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AB8TRmc: The followang m3portifIOOIMMITWLIwith a ~thoa fOr

the approxtznateoalouktlm d ccimpretwlbleflom
alxmtpmfilos with locslmgione of mpemonlc
Velooib. The flow nrounda slender profileIs
treatedas en exempl.e. .

Omwm : I. Ste3xmmt of the Problem.

II. Surveyof tie !Wtm!lused.

III. Cslcul.atlcmor the Emr@e.

IV. ApproximateTreatmmt of LocalR@ms of Supermkk
Tel+cZty. .

P, Smtrloal and
Flow.

VI. Smmary.

Un-trlcal. Ro@ne of Fhpersonlc

Severalmethodsare knownfor the calculationof compressible
flows at Iii@ subsmlc velocities.The resultingapproximate
solutionsam qtiteU5efulas long as SomilVeboity Is not
emeeded.at any petit of the flow fteld. However,apparently~
theseapprmlmah calmil.atlons,wltboutexoeptlm, oes4eto
oonvmge or to render usefulflowpattmm IF the cmdltim of
purelysubsmic flow is no longersatisfled. Moreover,numerous .
testsb windtunnelscm”irmed the resultthat the reconversion

*%erechnungkompmmslblerSt#lmmgen m.lt?klMchen ~er-
scheJJfeldezn.” 7atrale f% wissenschaftld.chesBerlchtswesem
der Luftfahrtforsohungdes ~er~uftzeuguelsters (?M13)Berlln- -
Adlembof, Formhungsberlchtl?r. 179+,13erlln-Mlershof,b
7. August191+3.
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Of 10wQ sqpersomioflOWS intosubsonicflowsla - flows
takesplfmenot steadilybut ~m9Uy by mesns of a Gmp3meslcm
shockwMch completelychengesWe ‘tie flow pattezn.1 Ther-
efore,the quemticmarises*ether a continuous pzmoeseflwm
supersonic‘% subsonioflow is at all possiblefor bcdiesin
parallelflow,even tiou@ the foxmatlcmof a bowhry xr on
the surfaoeof the body is at flvstne@.eoix3d.

An a~~tlon methodwas testedh the IWL in orderto
d.ari~ thesequesttons;thismethodmakespossibletlm oelcul.atlan
of flcnistilih100alregionsof supersonicTelocity.

The developmt cf the methodslxu+edfrcuuthe faot”thatthe
3mownapproximationmethcxl~for cornpreseibleflows,whichare
withoutoxoeptfonbaaedcm a step-by-EItoptiprmer.entof the
inccmpref3sibleflow,=0 quiteappropriatefor the limiteddaaain
of the pure submmlo flov exta frcm infinityto the sonic
valooltybwmlary in We flowfieldne- tie body. However,
for the regionof th 100alsqx+rsonio.TOW a methtibasedon
the propertiesof wlpereonlcflow wtll be subsequentlyusd, as
for instancothemethodof chsunaoteristicsof Prdtl-Busamnn.
Acmordhgly the partialareasof supermmic and subsonicflow,
respectively,are caloulr.tedwparately by differentmethods
whichin cmoh case am treatedaocordingh the peculiaritiesof
the partlsl.flow ti be calculated.The partlulflowsthatwere
thus detezmlnedmmt then“boJoinedin sucha manner&at the
flowsagreecm the surfaoeof contactof the two re@ons, that is,
on tho sonicvolooitfb~, tithrespectto maguitu&eas well
as to directionof the velocity. ITigure1 showsa sohematlc
rep?.wsenteticnof the boundarybetweenthe two flowareas.

