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DescriptionoftheLangleyTwo-Dimensicm.al

Low-lh.n%ulenceTunnel-

Decausetheshapeoftheairpassagesoftheproposedpressure
tunnelwereunueual,endbecauseofthefactthatthemeans
proposedforobtaininglowturbulencehadneverbeencheckedat
hi@ Reynoldsnumbers,itwasdesirabletobuildamodelofthe
proposedtunneltostudyitsflowcharacteristicsandtodevelop
meansforproducinga satisfactoryairstreem.TheReynolds
numberoftestsinsucha modeltunnelhadtobeatleastas
highasthoseinthelowerrangeofflightRe,ynoldenumbersin
ordertoobtaina ~eliableindicationof’theeffectiveturbulence
level.A full-sizemodeloftheproposedtunnel,d.geigzwd
tooperateonlyatatmosphericpressure,wastherefarebuilt.
ThistunneliscalledtheLangJ.eytwo-dimensionallow-turbulence
tunnel.

ThistunnelwascompletedinApril1938.Itwasoriginally
desi~atedtheNACAicetunnelbecauseoftheIncorporationof
refrigeratingequipmentinthedes~gntopermiticingexperiments.
Thetunnelisof’closedthroattype,builtof’woodwitha sheet
steellining.BecauseofthecontemplatedIcingexperiments,it
washeavilyInsulatedontheoutside.Figure1 showstheshepe
of’thedi- pass~esofthistunnel.Theteetsect~onIsrsctsngular
In shape,7*feethigh,ands feetwide,andwasdesignedsothat
mcdelscouldbetestedcompleteJ.yspanningthes-footwidth.The
testsectionis7*feetlongbutmodelshavingchordsaslarge
as100incheshavebeentested.Powersuppljedbya 200-h~re9pcwer
direct-currentmotorprovidesarnaxirnumspeeflofabout155miles
perhourwitha d.yrmnicpressureofabout60poundspersquarefot.
Theseconditionsgives,maximumReynoldsnuderofabout1.1}X 10%
perfootofmcdelchord.
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Surveysoftheairstreamofthetestsectionmoweda variation
instaticanddymmicpressureofless”than0.25.percentofthe
dynamicpressureintheregionnormbl.lyoccxzpiedbythemodel.The
en@ar variationoftheair-streamdirectl.oninthessmeregion
waslessthen0.2°.Thevariationinstaticpressurelongitudinally
over.thelengthofthetestsectionwas0.5percentwitha
variationofcnly0.25percentover& 2-footlengthatthemodel
mountingpoint.Uniformityofthe pressuregradientina longi-
tudinaldirectionwaso%tatnedbyadjustingslotsinthevertlcsl
weUs ofthetestsectiontoallowatrtobleedout.A positive
pressureisWilt upintheteatsectiontoaccomplishthis
bleedingbyrneansofa blowerwhichdischargesairintothetqnnel
throughenennularslotdownstreamofthetestsection.

Boundary-1ayercontroloftheshortexitconecf this ‘tunnel,
anunusualfeature,1saccomplishedbymeansoftwoannularslots
asshowninfigure1. Airfromtheboundarylayeroftheexit
coneissuckefiintotheupstreamslotbymeansofa 45-horsepower
blowerandisdischargedintothetunnelwithincreasedvelocity
throughthedownstreamslot.

PreviousexperiencewtththeI@@.eysmoke-flowtunnel
indicatedthat.turbulencecouldbereducedbytheueeofa ldrge
areareductionthroughtheentranceconeanddensescreens?.n ,
thelargesectionaheadoftheentrmcecone.Thisexperience,
wasusedinthedesignoftheLangleytwo-dimensionallow- ,
turlnil.encetunnel.Thesectionofthetunnelimmediately&e~
oftheentranceconewasmade’21feetsquare,whichgives~
areareluctionofabout19.6to1 %etweenthissectionandthe “
testsection.Inthtslargesectionahoneycombmadewith9-@ch- .
squsrec-ellswasInstalled.Ontheupstreamside,thehoneycomb
wascoveredwitha 30-meshstand@ wirescreen,andonthe
downstreamsidewitha 60-rneshscreenmadeof0.0067-inch-diame%er
wire.Thehoneycom%wasmadeupofninesections,each7 feet
square.Theunusuallyrapidexpansionofthetunnelairpassage
imme~iatelyupstreamofthehoneycombscreensconsiderably
reducedthelengthoftheairpassage.Sucha rapidexpansion
ispermissiblebecausethe@mmfc pressureoftheairstreaq
atthispointisrelativelylowandany&wvennessofflowis
smoothedoutbythehighpressuredropofthehoneycombscreens.

