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Therehasbeenunder.developnentforthehigh-~peedwind
,tunnelof theLNA ~’optioalmeasuti”~arrangementfor
thequalitativeandqtiantitativeinvestig&tibnof flow.
By theuse of interferenceineatiur~ents;thedetezinina-kion
Of densityat thesurfaoeof thebodiesbeingtestedin
the””airstreemaqd in the.viainityof thesebodiesoan
be undertaken.~ “ :.

...”.
The,resultsobtainedsofay in thesimpie~relimina~
investigations”showthat‘it”is”possible,even”at.alow ““
Reynoldsnumber,to obtainthedensityfieldin the
neighborhoodof a testbodyby opti@l.means, Sbip3.e,
anal$tioalexpreimibm”’givetherelation”betiieeaikwity,
pressure,velooity,and teznperature.

Ina&lition”tothisjthe‘&ke&&e&&’measurementfurnishes
valuabledataon the stateof theboumhry layer,thatis,
thesortofbou@ary ~er (whetherlenlnaror turbulent),
asWSU as thetemperatureandveltiitjr“distifbtitions..,... .... ...... .-.. ...”.
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The developmentof em optioalmeasurlngteohniqueforthe
investigationsin thehigh+peedwlndtunnelof theHermanG&ing
AemonautioalReseazmhInstituteat Brausohweig(fig. 1 ) rests on
the bash idea that fundamntaU.y,.theIntroductionof any
meohani,calmeasuringdevioein thehigl!+elooityflowmustbe avoided
if the resultsof themeasurementareto be freeof Interference
effeots.An additional.pointin favorof lightas a means of
measurementis itsunusually high velooi~ of.propagation,as a
mnsequenoeof whioh,themostrapidphewnenain theflowoanbe
rworded withoutanylagat all. ~

The ohoioewasmadeof an in%erferenoemethod,witha speoial
sepsmtioriof theIrrtevferingrays,or theMaoh-Zebnderprinoiple
forthedetermlnatlonofthedensityfieldin thevicinityof a
bodyimmersedin theflow,andfortheadditionalpurposeof
determiningtheyressuredistributiononthebodybeinginvestigated.

Themeasuringapparatusia =cr&&gedforWmltanwus observation
of theflowpatternwitha Sohlierenoptioalapparatus.

IX,THE~CE ANDSCHIZERENAPPARW.JSOY.THE.13A

Thepbgsloalprinciplesof theinterferencemethodhavealready
beendescribedin 0%hW@f30eS (references1 to 5). Thebui~ dj.~~ of
figure2will atdin understandingtheoptioalmeasurlngarrangement
whiuhtillbe desoribedin thefollowing:

Thelightfromalight muroe L travelsbwntwo equallylong
but differentpathsto theimagesoreen E!. Thetwoplaneparallel
glassplates,Fl and P2, aremadeseMtransmlttingby the
evaporationof a thinmetalcoatingqtheplate mirrors S1 and S2
aremxplete3yreflecting. The llght tipingingcm plate PI is
dividedintotwoequalw brightpel?tlms$one ofwhiohis refleoted
andtheotheris transmittedthrough the plate.

The two portionsof thekeam& frcmplate P1 ‘bymeansof
S1 and S2 to theplate Pg andoanthenbe made to interfere.

A presupposedaonditionrequlrezuentforobtainingthe intez=-
fereme pattern is u oarefb.1initialadjustmentof thedevioe,
inwhlohallthenimors andplatesarepamllel andthetwolight
pathsmustbe exaotl.yequala The rqvstheninterfereat infinity.

d
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ha order to bz’ingM in~ inter!femmoeen a previouslyahcsen
● imageplane,theremustbe a certainangulardisplaoemmtbetweeti

PI and P2, so thatthetwoportionsof’thebeamyassthroughthe

imageplane B (fig.3). Therethenorigkatesin thisplanea,,L streakor fringesystem thatuanbe ohangedat willwithreBpe6tto
thedire4tionandbreadthof the streaksby meansof a 8uitable
mirrormounting.

,,

If one plmes in oneof thetwobundlesof raysthestialled
measuringray,a mediumunderinvestigationwhichis of different
densityfrm thatin theunaisttibedair,theformationof theinte~
ferenoefringesresults.Them@itude of thedistortionof the””
l%ingesis a direut measureof thedensityin themediumtir
ixwestigatiti. ..

The angu~ displeoementin theinterferencerefractometerdefines
thedireotionof thefringemovementin the interfefienoeimage(fig-3).

If thetwointerferingraysinterse~ton theone or theother
sidesof theoentralplaneof theimagearea B, thedlreotionof the
streakdisplaoementwillfollowwithappropriatesignas theoirom
stancesdictate.Figurek shws as an exeqle thespaoialae~ity
fieldarounda-burningoandleforvariousangularsettingsof the
interferometer.

The sensitivityof theinterferpnoeteohniqueoanbe variedat
willthroughwidelimitsby ohoosingthe widthof thebands. The
measuringtechnique can be adapted in a satisfaotoq mannerto the
immediateprobl@aunderinvestigationby choosingthe arrangementof
thestnedcsendthesignof thestreakst distortion-

If oneis oonoermedwiththeinvestigationof bodiesinmeraedin
theflowas is requiredin aerodynemioapplications,thenonecan
detemineby ahoiceof the fringewidth,thepressuredistribution~
at ve~ manytestpointson reseamh bodieswithouthavingtomake .
pressureorifiuesin the testobjeot. .

In additionto this,thereosnbe obtainedfromthe”densi~
field,dete_~&bY the interferenceuti~$ ~ta on thepotenti~
flowin theneighborhoodof the testbody,as”wellas valuableinfo%
mationon theoonditionof thebmdm layer. .

The Sohlierenteohniqueis usedto obtainsimultaneousqualit-
. tiveobservationsof the flovconditions(fig.2), Lightof another

wavelen@h frvma souroe Lt is direo,teabya partiaX!ytransparent
planeparallelplate Pt overthemeasuringam of the interferometer

* andtraversesthetestmedia in the”s=e direotionandat thesame
time. Followingthis,the Sohlieren xws are let outof the

...
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by theeeoondpartiallytransparentplate Pt?
theSohlierendiaphragmalsofallon theimage

soreen B. A i%!hl.iereninageof the~low-oondl.ti.onis formedth&e
withthes~e soaleas theoriginal.