1. Submnic RegionwithZkM21.PcmlmrbationVelooitles

Pradltltsrulewill repremnt a goodapprcx5mationfor a
greatpart of the outeraulmonicflow area, shoe the perturbattcm

. velooltieacausedhy tie proffleare m&lcienWy smll L2 to
mme rlislxamefrcdnthe sonicbox so that tho amnmptionsof

% amount will be takmnhere of flowswhich ~ightly exoeed
so- velooltybeoausefor thanthereIs no certainuay cf
d18ti13glllShlIlgb9tWe~ a EltO* tJ?SZISi.tiCZlEd 13C-SSiOIi
shock;neitherby pressure-distributionmeasurementts nor by optloal
observations,for instanoeaooordingto the sohliera method..
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PrandtJ.Qs approxlmtionare rather well satisfied.The mibamlc
... flow of thts raglan-can,of course,not be obtainedby alnqly

distorting the ticompressible flow around the profile according
to R-tit 8 tie. First, the localsupersonicvelocityflbld
requtresessentiallymore spacethan the subsonicflow. The
outer subsonicstzwdlnes, therefore, are widenedOUM not
X W W bdy in the flowbut E&soby the additionaldisplace-
ment due to the supersonicwed.ocityfield. However,thisadditional
tiden~ of the stre~inea b~ the sqermntc velocityfieldcan
only ai’’factthe subeonlcflowlike a nmdiflcationof the bomdary
c&tlons at the sonicveloGt~ bcmdary; sucha mo&lfication
may be representedIn a slqilehay by sourceend sinkdistributions,
dipoles,end so forth.

2. SubsonicRe@n withlE!i@Porlmrbc?ticnTeleclties

As mentfonedbefore,the put cf the m~bsonlcflow%tiichhas
to he celctited accordingto T’rendtldocmnet extendas far as
the sonicboundary;it onlyreachesup to a lmm.i~mylinonear
the scnicbounderyddmrmlned b~ en ~eed suffici.ontlyemaU
valueof the perturbation+Wtties. (Thinbolmdaryltne Is
representedin fig.1 by u d.a&hedllno.) Thctcalculationtor
the re@on from th:sline ta the sonicvelocityboundarymust
genoreUy be carrlodout by an Improvedsulmcnlcmethod. A
numorlcalmethodof calculatlcmseemsto be particvllarlyappr-
opriatefor Wis Intezmodia.tere@on. The ov.torflow according
to Prendtl,whichio assmnedas kown, w by thl~mothcdby
ccmtlnueda littlefurther,namelyup to the sonicvelocl~
~.

.

One assumes, for instance,that the flnw field2s coveredby
a rectangular@d cf selectedpoints. The velocltyc~ ts
v= and v= at thesepotitsin the outerfieldsse ‘knownfor
each cam according to. PrandtJ.ta approximation.Then the
velocitiesat the innergridpointsmay be calculatedfmm the
knownvaluesat the outer@d pointsif the differential
quotientsvhlchare decistvefo~ thiscontlxmhionem appro-
ximatedby the correspondingdifferencequotients.= Fi~we 2
shallbe consideredas an exmuple. hW@ttie and directionOf
the velocitiesat all gridpointsoutsideof tie boundaryllnes
are asm.medas lmown. The alr dens~tyshallbe knownalso.
Then the exactequationsof the contlntityend the frrotationality
exe, for the indicatedgridpoint ‘2W:.—

21 wish to e~.mss w themlmhere to Dr. H. Schubert@
for his s~stion to treatcompressibleflo’rsaccordingto
the Mffezwnoe method.
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or, in the notationof differencequotients:

If cme assumes
th9n As = &-
j=fl-l~w:

7

}

.J!

v= - Vx
-1 L

73 - Y1 o

the grid to be quadratictith
and the equationegtvenabcwe

l!’rcanthe seccmd
CcmlponentVYA

equationonG lmedlately obtdned the veloolty
at the petit A, whilethe firstequationgives

A

meshesof equaltldth
are dmplified as

VX2 x bA 4 + ‘~ x ‘v~& 4 = ‘V72 XA,
7,1 - P2 x AVY3,1

) (la)

{m)

a relatlonbetweenthe velocltycczuponentv~endthealr

densityat the pointA. Velocityand nlr dqnsi~vare ccmnected
in a ~iihercanplica= way by the adiabaticrelation

