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PRELIMINARY TESTS AT SUPERSONIC SPEEDS
OF TRIANGUIAR AND SWEPT-BACK WINGS

By Macon C. Ellis, Jr. and Lowell E. Hassl
SUMMARY

A series of thin, triangular plan-form wings has been tested
in the model supersonic twmnel at Langley. The series consisted of
elght trienguler wings of vertex angles such that a renge of leading-
edge positions both inside and outside the Mach cone at the two test
Mach numbers of 1.43 and 1.71 was obteined. Three swept-back wilngs
having angles of sweep of 450, 550, and 63O were also tested at a
Mach number of 1.43. These swept-back wings had cirvculaer-src sections
with rounded leading edges and thicknesses of 13.3 percent of the
chord measured normal to the loading edge. For each angle of sweep,
wings having two values of aspect ratio were tested.

Lift results for the triangular wings indicated that Jones'
theory for the 1ift of slender pointed wings is applicable for thin

wings In the range of test Mach numbers up to values of ten ¢ equal to

m
approximately 0.3, where ¢ is the wing vertex half=-angle esnd m is
the Mach angle. The center of pressure of the trianguler wings was
colncldent with the center of area for all the wings tested at both
Mach numbers. The lowest minimum drag coefficients were obtained
for the wings with smallest vertex angles relative to the Mach angle.
Also in this smallest vertex-angle region, the highest values of
maximum L/D of about seven for both Mech mumbers were obtained.

It was thus indicated from the tests that wings having triangular
plan forme should be operated well within the Mach cone fo. meximum
efficlency.

Results of the swept-back-wing tests compared with triengulsr
wing results for a Mach number of 1.43 show the seme trends orf 1ift
end dreg as the sweep angle 1s chenged. For corresponding sweep
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sngled, the swept-wing lift-curve slopes were lower than thoses for
trisngular wings, due probably to the incressed thickness. It is
indicated from the tests that for a Mach nwnber of -1.h4, the angle of
sweep must be increased. to ebout 60° to obtain low d.rag coefficients
of the same magnitude as those dve to ekin friction. '

INTRODUCTION

Recent theories of low-sspect-ratio trienguler wings and swent
wings by Jones (referonces 1 and 2) have indlcated. the advantages
to be gained through the use of pointed plan-form wings for high-
speed flight. Numerous tests both in this country emd in Germsny
have showm that the drag rige with Mech number just below sonic
veloclty usually essociated with wings having thelr leading edges
normal to the flight direction mey be delayed to higher speeds by
the use of sweepback. Some of these tests have been conducted at
high subsonic and up to moderzte supersonic speedsi howover, the
largest emount of exverimentel work appezrs to be in the low sub-
sonic speed region end is mostly concerned with development of moans
for meking the stebility and control characteristics of swept wings
satisfactory. In refersnce 1, Jones has indicated by uee of theories
assuming smz2ll disturbances that the 11ft distribution at small angles
of attack of a glender airfoil having a pointed or_triangular plan
form is relatively unaffectod by the compressibility of the air below
or dbove the gpeed of sound. The required condition for smell chenges
in serodynamic characteristics with Mach number et supersonic spoeds
is that the triangnlar wing have its vertex angle so small that the
ontire surface lles nesr the center of the Mach come. With this
condition satisfied, 1t would be expected that changes in ilft-curve
slope with Mach number would be small and that the position of the
conter of pressure at the center of area would not. ¢henge. It was
ghown thet the directlion of the resultant force lies halfway betweon
the normal to the surface and the normal to the air stream, sug-
gosting that higher vaelues of L/D might be expectod from these
wings than for wings having ossentially two-d.imensiona.l charactoristics )
that is,wings with the rosultant forco normal to the surfaeco. An
isolated test of a slender triangular airfoll at a Mach number of 1.75
in refersnce 1 verified the theoretical values of lift and center of
pressure; however, the vealuve of maximm L/D wes not obtained. Thus
the present tests of a seriss of thin triangular wings at supersonic
spoeds were made to oxplore the possibilities of high values of )
meximun L/D, +to find the limits of Jonés' slendsr wing theory, end
to provide preliminary deslgn informatlom for such winge beyond this
Yimit. )
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A series of eight trianguler wings of various vertex angles
were tasted at Langley In the so-called model supersonic tunnel
which was the forermmer of the present Langley 9-inch supersonic
tunnel. The tests wers brief and preliminary in nature, because at
the time they were started the date for starting modification of
tiis tummel to the present cloged-return tunnsl was lwminent. The
vertex angles of tho wings were cf such velues that a range of
leading-edge positions both inside snd owiside of the Mach cone wers
coversd for the two test Mach numbors of 1.43 and 1.71. Following
the trisngular wing tests, tinw permitied only very brief tests of
six sweptback wings at one Mach number of 1.43. Results of these
sweopback tests are included herecin mainly for their gqualitative
j.niications. A1l of the teste were made during July and August of
1945,

