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TECHNICALNOTE2965

AN ANALYSISOF NORMKG-ACCELERATIONANDAIRSPEEDDATAFROM

A FOUR-ENGINETYPEOF TRANSPORTAIRPLANEIN COMMERCIAL

OPERATIONON AN EASTERNUNITEDSTATESROUTE

FRQ4NOVEMBER1947TO FE3RUARY1950

By ThomasL. ColemanandPaulW. J. Schumacher

b analysisof 48,187hoursof normal-accelerationandairspeeddata
obtainedon a four-enginetypeof transportairplanein commercialopera-
tionon an easternUnitedStatesroutefromNovember1+7 to February1950
hasbeenmadeto determinethegustsandgustloadsfortheoperations.
Theresults,coveringoperationsto 20,000feet,indicatethatthemaxi-
mum gustvelocityencounteredina givennumberof flightmileswas less
thanthatfora low-altitudeoperation(below10,COOfeet)but theaccel-
erationsexperiencedwereaboutas severein termsof percentageof limit
loadfactoras for theoperationsbelow10,030feet. A somewhatgreater

s frequencyof attaininghighairspeedsfortheseoperationsthanfor some
otherpreviouslyreportedtransportoperationsis alsoindicated.The
gustsandgustloa& duringthesummer(Apr.throughSept.)wereapproxi-

. mtely 20 percentmereseverethanduringthewinter(Oct.throughMar.).
Thegustsencounteredfortheoperationswereaboutthe sameas those
encounteredforairplanesof the sametypeoperatedby theBritishon
theNorthAtlanticroute.

INTRODUCTION

.

.

In thestudyof thegustsandgustloadsforcommercialtransport
airplanes,normal-accelerationandairspeeddatahavebeencollected
overa numberof yearsfromNACAV-Grecordersinstalledin airplanes
of various@es (ref.1). In thepastthesedatahavebeenusedin the
formulationof gust-loaddesig requirementsfortransportairplanes.
Consequently,thedata~ve beenco~ectedwi+JItheah of ob+=ining
representativesamplesof thegustsandgustloadsfortransportopera-
tionson trunkairlinescoveringvariousclimaticand terrainconditions
withintheUnitedStatesandon oceanicroutes.Mostof thedataobtained
to datehavebeencollectedfromoperationsgenerallybelowan altitudeof
10,000feet. The firstdatafromhigheraltitudeswerereportedin refer-
ence2, whichpresentedan analysisof a limitedsampleof data (9300hr
coveringlessthana yearof operations)froma modernfour-engtiety-pe
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of transportairplaneoperatingto altitudesof about20,000feeton a
north-southrouteovertheeasternUnitedStates.Recordcollectionfor
theseoperationshasbeencompletedandthetotaldatasamplecovers
about50,000hoursof flightduringa periodof overtwoyears

An analysisof thesedataIs presentedin thispaper. Estimates
are givenof thefrequencyof occurrenceof givenvaluesof acceleration,
gustvelocity,andmaximumairspeeds.Effectsof theairspeedpractice
andof theseasonson thegustsandgustloadsare indicated.Compari-
sonsaremadebetweenthepresentresultsandtheresultspreviously
obtained
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SYMBOLS

aspectratio

gustalleviationfactor(ref.3)

probabilitythatmaximumaccelerationincrementon recordwill
equalor exceedgivenvalue

probabilitythatmaximumindicatedairspeedon recordwill
equalor exceedgivenvalue

probabilitythatmaximumeffectivegustvelocityon record
willequalor exceedgivenvalue

effectivegust velocity,fps

maximumeffectivegustvelocity,fps

effectivegustvelocityof 30 fps

designlevelflightspeed(indicated),mph

maximumindicatedairspeedon record,mph

indicatedairspeedat whichmaximumpositiveor negative
accelerationincrementoccurson record,mph

probableindicatedairspeedat whichmaximumacceleration
incrementwillOCCUrYmph

placardnever-exceedindicatedairspeed,mph
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%nax maxiamnpositiveor negativeaccelerationincrementon record,
g unitB

. ‘LLF accelerationincrementcorrespondingto limit-gust-load-factor
incrementfor grossweight,g units

a statisticalscaleparameterof distributionof extremevalues
(ref.4, p.2)

u locationparameterof distributionof ezrtremevalues(ref.4,
p.2)

s best small-sampleestimateof standarddeviationof distri-
butionof extremevalues(ref.4, p.2)

K coefficientof skewnessof distribution(calleda in ref.5)

u standarddeviationfor distributionof variable(ref.5)

A bar overa symboldenotesmeanvalueof distribution.