&=[-:?:.(;flEk C!
—’

(P. here representsthe alr density~n the gas at rest a* the

mitical.soundvelooity). !l%exwfore,it vlll.be practioalto

use the linearizedr91atiao & 9 .% Av insteadof the exaot
funotlon,tie errorbe@ negligible,beoanseof the mmll tidth
of the meshe~:
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The velocityccmpcmeat~Vxh ant V74- for the new @d point A

arc tire, accmdlng to the% cal&l.atbns,frm eque,ticme(1b] and (3).
!J!hereRnw the air densia also is lmownaccmdi~ to eqwation(2).
Thus the Intermediatezwgicmbetwuenthm subsonicflow with mill
pertcrbatlonVelocitlos(celculattcnaccotilngto Pran3tl)emd
~e~w~ede~ end the position& the tic
velocitybmndu~ and the velocitydirectim alongtkatboundary
willbe obtalnodas finalresult. It willhave to ho further
invewtl@ed whethera oalculatianof the wholem..elwonloveloci~
fieldkgmndtheeonlcbcundary uptotha aurfaceo?the bodyby
thisdma WOUM be prtitlcal. In tiemain,the time spenton
the calculationf3end the aocuracyof themethodwhichhas been
develqmd here u catraaterlwith & ~thd of oharaOfkdfilCS

of Prandtl-Busmenq will have to be ccmsfdered.

The Mfference method whichhas be~ develo~ here doesnot, .
however,pezmita btartcf thenumericalcalculationat an arbitrary
Mstence frcm the Mdy in the flow for a% a very greatai6tan0e
from the body the calculaticmwouldnot be sufficientlyaccurc.te
sincethozncahescf the ea w.uldbe too small. This condueiau
can be Lawn flxmthe factthat at a greatdletcncethe flow about
W bQdY ~~~t ae~ fomes can be replaced,e=ceptfcr mutll

1.– —— ---- — --- -
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dtiatlons, by the flow fteld&ound a aln& dipole. It is.._
preciselythe mall devlattonsfrm the dipoleflow,whichexlet
even at the ~ateat dietance,thatpetit a continuationof tie
flow,for Indxmce accofiingto the differenceMthod, not about
a cylinderbut ezmundthe speolalprofIle.

Etwn the calculationsdescriWd above,whichwerecarried
out in the mibscmicarea 4cc0~ to Pr8Mtlts rule,or ~ the
dlfferencomcthcd,the Mznd=’y llnsof We supersonicvelocity
fieldwas obtained. The veloci~ alongthisMm equalsthe
soundvelocityand the directionef the flow at eve= pointof
this llne la known. The next problatnconsidm in Joiningthe
correspondingsupersonicvelocityfieldto thisboundaryline;
for Instance,by the method af chmterletics of Prandtl-
Busemsnn. Accordingto ‘&emethod0? CharactsfisticsIt Is
lmownthat the changesof stateoccurringIn a supersoni~flow
are manifestedin e~sion cr cmqpressionwave6. Therefore,
when the flowpassesthrou@ tWee Mnes of disturbance,the
flow velocityand the flow Urestloriare mdlfled by definite
valueswhichcem easilybe d.eterdnedfrcm the ~phicall
representationof the chamcterlstics,= It cen be inferredfrom
the contitionof constnntvelccity at the sonicb- ~@e
that two wavesnuzstoriginateat everypotntof the Q@2c $pund~,
nsmelyu expanaicmend a campressfonwave. (Seefig.h.) we
~elocitydlrecthn Jumpsfrom one startingpointof thesewaves
at the sonicboundaryh the next by a fixedmount for eaoh case.
Sincethese13tartlngpointsof the wavescan be shiftedin .eny
way alongthe sonicvelocltyboundary,the ‘be@nn3ngof a
graphlcslrepresentationof characteristics~ be drawnfor
w @ven dlstrlbutlono? dlrectlcmon the sonicbmmdary.
Llkewfsethe startingpointsof the wavesw be ahlftednot
onlyon the sonicboundarybut also towardspointsoutsideof
the sonicboundary,so that the gmphicel representathnof
characteristics~ be ad$mted to any shapeof the sonic
boundaryline. Therewithit has been demonstratedthat at least
In certaincasesthereexistsa possibilityof continuingthe
subscmtcflow into a correspondingsupersonicflow;fim.sllythere
resultsthe new profilecontourof the body in the flow.d
.—

