UNCLASSIFIED

AD NUMBER

ADB804053

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Di stribution authorized to DoD only;

Adm ni strative/ Operational Use; JUL 1947. O her
requests shall be referred to National
Aeronautics and Space Adm nistration,

Washi ngton, DC. Pre-dates formal DoD

di stribution statenents. Treat as DoD only.

AUTHORITY

NASA TR Server website

THISPAGE ISUNCLASSIFIED




Reproduction Quality Notice

This document 1s part of the Air Technical Index
[ATI] collection. The ATI collection is over 50 years
old and was 1imaged from roll film. The collection has
deteriorated over time and is in poor condition. DTIC
has reproduced the best available copy utilizing the
most current imaging technology. ATI documents
that are partially legible have been included in the
DTIC collection due to their historical value.

If you are dissatistied with this document, please feel

free to contact our Directorate of User Services at
[703] 767-9066/9068 or DSN 427-9066/9068.

Do Not Return This Document
To DTIC



chrbducecl by

AIR DOCUMENTS- DIVISION

&

HEADOUARTERS AIR MATERIEL COMMAND

WRIGHT FIELD, DAYTON, OHIO




N

US GOVERNMENT _

IS ABSOLVED -

FROM ANY LITIGATION WHICH MAY
ENSUE FROM THE CONTRACTORS IN -
FRINGING ON THE FOREIGN PATENT

" RIGHTS WHICH MAY BE INVOLVED.







%

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

o Z8R
TECHNICAL Note ' £ [N(). A

No. 1390

EFFECT OF COMPRESSIBILITY ON THE DISTRIBUTION
OF PRESSURES OVER A TAPERED WING OF
NACA 230-SERIES AIRFOIL SECTIONS
ByE. o. Pearson, Jr.

Langley Memeorial Aeronautical Laboratory
Langley Field, Va.

Docume: P anch - T“P"T
L Nhtl(”? r°ne u,,,, sc!,,-.
t Documents Civisign

£
Wn;hthtnd, u.y‘cn, Dno i




RATIONAL ADVISORY CO-MITTEE FOR AERONAUTICS

TECHNICAL NOT® NO. 1390

EFFECT O COMPRESSIBILITY ON THE DISTRIBUTION

OF PREGSURES OVER A TAPERED WING OF
RACA 230-GERIES AIRIOIL SiCTIONS

By E. Q. Pearson, Jr.
SUMARY

The rosults of presswre-distridution measurexents made during
high-specd wind-turnol toatec of a tapered wing of NACA 230-series
airfoil sections are precented for angles of attack ranging from 0.2°
to 21.2° end for freo-otream Mach nurbors ranging from 0.2 to atout 0.7.

Tho peck valucs of minimun pressure coefficisnt attainod wore
found to correspond to local Mach nurbors of 1.2 to l.b except at
anglos of attack near tho low-specd stall. The highost locel Mach
nwiber measured was 1.55.

In 1most caess noticoable flow eeperation vas intlecatsd only at
streanm Mach nuwtern excecding those at which peak minimum pressure
coefficionts were reached.

At largs angles of attack corresponding to those very near the
lov-spced stall thsyrs wae soms indication that tho flow about the wing
trolo down when the critical pressure coefficicnt was resched.

A comparison of mearured and calculeted chordwise presswe dis-
tridbutions for ssveral stetions along the spen showed satisfactory

agresment for purposes of structurnl doeign up to tho critical Mach
nwber.

INTRCIUCTION

A lnovleder of the megnitude of swface pressuros amd their
distribution along tho chord and span of wings at high speods ia
required for proper structural design. Becauss cf the lack of an
adequate theory for dotermining the prossures on asrioils at super-
criticul speods, the required information must be obtained ontirely
by experiment. Tho purpooe of the present naper, which givus the
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detailed results of extensive preasure meaaurements over a tapered
wing of NACA 230-serisa airfoll ssctions, is to sdd to the existing
amount of high-speed pressurs-distribution data, which ars very
limited in extent, perticularly for finits wings.