APPARATUSAND SCOPEOF DATA

.

The datawereobtainedby meansof twotypesof NACAV-G recorders:
thefriction-dampedrecorder(ref.6) andthe oil-dampedrecorder* (ref.7). Bothrecordersare similarexceptfor themethodof damping
theaccelerometerelement.Theprecisionof thetwo typesof recorders
is discussedin reference7. Inherentinstrmenterrorsareassmed to
be lessthan*0.2gforaccelerationandabout3 percentof themaximm
airspeedrangeforthefriction-dampedrecorders;whereasthe corre-
spondingerrorsfor theoil-dampedrecordersare lessthantO.lgfor
accelerationandabout1 percentof themaxtiunairspeedrange. Approxi-
mately60percentof the datawereobtainedwiththe oil-dampedrecorders.

The datawerecollectedon 10 four-engineairplanesengagedin
commercialtransport(passenger)operationson a north-southroutein the
areaof theUnitedStateseastof theMississippiRiver. The lengthof
flights(airlinedistacebetweenstops)variedfromabout100milesto
L200milesandthe scheduledtimefor theflightsvariedfrom1/2hou
to > hours. Detailedinformationon thealtitudesat whichtheflights
weremadeis not available.The operator,however,indicatedthatmost
of thefli@t timewas spentat altitudesbetween10,000and 20,000feet.
As no detailedinformationwasprovidedon actualoperatingweights,a

. valueof 85 percentof the designgrossweight,whichis assumedas a
representativeaverage,was takenas thewei@t at tiichthe ~sts were
encountered.

.
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Characteristicof theairplanesonwhichthedatawerecollected .
givenin tableI andwereobtainedfromthemanufacturer’sdesign

data-ortheoperatorunlessotherwisereferenced.The limitgustload
factorof 2.~g was computedfrcmthegust-load-factorformulain ref- ● —

erence3 and isbasedon themaxhmm take-offweight,the computedlift-
—

curveslopeas recommendedin reference8, andon an effectivegust
velocity’Ue of 30Kfeetper secondat themaximumspeedin.levelflight
VL of 271milesperhour. The computedlift-curveslopeof 4.93used
to obtainuniformityin evaluationsis slightlyhigherthantheslopeof
4.67whichwas usedin desi~. As hasbeendoneinpreviousgust-load
evaluations,themaximumgrossweightwasusedto computethelimitgust
load,factor,althoughtheuseof an averageoperatingweightwouldhave
yieldeda slightlyhigherfactorpossiblymorerepresentativeof the
operations.

A totalof 223recortirepresenting50,830fli~t ho~s wereavailable ..
foranalyais.In orderto keeptherangein flighthoursper record
small,however,onlyrecordsrepresentingbetween200and250flight
hourswereused. Consequently,theanalysisutilized194recorderepre-
sentinga totalof 48,187
the 38 recordspreviously

fli~t hours. Includedin theserecordeare
analyzedin reference2.

RESULTS

Presentationof data.-Fromeachrecordthemaximumpositiveand
negativeaccelerationincrementAn~x, thetwo speedscorrespondingto
theoccurrenceof themaximunaccelerationincrementVo, themaxtiun
positiveaddnegativeeffectivegustvelocitiesU%=, andthemaximum
airspeedVm= weredetermined.In addition,themaximumpositiveand
negativeaccelerationsin each20-mile-per-houairspeedbracketwere
read. The assumptionismadethatthemaximumaccelerationsabove
160milesperhourwerecausedby gusts. No valueswerereadfromthe
recordsbelowthisairspeedin orderto avoidthepossibleinclusionof
accelerationduetomaneuversandlandingshock. Sinceithasbeennoted
on the-historyrecordsthatonlyabout2 percentof theflighttimeis
spentat airspeedsbelow1.60milesperhour,theamountof datalostby
thisprocedureis small.The effectivegustvelocitiesobtainedwere
computedwiththe sharp-edged-gustequation(ref.3) by usingthe
computeddope of theliftcurveandtheassmed averageoperatingweight
of 79,900pounds(0.85grosswei@t) withthecorrespondingK value.