%mpare L. l?randtl:“hhrer durchdie Str&nm@ehre. n -
VerlagVioweged Sohn,Brmmschweis (1$$+2)S. 257 und folgcmde.

4Da order to render possiblesufficientlyaccuratedmwings
of @ds of characterlaticsfor 10CCJ.supersonicvelocityfieM&}
a graphicalrepresentationof cktorlstics with en Interval
of 1/5° has been completedat the DVL; copies~ be obtained.
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III.CALCULATR)FJ(IFM E8.AMEW.IMIRAK13U3D..-.
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smmscmc-EmBmrlIcmow -

A Wn@e exemple till demcmstrate the cdmblned
calculationmeth0af3for VEU50usflow re@cmQ. The

. . . .

effectof the
velocityfield

for a two-dlmemslonalslanderboi& wa~ ietezmfnedin the _ty
of the body by means cf ccmformsl*fomaatZon end tl10aseooiated
distortionaocord~ b Prcmdtlfor theMaoh nmber M = 0.86.-
Thus thereremflteda sonicvelooityboundaryae Moated in
figure5(8). ~ls -O bolq, titoh-S Obti~ti !10001’d~
to Prendtl?smethod,couldbe furtherimprovedby mnttnulng the
flOW st~ by 6@ to thq _ed S-C vdooity boundnry;one
wouldhave to startfrom a kounda~ ltno ti.thmr!?flcten~small
perturbationVelocit?oeusl.ngthe dlffmenoe uethoddescrtbed
above. This corzwcttonof the sonicv910citytmundorywas at
firstdime piled for &he mk~ of simplicity,Ehoo in ~encral,
It can be neglected. for t.hobaslo ctilculatbmi plmne3 for this
report. I& mecne of tie directionsof velocltyCJ.W the sonic
boundary,thencb c,fcharaotertaticsfor the supersonicflow can
be drawnso that the contourof the body In the flow is a etreem-
llne of thfo snpevacnlofield. only expansionwavesstsxtfrom
thr surf.aoeof the body,whilecompressionwaves,whichare
necessaryfor a reconversionof the supersonicflew Intoa sub-
sonicflow startWIthut exceptionfrom th9 sonicboundary. Th5s
behavlourIs an esmntlsl orlterlcnof the m-d Gf chaiiao’%#.sties.
The mannerof .reconvershnof the supersonicintoa submnlo flow
(that1s, for ins’-e, whetherQteadilyor b~ m9ensof a cam-
presslonshock)is decisivelyinfluencedby the sonicvdoclty
boWld@cy.

Of coursetthe contourof the body at the to-ml.cmyof the
supersonicf’lel.dtilchhas beem determinedIn the foregoing
calculathn of the -e can not colnoidewith the mntour of
the OMZ bdY wiOh w ofi~ diS*a 0,0003xLIIwto
Prandtl,slnoethe supersmxl.cfield,bcoaueeof the e~sia
of the air, reqtllres mm spaoe than the flow fieldwhichwas
distortedaocordingto X5mndtl. Thereforethe eurfaoeof the
body in the supersonicregiontillbe flatterthemthe euzWaoe
of the original.body in orderto setlsfythis inoreasedneed for
spaoe. The outersubeonlcflowmust be adjustedto this Inoreased
need of spaoeof the ~rmnic fieldin orderto obtain+he
ori@nal oontouras the resultof the calculation.This adjustment
may be made by replaolngtho mpersonlc fieldwith dipolesor
souroe-slnlgdistrlbutfons,uhlchwill widm the streenil.inesof
the subsonicre@on originallyobtained~ Prandtlssnm+~. The
stren@h of tits source-sinkdtstrtbutlon18 known~ the
condltia that the -o ~ioh Is to be addedhas to covertho
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differenceof the flow densityin eupersonloflow ad flow
accting to Prandtland thatthis spacecorrespondsIn
ms8ni* to the fl.8t_ of th9 ori@nal body whichresulted
In fl~ 5(8). By a etcp-by-stepa~roximationthe contour
whichremits at the end of tho culculat~onmay thusbe
adJustedto th9 desfredccarkmr.