SYMBOLS

M Msch nunber
v stream velocity
o stream density

dynemic pressure (%‘972)'-
R : Reynolds number referzed o ¢
o engle of etteck
€ trisngular wing vertex half-angle
m Mach sngls -
A sweepback angle
b maximm spen of wing
c paximim choxd
s wing area
A aspect ratio (»2/S)
12 distance to center of area from vertex

e b
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Cr, 1lift coefficlent (Li;a?)
G

Cp drag coefiiclent G)f;_’g.)
Qe

CMC A ritehing-moment coefficient for triangnlar wings
e (Momnt ebout center of area)

oSc
Subscriptss ‘ e i -
C.A. center of: aves
min miniman , _ S
L mean oY AVeIlLgs -

DESCRIPIION OF SUFERSONIC TURNEL AND IS8T MOIELS

The so-called model eupelscnic tumel in vhich the tests reported
heveln were mede wes the direcct-action type, that is, stmosnhoric all
wa3 combinuously inducted, commressed, and after passing throagh “the
nozzle and diffusei’, cxzhausted back to the atmospners. Thus thia
tannel was sublect to condensation in the supersonic nozzle during
reriods of high outslde air humidity; some of the effects of conden-
sation will be mentioned later. %he superscnic nozzleg and test
sections for the tunnel were Farmed by interchengeabls nozile blocks

inserted between fixed side walls Tz inches apsrt. he tost scoti one,

vere approximately sgquere. A threc-component balunco and shielded- _ ’
gting-suppoirt systom provided means for messuring lift mom:nt, end.
drag forces on modols. ’

In order to expedlte the tesis in the limited timoe availsbls,
the triangular wings were made simcly from Tla% ghasets of

;O-inch thick steel. The loading edges wore bevoled sli gh'bly a.nd ’

rounded off, and the trailing edg,es wore bpveled. to___a asharp odgpe es
showvn in figure 1 which cleo gives dimensions of the wings. TFor the
tests, the winge were mounted on a sting support which passed through
8 sharp-edged conical ghield to tho thyreas-component balenco. The sizo
of the wings were limited by the forces tha baitnco weg capable of
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meaesuring; the reflected shock from the wing veitex was always
well back on the shield.

Details of the swepnt-back wing models are showm in fisure 2.
Circular-arc sections werse selected mainly for ease of constructiom
and dupliication. .The leading edges were rounded bocause 1t wes
considered thet the wings wouid opesrate always behind the Mach engle.

TEST RESULTS AND DISCUSSION

Description of Tests

When air of sufflciently low temperature end high humidity
flows through a supersonic nogzzle the water vapor beconiss super-
cooled, finally condenging et a shock front somevhore along the
nozzle. This condensation results in en increase in stagnation
temperature and a decrease in total pressure of the air. For given
initial stagnation conditions of the air befors expansion throuch
the nozzle, the effect of varying liwmidity is to vary ths stream
conditions in the test section. Most of the tests reportod herein
were made during periode of low humldity, however, stream conditions
did very to some extent. The two test Mach numbers of 1.43 and 1.71
are actually averagos for the series of wings; the maximum variatlon
in Mach number for the resulte presented wes ebout plus or minus 0.02
and the maximm veriation in streoam pressure in the region of the
model for eny one test was about 4t percent. Variations within these
values did not seriocusly alfect the scattor of data, although thoy
mede it necessary to obtain, in somo ceses, s largo numbor of tesd
points in order to find differences in characteristics among the wings.
It will be noted that fewer test polnts wers obteined for the triangu-
lar wings &t the lower Mach nuwbor. This was dusc to more comsistent
test conditions which geve less scatier for the samo numbor of points.