The frequencydistributionsof %x, Vo,VMX, andU%= forthe
datasfiplearegivenin tab~e11 groupedin classintervalsof O.lg,
10 milesperhour,5 milesperhour,and2 feetper second,respectively.
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. The distributionsof ~= by airspeed
In orderto smoothout irregdaritiesin

5

bracketaregivenin tableIII.
thedataandto providea mathe-

maticaldescriptionof thedistributions,theoreticalcmves werefitted
. to eachdistributiongivenin tableII. Curvesbasedon thetheoryof

extremevalues(ref.4) wereusedforthe distributionsof ~= and
U%= andPearsontypeIII curve6(ref.5) forthedistributionof VO

and Vm=. Theparametersdefiningeachfittedcurveare includedin
tableII withtheappropriatedistribution.Frompreviousexperience
thesecurvesgenerallyhavebeenfoundto providea gooddescriptionof
thedata. The valueof Vp givenin tableII was computedfromthe
parametersof thecmve for the VO distributionby usingtheequation
forthemodegivenin reference9, page92. The curvesfittedto the
distributionsof ~=, Uemj ~d Vu weretr=sfor’medto c~~es
shotig theaverageflightmilesrequiredto equalor exceedgivenvalueB
of thevariablesby multiplyingl/PAUj@Ue, =d l/pv by an ass~ed
cruisingspeedof 217milesper hour (0.8VL)andtheaverageflighthoum
per record,248hours. Inasmuchas the analysisis concernedmainlytith
thehighvaluesof Gax, u~xj andvmax recorded,onlythepartsof

thetransformedcurvesforthelargervaluesof thevariablesaregiven
in figures1 to 4. The cumulativedatapointsforeachdi~tributionare
shownin theproperfigurein orderto showgoodnessof fitof thecurves
to thedata.

Previousinvestigationgenerallyhaveassmnedthe distributionsof
maxinnmpositivemd negativeaccelerationincrementsto be similar
exceptfor si~. Inspectionof figure1 indicatesthatthetwodistri-
butionsarepracticallyidenticalfor {hisdatasample.Consequently,
thefrequencyof occurrenceof eitherpositiveor negativeacceleration
incrementsmaybe representedby thecombined-X distributionas ~
figure2.

Effectof changesin operatingconditions.-Dwtig theperiodcov’ered
by thedata,two changesin operatingconditionsweremadewhichpossibly
influencedthemaximum”airspeedsobtatied.First,theoperator,after
notingthefrequencywithwhichhighvaluesof airspeedwereobtained,
stressedto thepilotsthedesirabilityof avoidingexcessiveairspeeds.‘
Second,at aboutthe seinethe a differenttypeof propeller(whichwas
placardedfor certainrangesof revolutionsperminute)was installedon
theairplanes.In orderto determinewhetherthesetwo changeshad any
effecton themaximumairspeedsattained,PearsontypeIIIprobability
curveswerefittedto the distributionof Vm~ fortheperiodsbefore ~
andafterthe changes.The two curvesare givenon a flight-milesbasis
in figuxe> withthe cumulative@ta pointsof the distributions.

Effectof seasons.-In orderto determinewhetherany seasonal
variationexistedintheaccelerations,~ts~ =d airspeedsthe~ta
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weregroupedintotwoseasons:summer,April
winter,OctoberthroughMarch. Recordswhich
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throughSeptember,and *
werenottakenwholly

withineitherseasonwereomittedfromtheseasonalsmalysis.Thefre-
quencydistributionsof ~, Vo, Vm=) and UeW forthetwo .

seasonsaregivenin tableIV withtheappropriateparametersof each
distribution.me transformedcurvesforthe ~x, Uemx, and Vmx

distributionsaregivenin figures6, 7, and8, respectively,withthe
cumulativedatapointsforeachdistribution.

Comparisonwithotherrestits.-In order-tocomparethegustsand
accelerationsforthepresentoperationswithresultsobtainedfrom
previousinvestigations(refs.10 and11),theflightmilesto exceed
~~ and Ue30 fortheoperationsaresurmmrizedin tableV. Refer-

ence10 didnotcontaineffectivegustvelocitiesforthetwooperations
reportedtherein;consequently,theflightmilesto exceed Ue50 for

theseoperationawerecomputedfromtheoriginaldatacoveredby the
reference.Theratioof themostprobablespeedformaximumaccelera-
tionoccurrenceto thedesignmaximumlevelflightspeed Vp/VL for the
variousoperationsis alsoincludedin tableV.