The presaure-distribution mesawmrementa reported herein were
made duwring tssta in the Langley l6-foot high-speed tunnel conducted
primarily: to detormine the effecte of Mach muber on maximum 1lift
end spanwiss load distribution of a tapered wing of NACA 230-eeries
eirfoll scctions. The force moasurementa and the spenwiss load
distributions obteined from the preaaure moasuromenta prasented
herein were reported in referenco l.

SYMBOLS

free-stream speed of sound, feet per second
local apeed of aound, feet per second
aapect ratio

corrscted angls of sttack of root asction (section at plans
of symmetry), degrees

wving spen, feet
airfoil chord, feet

asction profile-drez coefficient

section normal-force coefficient

L
ving lift coefficient (;)

ratio of apecific hset at conatant presawre to specific heat
at constant volume

ving lift, pounds
three-dinensional lift-curve alope, per redian

tvo-dimensional lift-curve alope, per radien
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M,

X

Y

free-strean Mzch number (V,/e o)

local Mech mumber (V/o)

criticel Mach mudber (value of My vhen M firet reaches
a velue of unity)

free-stream static presewre, pounda per square foot

locsl stetic pressure, pounds per square toot

p- po
pregewre coefficient % )

eriticel presmre coefficlent (velue of ¥ corresponding
to M= 1.0)

proepaure coefficleat correeponding to raximun locel velocity

#reo-otream mass density, slugs per cubic foot

free-ptrean dynamic prossure, pounds Der square foot (ép °V°2)

wing aree, squere foet

free-strean velocity, fe.et per second

local valocity, feet per second

chordwise dintaace measured from lecding wdgo, Icet

epanviec distance meeevred from plance of syrmetry, fect

Subscriptas

coapreosible
incorpreesible
upper mafece

lowor suvrfece
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APPARATUS AND METHODS

Teste wors conducted in the Langley 16-foot hish-speed tunnel.
The ving tested hed en espect retio of 6, a taper retio of 26 no
dihecral, 3.18° sweepback of the quarter-chord lino, and 4.2° of
uniform gecmetric washout. The wing hed an NACA 23016 eirfoil
gection et tiic roct end en KACA 23009 eirfoil soction et the con-
etruction tip. A diegrammatic sketch showins the principal dimen-
sions of the ving is given in figuro 1.

Thirty-threo vrossure orificss were distributed over each of
aix ving osctions, tha epenwise locetions of which are given in
ficure 1. Also shown in figure 1 ere tho chordwise locetions of
orificee over e typical section.

Preeoure tubees connecting the orifices on the wing with several
multiple-tube manometers in ths test chember were dbrought out of
the rear of the win: through 2 boom mounted rigidly to the wing
and e moveble strut. This erranjement mey be seen in figure 2,
vhich ie & photogxaph of the wing mounted in the tunnol for the
pressuro-distribution tests. Pressuree indicated by the ranometers
were recorded photographically. For a more deteiled description
of the model =nd the epperatus, eee raference l.

TTOrS

Most cf the teat runs were made with tihie engle of ettack held
constant Wiile the tunnel speed was veried from about 150 miles per
hour to the maximum epeed obtaineble (not choking speed), which for
wing angles of attack between 00 end &° wne epproximatsly 520 milss
per hour. Tho correeponding ranze of the free-stream Mach number
was from 0.20 to ebout 0.70. The Reynoldes number varisd fram 3.0Xx 10

to 8.1 x 106, which corresponds roughly to that of e full-ecale
fichter eirplane flyinz et the teet Mach mumbers et eltitudes of
etout 35,000 to 40,000 feet. At the highset enzles of sttack the
meximwn obtainable tunnel speed was about 130 miles per howr, which
corresponde to & Mach number of 0.605. A fevw edcditional test runs
wvere mnde vith the tumnel cpeod held constant while the engle of
ottack wee variec in ths rejzion neer maximm 1lift. The sngle-of-
attack range covered in ths presmwre-distribution tests wes epproxi-
mately from 0° to 21°.