Tareos for the triangular and swept: wings wore obtainod by
moasuring the 1ift and drag forces on the support conog alono. Tho
drag teare was composod of the small cone drag and e relativoly large
pressurc force actling on the spindle area. The pressure forceo was
due to atmospheric pressure acting on one end of the spindle and
stream prossure acting cn the other end. Tho drsg tares were of about
the same magnitude as the drag forces and the variations in the
pressure force thus leave the absolute values of drag more in doubt
than the 1ift results. Tares for tile swept wings were obltained
similarly, but it should be noted that the 1lift tare of the relatively
longer supporte wes larger then for the smsll cones for the triengulasr
wings. o :
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Test Results for Triangular Wings

Tif%t results for the eight trisngular wings at M = 1.43 are
gshown in flgure 3. It apnmears that the 1lift varies linearly with
engle of atback up to about 5°, the limlt of the tests, for all
wings. Variations in angle of zerc 1lift for the wings are due to
varying stream inclination and to inadvertently different asyrmetries _
in the wings. The sSame commonts apply to the 1ift resulis for _
M = 1.71 shown in figurs b, except that for wings 5, ¢, T, and 3, the
angle range is about 7° and the 1ift variation is still linear. It
should bé mentiomed that these four wings all have Thelr leading edges
ingside the Mach cone for M = 1.7L. The lift curve slope values frqn
figures 3 and 4 are collected and shown in figure Z_es the ratio of
measured Lift-curve slope to the theoretical two-dimonsional 1ift-

tan €. The thoofbt-ical two-
tan m

dimensional lift-curve slope values are taken from Ackeret's theory

&, /1N b |
=\z ——-——-. Theoretical considerations indicated
det 97.3) A2 T 1 : N

that tan €
tan m

guthors by C. E. Brown of the Langley Laboratory. Tho inverse oT

same paremeter hes later eppeared in a paper entitled “Supersonic

Wave Drag of Thin Airfoils” given by Allen E. Puckett at the

Fourteenth Annuel Meeting of the Institute of Aercnantical Sciences

in Now York City, Janusry 29, 1946. Tho quentity Z"z ;—-—- approxi-

vy

curve slope ageinst the perameter

ag

is a fundemental paremeter as pointed cut to the o —-

€

mately equals ¢/m for the range of test Mach mwbers. When Ean
a an m
equals 1.0, it is identical %o ¢/m. Thus values of ::_-_-I_l_f. less
L M

than 1 correspond to caseos whore tho leseding edge is bshind the Mach
angle snd values greater than 1 corresSpond to cases whore the loading

odge is shead of the Mach angle. It is seen thet ag —on S

zero, the test results for both Mach numbers show a single curve for -
the slope ratio that asymptotes Jones' theory. The limit of appli-~
cability of Jones' theory for slender triangular wings in the renge

epproaches

of test Mach numbers thus eppears as a value of Yen € approximotely
m -
ogual 0.3. In refervence 3, Jones has developed a theory for calculating s

the pressurs drag of thin oblique airfoils at supersonic speeds. It
wus pointed out by C. E, Brown of the Langley Laboratory, that the ~
equations in Jones' report could be used to calculate the 1ift of a ‘-
thin trisnguler wing for cases where the wing leeding edge is outside
the Mach cone. Calculations for wings outside the Mach cone at the
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test Mach numbers showed the 1ift-curve slopes to be the same as the
two-dimensional theoretical values for a straight wing. Thus it is
expscted that a suiteble theory for the 1ift of triengular flat
plates, bridging the gap between Jones' slender wing theory and the
theory for wings outside the Mach cone, would result in & curve that
would folliow the lower part of the experimental slope ratio curve but

- continue smoothly to 1.0 or the two-dimensional value et %;5::1 € = 1.0.
anonm

The variations In slope ratio shown by the tests as the wing leading
edge approaches and moves shead of the Mach cone, are believed to be
primarily due to the flow in the regiomn of the rounded leading edge.
Incidentally, wing 1 was tested reversed, that is, with its leading

edge normal to the strsem; and values of lift-curve slope very closely
chocking Ackeret's theory were messured.