Dataon theloadsexperiencedduringBritishoperationsof the same
typeof airplaneon NorthAtlanticrouteshavebeenpresentedin refer-
ence12. In orderto compsrethegustsencounteredon easternUnited .

Statesoperationswiththoseencounteredon thetrans-Atlanticopera-
tions,flightenvelopesof effectivegustvelocitiesforthetwoopera-
tionshavebeencalculatedandarepresentedin figure9.

.
The envelopes

givetheboundarieswhichin 10,000hoursof operationareexpectedto
be exceeded,on theaverage,by onepositiveandonenegative-t veloc-
ityindependentof speedandby onemaximumairspeed.Theenvelopeswere
calculatedessentiallyin accordancewiththemethodusedin reference12,
theprimarydifferencesbeingthatthepositiveandnegativeLn= values
werecombinedwithoutregardto signto forma singledistributionfor
eachairspeedbracketandextreme-valuecurveswerefittedto thesedis-
tributionsinsteadof PearsontypeIIIcurves.Thedatausedto compute
theenvelopeforthepresentoperationswerethedistributionsof %x
givenin tableIIIand thedistributionof Vux givenin tableII.
Thedatafortheoperationson theNorthAtlanticrouteweretakenfrom
tables1 to 3 of reference12. Theoneairspeedandtwoacceleration
valuesnotedin thetablesas being“suspect”werenotusedin calcu-
latingtheenvelope.Thegustvelocitiesarebasedon thesamequanti-
tiesas wereusedpreviously,exceptthata weightof 82,700pounds
(givenas averageoperatingweightinref.I-2)wasusedin conjunction
withtheBritishdataas comparedwiththeassumedaverageoperating
weightof 79,900poundsusedwiththepre~entdata. .
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.

Reliability.-In orderto
of theflightmilesto exceed

werefittedto the Ln~ and

providea measureof therange

determinethereliabilityof
lkl~ and Ue50)confidence

7

theestimates
bands(ref.13)

I-J* distributions.The confidencebands

withinwhich,fora givenprobabilitylevel
(aprobabilitylevelof 95 percentisusedherein),thetrwevaluemaybe
expected.tolie. Theresultsindicatedthat~ percentof theestimates
fortheflightmilesto exceed An~ wouldliewithina rangefrom0.7
to 1.4timestheestimatedvaluegivenin figure2-.‘Theestimatesof
theflightmilesto exceed Anm forthe smmnerandwinteroperations,
beingbasedon smallerdatasamples,wereindicatedtobe reliablewithin
a rangefromabout0.6to 1.6timestheestimatedvaluesgivenin fig-
ure 6. Similarrangesof reliabilitywereindicatedfortheestimateof
theflightmilesto exceed Ue30 ,forthetotaland summerandwinter
operationsgivenin figures3 and 7. No adequatemethodis,at present,
availablefordeterminingthereliabilityof estimatesof theflightmiles
to exceed V~. Sincethedatasampleis quitelargeandno extrapola-
tionof thedatawas required,theesthnatedflightmilesto exceed V~
is felttobe reliablewithina factorof about2.

Althoughit is recognizedthatdynsmicresponseof theairplanein
gustscanhaveappreciableeffecton accelerationsrecordedat thecenter
of gravityof theairplane,theseeffectsforthepresentdataarenot
blown. Thedynamicresponseof thepresentairplane,however,is expected
to be of thessmeorderof magnitudeas thatforotherpresent-dayair-
planes. Consequently,comparisonssuchas aremadein tableV of the
flightmilesto exceed Anu and Ue50 forthepresentairplaneand

for,airplanesof similardesignshouldnotbe seriouslyin error. The
dataforthepresentoperationsandfor theNorthAtlanticoperations
reportedin
obtainedon
of thegust

reference12 shouldbe directlycomparablesincetheywere
the sametype
velocitiesof

of airplane.(Seefig.9 forthe comparison
thesetwooperations.)