Figure~ showsthecompletedLnterferenoeSchlierenapparatus
of theI@Awitha sohematicrepresentationof the w paths. The
light L of ahlgh-pressuremero~ lamp(above)of thegreatest
possiblelightintensitygoesfrcma mallmirror 1 to a conoave
mimer 2, goes frcmthereas parallellightto themhror 3,whhh
redireotsi%,andthentraversesthefourplatesystemu shuwpin
figure2, Afterthetwointerferingportioneof.therayarq-n
unitedat plate P2, thelightpathoonthuesovermirrors4 and5
to theoonoavemirror6 of lonGf%oallength (f = 3.5m),vhloh
produoesan airimageof thetestarea G in thewindtunnelafter
passingovertheadditionalmirrors7, 8, and 9- Mirror9.ispartially
transparent,so thatthelighthittingit is splitintotwop@s,
of thesethemoreintensepartlongoesto theairimage,endthe
weekerl~ghtis direotedby @rror 10 to a groundglassfor observx
tiont,Ajeolorfilterinsertedin thepathof thebeemprovidesfor
the seleotionof thewavelengthAl = 5770-5790AUwhioh is espeolally
adaptedto ouxneedB.

Thevariationof theoptioalpathin themeasuringbeamof the
interferometercausedbytheindexof refractionof theglassin the
windtunneJ.andat theendplatesof themodelis equalizedby a
compensatorin theseoondam.

Thelightpathforthesohlierenapparatusstarts at thelight
souroe L’ (below)andgoesfrommirrorsllemd12to thec~ave
airrorL3. Fran theretheparallelbeemgoesto thesemitransparent
plate14 in themeasuringarmof theinterferometerand,alongwith
it,goesthroughtheglasswindowsin the walls of thewindtunnel
andtheendpl.atesof themodelbeingtestedandthroughtheair
Streezn(fig.2).

Theplate15 againdeviateO’the9chllerenbeamandthebeamis
redirectedby themirrorJ-6 to theoonoavemirror17. TMS makeson
itspartwithequalf’oaallengthandoWect distanoejthatis,also
withthesameimagescale,an imageof thetestob~sotin theplane
of theairimagejaswellas on.thegroundglass. Thepath,after
passingtheSohlierenshutter,is by way ofmirrors18 and19.

Withthisa~aratusthevariationsduringthetestoanbe
continum@y obsezvedin a soundproofedtestoe~ by bothoptical
apparatus,whilethesme eventsmay‘beindependentlyphotographed
or filmed.A high-speecl,motloz@.otureapparatusmikesit possible
to takenocessl.veerposureswitha largenumberof framesyer second
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of particularlyinterestingandrapidevents,whilethe lightsouzwe
canbe controlledby themotion-picturecamera to runin a heavily
overloaded condition fora shortttie(andthereforeincreasethe
lightintensity).

For specialinvestigationsof short-periodevents,thereis
alsoprovidedas an additionallightsourcea sparkgenerating
arrangement,whichpermitsof singleexposureswithdischargetimes
of about1~6 seconds(fig.7)0 St canbe seenat theleftof the
diagram that,bysimplerepositioningthetwomirrors1 andJ& the
lightof thesparkpassesdownthetwopreviouslydescribedlight
pathsof theopticalarrangement.The optioalarrangementof f@-
ure 5 was chosento providethel.ongpathsto thephotogmphicimage
in thedeviceitselfand to enablephotogmphicexposuresas wellas
observationsto be made.nearthemeasuring’location..

All theopticalmechaml.cal.partsareodbined in’slarge
measuring carriage,whiohis Wilt as a box carriage,thatoanbe
isolatedfromthesurroundingsby heatabsorbingmesns,”tnorder
to keeptemperaturedisturbancesfrcmtheneighborhoodof the
measuringdevioe.

All themlrrom andplatesare fullycardon mouhted,andcan
thereforebe shiftedin engleabouttwoaxesat rQ@t anglesto one
another.Aftertheadjustmentof thedevioehasbeencompleted,
mostof themountingsareclamped.Onlyplates P1 and P2 of the
interferaneter,as wellas thecompensatorandthetwop~ne parallel
plates14 and 15 of theSchlierensysta, may possiblyhaveto be
movedduringtheoperationof theequipment.

Thedrivesforthemirror mountingsas wellas theoptioal
oomponentslthemselvesmustbe of thehighestprecision,as displace-
mentsof themirrors to fractionsof a secondof arcmustbe possible.

Theadjustablemirror assembliesare fittedwithmultipleworm-
gear drives forfinecontrol.The stepdbwnis about1 to 73,000,000.
llhemirrorscanbe operatedelectricallyby remoteoontrolfrcmwithin
thetestrocm,andwiththisoontrolonecan obtainas theminimum
mar displ-aoementabout1/10secondof arc. In addition,thereis
providedan eleotrioalrepeaterfortheangularsettingfrcmthe
drivemechan3smitself,so thatthereis availableat themeasuring
deskan acouratesurveyof thead$mtmentof theopticaltest
equipment.

,.:,
.

lAllopticalcomponentswereproducedby thefirmof Halle
Nachfolger,Berli=teglitz. The excellentfulloardonmlrrormountings
fortheinterferometerwerealsomanufacturedby theHalleccmp~i
fromourdesignproposals.
.
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The&me of themeasuringequipwmtitselfisbasedon
principlesderivedfrm vibrationtechnology,thatis,it is
oonneotedto theexternalmovablesupportingframeworkwithamurately
graduatedsetsof springs,In thismanner,allvibrationsfromthe
surroundingsfromthewindtunneland fromthebuildlngareiso3.ated
fromthemeasuringapparatus.

III. INTERITZUZfCEWUREMENTS

Duringthethneto thepresent,whll.etheframeworkis being
oompleted,theinterferometerportionof theequipnenthasbeenin
use forabouthalfayear witha provisionalframeunitof the
originalsize, Thefirstinvestigationsof theopticalbeamoompen--
satlon,aswellas theangularsensitivityof glassplates,whioh J
areinsertedin thepathof themeasuringbeamas bounda~windows
for thewindtunnelandthemodel,havealreadybeenoompleted.A
mall testtunnelhasalsobeenbuilt,so thatit is possible
alreadytoWe flowmeasurementsby means of light interference.

u

Thebul@ng of theinterferencefringesas ooqared to the
undisturbedfringefield(withoutairflaw)is a dtreotme&nzreof
thedensityfromtherelation:

G=
bxLx(n -1)

Xxpm
X4

Whereinthesymbolsareas follows:

&(lmn) fringebulgin$

b(nnn) distanoe between two undisturbedinterferencefringes

% --1 indexoi?refractionof undisturbedmedium= 0.00CE93 X2

P air densityin undisturbed region
@ m

?&m) wavelength of lightused (5790 AV)

L(mm) lengthof pathwhichlighttraversesinmediumof
altereddensity

& IS onewh.lchisindependentof thesoalesizeThemagnitude ~

of theimageandwhlohoanbe aetemninedfromeveryfringephotograph
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In an tiabatio-,o~,ge-ofJ~@t@~,the~&e’tionl@weqnthe
densityandtliesimtio.~ressure.in theflowfid.d’isgivenby the
equation:

3q

()

I&f

~=;
,., ------.-.., ,

H thestatiopressureon the6“&ftieof” aiotkin””the flOWiaio”
be determines,-thendesignate
at thetestbody, pti and pm
stream. TherethenfoZlows”as.,.. ,

.