Some of the tests were mnde st engles of etteck of 2.3° and 6.7°
to deternine the dfetridution of profile dre; ecroce the epan. For
theoe tests the proesure tubes end the treiliny boom wers removed

6
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from the wing, ond a reke of total-presswre tubes wns installed on
the vertical etrut downstream from the wing. Witi: this epparstus,
eurveys of the wing weke were mede st various pointe along the epan.
Tha poeition of the roke wes kept in a plene perpersicular to the
tunnel sir etroam and consequently the distence of tie rake from the
wing trailin: odge varied from sbout 1/2 chord st the root to ebout

1% chords et tha tip. A

CORRECTIONS

Angles of sttack given in the mresent paper (fis. 3) have been
corrected for tunnel-wall and other effocts, as explained in dJotail
in reference 1. g

Suppertin; struta.- Tho effect of the eupportin;; etruts wae to
incronee the effective velocity at the wing position. A celibration
of the tunnal with the struts instslled but irith the wing removed
showed that the increaes in velocity variec from ebout 4 percent
near the etruty to sbcut 2 percent st the centor of the tunnel. A
menn velue c¢f effoctive velocity, weighted according to the wing
aree, was chosen, which reprasonted sn over-all correction of ebout
3 percent. Correaponding valucs of atstic prenswre and d:memic
Pragowre were used in computing pressure coefficionts from the
meesured stotic presauree on the wing. This correction affocts ell

data in fimnure 4 end the values of Cn in fi008 5 and 6.

Because of the nonuniformity eof the velocity ecrose the tuniel,
the ninimum preesure coefficients ehown in figure 7 for tho wing
atation nearest the etruts (station 4) sre in error from this acurca
by sbout 5 percent at a » 0.2° and by shout 2 percent st a = 17.5°.
At this etation the minimm preesure crefficients aa preaented eres
negativelr too large. At station 1 (noar the centar of the tunncl)
the minimum prosewre coefficienta as preacntod are ne;atively toe
emall, and kere the orror ia about helf tuot quoted for station k.
‘The errors ot stations 2, 3, 5, srd 6 aro wwallcr and the error in
minizum preeeure coefficient et thece statione iz of the order of
1 percent for sll angles of sttack.

- a «= Neither the presewre coofficients
nor the atream Mach numbera hava been corracted for twol-wall
interforence because of ecme uncortaintiea in the appliecation of
carrections to the preasura data for the preasent case of & rolatively
large finite wing in e circuler tunrel; also, a check of the order
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of megnitude of the errors involved by the methods of references 2

end 3 indicetee thst theee orrors do not significantly effsct the
conclusions reached.

The principal errors eriss from the incrsase in effoctive
velocity et the wing position due to constriction of the tunnel by
the large wing weke et high enzles of ettack and high Mach numbers
where the flow ie largely separeted. As long ss the flow over the
ving was smooth, the errors in pressure coefficient snd Mach number
from this source were found to be nogligible. Under the conditions
of strong shock end extensive flow eeparetion ocewrring 2t the highest
test englee of ettack end Mach numbers it wue dstermined thet the
indiceted dynamic pressure end Mach number were too low by ee much
es 4 percent and 2 percent, respoctively. The test point on the
curvo of minimm presgure coefficient ezainat Mach number in
figure 4(J), glving a pressure coefficient of -2.00 ot M, = 0.622,

is representative of dsta obteined under these extremes conditions.
For thie point it {s probable that the minimm pressurs coefficisnt
is negatively too lergs by ebout 6 pesrcent.

Since nogative pressure coefficisnts ere too large negatively
end stream Mach numbers ere too low, local Mach numbers ere effected
by. conatriction to e much smaller extent then the pressure coeffi-
cients es illustrsted by the following mumerical sxanplss

The equation relating locel Mach numbsr, streem Mach number,
snd preesure coefficient for isontropic flow is

7-1 i

) ¢
2

Substitution of the velues of preossure coefficient snd Mach number
previously given (P = -2.00, M, = 0.622) in this equation gives a

velue of local Mach number of 1.32. If the stream Mach number is
incresscd by 2 pergent (corrected M ly = 0.635) and the pressure

coefficient is reduced numerically by G percent (corrected P= -1.88)
end these corrected velues are substituted in the equation, e vslue
of locsl Mach number of 1.31 is obtained. The difference between

corrected end uncorrected locsl Mach number is eecn to be legs than
1 percent.

ik ales daindid e

i
I
s

'i“z
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RESULTS AXP DISCUSSTON

Wing 11t chorscteristics (from force tests).- The lift curves
for the wing at verious Mach numbera es determined from ths force
tests reportnd in roference 1 are given in figure 3 fcr purposes of
correlation.