DISCUSSION

Accelerations.-Exsninationof fismre2 indicatesthat,for the
presentdatacoveringoperationsto an-altitudeof about20,000feet,
theaccelerationincrementcorrespondingto the calculatedlimit-gust-
load-factorincrementof 1.48gmaybe exceeded,on theaverage,twicein

about1.1x 106flightmiles. For theotheroperationssummarizedin
tableV whichgenerallywerebelowan altitudeof 10,COOfeet,thedis-

tancerequiredto exceed An~ twicevariesfrom1.2x 106flightmiles

forthetwin-engineairplaneon thenorthern-transcontinentaloperations
to 5.6x 106and2,000x 1($flightmilesforthefour-engineairplane
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operatedon theCaribbean-SouthAmericanandtrans-Pacificroutes, .
respectively.ThuB,in termsof thepercentageof limitloadfactor,
theaccelerationsexperiencedduringthepresentoperationsappearto
be on thesamelevelas thoseforthenorthern-transcontinentalopera- .

tionsand somewhathi@er thanthosefortheCaribbean-SouthAmerican
operations.In comparisonwiththetrans-Pacificoperations,theaccel-
erationsfor thepresentoperationsweresignificantlymoresevere.

Considerationof figure6 indicatesthat,fora giventileagelevel,
theaccelerationincrementsobtainedduringthesummer(Apr.through
Sept.)wereapproximately20 percentlargerthanthoseobtainedduringthe
winter(Oct.throughMar.). Sinceavailableinformationindicatesthat
theaverageoperatingweightsduringthetwoseasonswereaboutthe same,
thedifferencein accelerationsmusthaveresultedfromdifferencesin
thegustvelocitiesor airspeedB.

Gusts.-Inspectionof figure3 indicatesthatforthepresentopera-
tionsan effectivegustvelocityUe of 30 feetper secondmaybe encoun-

6 flightmiles. For opera-tered,on theaverage,twicein aboutO.~X 10
tionof thetwin-engineairplaneon thenortherntranscontinentalroute
thedistanceto exceed Ue30 is about0.2x 106flightmiles(tableV).

‘Thecorrespondingvaluesforthetrans-Paci.ficandCaribbean—South

Americanoperationsaregivenin tableV as 6 x 106and0.8x 106flight m
miles,respectively.on thebasisof thedistanceto exceed Ue30,there-

fore,thegustsencounteredduringthepresentoperationsappearto be
slightlylessseverethanthoseforthenorthern-transcontinentalopera-

.

tionsbut somewhstmoreseverethanfortheCaribbean—SouthAmerican
operations.Thegustsencounteredduringthepresentoperationswere
significantlygreaterthanthoseforthetrans-Pacificoperation.

Comparisonof theenvelopesof effectivegustvelocitiesin figure9
indicatesthatthegustboundariespredictedfor10,000hoursof opera-
tionforthepresentandNorthAtlantic(British)operationsare quite
similarin shapeandthatthe curveforthepresentoperationspredicts
onlyslightlyhighergustvelocities.Thegustvelocitiesforthetwo
operationsthereforeappearsto be aboutequal.

Otherinvestigationsgenerallyhaveindicateda reductionin the
amountof turbulencewithincreasingaltitude.Thatthegustsforthe
presentoperationsto 20,000feetwerenotappreciablylessthanforthe
lower-altitudeoperationswas thereforeunexpected.Thereasonthata
significantreductionin thegustswasnotobtainedis notknown. Since
thegustvelocitiesforthepresentandNorthAtlanticoperationsare
aboutequl, thelackof a reductionin theoccurrenceof gustsprobably
isnotduesolelyto theparticularroute. Althoughcorrectionsfor

.
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dynamicresponsecouldaltertheresults,it is feltthattherelative
gustvelocitiesfortheoperationswouldnotbe changedsignificantly.

Inspectionof figure7 showsthatfora givenmileagelevelthe
gustsencountereddur”ingthe summerwereroughly20 percenthigherthan
thoseencounteredduringthewinter. Thehighergustvelocitiesduring
the summerwereprobablythepredominantfactorcausingthehighaccel-
erationsduringthisseason.Althoughthe summerwas moreturbulentthan
thewinterfor thepresentoperations,thereversewas foundtobe true
foroperationson a northerntranscontinentalroute(ref.11). It would
appearthatthe seasonalgustencountersdependupontherouteand that
no generalconclusionregardingtherelativeturbulencefor summerand
winteroperationscanbe nmde.

