
T

cm
o
cd
w

s
1

,

i

FORAERONAUTICS —.

TECHNICALNOTE

No. 1273 ,

METEOROLOGICALCONDITIONSASSOCIATEDWITHFLIGHT

MEASUREMENTSOF ATMOSPHERICTURBULENCE

By B. B. Helfand

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

Washington



—
TECHLIBRARYKAFB.NM

Illllllullllllllllllllllllili445aa
NATIONALADVISORYCOMMITTEEl!ORAERONAUTICS

TEC~ NOTENO.I-273

MWIZOROLOGICALCONDITIONSASSOCIATEDWITHFLI(XHT

~ OFATM)EW3EKECTURBULENCE

ByB.B.Helfend

- —.
,=-”
~----

-
-

Theresultsobtainedfrm a seriesofflightmeasurementsof
atmosphericturbulencewim~ ccmvective-typecloudsandfrom
meteorologicalsoundingsarepresentedto~etherwithdescriptionsof
theflightsandconcurrentweatherconditions.Theseresultssre
presentedtoprovidea lmckgroundofexge??iencefortheforecaster
andpilotbyillustratingtheturlm.lenceconditionsasindicatedby ““”
effectivegustvelocitiesinconvective-typecloudsunderspringand
summerweatherconditionsalongtheeasterncoastoftheUnitidStates.

—

INTROISUCTZON

Up tothepresenttime,fewdetailedquantitativedatahavebeen
availableonmeteorologicalobservationsmadeconcurrentlywith
measurementsofatmosphericturbulence.Thishformtionisimportant
tometeorologistsandflightpersonnelintheplanningofflight
operationsfor whichturbulencemustbepredictedonthebasisofthe
usualsynopticmeteorologicalr6portm.

Anopportunitytoobtainsuchdatawasaffordedbya recent
investigationofatmosphericturbulenceconductedbytheLangleyGust
LoadsSectionoftheNAC!A.Accelerationandairspeedrecordstaken
duringflightsoftheXC-35airplanethroughturbulentairinconvective-
typecloudspermittedthedeterminationofturbulenceIntermsof
effectivegustvelocities,andradiosoundtngsmadeatthetimeofeach
flightandconcurrentsynopticweatherreportsprovidedthemeteor- .____”—
Olo$icaldata.

Inordertomaketheinformationavailabletometeorologists
andfli~t~rsonnel,theresultsobtainedfromthemeteorological
measurementsandconcurrentflightmcasurement~ofaiznospheric
turbulencefortypicalweathersituationsarepresentedherein.It
isevidentthatthistypeofinformationobtainedina seriesoftests “- .-
inonelbcalityovera limitedperiadoftimeisinsufficientto —
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establishgeneralflightrules.Thematerialyresentedistherefore
intendedonlytoprovidea backmundofexperiencefortheweather
forecasterandpilotwhichwouldnotbereadilyobtainableandwhich
maybeusedasa guideforfutureestimatesofatmosphericturbulence
fromothermeteorologicalobservations.

TURBULENCEMEASUREMENTSi’RCMANAIRlW@3

A quantityextensivelyusedinthe
turbulencefrcmanairplaneinflightIs
Ue (reference1)definedbY .
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slopeofwinglift-coefficientctiie”,”perradi&

lWSSdensityOf&h7atSOa10VOl,81143Sper”CUtiCfOOt

wingarea, squarefeet

equivalentairsyeed,feetpgrsecond;obtainedfrom
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trueairspeed,feetpersecond
.

massdensityofambientair,elugspercubicfo~t

relativealleviationfactor,afunct:onofw~”-loading
w/s, allowingforresponsecharacteristicsofairplaneand
veJ.ocitygradientwithingust

As indicatedbyequation(l),theeffectivegustvelocityisdetermined
from the acceleration responseoftheairplanetoa gustendassuch #
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isa fictitiousvelocityaasumedtoactovertheentireairplaneand
ina vertical direction since theusualgliding@ climbingangles
,relativetothehorizontalplanearesmall.Themsximumeffective
gustvelocityovera givenpathofroughairservesasa veryuseful
paremeterinthestudyofstructuralloadsbecauseofitsrelation
tothemaximumnomnal%ccelerationincrementoftheairplane.