However,the example treatedhe= alreky pezmitcthe
conclueicmtkatwhen the localsomxl%eloc?!tyis oxceefledthere
existsolutionsti’& reconversionof ‘A1310083.mpermmic
velocitiesinto sulmcmicvebcitios ‘titioutcmp~wsshn slmck,
at leastin fricthrileesflow.

The pressure dlsixdlmticm %Mch we.sfo’lndfor the emmple
treated..is cmqmred to the premnuw RistrilxrW.muf motbar
slender”body (fig.5(b] whiohwas deterninodacc~lili.n<‘b the
smnelaw of conformed.mappingcnd ehcul~-a well wi+~ the
body nf the exsmple. (Sueft~. 5(a). ) Tha e.xtrme f’latiess
of the preamre tlstributionin the svpersorlcre@on In a
specislcharacteristicfor the lmdy with localrecionm~ super-
EOlliCveloci~. This lmha~.ourcmrespnnds to the strong “
curvatwe of lb ccntourof the body immed%stelyaf%r the
flowhas cntm’edthe supersonicregion. Ihm to this lar~e
lo5elcucwature,the body?3in this regionwW_ ps-oiiuceevcm
“forIncompressibleflowhf~er nege.tlvspreesureathm the
body A. For titsreasonthe two presmre distributionswh:ch
verc graphlc&llYrtprosentcdcmnot ;}~5irectQ compared.

Iv. APl?R(nsm4!i!iTEM!MWC (U’L4XMLFW.210NS

m SWUMONIc VELOCITY

The reprcsentat~ons of Charac’*ristics ccmldered thusfar
wem notablefor the feet that expansionor ccmpresakm waves
running in the seinedirectionnever ktersect. (Compsrcfig.5(a).)
An inlmrsectlngof wavesrunn~ in the mme iKrf3cti\m5s bas5ceUy
impossiblefor c~eion wavessincesuchwuvesalWE dive~
fhmm thelxstartingpoint. But caupresoionWivesconvcmge;there-
forq theycouldwell folmlan -iOpe and causea c.ompresslon
shock.

Swh werlappingsof waveswere foundfor the ssmph body of
fl@re 5(a) *&n the free-sin-emu velocltywas increaoedfrom
Mw0.86to M= 0.$10.The c.cmotructhnof tha o~sion wavm
wns startedat the sonicbomlary (In oppositithto their actwil.

direction}and slree.dyfor theMach number M = 0.86 (acco~
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to figure5(8)) led to a preesingto@her of tliee~icm
tititin&&-’M contoti;fotitheMach nudmr M-= O:gO.they “
ran intoeachotherevenbeforereaoh~ the mntour. TM6
conddticmIs physicallysenseless,that 1s, a symmetrical
soluttonfor the sonicboundarywhichwas fouud‘accordingto
the lndicatd scheme1s, at thitiMach number M = 0.$?0,no
longerposstblo. b this easethe “expansionchock,‘.’according
to a mndderatim of Prand+L,ratherwilldissolveintoa
-W of ~~mt =w-~~ =Ves =W-t45 at the om+xmr,
while the caqpresdon shock~ich limitsthe supersonicma
persistm. b $hismsnn9z”~ oasu obtainsthe flOWpfdXl??S
fou@ fromnany testsfor. which the local supersonicflow 18
no l~er reconverted. into thb subsonic flow thmu$h a continwms
phencmemonbUt ~ MOSZISOf a C_SShl shook.