WMLMWF--
Chordwviee pressure-distribiution diagrems for stetions 2 end 3 (see

fig. 1 for locationc) sre presented in figure ! for s range of angle
of ettack snd Mach number. Tho varistions with Mach number of minimum
preasure coefficient and section norumal-force coefficient as cbtained
from integration of the pressure-cistribution diegrams srs sleo shown
in figure k. 1In order to prevent posaible confusion over two dis-
tinctly different minimm velues of pressurc coefficient the following
dsfinition of terms im offered: 'Minimum pressure coofficient” refers
to the largent negativa value of mrecsure coefficient measured st e
particular eparivise estation on ths wing for aw’ engle of sttsck snd
Mach number. This minimm quantity may be obtained from the rressurs-
distribution diagrams of figure k. Ths term "peek minimum preseure
coefficiont" refers to the largest negative vslue attained by the
curves of minimm pressuro coefficient plotted ezainat Mach number,
vhich are also niven in figwre k.

Stations 2 and 3 wero chosen for discussion because minimm
preegure coefficients snd mexiimm rormal-force coefficients occurred
in thie reglon on the wing. The nesition of thsse minimum snd maximum
coefficionts ciuiftsd from station 2 to station 3 s the angle of
sttacik wac incicaeed from ebcut 2° to thet velue correspending to
the stall; ot o = 8.9° tho coefficients were sbout the sams in
magnitude gt both of these vtations. Campere figures k(¢) and k(e).

The curves ol minimm pressurs coofficient a ainet etreem Mach
number for mest of the angle-of-ettack range (fise. k{e) to %(g))
show that locsl Mach numbere i:crsssed znd local precsures decressed
with increasing free-streas Mach number in the usual manner until
pesk minimum prassure coefficiente vhich correaponded to locsl Mach
nucbers from 1.2 to 1.k were resched. In general, meximum locsl
Mach numbers snd peek valuvoe of minimum pressure coefficient did not
occur 8t the sume frue-stresm Mach number; raximm local Mach numbers
ware reached et somewhat hi_ her stream Mach numbers then peek veluee
of minimun pressure coefficient. Ths maxLmm value of locsl Mach
number megsewred wos sbout 1.55 (fig. k(r)).

The evidenca shown in fizure kb indicates that over most of the
engle-of-attack range noticeable flow eeparaticn, ns indicoted by e
deficiency in progsure rocovery neer the trailir: edge, did not cccur
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until the streem Mech number correeponding to the etteimment of poek
minimun preeawre coofficients hed been well exceeded. The normal-
forco coefficient, however, genorelly showed ecme departure from the
smooth subcritical trend at Mach numbere only elichtly in excess of
the criticel, even though little if any flowv separation wae indi-
ceted. For en example of bezinning separetion asee the pressure dis-
tribution for e Mach number of 0.651 in fizwre 4(f). However, the
poeeibility of the occurronce of a local oeperation confined to the
region of compreesion shock et lower suporcriticel Mach numbers
cennot be oxcluded (reference k).

At englee of ettack very near tho low-spees. stall (fig. 4(J))
the rather meeger data appeer to show that wvhen the criticel preseure
ccefficient 18 reeched tho flow can tolerate little if eny shock
dioturbance without breaking down. The reeulte on thie wing pre-
aented in reference 5 more etrongly corroborate thie indication.

The suberitical riec in normel-farco coefficicnt with Mach
number has Leen compared with that given by the smmll-dleturbanco
theory es uppliod tc the finite wing by A. D. Young in a Britich
paper of limited distribution. Tho equation for the ratio of normnl-
force coefficient at any suberiticnl Mach number tc normal-force
coofficient at M = 0 1r as follows:

‘ng  Be m"c("%i"“A

-—m-gi.fAM
JI-_MZ)

The value of the loiw-speed t:ovo-dimensional lift-curve elope m,_,1

was taken es tiiat for thin eirfoils (2x). Upon eubstitution of thia
velus for &, the equation became

cnc~ A+2

o022
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As may be aeen in figure % the curves calculated from the fore-
going equatien are in excellent agreemont with tho experimental
nermal-force-coefficiant curves up to the force-breek Mach number,
beyond which lerge differences between the experimentel and thao-
reticel rcsulta are ahown.

