ft.

o
5000
10000
15000
20000
25000
29100

I

TABLEV.

PerfoXma.nceinLevelFlight

(M.P.H.) I (R.P.M.)
127:3
116.8
106iO
96.1
85;2
73.0
55.5‘

1883
1734
1584
1448
13G9
1175
1048

20000 46.6 1183
25000 46.$3 1118

vInax N

(M.P.H.) (R.P.M.)

22

127.3 1883
125,9 1869
123.5 1844
121.1 1825
116.6 I 1793
109.0 1756
89.2 I 1682

Vmim I

63:8 1620
?0.0 16-70

●

✎
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TABLE VI.

< .

&v

(M.P.H.)

sBt3 kvd
46.3
50
60
70
m
90

5,030 ft.
46.3
50
60
70
m
90

10,000ft.
46.3
50
60
70
80

16.000 ft.
46.3
50
63
70
80

~k’y
:R.P.M,)

1743
lia9
1736
1740
175il
1768

1E02
1500
1503
ltlm
1523
1644

1468
1468
1472
14E!3
1501

1342
1342
1350
1367
1392

v/nIJ

0.312
.337
.405
.472
.536
.597

0.339
.367
.440
.611
.578
.642

0.370
.400
.478
.554
.(m

0.405
.437
.521
.eoo
.674

1.453

1.218
.796
.549
.394
.295

1.188
.993
.648
.448
.322
.239

0.974
.817
.531
.3a
.2(3

0.791
.660
.424
.291
.211

Perfo]

%

1.335
1.146
.795
.5s4
.447
.3s

1.335
1.145
.m5
.5s4
,447
.353

1.335
1.145
.795
.584
.447

1.335
1.145
.795
.584
.447

ince inClimb

0.230
.139
.087
.067
.(?58
.053

0.230
.139
.087
.067
.058
.053

0.230
.139
.087
.067
.058

0.230
.139
.087
.06’i’
.058

‘2@ $

\
s

)

0.574
.481
.314
.217
.156
,117

0.468
.392
.257
.177
.I.27
.095

0.385
.322
.210
.143
.104

0.313
>261
.168
.115
.0s3

20@2 ‘
‘-CD
s

0.344
.342
.227
.150
.098.
.064

0.239
.253
.170
.110
.o&3
.042

0.155
.lE3
.123
.076
.046

0.0s3
.122
.081
.048
.025“

I

v=
T-

0.257
.299
.285
.257
.219
.181

0.17?
.221
.214
.118
.154
.119

0.116
.160
.155
.1.30
.103

0.062
.107
.102
.01?2
.066

104s
1316
1505
1584
1541
1434

778
1048
1.216
125Q
1170
1015

5s
818
951
934
84

%30
591
678
639
496



, .

U+v

--J(M.P.H.)

20,000.fto
46.3
50
60
70

25.000ft.
50

$

CAIJ

R.P.M.)

E%=
1223
1238
1261

1119
1137
1166

v/m_

0.444
.480
.568
.651

0.$24
.619
.704

●

TABLEVI (Cont.)

@

0.(332
.527
.336
.229

0.9i18
.266
.181

1.335
1.v!5
.795
.584

1.145
.795
.584

CD

0,230
.139
.087
.067’

0.139
.087
.06’7

0.250
.208
.133
.091

0.165
.105
.072

2 %,$
Tc

.-
S %

~=cL

Vc (ft./rein.)= JQ
‘*’8’

0.020
.068
.046
.024

0.026
.018
.006

Tc

v-

).015
.oEa
.058
.04il

).0227
.0226
.0Q86

PC
(ftjmin.)

84
363
49
347

148
178
79

i.
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.

*

Altitude
(ft.)

o
5000
10000
15000
20000
25000

TABLZVII.

Performancein Climb- (summary)

v~ ~~ d v I CA~
I

N
(ft./rein.)(M.P.H.) ‘(R.P.M.)(R.P.M.)

1585
1252.
957
679
420
181

71.8 1742
67.0 1605
63.5 1474
60.4 1350
58.0 1234
56.2 1129

1742
1730
1716
1702
169C
1688
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