Therelationbetweentheeffectivegustvelocityandtheactual
gustvelocity,a basicmeteorologicalquantity,dependsuponthe
ass~ptionsmade’inthederivationofequation(l).Onthebasisof
dataobtainedinflightswiththeXC-35airplane,itIsshownin
reference2 thatthemaximumeffectivegustvelocttyisproportional
tothemsximumactualgustvelocityasmc~suredby indicated-airepeed
fluctuationsovera givenflightpath.Unpublishedanalysesmadeby
theLangleyGustLoadsSectionhavefurtkemmreshownsignificant
correlati~betweenthemaximumeffectiv6gustvelocityandother
meteorologicalqmtities,,w%ichindiaatmthevalidityofthemexi~
effectivegustvelocityasa meteorologicalparameter.Inviewof
thesignificanceofthemaximumeffectivegustvelocitytostructural
loadsonaircrafttidto
thepresentpaper=sthe

TheXC-35airplane

meteorologicalc~ifil.ems,itisusedin
peter specifyi%atmosphericgustiness.

AFTARATCJS

usedto obtaintheflimtdatawasa
modificationofthe-LacMeed1O-Eincorporating-apressurizedcabin
andenginesofgreaterpower.Itwasdesignedfora serviceceiling
of35,000feetandhada winglmding W/S of24,3pounQepersquare
foot.TheK-factirusedincomputingtheeffectivegustvelocities ●

was~.08. (Seefig.Iofreference1.) otiercharacteristicsand
dimensionsoftheairplanearelistedinreference2.

Theinstrumentsusedintheairplanetodeterminethegust
intensitiesforthepresentstudywere:

(1) NACAair-dempedrecordingaccelerometer

(2) NACAairspeedrecorder

(3) llllCAsynchronoustimer(1-seeinterval)

TheaccelerationandairspeedrecorderswerestandardNACAinstruments
. andwerefittedwithmagazfne8ca&rYiwsufficient~hotomamhicfilm

for30minutesofrecord.
airspeedendacceleration

.

Thetimek 6s usedtos~chr&iz~the
measurementsbyimpressingl-sticond-interval
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timingmarksontherecorals.

Photographsofcloud developmentsprevailingatthetimeofthe
flightsandwithinwhichthemeasurementsofturbulencewereobtained
weremadefromtheairplanawitha handAgfaSpeedexcameraof
3&nch,focallength.

Equipmentforobtaininga&pheric mundtngs&xM.stedofa
Diamond-Hinman-WiezRaysonde,thedevelo~entofwhichwasspons-d
bytheRavy,irmorporatinganelectrichygrometerendtheeycloray
typeofgroundrecorder.

T!FJ3TPRWEDURE —

~irphneflights~d radimmn~ascentiweretie whenweather
conditdohsappearedconduoivetoturbulenceathighaltitudes.
Morningsynoptioraportsandsoundingsprgvidedtnfcmmatfononwhich
theturbulenceforecastforthedaywasbased,butflightswerenot .
begununtilsuccee&lngcibservatfonsof-clouddevelopmentverifle~the
forecast●I ,

Theradiosondeprogramwasarrangedwiththein%entionof
obtainingthreeorfourconsecutivesoundingsspacedatIntervals
ofabout2 to4 houtwthroughoutth,e~ys oftheairphe flights.
Becauseofinstrumentationdiff’iculties’andfcnycaatinglimitations,
however,thenumberofmeteorologicalsotiding~andthetimeof
soundingsrelativetathetimeof “tie airplaneflightsvaried.

Theusualprocedurewastoclimbtoseticeceiling,tot@eota
cloudformationforsurve$andtomakesuccessivetravereesthrough
thecloudatvariousaltitudes.Mostofthetraversesweremade
throughcumulus-cangestusandcumulm-nimbu6.clouds,butinseveral
instancesmeasurenwmtsof gust intensities weremadein clear air when
turbulencewaeencovxdmred+Thetestinstrumentsintheairplanewere
operatedoniyattimeswhe,nturbulentcondttioneprevailed,and
measuremmtsweremadeataltitudesvaryin~frQmaboutf3N0
to34,000feet.

SELECTIONOF@@A -
..,, ,-... ..