The ffrstairfoiltestsweremadeofia low-dragtype”of “
airfoilsection,endthemeasureddragcoefficientwas0.0030,
about50percentlessthanhadpreviouslybeenmeasuredonen
-afrfoilofcomparablethickness,Thistestwascerri.edoatin
June1938.Comparisonofthisdragcoefficientwiththelaminar
andturbulentskin-frictioncurvesshowedthattheflowoverthe
airfoilwaslaminarovermorethanhalfthesurface.Comparison
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ofotherairfoiltest
indicatedthatavery
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resultswiththoseobtainedinflightalso
lowturbulencelevelhadbeenachieved.It

wasnotconsideredprobable,however,thatthe desiredeffective
zeroturbulencelevel,”thatis,a levelatwhichtheair-stream
turbuleizce,wouldhavea vanishingeffectuponboundary-Layer
@%nsft’ion,hadbeenreaohed.”,, Under”favorableconditions,boundary-
layerReymoldsnumbers,R6, ofabout5000weremeasuredInthe .
tunnelforsomeairfoilsoomparedwithRa of7~00togOOO
obtainedInflight.(Seereferenoe3.)

TurbulencemeasurementsmadeinJanuary19k0 witha
NationalBWeauof Stendanlshot-tireanemometeralsoindtcated
thattheairstreemhada reasonablylowturbulencelevelcompared
withother,windtunnels.Thehorizontalturbulencecomponents,
whichareofthesameofierofmagnitudeastheverticaland

.longitudinalcomponents,areplottedagainstReynoldsnumberin
figure2 andagainstspenwisepositioninfigure3. Thespanwise
surveyindicatedthatlargevtiia%ionsintheturbulencelevel
yerepresentStpointsCOrr8Swndingto therelativepOSitiOnS
ofthejointsbetweenthe7-foot”sectionsofthehoneyccml
upstream. “

Turbulencemeasurementsobtainedbycomparisonofthe
criticalReynoldsnumbersofsphereswerenotmadeinthe
Langl.eztwo-di.menslonellow-turbulencetunnel.Previouscom-
parativetestsofspheresintheLangley8-foothigh-speed
tunnel(reference4)andinfreealr(reference5)gaveabout
thesameresults.SincetecdmoftheNACA0012airfoilinthe
Langley~-foothigh-speedtunnel(reference6) sndinthe
Langleytwo-dimensionallow-turbulencetunnel{reference7) .
indicateda lowerturbulencelevelinthelattertunnel,ttwas
concluded thatthegenerallevelofturbulencewastooZow
forthe sphereteststogivesignificantresults,

InvestigationtoReduceTurbulenceLevel

Theremlts,ofturbulencesurveyssndcomparativetestsin
theLangleytwo-di.mens!onallow-turbulencetunnelendinflight
cleanlyshowedthe,desirabilityoffurtherreductionofthe
turbulencelevelofthetunnel.”’Theturbulencesurveysalso
showedthenecessityofeliminating,Insofaraspossible,the
effectsofany~ufntsendsupportsofthescreen.TM8 result
wasbelievedtobeobtainablebytheproperinstallationofa
numberofadditionalscreens.