8-

,, , ,.,

.,-

‘P”’-:Pm
.-

At a Maoli’ntiberg%ater than.8 adieibatio,, .-; .

.

p and p as p-mmure anddensity
pressureanddensityin the free

~ ~i.-.~, apptiotn:.n: ~~
.,..”,.. . . . ..,, .... .-’.

,.. . ,.
b“*’”P& ‘- “ “’ ““

= K—
Pm

..
,, .. .... ..-.,. ... .

~ = 0,5,th~”g~”t”fozmulaforthe. .
,. . ..”. -: “..-

.,

::.

,.”:, /..,

.: .,., . . .. ...’. ,, .,” ..

,’ . . . . . . - ,.. . .,, . . .

& .o-~ used in p@su~For th$presknakeooef~~cient
distributionm@xr@nQn~s oiie.theng$ts(fq~.M’= O~~)the follawing
expression: . .’. . “’. ‘“- . . . ““. ....... .

. . .. . . ..
. . . ,.. ,.

4J=P” -P’ .~x9a)q
“0’” ~“

%
,.. .

~t ‘the&nt~ty ~ is knownfrgatheoptloal’keasummimt●
Consequentlywe *ve: !- .,,. . .,”.

,. ...... . ..

Ap h“ ““““”&““-” ‘“”””-”
dcx-hx

% “~x. ~,.,. .- ...’., -,.T ............. . *“

,., .. . .. . . . ... (.., ,: ---

Fri””nge‘Bpehing” frcm thephot&aph”.b =,-2,-~.Impaotpressuri
in‘thetee%section q = 350kg X, nf_23 p .= 9975X x I&2 at a
temperatureof “18~C.



4–.1.4X=X 5w0x1r7 x29’
f4 35” 170 x o.cIoo2g3 x 273

For a @pen fringespaoingit is,therefore,only
multiplythefringeshiftby a constantfaotorto
coeffi,oient●

. ...... ,. ..
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~ A{
T

neoeesaryto
obtainthepressure.- ...— —.- =

... .,...,”-,.’,” -i
It Is apparentfrm theftnalequationfor @, thatthe

measuringteohniquemustbe extraordinarilysensitiveto thesmallest
ohangeIn densitysinoethemeasuredfringeshiftin theinterference
patternis direotlypropcmtlonalto thefringespaoingaswellas
thelength L (withairfoils,L is thespan), Theseat sensitivity J

Eesultefr~ thef~t thatthev~ations in densityextstlngat eeoh
point In thefluwfieldareintegratedovertheentireextentof the
testobjeot (L), By ohoosingthesetwove3ues,b and L, oneoan m
aommmodatethesensitivityof theteohniquewithinwideMmits to
theresearahproblemsof interestat themcment,

It ismentioned, in this oonneotion,thatthetheoW of potential
flowoonsiderBairas an inocmpressiblemediumup to a streemveloolty
of 100 meters per second, thatis,it is asswnedthatthedensity
remainsoonstantin thisflowregionsThe faot,however,thatin
realitythereis a densi~ vaxktionassociatedwitheven veboity
variation,formsdireolilythebasisof measurementfortheinterfem-
enoeteclmlque● Theassumptionthatthedensityis uonstantin
potentialflowfor eaoh plane motion of thefieldof flowproduces‘a
negligiblysmallerror. The valueof theintegrdl.of thissmall
quantitytakenoverthelength L gives,however,a dtsplaoementof
theinterferencefringeswhioh%s auffloientfor measuriw paqoses.

--

The assmptionexistedat thebeginningof thedevelopmentof
thisopttoaltechniqueforflowmeasurements,thatin anyeventan
attemptto furtherinoreasethe sensitivityof themethodwH.1be
required~The resultsobtainedto datehavealreadyshown,however,
thatwitha swd.lmodel(17Qmuspan)andwitha nozmalstreem
velooitysufficientfringeshifttillbe obtained.Withthis,the
conditionsof theproblemhpvebeenfundamentallyaltered..

H’ it is realizedthatthsmagnitudeof thefrfngedistortion
fe not onlyproportional to b and L$ but alsoto thedensi~
variationAp andthereforeat lowspeedsto theEIquazwof thespeed
andin compressibleflowto aboutthevelooityi.tselfsthenlarge
fringe‘shiftsshouldresultin theinvestigationsin the Mgl+speetl
windtunnel.If thespanis 10 timesendthestresmvelooity4 times

.-
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= @eat Q$ ~kt in tiepreliminexginvestigationsgresetited,then
the expectedfringeshiftwiththeIU%viouslyusedfringespaolng
shouldbe kO timesas West. It thenraaybepossible,theneoess~
oimuustanaespe-tting, by utt~zingthehighestposstblestream
velooityin thehigbspeedwindtunnelto-substantiallydeoreasethe
spanof themodelaswellss thefringeqa.dirg in the hterferenoe
image. By terminating themdelwith endplates{plane ease) no ‘
aerodynszniu difficultiesareintroduoed~T& choioeof the very
narrow interferencefri~es onlyinoreasesthenumberof testpoints
on thebodybeingtested.Thereoanthenbe usedin theevaluations
as onepleases,theneasuringpointswhhh are %ellevetl to be “T
iq)orttit. .,.

Fi@re 7 showsthedensityfieldof a uyl..inderof length
L = 270millimetersanddiameter”D = 25 Wllimeters in flowat a
velooi~ of 75 meters per seoond,withbothof thepossiblesignsat

w fri~e shtftavailableby aa$ustingtheanglesIn the interferometer.
It is obviousthatin theexamplesgiven,thedireotionof theshift
in fi@re 7(a)ismoreaUvsntageousfor evaluation as many more

U measuz$ng pointsareavailablein thevioinityof the stagnation
pointandin theregionof iaoreased velooity,Themarke~ohai@ein
densityfrompotentialfluwto thestagnantregionmaybe noted,as
wellas theuntfom meanvalue of thedensitybehindthedrag=
produoingbody. A veryintenseenerggLOSS,whiohshtildalsobe
noted,,takesplacein the’twovortextrailsat a dis&noebehind”the
testobjeotof aboutonedmdy diameter,thislossbeinga result of
rapidvelooItyfluotuations● The fuzzinessof theinterferencefield
is-a resultof thefad thatthedensi~ fluctuationoooursmore
rapi~ thanexposuretimeof 1/200seoondwhiohw= usedt The
velooitywithwhiohthede~ity variationtakesplaoeoanbe found
frcmthepioturesequenoesin a slowmotionpioian&.