A to’td.Of35flights,jrasZUC&y+ththe,XC-35airplaneundera
varietyofspringands-r wath+ficonditions:!i?heseflightswere
classifiedinacccnxknce’wfththelocalweatherconditionsprevailing
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atthe”time;thatis,measurementsobtainedunderconditionsinwhich
thermalair-massactivit~wasmedominaniasthecauseofcumulus
cloudgrowthweresepara-tidfr-a
factors.Thevexiouscategories

(1) Tropicelmsritimeairmass,

(2) TYoyicalmaritimeairmass,

thosewhichincludedothersignificant
areas follows:

veryweaksurfacepressuregradient

advectionfromthesouthorsouthwest,
coldfrenttothenorthkst -. —

(3) Cold front pssiw, yolarcontinentalairreplac@gtropic~
Hitime air

(4) WWM frontapproaching,polar=iti~ airatwe s~face,
tropicalmaritimeairELoft

(7) Stationaryfronttothosouthseparatingtropicalmritimeand
polarmaritimeair

Elightswereseleotedfromeachcategory
oftheinformationavailable.

IUKKJLTS

onthebasisofthecompletaiess

A totalof10rtipresentakiveflightshasle- cho~enfor
presentationherein.me figureisincludedforeachflight:part(a)
showsthesurfacesynopticweatherchartfor1330extern stanieml “
time onthedateoftheflight,andpert(b)8howstheatmospheric
soundingtakennearest@ @e timeofthef~ght. Part(b)also
includesoneortwophotographsoftypicalcloudstraversedanda
diagramtoillustratetheverticalextentofthecloudstraversed.In
addition,ther--e ofeffectivegustvelocityexperiencedoneach
traverseoftheflightisnotedbyhorizontal.barsaupqrimposedonthe
clouddtagrum.Theendpointsofthebarsrepresentmaximumvalues
withpositfvegustvelocitiesdir6ctedupwardandnegativegust ‘
velocitiesdirecteddownward.Thesym’’ols&d nomenclattieforthe
dataincludedin‘&efiguresforeachfl.i~tam givenintableI.

Inparts(3)ofthefigures,curvesof constantpotential
temperatureO (dryadiahets)andconstant~quivalontPobrltial

temperaturet3e(moistadiabats}aredra& throughthepointwhich
representstheheightofthebaseofthecloudstraversed.Ateach”
significantpointrepresentedbya circle,value~aregiven forthe
mfxingratioingramsyerkilogramandtlysrelativ~humidityin
percmt.Theobservationsfortlwupperwindsattimesclosestto
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thetimeof”fllghtare al.so shown. Each‘half-lcmgthfeather”on
thewindarrowrepresentsonenumberontheBoaufortscale.
Examplesrepresentativeof’thevaxiousca~goriesaregiveninthe
followingsections.

TropicalMarl-timeAirMassJToryWeakSurface

Prcf3sureGradient

j?lt~htofAumst20,l@@.- Theentix’deawttirnpartofthe
UnitedStateswascovere~bytropicalmaritimeaircirculating
aroundMe westernsideof‘tieB&mudahighonJ.ugust20,1942.
As shownbythes’jnc@lcchart(fig.l(a))theEurfacepressure
gradientwasveryweakatLangleyField,Vs.;wLichsLlloweda sea ●

breezetodevelopduringtheaftemnoo~givinga moderatusoutheasterly
wind.ThepossibilityoffmntolysisoccurYingneartheVirginia-
NorthCarolina%orderisindicatedbythehighcloudsoverLangley
Fieldwhichwerereportedasa cirro-stratusovercastuntillk30EST
andchangedthroughbrokenalto-cumuluscloudstoscatteredclouds
at1600EST. Scatteredcumuluscloudswithbasesat3000feet
alsoa.ppmroddurti~ the morningandinGrGa~edto brokencumuhm-
congestuscloudstit.htopsupto1.5,000feetby1600EST. The
radiosounding(fig.L(b))showsa conditionallyunstablelayer
upto13,000feettoppedbyanisothemallayerfrora13,000
to15,QO0feet.Windsaloftasshowninfigurel(b),worefairly
li~b,veeringfromsouthwestat4000feettowestatalout20,CX)0feet.

‘ ThecloudS@lectedforsurveya?tertake-offat1435ESTwas
a cumulus-congestuscloudtothesouthwestofLangleyFieldwithbase
andtipestimatedat~000and1~,000feet,respectively.Between
1456ESTand’151.8EST,fivetraversesweromadethroughthecloud
whichwasapparentlybeginningtodissipate.Photographsofthe
cloudintwostagesofdevelopntare@ven infigurel(b).