The precedingtreatmentwas &se& upon the sonicveloolty
bound= line whichwas obtainedaccord’- to Prand’dsQ rule
withoutadditionalsource-shk 15d19swhichwouldhave corre-
sponded% tie ~mxter ~65 for spaceof the S’dper3~iCrebticm.
The reeul%lngsolutionwhich=s physic~v senselem might
~wllbe causedby the pez%apano Umy3r c~mprlate cclnditione
for the etistemoeof the sonic velool@ bomdary line. In order
to obtelna clearerview mm considersthe 11.mlt~ case where
th~ e~anslon wavescanver~ exactlyet the contovx. A flow
srounda comer develops,as repremnted schemctica12yin
ffgrre6; in the supersonic recIon sucha flow is poosihle
~ltihotiflow seperc.tlcms.NI13 amunpt~.onemd a @ven sonic
velocltyboundal~offerthe supersonici?@~ tho opporknfty
to fIll.the largestpossiblespacewithoutconcavecurvatureof
the body In the supersonicdomain.

An admissionof concavemmfaoes wmld presupposea sonic
velocitybgmdary whichcouldno lmyyn?be producedfnxu en
incompressibleflow abouta pnf fle tithoutai!!ltionalsmrce
and sinkdistributionsin placeof the suprsmic region;or
else mM3 wnildhave to -p the ccmditionof flow syzmnem.
Figure5(a) demonstratesCle=-lyhow the surfacealwaysshows
a convexcurraturewhen the inccmingwave is a colqpreashnmwe,
the outgoingwama sn _sion wave. Homer, for the oppoeite
conditionof conoawecurvaturein s-trioal flow the comb3FJ
In of an expansionwave end ~~ out of a c~resgirm w6.ve
wow resultin the amissionof e~sicm wavesfrom the sonic
bow in both“cases”.But en expensicmwave%fiichstarfmat
the scmicbomdary caonotbe obtainedby si@y exc~ the
conqymssi~ smi e~snsian waves,for in3tsmoeaccordingto the
di~sm in figurek; for theremust slwsysfirstappearan
expenslcmwave end thun a compreesicawave in tho directionof
the flow at the ecnicvelcoitybox, becausethe flow can
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pass fmxa ~ sonio~ Intothe ~rsonlc regl~ only
by means of an ~ion. An expaneka wave etxmtingat the
sonicboundaryIs possibleonly for a certainshapeof the
cornersIn the ~pblcal representationof Ch-terl sttcs:
two expausim wavesmm sentout fmm the cornerslnmltmeou.sly.
(C~are fls. 7.) There 1s, however, a cmullticm: the sonic
bo- in this re@3n mat takea steepercoursetkan tho
expansionwave whichis hclined towardthe Urectlon of the
flow%y theMach angle. The stre~ throu@ sucha comer
pointliesbetweenthe _slon waves,whilefor a nomal corner
it is tangentto the apex of the triangleformalby tie eqmnslon
and Compressicmwave.

It is an Importantcrlterlonfor the comer with two e-ion
wavesthat the stremil-inesbemnnesteeper,not flatter,with
Increasingdistace from the body;otherwlce‘&e flowwouldnot
fit together aftertransitiontlnmu$ht‘&e twa e~msim wines.
This remaltagreeswith the fact that in a symmetricalsupersonic
regionalso the directionof the streedinm growssteeperwith
Increasingdtstencefrcm the profile. The oauseof titsphermmenm
Is thatthe stmoeaillnes(becauseof the mad.mumflow aenslty ELt

SCZIIO velodty) m closestto each other at the scniobo-
whilethsrewll.1be the ~atest Us-e betweanthem for the
sqpersonlc region at the pointof maxlmn veloclty, that is,
generally,at the pointof ~atest tbiclumssof tlm body.