.
Figure8 skm the pressuredfstrtbutionon theoiroular

oylinder over the angular range of 0° to l~” as evaluatedfromthe
in,terfkwenoe ?neasurements. A pressuredistributionfrcunR & M J.21O
drawnon thesamegraphforoomparlson. The oompamtem shows that
theoptiualmeasuremehtagivea readingwiththepropertrend,azM

is

that~able absolutevaluesnay be obt&ed from‘tie-ftirlyprimiti+e
arrangements.of the smalltesttunnel.Thewindtunneldoesnotas
yet haveanysoreen~a$ therefore,a v?~ poorvelocitydistribution
resultsin.thetestseotion. The tunnelyrobalilyalsohasa veq M“@”
degree of turbulence.

Figures9 iand10 showthedensityfieldof ellipticaloylinder
of axisratioof 4 to 1 for the tim “clifferentanglesof attackof.
0° and 8° and withbothsignsof fringedisplacement.Figures3.2 ~
and12 showtheresultsof theitierferanekermeasurements forboth
anglesof attaokemi;forOCiiparlSOri,the!resultof thecalculationa of thepressuredistributionforzeroangleof attaok,
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noted,as shownby theresultsof’therneamuments
thatthepressuredistributionor awelliptioal
dependenton theReynoldsnumberandtheamount

of’,,.ttiulenoein the tunnel. ,Theshapeof thepressure4istribution
ourveobtainedby interfqzymeterIs verysimilarj~th@ presented
in,theNACAreportas.tm,,resultfgra bodyof diffeventaxisz&Aio.
Agreementof theabsolutevalueswith.themeasuramentk of other
tunnelsand@th”the theoq ~annqtbe.expeotedforthe reasons
8tatetlb . . . . . . -!, --,-,’,.,

,. ,,: ,., ,.. . . . --- .. -,

In’&Miti~$ l&&ig&ons werenadeof airfoiJseotions. ~
l?i&ure13 showsa seriesof anQes of attaokfortheG6ttingen “
387 seotionwhlchweretakenforthepresmre+istrlbutionmeasur~
ments. As theseQ$iontnQuestionhasa thiakuesswhichapproaches
10 pe~mt of the dleme,tx?o.fthetunnel$induoe~floweffeots
Introcluoeappreoiqbleo@ngesin theflowfield at Mfferent,angles

0 e@,q= 5.F maybe evaluatedof at$aok.Theref’o&eJLpUga = O
aadocmpared,Thevelooityin’~hetest%eotionmnnotbe detemhed

.

*

.—

“J

forother~gles”of a~tqok.!!lhe.reooz%umpresentedforthepurpose
of studyingwith,themthe.evaluationof.thefringeshiftwith
unfavorable6+@s. The @nge .shitti~..tjhe&e@on aroundthenose
andnearthestagnationpointshouldbe observed.

,. ........ ,. ., ,.!,.,: -,
Figure14 shqwst.~:,ooqu?lsonof~~esutm,of‘the66t~ingen

pressure-d~s.tribut~on,~$~urementswiththoseof theinterferometer-
fortheG5ttingen387,seo,tion.at..a.=.,O”.Thedeviationin the
pres8urecurieon thepresmreside of theairfoilis aresultof
thedistortionmused ~,the support., ,, .:!;,

..—..,.. -..,-,,.,.;----t.,..;..,:.
Figures15 end16 slxmthe’effectof & support.foran angle

of’attack a ? ~g~” fogattaohmentcmeither thepressureoh
suotionsideof thewing. Figure17 presentsthepressuredistri-
butlonoftheundistudbedw$og{withoutsupport}in oompariscmwith
theWttingenmeasummentw of pressuredistribution. “I ~~ --

.!, ,, .-..,.: .,---..,,.- ,. ., .,.
ti t~ioa~e’;onsi&&dde dl&ur&oe oad;d~y tlMsupp& is

vezynoticeable,putthisMsWbanoe..omibe.oonflned.,t.c.theimmdtate
vioinityof,t~.w&L.md,~hespanof themodelisalso quitemall,

Zn theMgh+peedtiqd tunnel.theproportionsaremuchmorefavorable.
In addition,there,isgo probleqin’oq,netructl.ngthemodelso that
the.supportis looatedoutsfdeof theeziiplatesandso is coapleteJy
preventedfrmdisimrbtngtheflowon thewlngitse~, ,.

Figures18 an? 19 showthefloW.pna,l@peroen*thickJoukowsky
seotion’fora seriesof anglesof at~kup
theflow. . : ..; ,.. . - .. . . . “...

,..., ,.
F~the I@&e &oUplO~@tO~fem+@T

thatdistortionswliiohoahbe ev&$luatedaye

to the separation of’ ~,.. “,’:- . .. ...+.=+..,-.. ,,-, - ,. ,,T. . . ..-
: )., :.:7 . ...--.. ,“,. .....--

reoordg $* Q&i Jm noted,
produc,edin thefringes, .“

-4

e
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in thestagnant
ana also at the

regionfaanediatelybehinda

.-

~produoing

U.

body,
greaterdistanoesfrcanthemodelin thewake. At

thepresentt--a mthod of evaluationfordragdeterminationis
beingworkedout,

Up to thispointit hasbeentaoitlyassuntithattheinte~
ferenoefringeswerea result of the use ofmonoohromatialight,
whiohooqpletelyfilleathe imagefieldwithinterferee Zringes●
Therewasusedalso,in thepreviouslypresentedexemple,continuous
homogeneouslight. Thereare,however,applicationswherethe
identificationof individualfringesarises-BorMS maso% it is
necess~ to particularlysingleoutcertainfringes.Thisoanbe
doneby theso+allednullInterference,in whiahthe individual
fringesshowup with&ifferentstrengthsml sharpnees.If W@t
containingseveralwavelengthsis used,thentheresultinginte~
ferenoe fringeswillhavedifferentwid.thecorrespondingto the
appropriatewavelengths.The resultof’thisis a buildingupof
groupsof fringes. The lightis oornpletelyGut off at thepoint
betweenthe individualgroupsof fringeswherethemaxhum intensity
of thesystemtieto onedolorooinoideswiththeminimumof that
of mother8 andno interferepoefrixes appeartThere is only one
groupof fringeswitha highlydenseintetierenoe pattern, theso-
calleanullinterf’erenoe~whiohIs f’omedon thelineof symet~ of
all.thecoherentpointsof Hght- The exlstenoeof thisnulltnte-
ferenoeis exaotlythecriterionfortheoompleteadjustmentof the
interferometer,ia whichthetwo lightpaths(figs.2 and 3) must
be so exaotlyof theseinesize,thattheydifferfromoneenotherby
onlya fractionof a halfwavelengthof theUght beingused.