Fli@t orSeptwmber.9.lQ*.-king @ affterwonoi’September9,
1942Culmllii’ornlclouds,showers,andthunderstormswereprevalmt
overmostoftiesoutheasternstabs. lh;jstifacesynopti~chart
(fig.2(a))showsthatsurfacetemperaturuarangedfrcuu75F on
CapeCharles,Va.Jeurrqundedby.wa%r,to94°1?atSouthHill,Va.
A front,whiohprobably&i@notaffactthedovelopmcntofcumulus
cloudsonthisday,isshownaboutl&JmilesnorthofLan@y Field.

.

ObservationsatImn@y Fieldshowodscatteredcirrusolouds
movingfromthewestandpersistingallday.Cumuluscloudsaypeared
at11~ ESTanddevelopodtoheightsestimatedtohe20,000feet.
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Ananalysisofthesounding(fig.2(b))doesnotindicate
a greatdealofenergyavailableforconvectionbutdoeiindicate
thepossibilityofclouddevelopmentatbightsupto28,OOOfeet.
Othersoundingsmadeonthesamedayshowednosignificant
differencesotherthaninthelowerlayersinfluencedbyai~nal
heating.

A seriesoftraverseswasmadethrougha developingcumulus-
congostusoloudformationnearLangZeyFieldbetween1331ESTand
2427EST. Thesurveywasmadeinstepsofincreasingaltitudefrcm
~oooto15,000feet,andduringthistimewe cloudtopincreased
inheightfrom10,000to20,000fest.Upanddowndraftswere .-
encountereilinalltraversesupto14,000feetandrainwasobserved
above9000feet.Rainbegantofallf’rcmthebaseofthecloudafter ._
thelandingw= madeat1446ESTandthecloudthendissipated
rapidly. t

FlightofSeptember19>1942.-AsshownIn--figure3(a),Langley
Fieldwasbetweentwohigh-pressurecenterstothenortheastend
southwestendtwolow-prestiu’ecenterstothenorthwestandsoutheast
onSeptember19, 1942. Classificationoftheairmassisaccordingly
somewhatdifficult.Theshowersshowninfi~ure3(a)westofthe
AlleghenyMountainswereprobablyassociatedwiththecoldfront
whichwastoofarwesttoaffectLanglsyFieldweather.cumulus-
congestusandcwnul.o-nimbuscloudswerereportedovera wideregion
oftheeasternUnited.Statesduri~theafternoonandobservations
atLangleyFieldshowedc~ulus cloudsbu~i~ingtofo~ at103OEST’
withbasesfrom2500to3000feet.~eae dt?VOkpedtoheights
eetimatedupto25,000feetanddissipatedby160 EST. Temperatures”

2inthestateofVirginiavariedfrcm@.+”F to~ F at1330ES!l,

Theradiosonde,ol?servatioriat1255KST(fig.3(b))reveale~an
inversionat10,000feet.Belowtheinversiontherelativehumidity
was60 percentorgreater,andabovetheinversiontherelative
humiditywasonly15 percentorlUSS,whichsuggestedsubsidence.
Anappreciableamountofenergywasavailable,however,forconvection
thatwotidnotbeovercomeby theinversion.

Afterthetake-offat1414EST,fourtraversesbetw~enthe
levelsof8000and14,000feetweremadethrough& cumulus-congestus
cloudlocatedabout25milesnor-thwestofLangleyField.Thefirst
traversawasmadeat1427EE!!?duringtheclimb,andthelastat
lk47EST. Thecloudwasthembeginnin~todissipateafterhaving
reacheda maximumheightestimatedat16,@Ofeet.Strongdraftswere
encounteredat12,000feetandwatercollectionswerenotedonthe
airplaneduringeachtraverse.A pho@graphofthecloudat,its
fullstageofdevelvpmontisshowninfigure3(b),



8

A
thetop

secondcloud,about
estimatedat25.000

NACA~NO. 3.273

30milessouthofLangleyField,with
feet,weissurveyedbetweenthealtitudes

hail wereencounteredbytheairplaneduringalltraverses,and
draftsofSufficientintensitytocarrytheairplaneupward
about1~ feetwereencounteredduringthethreehighesttraverses
showninfigure3(b).