Preliminaryconsiderationofthephysicalfactorsinvolved
suggested.thelikelihoodthatfor‘agivenpressuredropa number
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ofscreensplxieedonebehind$heotherwouldbeM& effectivein
red.uoingthe.turbulencelevelthana singlescreentoproducethe I--““
givenpressuredrop.(Thisreasoningwaslatersubstantiatedby
a moredetailedinvestigationbyD&denandhiscollaboratorswho
werealsoworkingontheproblem,ofla.u%ulenoerednotionatabout
thesam timeattheNationalBureauofS%tdards.)Therealiza-, ti.onthatsome”defectsmightbepresentinanyscreeninstalktion
ledtothesug~stionthata numberofscreens,eachwitha
pressuredropofaboutoneq, wouldbea goodco~romise(where
q isthe.@namicpressur~oftieairstreamatthescreens).
Ina screeninstal.lationwithsucha pressuredrop,theeffects
ofthewakeofa plu~d spotwouldbeexpectd.tobeaboutKhe. seineastheeffectsofthesetofanopenspot. .“

E~er&nts werecor@ucteddM??in&thelatterp&t of1939
intheLangleysmoke-flowtmnneltoobtaindatathat?@@t be
usedinthedesi~ ofaqimprovedscreeninstallation“forthe
Lsx@eytwo-dimensionallow-$urlnzl.encetunnel.Sctienmodels
weremounteiiinthetkstqection,02thesmoke-flowtunneland
visualobservationsweremadeofthesmokeflowthroughthescreen.
Screenshaving.a pressuredropoftheorderofone q.were
observedtohavea merked.effectonbreak* uplar~eddiesand
toreduoenarkedl.ythemagnitudeofthefluctuat$ngvelocities
associatedwitheacheddy.Witha ‘2-meshscreenhavinga wire
diemetirof0.3.inch,itwasfoundthat,whenthespeedexceeded.“,=!=
approximately3 feetper“second,.thenatureof“theflowthrough
thescreenchanged.Although‘&eturbulenceassociatewith
largeeddieswasbro~mnup,small.-scaleeddies‘weremhmducea
hy thewires.themselves.Belowthiscni.ticalspeedtheflow
appeared.tobeoftheviscoustypeendnosmalleddieswere
otserved. ,.

Onths%asisoftheseeqerhents,coneideiatipnwasgiven
tothesizeofwireforthescreensthatweretobe install.eain
theLangleytwo-dimnsionallow-turbulencetunnelinorderthat
theReynolasnumberforviscousflowmightnotbeexceededatthe
hi@esttunnelspeed.andthusturbulencefromthewiresthem-
selvesmlat beavoided.A wiresizeof0.0065wasfopnab %e
suitableand,inoraertoobt@inthedesired,’presst~edropofone
% a 30-meshscreenwith,ty@swiredieaeterwasselected.

Informationpublishedby~yloronthedecayoftu.rbul.enoe
behindscreens(reference3)in.dicate&thata Gpacingbetween
thescreensofapproxima’te~y’100times~theIen&tihofonescreen
meshwouldbemoreeffectivethancloserspacing,sothat,if
turbulencewereproducedbyanyscreen,thisturb~encewould
havea chancetodieoutbeforereaohingthenextscreen.The
numberofscreensnebdedwasindefinite,andthefinallevelof
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turbulenceseemedtobedeterminedbytheemountofturbulence
introducedbythelastscreen.Greatcarewasthereforebelieved
necesmryinthefabricationandinstallationofthescreens.

Thescreenwirewasmadeofphosphorbronzeandwaswoven
fnstrips7 feetwidewitha speoialselvageasshowninfigurek(a).
Threestripsweresewedtogetherwith0.0065-inchdiemeterwire,
the.etrand”ofwiroth&ougheachmeshattheselvagebefngcare-
fullylzmpedinsucha mannerthattherewasnooverlappingofthe
stripsenda ~ointwasproducedwhfchpresentedminimumdiscontinuity. ‘
Brasestripswerefastenedaroundthefourrsfdesofthecompleted
sareenpanelandtheassemblywashung~nplaceinthetunnelon
springs,spaced1 footapart,attachedtothebrass-edgestrips
throughcablesandturnbuckles.Enoughtensionwasputinthe
springstoholdthescreentautbutnottoallowthestress
producedinthewiresofthescreenlytheairstreamendby
tunnelexpansiontobetoohQh. Sevenlayersofscreens,
spaced3 inches,wereinstalledtnthelargesectionofthetunnel
downstreamofthehoneycomb.Figure4(b)showsschematicallya
sectionofoneedgeOfthescreenandtheIx&fleawhichdirect
theairstreamthroughthescreens.Theinstallationwascom-
plete~inOctober1940.