Figure20 showsa photographof thenullinterferencewith
Mmury light. Thenullinterferencefringesare identifiedin a
positivemannerly 0CWM51Wtheirgreaterintensiawithtkt of the
remaitingf’ringesm

Figure 20 alsoshowshow thenullinterf’emme~be used in
a valuablemanner,forexample,to deteminethevelocityin a olosed
tunnel.If theupperportim of thee~osure of theinterfe~eter
fielashowst~ -e forthe~~ OUtletao~dittonin thet~el
withoutflow (v = 0)~ therethelowerportionof thee~osure
showsthefringefielddisplaosmentwithair flow. The shiftis a
dlreotmeasurenentof thevariationin densityandthereforeof the
flowveloo~tymIna similarfashfon,temperatureema fluidflow
Mstribytionsend thelike,inwhioh themedim bei% testedat the
timeremainshomogeneousbut damges density,may be measureii.

2A reportespeGia~ on the evakationtechniquesforthelnte+
ferameterwi.1.lbe published.
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.. IV.BUUNMRY LAYER“INWSTIGJUIIONS ‘
,, ., .... . ,.~ ,.. -..-.. .

..-,. ,,. ... ........... .,..’ x..,,.,.-~- ,, ,,
,.,

The interferencephotosof theflowaroundairfoilshave
alreadyindicatedve~ interestingresultswhiohwerein”addition
to the ~ssutisttibutlon muuments; The growthof’,the
bounda~ ~er on the‘Ihwfaoeof theseotlon”oti~e~eady seenas
omits inoreasein thioknessin thedireotionof theseotidnohord,
The examplespresentedup”tonowhavebeen””exc’ludingjtheturbule@-
bounds.qy~er, whichtnoreasesto nomoz% thanafewmilllmeters
at theedgeof theairfoil.

,. ,,.. ,,, ,.. .,. . .....-
The lawsSf potentialflowapplyon~beyond ’thelimitsof the

boun~ layer. Themeasuringpointsfor‘theMx?mferenobeval~
ttonare thereforeon theedgeof theseoticmaftera oheqe in
directionat thelmndaxy. At looationswhereho boundazylayerIS
present,thetestpointsliecm thesurfaoeof theseotion..:,,-

‘Sinoe BernouLU~&i equationdoeanot~pplywithi~theboundaty
leqwr;butas thes%atioPresswewfi be oOMts@ t~o~ghmt theentire
thiclmessof’theho- layer k the ~ltieotionpeqpendioul.arto
thesurface,thefringeshiftin theinterferenceinageresults
purelyfroma temperatureeffeotin thefriction@ye&. At thepoint
of grektebtheatin%whiohiS thepointon the surfaoe of theseotfon
wheretheveloaltyvalueis zerolthefringeshiftIS thegreatest.
@ variationintmperaturein theboundar$l~er itself~be
detetinedfromthegeneralequationof state$ =R xT, stnoethe,-
statesspressureat theedgeof”theboe lwer is kn&n frcmI&
pressurein the potentialf19w, .-,.. .. .

,.,...... ,,. .
The questionofwhetherthe assumptionot’monstantpresmrein

theboundaqywer is justifiedoanbe amweredwiththeaidof the
interferencerecords.If a pressurevariationdidexistwithinthe
boundarylayer,thentms va@.atJonshoull.be.noticeablein an
additional.shiftof the,fringes,!l!heextensionof eaohinterference
fr~e in thepotentialflmwuntil.itreaohedthesurfaoeof the
seotion,shouldleadto ~ointsWhlOh.WOUUshm q sidewiseshiftof
We fringesframthepointson theed$eof theboundarylager. This
amount wouldthenindioatethevariationof thestaticlressurein
the.bounclary~ero However,It is.olear3yseen in alltheinte~
ferometerrso~s that@ thelooat~onswk.retheljoundarylayeris
thiols,thefringes- oloseto thqvetiioaljandin otherlooations
wheretheyarebentstheboundarylwer iEIentirelyor nearly zero.
But inno casehasa fringeshiftbeh
negligiblysmall,

Previously therewas,in general,
enabledonetomakethebo- ~er

established-whiohwas-not

no method ofMeasurementwhich
visibleandtomakemeasurements

.

..

—

v

u
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as doestheinterferencemethod. Figure21 presentsthe
the‘boun~-layerthioknesswhiohexistson a Joukows~
at thethreeanglesof’attaok0°, 4°,and 8°. (Ccmqme

fig.18. ) Themeasuredbounda~-layerthioknessfor a scnnewhat
thiokersy?mnetricalJoukowsk.yseotionat 0° fronR & M 1315is
introducedforcomparison,Figure22 shcwstheboundaq-~er thiok-
nessforan elliptimlcylinder for 3 cliff erent angles of attaok.
(Comparealsofigs.9 and10~)

An dmportant case in thestudyof thebox layeris given
by theflatplatealQnedwiththeflow. Sinoethepressureon its
surfaoe is thatof theundisWrhed streamandneverthelessa marked
densityvariationexists,thiswouldtndioateaa effeotentirely
em ribableto temperature.

Figure23 showsthedensi~ fi8~&fora flatplatefortwo
differenttringewidthsand enlargementsof portionsof thefield
to showthedensityeffcotsin thebandaq layerfora Reynolds
numberof &lO,000~

Exaotinvestigationsof conditionsin thebox layer,under
whiohthetransitimfrcanlaminarto turbu@ntboundaq lqyertakes
plaoewillbe initiallyundertakenwiththelessobjecti.enable
aerodynamicarraiieuentsof thehig&sp’eedwindtunnelwithinform+
tionon thede~ee of turbul.eroeof thetunnel.A nmanswi~ then
‘bea%ilableon aocountof thelargespanof themodelofmakingthe
lsminarboundazylayeralsotisibleat smallvelocities.

s~bols :

P

P

T

v

v. A3WXTICAL XEIWJ50NS3ETWEENZENSITY,PRESSURE,

Vlmcrm,AND !m$’E!ERAm

pressure

density”

absolutetemperature

velooity

oorrespomlingvaluesin
disteme frombody

oorrespondingvalueaat

!

}

at a ohosenpointof
flowfield

undisturbedflowat a great

outeredge of boundazylayer
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4? P*P ., .,.”
~ “.,,;#..,’- -_-.r-....\..$

&l P- ~a (inpotentialflow)
::,, ,..,.

P -“:.p~ (Inboundary~er) ~~
., ,..,,

1.4forail+

,.., ,,--
. . . . . .,, .. .,

. .. . ...“...

.,.:

()M=g Mach-inambe~inun&~l@ f~” ‘“-.’” ,:
, ,:....’ ..

a velooity“ofsoundin undisturbed”flow““”

ProfessorSohliohtingshasWived at thefollo@ngsimple
equationsby an analyticalattackon therelationsbetweendensi~,
pressure,velooity,andtemperaturebasedon thegeneralequationof
state and the law of oonsavationof energy:

a) AtI low Maohntmbers.- Relationbetween

Relationbetwe.entemperatureanddensity:

.

.. . .. .
,

=;

.-—
pressiire anddens~iy:’

,... ..

,. —

Relationbetweenvelooity~d density:

(b)At him Maohnumbers.-Relation between pressureanddeneim

+.QK()
.