TropicalMaritircaAirMase,AdvocticxnfromtheSoUth

orSouthwest,ColdFronttotheNorthwest

Fll~t ofAURUst2?.1941.-A coldfrontwasmovingeastward
ontheafternoonofAu@at23,l~hlassh~m inthesynopticchsrt
(fig.4(a]). Thecoldfrontwastypicalofisummerfronts,yoorly
definedatthegroundwithtropicalmarittmeairandp@.arcontinental
airontheeastandwestsidesofthefront,respectively,andwith
cumulusoloudsprevalentonbothsides.Thethunderstormactivityin
thesoutheasternstatesmightpassiblyhavv.beenassociatedwith
anill-definedwaunfrontuotedonprevioucchartsforthisperiod
butnotapyrentonthe.chartinfigurek(a).

Thesoundingat1157EST(fig.~(b))indicat~smoderatelymoist
airathighaltitudesaswellasatloweraltitude~anda sufficient
amountofenergyavaila%leforconvectimni

A cumulus-congestuscloudabout20mileswestofLangleyField
was~electedforsurvey.Thiscloudwsspartofa fozmationlying
ineneas%westdirectionwithpeaksesttmatwdashighas35,000feet
andwithbasesat3000feet.From1~0 ESTtoI~48ESTtraverses
werezuzdethroughthecloudbetweenthelevelsof30,CW0and20,000feet,
Strongdraftswereencounteredat30,000feetwhichcarriedtheplane
upashighas 31,5c0feet. ,

~li~htofJ’ulY?.1941.-Thesynopticwuatherchart(fig.5(a))
showsa quasi-stationaryfrontwithseveralwaveEItothenorthof
LangleyField,withLangleyFieldsj,tuatedinadvanceofthecold “
frontsectionofoneofthesowavesonJuly3,1941.Thefrontwaa
observedtopassLangleyat1945ESTwhenthewind,whichhadbeen
south-southwestduringtheday,Veeredtothewest-sguthwest.

Theradiosondeo~&vation(fl~.~(~))showshighmoisture
contenttoabout3000feetandmoderaternoi~tureupto16,000 fed.
Abovethishoig~tthemo$eturecontentab~ptlydecreases.Thelapse
rateIndicatesths.tmuchenergyisavailabloforconvectiveactivity

.

.

,

,
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whetheritisforced.
layerat23,000feet
tintsheight.

9

mechanicallyorthermally.Thethinisothermal
appearsinsufficienttoetopcloudgrowthat

A largecumulo-nimlnisandcymil.us-congestusformation
about30milesnorthofLar@leyFieldwasselected.forStivej;‘The,.
formationlayina norMeast-souiihwestUne withbaeesat3000feet
andtopsestimatedat30;000fest:A fewlightntigflasheswere
observedwithinthecloudsat1L,700feetduringtheclimb.
Zraverseswerestartedat28,5@feet,justbelowtheanvilofa
Cumulo-ndmbuscloudatlk57EST,andcontimuedatsuccessively
decreasingaltitudesto1557EST. Onelightningflashwasobserved
duringthetraverseat26,~0feet.Lightrainwasencounte~*edin
thelowertraverse(about20,000ft)aI@alsoina neighboring
cumtius-congestusc~oudat16,50cIfeet.

Fli~tofJuly14,1942.-Thesynopticwea’taerch~t (fig.6(a))
showsthata coldfrontwasayyroachingtheeastcoastonJuly14,1942.
Atthetimeoftheflight,thefrontwas. about300milesnorthwest
~ LangleyField,althoughtheupperwesterlywinds(fig.6(b))
suggesta fastmotionofthefront.The“toughtnadvanceofthe
frontmovedeastwardcausingthewindatLangleyFieldtoveerfrom
southwesttowest-southwestat1600EST. ObservationsatLangley
Fieldshowedbrokencirruscloudsduringthemorningand.afternoon
changingtoscatteredcloudsby16(x)ESTanddisappearingby1700EST.
Cumuluscloudsbegantoformat1300ESTwithbasesestimated
at~00 feetandtopsdevelopingtoabout18,000feet.

Theradiosounding(fig.6(b))showstheairtobeconditionally
unstableabovetheconvectioncondensationlevel-sothatclouds
couldformthroughdiurnalheating. “ —

Seventraversesweremadethrougha cumul.us-congestuacloud
about25mi~esnorthwestofqley FieldbetweenlkllESTand151J.IBT.
Thecloudtopwasestimatedat17,000 feet@ thebaseat5000feet.
Fi-~e6(b)includesa photographofthecloudtakeriimmediate=
beforethefirsttraverse.