Contoure of preaswre coefficient ovar the upper aurface of the
wing ars ahovn in figuwres 5 end 6 for soversl Mach nurbers and for
engles of attack of 2.3° end 6.7°. Included In theso figurce are
curves ghoving ths spanwise distribution of normal-ferce coefficient
snd prefile-drag coefficient for ccrrelation with the data given in
figures k(a) end 4(c).

Theae figures serve to show hew the resion of eupersonic flew
eheed of the compreasion shock or shecks formed and sxpandod with
increesing; Mach number. Of intereat is the fact that st the highest
Mach numbers (figa. 5(f) and 6(¢)) the dresg coefficient increased to
about two or thren times its lowv-apoed velue, vhile the noml-forcs
ceefficisnt remained essentially uraffected.

Comporison of theoreticel end experimental chordwiae presaure
Aistyributions.~ The measured snd celculated ciiordwise pressure dia-
tridbutions over the wing asctions st aix apcawiee etations ars given
in figure 7 for a renge of engle of attack snd Mzch muber.

The chordw!ee preaaure distributions wero czlculated by the
method of referencoe 6 for each ection ac that the 1lift coefficients
vere in agrecment with thons obtained experimentally et a Mach
number of about 0.2. The celculated pressure coefficients were then
extrapolnate? to higher Mach numbers by the von ¥nrmAn-Taien relation
which is recommended in releronce 6.

The von Karman-Taien thecry, of ccurso, ia net velid at Mach
numters higher then the criticel, but the comparipon ia continuod te
supercritical apeoda to show ths departure of the measwrsd flow from
thet precdicted by the first approximantion of the thecry. It should
be noted that sucii celculations lead to the imponeible conditicn of
preapuro coefficienta wvhich eorrecpond to presewres lese than ebsoluts
zoro.

At en angle of attack of 21.2° (fig. 7(f)) the wing wes completely
atallod et all Mach numbera, znd consequeatly the coleulated preasurc
distributions ere not given for this condition.

An examination of figure T shows thet for purpoees of atructural
design the method of refercrice 6§ gives results in sstiafectory egree~
ment with experiment at Mach mumbera up to the critical.
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Prosoure dintributione at sections very near the wiug tip are
undoubtedly dietoried by the flow around tho tip. For the test wing,
however, the erca so affected 1o mall, uo ovidented by tho very ewall

dletortion at station 6 (—Z— - o.9b) .

bfe

CNCLUSIONS

1. Poak valuer of minimss prosoure coefficlonts were found to
correepond to local Moch mzibere of 1.2 to l.4. Local Mech numbers
generally continued to increrso with increaning stream Mach muber
beyond that ut which penk mirimm precsure coofficiente occurred.
Tho maximum locul Mach murber mesoured wes cbout 1e55.

2., In genercl no noticeoable indicaticn of flow seperation wec
cboervod wntil the ctream Mach nuiber corresponding to the attein-
went of pcak proecure cocfficiento hud been well exceedoed.

3. At anglea of atteck very near those correcponding to the
low=ppeed etoll therc vno ocmo indication that tho flew aebout the
ving broke dom vhen the critical preesure coefficient (locel Mach
nueter = 1.0) wes rcached.

L. The meesured rate of increcoe with Mach number of rection
normal-force coefficient at cubcritical valuer of Mach mumber was in
excellent agrecment with that predicted from the mmnll-disturbence
theory. large dirferencos teivoon the thesretical =nd experimental
rosults occurred at high surercriticul cpeodeo.

5. The method uned for celculating the cherdvise prescure die-
tribution gave regults in saticfuctory egreement with experiment for
the purnoge of staucturcl desicrn at Mach mmoerc wp to the critical.

Langley Meuorial fercnautical lsboratory
Nationel Advisory Committec for Aoronautica
Lengley Fleld, Ve., Mey 7, 1047
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