Pm” ‘ ‘
.-.. .

w

%ofessor SohliohtingIs publishinga ~peoial report on the v
theoreticalwork.
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Relationbetweentemperakreanddensity:

.

Relationbetweenvelooity

‘Frictionl.eskflowin

anddensity:
l-- 1

‘2

~ [OJ,

~
x-l

(K-1)M=2 2- p= “

15

whiohno energyexehangetakesplaoewith
themrroundingsby aonduotion,radiation,or oonveotionis assumed

d in developingthecalculation.

i 2. For theBoun&w Layer

Relationbetwe& pressureanddensi~: “

P- ps=o

Relationbetween temperatureandtlensity:

P - P~
T-Ta. PS-P --

Ps—=— =—
Ta P P - P~

l+—
Ps,’ .-

Relationbetweenvelocityenddensity:’”

2. “-2 pa-p

P-P~

Vz-va - 2 m 8—=— —=—

2
‘s (K- L)M~2 p (K=l)~21+~

Pa

In thisease,as campared
potentialflow,theassmnption
(Bernouillitqeqpa.tion)is not

. forit theusualhypothesesof
in theboundaqylayeris constantalori&a perpendicularto the-
surfaue.

to theandytioaldevelopmentfor
of conservationofmeohanica~energy
made,but thereismerelysubstituted
boundaw-1.ayertheo~ thatthepressure

.

“

As the e@@ion.for therelationbe~een thedensityandthe
temperaturein thebox layernegleotsa heattransfer,the
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0alcu&atedtemperatureM.strlbutionin thebounda~ layerwi11 give
valueswhioharetoohigh,

An evaluationof theinterferencephotographswasundertaken
fortheflatplateexenple(fig.23).

Figure24 showstheoaloulatedvelocitydistributionin the
boun~ layerof theflatplateforthesubstitutionof the
1/7powerin thetheoretloalrelationandgivesforoompaxisonthe
resultsof theinterfereiwemeasuraents~.

Figure25 givesth~cdoulatedtemperaturedistributionin the
boundarylayerof theflatplateandthetemperaturedistribution
resultingfrcmtheinterferencemeasurements.It can”be Seen’’thatthe
Interferencemeasurements,whicharea direct’expressionof the
existingdewity,@ve lowervaluesof temperature than thosewhlah
areoalaulatedsThisresultwasto be expeoted,as thecalculations
neglectw loweringof thetemperaturein theboundarg~er by
oonduotion,radiation,andconvection-Whetherthedifferenceof
thetworesultsgivgman aoo~te absolutevalueforthedecreasein
tempemtureresultingfromheatlosstillhaveto be shownbyexact
investigationsin the high-speedwindtunnel,

VI. OTHERPOSSIBIEAPPIZMTIONSOF THE

INT!ERIEBENOEMETE(ID

The featthattheopticalmeasuraentscenbe adaptedin a
completely inerti-freemannerto vezgrapidlychangingconditions
of’movement(fig. 26) givesentirelynewendnotyetperceived
possibilitiesfortheapplicationof theinterferencetechnique.
Thereareof interestin thisoonneot%oninparticularthose
unstatio~ oonditioneonwin$s~in whiohin oertaincircumstances
the train of eventsocoursfasterthantheflowoan follow.The
simplestexampleof thissortis theunsteadygrowthof lifton the
wingaoccmpsnyhga suddeninoreaseof theangleof attack.Test
results,whichgivea suimeryof the increase ofmaximumliftfor
suddenincreasesin theangleof attack(B5eneffeot),do not suffioe
to olari~ thecausesof thiseffeot.Thesemeasurementsalsodo
notgivemy informationon theliftrelationshipforsuddenohanges
of theangleof attaokin thelowerrangeof valuesfor CL, on the
locationof theoenterof liftandon theroleof theboundmy ~er
on theunsteadyflowoondition.

v

“

In adddtlon,ave~ importantandoomplioatedproblemis
offered by theeaseof theoscillatingwingby itself,aB well

—.
—
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as thoseof thewingwithfixedextende~flapandwithfree
rudderm

Beforethistherewereno methodsofmeasurementwhichoould
be usedto measurethepressuredistributionsimultaneouslyatmany
pointson an om?illatingairfoilduringitsmovementandwhich
would,in additia to Wis, alsogivedataon theootitionsin the
boun~ layer.

It is evendifficultto establishveW manypressuremeasuring
pointson a nO~l sma~ airfoil model fO??staticinvestigations at
high speed and to lead the bundle of’ tubesoutof thealrstreamout
to thepressuremoorderwiththe leastpossibledisturbsnoeof the
flow00naitiOnO,Theaooomp~shmentef unsteadypressurenleasure-
mentson en oscillatingtingis,hcwever,farmorediffioult.

The investigationof’suchproblemsposesno problemto the
interferencemethod,as everyinstantaneousphotographgivesthe
aoqpletepressuredistributionon thesectionandin thevicinity,
aswell.as thestatusof thebounderglayer. .

Previouslyconductedinvesti@ionson an osoill.ati~wing,
oarriedout withthewingsosc111.stingmovementin theair stream
set at 40 oeoillatioasper second, show, in a slow+notion f ilm~
changes in thedensityfield withevexymovementof theairfoil.
Eaah individualinterferencephotographoontainsalltheneoessaW
testdatafortheexaminationand evaluationof theconditionsof
flow. Beoauseof thiswe arepresentedwiththepossibilityof
ascertainingon theosoillatiingwingtherelationsexistingwith
regard to theruddersettingas wellEM tlm transmissionof pressure
waveson theairfoilsurfaceat highvelocitiesandthevariation
in liftandthecenterof pressurewhiahdependon these.

FQure Z/ showssomefMnge photographsfroma slow+nottonfib”
(seetheoriginalfig.27(a))of aJoukows@ wing osci13.atingat
n = 40 uyolesperseoondin an air stresmtitha velocityof 75 meters
per seoond.

It shouldbe vergdesirableto applytheinterference”teohnique
to theinvestigationof radiatorshapesforhighflightvelocities,
It is knownthattheresistancecharaoteristiosof axialradiators
withcutletson thefuselage.areqtitefavorablewhentheoooling
alr flow-exists’on thefuselagewitha speedgreaterthanthatexisting

. at thebuter’looationandthentiavelsalongtheremainderof’the
body. Until.naw,therehavebeen only oon$sotures aboutthe reasons
forsuohoffeots.appeari~in an unheatedradiator. Even premme--

* distrt’butimm%surements,whichcsnbe oarriedoutformanytest
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.

pointsonlywithgreatcqense, do notolarifythesequestions ‘
sufficiently,If theconditionsexisti~in theboundazy~er d

areoonpletelydisregqded. *. Q

Witha planeradiatornodeltheinterferencemeasurements
givetheo~e~l.1densityrelatiohs,that%s,thepressureandvelooi%y,
on theexternalbody,aswellaa at eaohpointin theduotlngand
thediffuserand,’in additionto these,dataon theboundazylayer
and of theinfluenoethereonof theoooli~ airflow. Thedevelop.
mentof a suitablenoseshapeat theerdwanoeof theradiatorfor
differentsizeof dustingandanglesof attaokcanalsobe undea+
takenby interferencemeasurementsIn a similarmanner, Xf the. ‘
oondltioneexistingin theplaneproblemarelawn, it is then
possibleto connecttheresults to the axially @metrical ease.