F1.i.ahtofSeptember5*1941.-Anexamtiationofthesynoptic
chart(fig.7(a))revealsthatLangleyFieldatthetimeofthe
flightonSeptember5,1941wassituatedatthesouthernendofa
largewarmsector,.theairmassbeingtropicalmaritime.Surface
temperatureswere900F to93?F tnthe~cin$.@Oob~erva~ionsat
LangleyFieldshowedscatteredcir~scloutitobeprevalentallday.
Cumuluscloudsbegantoformat1430ESTanddevelopedtoheights
estimatedat31,000feet.Thesecloudsdidnotdissipateuntil
2000EST.
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Theradiosounding(fig.
instabilityforcumulusclouds
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T(b))revealsamplemoistureand
intheafternoonperiod.

A lineofcumu.lus-congestusandcumulonitiuscloudslyingin
a northwest-southeastdirectionabout~ milesfromLangleyField
wasapproachedaftertake-offat1P EST. Fourtraversesbetween
thealtitudesof26,x(I~d 18,OOOfeetweremadethrougha
dissipatingcumulo-nimbuscloudwithbaseaqdtopestfmatedat
4500feetand31,000feet,respectively,frcm1553b 1608EST.
Twoadditionaltraverses‘atanaltitudeofabout16,000feetwere
madethrougha neighboringcumulus-congestuscloudby1617EST.

.,
, ColdFrontPassing,PolarCoritinen@.LAir

Replaci~TropicalMaritimeAir

FJ&tIt ofAumst12.1944.-Theweatherchart(fig.8(ci))
showsanactivecoldfrontmovingtowa&dLaggloyFieldonAugust12,
1941.At1330ESTitwasonlyabou~70milestothenorthwest .
andpassedthestationaboutmidnight.Brokenalto~mm.tlusclouds
wereobservedatLangleyFielduntil1300EST,wheqcumulusand
strato-cwuhscloudsassociatedwithcumulu-nimbusformationsmoved ‘

infromthenorthwest..Thetopsofthohighestcumulo-nimlusclouds
‘wereestimatedatk0,000feet,

Thertiiosotieobservation(fig+8(t))showsthattheairmass
overLangleyFieldwabtypicallytropicalus+rltime,whichallowed
a highefternoontemperatureetthesurface.The.soundingalso
indioatesamoderateamountofmoisturealoftandampleenergyfor
toweringconvectioncoltmu!m.

At1414ESTonetraversewasbegunat28,000feett@ougha : -
cumulo~imluscloudtothesoutheastofLnngleyField.Thiscloud
waspertofa forma%ionwhichlayin.anortheast-eouthwest:lineand
movedsoutheastward.TheanviltopwasecMmatedat~,000feet.
Thetraverselastedabout10minutesandtheairplaneleftthecloud
atabout30,000feat.Beforeentry,thecloudapyearedverydark
andturbulent,butwiththeexceptionthatlightrainandhailtire
encounteredthetratersewaswithoutincident.

-,diatel.yai’tbrthefirst”c’loudwhutraversed,a c~ulus-
oongestuscloud,whichwasofthesameforinationbutyhiohappeared
muchlessturbulentthanthefirstcloud,wasapproached.The
traversewaestartedat1429ESTatana>titudeof30,000 foot,
Duringthenext15minutemtheaiiplanewe,sc~~iodupto34,000feet,
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whilegustvelocitiesofabout30feetpersecondwereencouii+fired.
Atthispointa ~lightbre~.inthecloudsoccurredandtiedesceni
wasbegunthroughcloselypacked’cumulus-con~stusformations.
Thedescentwasmostdifficulttoaccomplish%ecauseof’the
severi~oftheturbulenceand.about20minuteswasrequiredto
iwach20.OCQfeet.Heavyrainandlesserquantitiesofsleet,hail,
andicewereencounteredduringtheentireperiod.Shortlyafter
lm ESTdescenttolOOOfeethadbeenree.ched,andhndingwaa
madeatRichmond.,Va.short~thereafter.