TurbulencemeasurementswereagafnmadewiththeNatfonal
BureauofStandardshot-wireapparatusinJanuary1941.The
results,asshowninfigures2 and3,indicatedthatthelevel
ofturb~”tlencehadbeenreducedtotheorderofone-tenththatof
theturbulencelevelbeforethesoreeninstallation(toabout
0.01to0.02percentoffree-stresmvelocity).Thelargeepanwfse
var~atlonformerlycausedbytheJointsinthehoneycombwas
nowseentobeverysmall.A gradual.riseintheturbulence
levelwithincreasedtunnelspeedwasfound.Thisgradualrise
inturbulencelevelmightbeinfluencedbyanincreaseinncise
level.withincreaseinpropellei”speed.IjC~ bepointedout
thattheturbulencelevelmeasuredwassolowthatitapproached
thelimitofaccuracyoftheapparatus.

F@ure5 showstheresultsofdragsurveysonthe
I?ACA67-215airfoilsectionbeforeandaftertheinstallation
oftheturbulence-reducingscreens.TheReynoldsnum%erat
whichthedragbegantorisewithincreasingReynoldsnumber
showedamarkedincreaseafterthescreenswere~nstalled.
Sfncemodelconditionsweretheseineforbothtests,this
increaseindicatesthatthereducticninturbulencelevelwas
sufficienttoaffectthedragappreciably.

Informationandexperienceobtainedfromworkonthe
Langleytwo-dimensionallow-turbulencetunnelprovedinvaluable

.
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in@e designendoperationofthe
turbulencepressuretunnel~a was
thesuccessofthelattertunnel.

u

Mngley two-dimensionallow-
undoubtedlya largefactorIn

THELANGLEYTVO-DIMENSIONALLOW-TURBULENCE -
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Description . .
. .

Sizeandrengeofpressures.-TheLangleytwo-dimensional
low-turbulencepressuretunnelisa single-returnclosed-thro’at‘
ininnel,thegeneralamsngementofwhichisshowninfigures6
and7. Thetunnelisconstructedofheavysteelplatesothat CA.JS3-.CI
thepressureoftheairmeybevariedfromapproxhnatelyfull ..Sj ~/.%I“-
vaouumto10atmospheresabsolute,thereby~ivln~a widerange-
“ofairdensities.Reciprocatingcompressorswitha capacityof
12Y30cubicfeetoffreeairpermtnuteprovidecmmpre.~~’;
ELiacethetunnel’shellhasa volumeof@out-83,0_).cubtcfe

4i” ;;~’” ~a compressionrateofapproximatelyoneatmo&~h-ireper
obtained.Thetunnelhasnotbeenoperatedatpresaurealess -
thanatmospheric. ~,$f’

1
Thetestsectioniqrectangularinshape,3 feetwide,” .*,bf

7* feethigh,andT:feetlong.F%we 8 isa viewofthetest
~~r 4

.* ,:?]?sectionlookingdownstream.Theatrstreamentersthetest J

sectionthrougha‘relativelyshortentranceconefroma large ,
squaresectiongivinga contractionratioof17.6to1. .b”

.*\-
1

Theover-all-sizeofthewind-tunnelshellisabout
lh6feetlongand58feetwidewitha maximumdiame~erof ‘
26feet.Thetestsectionandentranceandexftcones”are
surroundedbya 22-footdiametersectionoftheshellto
providea spacetohousemuchoftheessential.equipnent.
Thisspaceiscal16dthetestchsmber.Figure9 showsa view
oftheinteriorofthetestchmber.

Curvedturnsattheendsofthistunnelme usedinstead
oftheconventionalrightanglecornerstominimizethestress
concentrationsassociatedwiththehighairpressuresused.The
useofcontinuoussplittervanesinsteadofguidevsnes,inthe
largeturnasshowninfigure7(b),wasalsofoi-structure&
reasonsratherthenaemdynmic.