Such distrlbutiomof slopesoccuronly la supersonic regions;
they are not possibleIn subsonicareasfor a flow aboutbodies
With convexcontours. Thereforeit is nnt surprislnRthatthe
sonicvelocitybom&u?y, ~ich was obtainedby distortionof the
Incumpresslhleflow aboutthe body,willnot load to a useful
supersonic flow patternas ~ as theroare no sQ@.arlttes,
as for instancesource-sinkdhtrlbutlonsh the Incompressible
flow~ means of whichthe effectof the Increased.e~sicxi of
the alr In the supersonicregioncan be calculated.

Rwently a metlmlIs tinder fnvestigatiain whichtie sonic
velocitybomdaq ~ be adjustedto tho incrsasodnceil for
spaceof the supersonicflowby ~t of singulsrltieein
the flow;the resultsof thesetivest~gationswill soonbe
publishtiseparately.

As statedh tletaflIn the precedfngchapter,concavebody
surfacesin the superscnioregionare @endent qpon the pcxtfcular
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type of oornere in the
by tm mmIEIICUJ Wyee.-. .
(cCmporefig.7.) The

net Of chaaucterbtfcs whtch
@art~- fiwn a ppj@Ftof-thq
atlpuiatlcni.of”now eynmet~

IL

16 Chamcterized
SonicbolMazy.
then almsee

compresaicmwavesto start-fromthe cormepcding pointsof the
Can-knxrw?dchIn turn causethesecmspresslonwavesto proceed
towardthe sonicbom in ~. Sincethesec~reaslon wawes
tich startat the cmntour+ -s converge,such solutlonsare
possibleonly as long as the radiatedccuqpresslonwavem& not
Intersect;otherwisea mmpresslon shockwill develop. Therefore
the exLstenceof symmetricalflowswithlocalsupermnlc regions
caanotbe countedupon for H&X@.Y concavecwvatures or for high
Mach nwibers,becaueethe ccmpresmbn shockwouldpresupposea
synmetrlcelexpansicmshockIn a correwpxdi.nglocation;this
e~slcn shock,however,10 not physic- possible. “

Ezceptfor the specialcasedescribeddxwe, eqpersonicflows
on principletend tawmilflow m- as wi~ be shownin the
examp~crcpreeentedin figure8(a). There bdll flways developa
mt~lc~ flOW ~~ ‘thewall-with two cheruymIn directionfor
incompressibleflow wltlumtseparations.It 1s, however,knovn
that for pure supersonicflow the flow al- the vm,llis ~rtrlcd
(fig.8(a) ), if no tittional guid.inB sm~aces exist. Conditions
of symmetrycen be achievedthror@ calculationsfor themixed
subcotic-supersonicflow aroundthledoublecormr: the outer
subsontcflowat the sonicbomdary wi12 s~ly themissing
f3ynmwtricalboundaryconditions(8s for the exmqplein fig.5(8)).
But lt doesnot appearimpossiblethat sucha mixed mperecnlc-
subsonicflowwhichhae beenmade symmetricalby the outersubsonic
flovq be unstable. Sincethe subscmtcflow IS producedby the
form of the obetaclein the”flow it vfl bc symnctricalonlyfcr
a symmetricalobstacle. On tho otherhand the cuterflowtillnot
be synmetricelfor an unsymmetricalobstacle,as for Inslxmcea
qtfic~ ~ titi a loca superso~c regionad a ccmpresshn
shock. ‘lhezwforqIt seemsvery doubtfulwhetherthe outerflow
%tmsefcxm io decisivelydetezmlnedby the fomn of the supersonic
region,will tn turnbe ableto reshapedecisivelythe sqpereonic
flow ‘byforcingthe symnet~ conditionsupon itF

A confhnationof the noneymmetryof the symwtrioaltypeof
solutlonwoulderplalnthe occurrence of unsymnetticcleolutlone
with corupresslonshockswhichhas been observedm tests.