We,rmFrontApproaching,PolarMaritimAir

theSurface,Tropicall&mitimeAirAloft

Fli t ofAprilh 19kl.-
‘~—

Figure 9(a) ~howsa lsr@-wavecyclone
affectingmostof e easternhalfOZtheUnitedStateaonApril~,
1941,Lowceili~sendkisibil.itieswithlightsteadydrizzle,
typicalofthecondition~inadvanceofa shallowws.mfront,were
present.MorningobservationsatLangleyFieldshoweda solid
alto-cumulusovercastwiththeceilin~at7000feetandcloudtops
at12,000feet. ‘I’hecloudschewgeddura: theaf@r~_~ontobroken
strato-cumul,usobudswithceilingandcloudtopsat4000and9000feet,
respectively.

TheradiosondeObservatim(fi~.9(b))showsstableconditions
aloft,thelapserateinotexceed$n.gthemoistad?.abaticabove
2000feet.

Recordsof~t velocitiesweretakendurin~traverseeof
cirro-stratuscloudsandalsoinclearairataltitudesabov6
20,000i’eetatapproximately
throughlowerstrato-cunmlus
encovateredat&100feet,at

StationaryFront

15?45ET. TraversesWOrealsormde
qloud3 withprecipitation%eing
approximately1600EST,

totheSouthSeparatingTTJOpiC4

MaritimendPolar I.kcutim Air

Fli@t of Octo%erE,1941.- ~ poorlydefinedquasi-statio~
frontextendedinemeaet-wst-directionsouthofi%@ey Fieldon

1

—
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as shownin figure l.O(a). Precipitation did not
over the coaatal states butdidoccurwestofthe
presenceofthefrontSOUMofLangleyFieldis

borneoutbythenortheasterlysurfacewindobsorvedduringthe
afternoonaccom~aniedbycumulus-cloudmovementfromthesouihwest
andalto-stratusfromthewest.Thealto-stratuscovikwas‘broken
duringthedayandthecumuluscloudsbegantoformatl@O ES!C.
Theme.ximmdevelopmentofthecumuhm cloudswasreachedwith
topsextendinguptoabout11,000feetat1500EST. Allcumulus
formationsdissipatedby1630EST.

Theradio.so’mdingandwindsaloftaregiveninfigure10(b).
I?romthesoundh.gitaypeersthatconvectioncouldt@seplacebecausa
ofsurfaceheatingbutmightbeltmitcdtu,aheightofabout
10,OQOfeetbytheisothermallayerat th~t altitude,

Surveysweremadethroughfourseparatemallcumulus-congcwtus
clouds%etween1533EW!&ml15kl EST. Themmulus-congastusclouds
wereobservedtobesmalllaterallyandreachedaltitudesofabout I
11,(2OQfeet.

00NCLUDIN(3REMAIRXEI
\

Althoughtheprecedinggust-veloci.ty”measurementaweretaken
onlywithinthevicinityofLangleyField,Vs.,similarconditions
wouldreasonablybeexpectedatotherpointsalongtheeastern
coastoftheUnitedStatesinsimtlarmeteorologicalsituations.I
Gustvelocitiesmoreseverethanthosemeaeuredwithinanycloud
traversed,howevwr,could%eencounteredbecauseitobviouslyis
notposeibletoconduota com’yletesurveyofturbulenceoneach
occasionwiththeequipmentused,

.

LangleyMemorialAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronmtics

LangleyField,Vs.,October29,1~46
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~LE 1.-SYMBOLSANDNOMENCIM!LJRETEEDINFIGUKES

@ s@ols=a codesusedfortheplott of
%stitlondataaredeecribedinreference

symbols Definitione

Analyeis
T T v surfacecoldfront

~
Surfacewermfront
Surfacestationeryfront
Surfaceoccludedfront
Weaksurfacecoldfront
Weaksurfacewarmfront
Isobarsdrawnforevery

y
3mil~b=e

Frecipttation
Thunderstorms.
Showers

; Hail
● 0 Rain
4 L@h+mhlg

Airmass(inaccordancewithreference4)

mP Polermaritime
mT Tropicalmaritime
CD Polarcontinenl@
w Airwarmer than

underlying surface
K AircoldertheA

underlyingmrface

Temperature

e Potentialtem_gw7ature,

ee
degreescentigradeabsolute

Equivalentpotential
temperature,de~ees
centi~adeabsolute

NATIONALADVTSORY
COMMITTEEFORAERONAUTICS
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(b) Atmosphericsoundingandturbulencemeasurement.

Figure5.- Concluded.
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(b)Atmosphericsoundingsndturbulencemeasurements.

Figure9.- Concluded.
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(b)Atmosphericsoundingad turbulencemeasurements.

Figure10.- Concluded.
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