Airspeeds.-Theratioof themostprobablespeedfor ~ occur-
renceto thedesi~ levelflightspeed Vp/VL for thepresentdatais
0.83as givenin tableV. ‘e ‘pflL ratiosforotheroperationssum-
marizedin tableV rangefrom0.71to 0.75. The VPflL ratioof 0.83
forthepresentoperationis thereforehigherthantheratiosforthe
otheroperations.Thus,therelativelyhighspeedat whichtheairplanes
wereoperatedin roughairmayhavebeeninstrumentalin givinghigher
accelerationsforthepresentoperationsthanwereexpected.

Themostprobablespeed VP for * encounteris givenin
tableIV tobe 220and231milesperhourforthe summerandwinter
seasons,respectively.Sincethesumer was foundto be themostturbu-
lent,the slightlylower VP forthisseasonmay indicatea practiceof
reducingairspeedwhenflyingin extremelyroughair.

Considerationof thetotaldistributionof maximumairspeedsshown
in figure4 indicatesthattheaveragedistanceto exceedthedesign

never-exceedspeedof 324milesperhouris about1.6x 106flighttiles.
Thisestimatefortheflightmilesto exceed VNE is greaterthanthe

6estimateof 0.5X 10 flightmilesgivenin reference2 basedon a smaller
datasample.Thedifferencebetweenthetwoestimatesmaybe attributed
to a generalreductionin themaximumairspeedsobtainedafterthetime
thepilotswereinstructedon thedesirabilityof avoidinghighairspeeds
anda differenttypeof propellerwas installedon theairplanes.Inspec-
tionof figure5 indicatesthat,althoughthemaximumairspeedobtained
foreachperiodwas aboutthesane,themxinmm airspeedsattainedafter
the instructionsto thepilotsandpropellerchangewere,on theaverage,
about15 milesperhourlessthanthosepreviouslyattained.If this
reductionin averagemaximumairspeedsis assumedto continueforfuture
operations,a betterestimateof theflightmilesto exceed V~ maybe
obtainedfromthe V- distributionfortheperiodafterthepropeller
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changeand instructionsto thepilotsthanfromthetotal V- distri-
bution. Basedon thedistributionof VBX fortheperiodafterthe
changes,an estimateof 3.8x 106flightmilesto exceed v~ is
obtained(fig.5).

Theestimateof 3.8 x 106flightmilest~ exceed V~ liesat the
lowerendof therangeof estimatesforoperationspreviouslyinvesti-
gated. Thisresultwouldindicatea somewhatgreatertendencytowards
highairspeedsforthepresentoperationsthanforotheroperationsfor
whichdataareavailable.

Examinationof figure8 indicatesthatthedifferencein.themaximum
airspeedsforthesummerandwinterseasonsis not significant.

SUMMARYOF RESULTS

Thegustsandaccelerationsforoperationof a four-engineairplane
on an easternUnitedStatesrouteareanalyzedandpresented.Theresults
are comparedwiththoseforoperationsof a differenttypeof four-engine
airplaneon a Caribbea&SouthAmericanrouteanda trans-Pacificroute,
and foroperationsof a twin-enginetransportairplaneoperatingon a
northerntranscontinentalroute. Theo~erationsanalyzedhereinwereat
altitudesup to 20,000feet,whereasthethreeotheroperationswere
generallybelow10,000feet.

Theaccelerationsforthepresento~erationsweresomewhatmore
severethan,forthe Csribbean—SouthAmericanoperationsand si~ificantly

? moreseverethanfortheoperationson thetrans-Pacificroute. They
wereon aboutthesamelevelas thoseforthenortherntranscontinental
rtmte. Theaccelerationsforthe easternUnitedStatesoperationswere
about20 percenthigherduri~ thesummer(Apr.throughSept.) than
duringthewinter(Oct.thro~h Mar.).