—

If theresultsof theplane probh are conneoted to themse 7

of’an axial.lysymmetricalbodydevelopedintoa plane,one will
oertain3y approaahve~ much oloser to thetimeconditionsthanby
a f’luwinvestigationof the spatialdensityfield(atzeroangleof .

attaokforeaahease), Beoauseof’thefaot thatthelightrays
passthroughdifferentzonesof differingand unlmmn densityin the
spauialdensityfield>a oertain uncertainty alwws remains in the
interpretationin patitcular.The investigation of spaoialdensity
fieldsis an importantquestionof theimmediatefuture. . .

Theuseof therepresentationof theproblemby theplateease
hasthegreatadvwatageof theWq,ufvooalnessof theconditionsand
theevaluationwhilein thepresentstateof developmentwe mustbe
oontentwitha fair)yinconvenientgraphtcalinte~olationmethodas
a Insaneof approximateon. !C4ereis,in addition,a greatadvantage

—

of the planeprobbm~ In that the interferencemeasurementsalso
~tee = iIMi@* to me o~tio~ ~t~n a bo~~ as forexample,
thediffhserad fl~ Passagesof muato~, an orevioesandbehind
interferingprojectionsinmodels and the like.

‘In thisway a nutnberof possibleapplicationsof the interfek
enoe techniqueoan be made to problems~ Which couldnotbe Undeb .I
takenWith pZWViOUS methodsOf 31kMS~ t* “

—

Figures28 to 31 show as d exeqplean NA.OAradiatorCUW1as a
planemodelin an airstreamof 75 meterspersecondvelooityin two
different configurations, onewitha somewhatextendedthoroughly
rouriiedhubandonewithELshortnormal(NAOA)slightsroundedhub.
In figures28 and 30 the air
is olosed by a plug. Figure
fringefleldwithouttheair
conditionsof flow for three

assage ie open, in figures29 and 31 it
h

*
a showsthe umffeotea interference

k
stream;figures(b},(o),and (d showthe
dZfferentanglesof attaok@, 4, and8°,

. .
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The interferencefringephotographsgiveInfoma.tionon the
flowconditionsin andon theradiatorcowland on differences in
the charaoteristios of the various - cowl shapesevenbeforea
nmeriml evaluationis undertaken.Withthes~le relationsgiven
ov pages9 and 10 theintarferenoefringephoto~aphsoanbe read
to obtaintheveloottyappropriateto eaohpointon thehub or in
theairduet, Referenoewillbe madehereonlyto oertaindi,fferenoes
whiohWe readilyobservedin exeminingtheradiatorconfigurations,
Inoreasedinflawvelooitiesoe.nbe recognizedIn theregionof the
nosefromthesharpbendsin theinterferencefl?ingesandtheir
ohangeswithangleof attack.The hubandmdiator oowloperatein
theclosedduetcaseof figure29 as an orainaqY B#ti~ to which
theflowcIonfonas.The expressionfollowsolearlythatas the
stagnationbuildsup in the obstructedair pass~e, the f~ around
theexternalbodywilltakeplaoeas if arounda regularseotion.

Figures28(.b),28(o), and 28(a) showthatthe inoreased.velooi~
on the extendedhuh is appreciablygreaterthenthaton theblooked
passageconfiguration.It canbe recognizedfromthis@t thetwo
nosesof thehuband of the radiator aowl set up theirown inde-

pendentflowprofileswhenflowtakesplacein the&uct, Theduet
velooi& seemsto be ~atest at a = 4°, whileat u = 8° a shift
in thelooationof thestagnat~onpointhas alreadytskenplaoe, At
8° theflowhasnotyet separatedat thenoseof theUOW1. ~~

In f@ures 28(b)and28(c) a distinot$xnpin densitymay be
reoogntze&on the suotionsideof thecowlbehindtheregionof the
maximuminoreasein velooim,whichprobablyrepresentstie
transitionfromthelsninarto theturbulentImundaq layer, The
portionof thetoun~ layerlyingbehtndthispointoanbe CIWWX
inte~retedas turbulentjustfromItsgreatthiolmess.The lsminar-
“turbulenttransitiongmintmovesfurtherforwardat thehigherangles
of attaok. The smooth portionof theradiator00W1is similarto a
flatplate. (Ccmparefig.23.)

Figures30 and.31 showthattheflowIs alreadyseparatedat
0° angleof attaokwiththenosethatis onlysldght3y=ded. The
differencebetweentheeasetithinoreasedvelooityover& outer
bodyand that with zero velooityin theblookedairpassage may be
clearly reoo~zed fromtheseriesof photogmphsof figures31(b),
31(0),.@ 31(d). The flowthroughtheradiatorwithshorthub
affectsthe externalflowin an appreciablystrongerma unsatisfactory
mannerthanis thecasePortheoonflgurationof figure280 A s-

. inoreasein thethicknessof theboundaryleyerendtheapproaohto
theertticalocmdition,wheretheflowwillseparatefmn theexternal.
portionof tbbody,is abwad,ynoticeableat u = 4°. l?i~-%30(d)
showshow theflowon the motion sideof the outerportionof the.
uowlhasalreadyseparatedat a = 8°.
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It wouldprobablybe possibleto obtatnthe desirable oondition
of no separation if theshorthubwas roundedoffinbetterfashion
andwae extendedforward6 negli~lil.ysmallamount,In thisease
theflowthroughthedwt would‘beopposedby theadversepeakprex
suredtsplaoementof thelonghubat thehigheran@es of a’ttaok,
It stillremainsto be shownwhetheror not the flowIn the last+
namedconfigurationremainson thebodyat thehighanglesof attaok.

As an additional examplein figures32 to 35 thereareshown
someinterferencephotographsof flowin a je’b=t~eradiatorwitha
verylargealrpassage.In fl@n?es32 and 33 theairpassagehas
a built-inflowdragplatewithhorlsontalslitswhtchhasa trans-
missionof’about50 percent.Figure32(~) indioates(comparealso
fi~.7) how the densityis smoothedoutto a nearlycmstant mean
value over thewholecrossseotiononJya shortdistancebehind
thedragplate. (All.of theiaterferenoefringefieh areentirely
freeof retouchiu!)