On tbls.occassm I shmildllkm to pclat out that a swQMtrlcal
supermnlc flow also cmildbe ~eted for the slmgl.ewall repremmted

6A eolutlcmof this stablllty problem W be obtainedby
assmlng a mall.uneynmetrlceldeformationof the scmicboundaryand
by thenobserwlngwhetherthladeformationlncreaseaor dlmtniehes.
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In figure8(8]
ccmditlcmsfor

WMch IEIphystml.ly not realbut satisfiesthe
Potsmtialflowswith rem to Colrklntdtyand

irrotationa.ll~-as well as Bernoulli~S-equatim. Thts fiow Is
repressmtedam figure8(I)). Such a flow,as is well lmown,is
phyEicalZyzmalfor the reasanthat a dfat~-bancecan not be
tranmdtted~stream in supersonicflow. l’orsoltilons%Wch
were obtainedanalytfc~ it must, therefore,alway~be eqeclal.ly
verlffed~ether thisadditionalcmndltionhas been satisfled for
the supersonicflmf.

VI. sum’lA3Y “

1. A methodof calculst~ the approdmate velocityfteld
for ccmpresslbloflom tithiooslre@ns of supermnic velocity
has been prwmnted. Startingfmmathe flow at a 1- dlstence
from tie profilodetemined acmmdlng to P~aultdSsrule,this
outerflow was continuedto the sanlcvelocl.~bmzdary by mesns
of a nummlcal methcd;themethodcf charao$erist?caof Prendtl.-
Busemmn was appliedfor contimatlanbe30ndthatbomdcryo These
calculationsresultf~~y in tlm cantourof the profileIn the
regtonof superoontc 7elooity.

!2. It has been ikmnstrated In an examplethatnixed subsonlc-
supersomh flowsabcuttwo-dimensional.Imllescsn be calculated
wherenet only the transitionfiwm subsonicb supersonicbut slso
the transitionfrcxus’~ersonicto subsonictakes@-acecontinuously,
that 1s, vithcutQresmzrcJ.=.

3. Ho physically real localareaof supmmcdc velocl~ could
be tletezmlnedfor the emmrpleconsideredhers when the mnnd
velocitywas far exceededbecausethene-ion or mmpresshn
ShOCkSoccurred. However,thereis a pro~ct of calculatingmixd
flowsfor suchcasesalso: beforestartingthe celculatlmone
wouldtie furtherto extendthe outersubsonicflowby maansof
marce - sinkdlstrlbutions;In thisw tie greaterneed.for
spaceof the supersonicvelocityfieldmild be satisfied.

4. The symetry of +Ae localU9a of ~rsonlc velccityfor
mixed suporsnnlc-subsonicflows~ be enfarcedby the outer
subsonioflOW. Since,however, the outsideeubmnic flow in
turnmust be producedby the profilein the flow or by the 100al
area of superscmloveloci@, tie amqptton seemsJustifiedthet
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often only an .gmtable _trioal flow c= be ~duoal by the
outoidesubeonloflow;~ thisuuata~e synmetrlcalflowwtld.
turn won at mmll dlatur’banoesIntothe uneymuetrioalcasewith
campreealon~oka.

Trana.lated by Mary L. Mehler
HationalAdvit30~Conmittee
for Aoronautlos

.
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Figure 1. Schematic representation of the flow regions for inixed
-supersonic flow.
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Fig. 2 NACA TM No. 1114
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Figure 2. Partitionof the flow fieldfor the difference



.NACA TM No. 1114 Figs. 3,4
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Figure 3. Relation between air density and velocity under the assumption
of an adiabatic change of state.
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Sonic velocity-Boundary
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Figure Sa. Grid chacteristics in the local supersonic region for a two-dimensional body
B (relation of thickness d/1 = 0.0715 at the Mach number M=O.86.
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Figs. 6,7
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Figure 6. Mixed subsonic-supersonicflow about a body with plane surface’in
the supersonic region.
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Figure 7. Schematic representation of the two different kinds of wave
radiation at the sonic velocity boundary.
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Figure 8a. Supersonic flow about a double corner.
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Figure 8b. Symmetrical potential flow with su~rsonic
velocity about a physically not realizable

free-stream
double corner.
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