The averagenumberof flightmilesto encountera gustvelocityof
30 feetper second ‘e30 is aboutthe sameas thatfora similarairplane
operatedby theBritishon theNorthAtlanticroute. Thenumberof flight
milesto encounter‘ejo is lessthanthedistancerequiredon the
Caribbean—SouthAmericanoperationbut greaterthanthe distancefora
northern-transcontinentaloperation.In comparisonwiththetrans-Pacific
operations,thepresentresultsshowa significantreductionin theaverage
flighttilesto exceed Ue30. The intensityof thegu;tswasroughly

20 percenthigherduringthe summerthanduringthewinter;thisresult
beingthereverseof thatreportedforthenorthern-transcontinental
operations.In comparisonwithotheroperationsthepresentairplanes
wereoperatedat relativelyhighspeedin roughair.

.

.

.

.

.

.
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. Thedesignnever-exceedspeedof 324milesper hourmaybe exceeded,
.

on theaverage,oncein about3.8x 106flightmileswhichis somewhat
, morefrequentthanforoperationspreviouslyinvestigated.Forpurposes

of statisticalinterpretation,it is significantto notethatchangesin
operatingpracticesandairplanecharacteristicswhichresultedin a
reductionof about15 milesperhourin theaveragemaximumairspeeds
weremadeduringtheperiodcoveredby thedata.

LangleyAeronauticalLaboratory,
NationalAdvisoryCormnitteeforAeronautics,

LangleyField,Vs.,October21, 1952.
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TABLEI.-CHARACTERISTICS

Maximuntake-offweight,lb
Wingarea,sq.ft . . . . .
Wirlgspm,ft.......
Meanaerodynamicchord,ft .
Aspectratio. . . . . . . .
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p,. cm Fiat 1a uncorrected for dynamic response

~pfiL
Flightmiles to exceed twice

@eration Airpl.me
at ~x

iln~ Ueso

Present 0.83 1.1 x 106 o.Jj x 106
Tins-Pacific (ref. 10) 4-engine transport .n 2coo 6
CaribbeanAouth Americau

(ref. 10) .72 5.6 0.8

Nortiern tramcontinental
(ref. 11)

2-engine transport .75 1.2 0.2

7
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Figurel.-Comparisonof theaverageflightmilesrequiredfora positive
snda negativeaccelerationincrementto equalor exceeda givenvalue.
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Figure5.- Averageflightmilesrequiredforthemaximumindicated
airspeedon a recordto equalor exceeda givenvalueforperiods
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characteristics.



24 NACATN 29@

lo@

loi

106

105

410

I I
Cumulativefrequenw

— distribution
❑ Winter- Oct.throughMar.

o Summer- Apr.throughSept.

l’?mnsformdprobabili~curves

o .5 1.0 1.5 2.0 2.5
Maimmaccelerationincrement}A~=, g

Figure6.-Averageflightmilesrequiredfora maximumpositiveand
negativeaccelerationinc~ementto equalor exceeda givenvalue
forsummerandwinteroperations.

.

T

.



4T

.

25

108

,

107

410

.

Cumulativefrequenqdistribution

o summer- Apr. throughsept.

n Winter- @t. through?.@??.

‘+I

_IbLl__Tmnsfomedprobabilitycurves

u Uu

/L/fo@.
I I

I 20 30 40 50 60
Mtimumeffectivegustveloci~,U~ fps

Figure7.-Comparisonof theaverageflightmilesrequiredto equalor
exceeda givenmaximumeffectivegustvelocityfor sumnerandwinter
operation6.



26 NACATN 2965

108

107

10.5

f I i I 1
Cumulativefrequency Transformedprobabilitycurves

distribution

o Sumner- Apr.
through Sept.

—. .——

❑ winter- Oct.
throughMar.

,0- .-. ---- -- ..-
Zuu liyu X.Ll ~lo 32U 330 340

Maximumindicatedairspeed,Vm=,

Figure8.- Average flight milearequiredfor
airspeedon a recordto equalor exceeda
andwinteroperations.

mph

themeximum
givenvalue

indicated
fors~r

.

.

.



, ,

40

t“

---- --—- ._ -- -.
32

---.,
=.

24
I

~“ 16 Present operatiom
—-- Mrth Atlanticoperations.ref. M

$
$ 8 –

i
: 0 -

a

+?4

-32

1

---

40 ‘–’=-- ‘--” -=—————

1 I I I i 1 I i I I I I f I I 1 1 J
WI 2i33 240 280 320

~dicated airspee~ mph

Figure 9.- Comparison or calculated flight envelopes of effective gust

velocities for 10,003 hours of operations on domestic United States
routeE and BritL9h North Atlantic routes.