ThewOooity of flowat thevaz!iousppintsof theairpassage
canbe direotlydeteminedfromthedistortionsof theinterference
fringes.The ri@#x!u%iverticalseriesof photographs(figs.33
~a 39) ShOW* arran$mentwithan extendedflapin whlohan
appreoiableinoreaseof velooiathroughtheradiatorisve~ cleazily
seen. Figures 34 and 35 arethephotomaphsof theinterference
-S forfl~ -u@ me oPe~JetPUS~e With and without the
effectof the eoctendedflap.

*

.

Theseexamplesservecdy to showthesixqplemannerinwhioh
intetierenoemeasurementspezmltone to mrry outwith a tin.lmumof
expensefor reseamh apparatus(c)mean interferolneter1s available)
investigationsof this kind and to give a Qimpsa of the- phenomena
stillunknownsThe quantitativedatatheretofollowfromtheinten.-
i?eronoeevaluation.

Theapplicationof optioalmeasuringteohniquebeoctmesmore
urgent withtheinoreaseof flightspeeda~whilethesetechniques
havethegreatadvantagethattheyservetomaketheconditions
measurableandvisiblewithoutyermltthganybut theleastdlst~
banoeto thoseoonditims. By usinginterferencemeasurements,the
additionaladvantageis attaohedthatallpressureholesand tubing
are eliminatedon themodel and in this ww theproduo tionofwhat
wouldotlumrisebe verycomplicatedandexpensivemodels(oomparethe
modelswithpressurehotesandtubingforhig&speedinvestigations)
is ve?ymuohsimplified.It is also a measuring teohniqueof the
greatestvalue as eaohIndividualfringephotogrmhof a slow-otiori
filmmade at

testdata of
a highframefrequenoycontai-~thez%ord of allth~-
theconditionsbeingtested.
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lax. SuMMAm

A new typeof optioalmeasaringteolxdqueis describedforthe
simultaneousqualitativeandq~titative representaticmof dens_lty
fie3.dsarounda bodyin fluidfldw,whiohhasbeendevelopedat the
~A Hemann G&ing, Braunsohwelg.Theteohniquehasbeendeveloped
especially for the investigation of compressible flow in the high
speedwindtunnel.The resultsobtainedso farinprelhinazy
investigationswiththeinterferenceportionof thetesta~paratus
show,however~thatit is evenpossible to obtainat nozmalvelocities.
densttyfieldsaroundtestbodieswhiohareevahable,

Simpleanalyticale~ressionsgivetherelatlonbe~eenwe
densityas determinedfromtheinterferenceandthe~ressure,velooi~,
andtemperatureon thetestbodyand izaitsvioinity.Themethodof
evaluationusedforpressuredistributionis e@.ainedandtheutili~
of’thetechniqueis pointedoutby referenoeto a worked-pexemple
of theinterferencemeasurements.At thepresenttimeworkisunde~
way on theevaluationof interferencepatternsfordrag.

It is alsoshown thatwiththeoptiualtechniqueit is
possibletomakethebox layervisibleforthefirsttimeend
to obtainquantitativedatain theboun&uT layer. Because of the
greatvelooityof’propagationof I.ight$allof theconditionsin
thef’lowwhiohoocurso rapidlyoanbe reoordedin an entirely
inertiaAYeemannerby theuse of the opticalmeasuringaman@ment.
Becauseof the possibili& of investigatingconditions,whiohwere
who~ outsidethe limitsof the previouslyavailabletechniques, the
optioalinterferencemeasurementis presentedwitha seriesof new
probhms inadd.itionto manymoreZossibleappldc?ationswhichat
presenthavenotas yetbeensurveyed.

Translationby MortonJO Sto21er
NationalAdvisoryComnittee
forAeronautics

..
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Figure 1.- High-speedwindtunneloftheHermsmn GoringAeronauticalResearchInstitute
atBraunschweig.
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Figure 3.- Angulardisplacementattheinterferenceapparatus.
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Figure4.- Spatialdensityfieldarounda burningflamefortwo-
directionalfringebulging.
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Fig~e 7.- Densityfieldofcircularcylinderinairstream.
D = 25 millimeterq; v = 75 m/s; L = 170 fiirneter leng~”
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Figure8.- Pressuredistributionon thecircularcylinder.
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Figure 9.- Densityfieldoftheellipticalcylinderforzeroangleof
blattack.2a = 80 millimeter;; = -c~, L = 170 millimeter;v = 75 m/s.
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Figure10.- Densityfieldoftheellipticalcylinderfor a = 8°.
bl2a = 80 millimeter;; = ~; L = 170millimeter;v = 75 m/s.
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Figure12. - Pressuredistributionon theellipticalcylinder
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a = 5.7°

Ia = 13°

t = 120 mi~meter13. - DensityfieldoftheprofileG: 387.
wing chord;L = 170 millimeter span; v = 75 m/s.
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Figure18.- DensityfieldoftiesymmetricalJoukowskyprofile.
t= 90 millimeterwing chord; L = 170millimeter sp~; v = 75 m/S.
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Figure 19. - Densityfield of the symmetrical Jou.kowskyprofile.
t = 90 millimeter wing chord; L = 170 millimeter sP~; V = 75 m/s~
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Figure 21. - Boundary-layer thickness on the Joukowsky profile for
u = OO; 4°; 8°.
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Figure22.- Boundarylayerthicknesson theellipticalcylinder.

v=75 m/s;}= ~; 2a = 80 millimeter.
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Figure 23. - Boundary layer formation on a flat plate.
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Figure 26. - Unstationary density
Time of exposure,
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fieldarounda burningflame.
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(a) Original photograph.

Figure 27. - Oscillating Joukowskywing in air stream. n = 40 cycles
per second; v = 75 m/s.
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Fig 28
Open a=8° Closed , Fi& 29

Figure 28. - Interference fringe field of flow fora NACA radiator cowl
withextended hub, with open air passage; v = 75 m/s.
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Figure 29, - Interference fringe field of flow for a NACA radiator cowl
with extended hub, with closed air passage; v = 75 m/s.
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Fig 30 Open a=~o Closed Fig. 31
\
Flowthroughtunnel

Figure 30. - Interference fringe field of flow for a NACA radiator cowl
with short hub, with open air passage; v = 75 m/s.

Figure 31. - Interference fringe field of flow for a NACA radiator cowl
with short hub, with closed air passage; v = 75 m/s.
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interferencefringefieldofflowina jet-typeradiatorforextremely
largeairpassage;v = 75 m/so

a=OO
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@ 32 a=8° Fig. 33

‘ifiout ~ ‘ifi
Extendedflap

Figure32.- Radiatorwithtransmittingdragplateas coolingblock,
for a = OO; a = 8°:withoutextendedflap.

Figure33.- Radiatorwithtransmittingdragplateas coolingblock,
for a = OO; a ~ 8°;withextendedflap.

.

Fig. 34

Figure 34, -

Figure 35. -

a=OO Fig. 35

‘itiout ~ ‘iti
Extended flap for open air passage.

Without extended flap, for open air passage, a = OO.

With extended flap, foropen air passage, a = OO.