The pitching-moment cosfficients in figures 6 and 7 show irme-
diately that the center of pressure is coincident with the center of
ares for all the triangular winzs tested abt both Mech numbers. AL

tt:';l ;, this result is as predicted by the theory
and verified by & single test in reforence 1. The fact that the
center of pressure is coincident with the conter of srea may also be

reasoned slmmly for all values o —E—E from consideretions of the
n

the low velues of

conical flow. Any supersonic flow in which the pressure and veloclty
are constant alonz lines radiating from a point is & conical flow
field. Supersonic flow sbout a point-foremost triangular flat plate
is such a flow. Conlcal supersonic flows are discussed in detail

by Busemann in reference L.

Minirmum drag-coefficient values for the wings at szero 1ift are
collected from figures 3 and 4 and shown in figure 3 plotted against

the same perumster ::‘2; ag were the lift-curve slopés. It is

imnediately spparent that the tests show increasing minimmm drag
coerficient as the wing leading edgs moves away from the center of the
Mach core. As an indication of the theoretical trends of the minimm
drag coefficient as the leading-odge angle and Mach nuwber are varied,
estimztes were made using the calculations in Puclott’'s peryer
(reference previously mentioned). The caslculstions in Puckett's
paper were for the pressure drag of a series of tirin, sherp-edge,
double wedge-section triangular wings of various thiclmess ratios and
points of location of maximm thiclmess. It is realized that the
esgumphbion of geometrical similarity botween the wings of Puckett’s
papor and those of the prosent tests is rather crude, nevecrtheless,
calculations weire made assuming the present wings to have an equlvalent
thickness ratio equel to the meximum value for the avorage chord.

CONF IDENTIAL
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It was further assumsd that the maximum thiclkness was located at the
midchord point and was constent from root to tip. Results of these

calculations showed the same trend with fan ¢
nm

that is, smoothly increasing values of the minimum drag coefficient
as the Mach angle approached snd passed Qver the leading edge.

as did the test results,

The test pointe at the lowest valus of ¢ -on sach drag curve

in figure 3 are for the sams wing at the two test Mmch numbers,., For
this wing (wing 8), the calculations of drag give ebout the seme
valve of C_ = 0.002 dus to pressure forces for both values of the

D o

Mach number. From the low value of pressure drag indicated by the
_calculations for wing 8, it is expected that most of the drag shown

by the tesis for low values of Yan € 44 due to skin friction. Since _

thers is no reason to expect an appreciabls difference in skin-fricticm
drag for the two Mach numbers, the d_Splacement of, the drag curvee &t

the lowest values of t:z € ig probably:spurious It 18 likely

that there 18 a constant error in drag-tere measurewents for the tests
at elther Mach number which is different for the two Mach numbers.
Thus en approximation of the truc drag curves eppears possible by
displacing the uppex test curve downward and the lqwer test curve
upward by equal smounts so that they both asymptote the seme line

et Zan € equal zero. Thism asymptotic velue of minimum drag coefficlent |
m m LT .

minus an allowance for pressure drag of ﬁCD 0.002 18 of the right
order of magnitude for skin friction. For corresponding wings at the
two Mach numbers, the displaced curves show no difference in drag
values within the scatter of the test pointe about. s smooth cuxve. It
therefore appears thet the drag results show the corxrect trond with

EE%%E but are not of sufficient accuracy to show the trends for a

m
given wing with Mach number. The important conclusion to be drawm is
that the pressure drag may be reduced to a emall value by operating
triangular wings well within the Mach cone.

Although the absoclute velues of drag are in same doubt, it is
believed that the indicated rise with angle of atteck is reliable
due o the systematic nature of the tests for each .winz and because
& smooth curve can be drawn through the pointe with small scatter.
A check of the drag rise with angle of atback shows the resultant
incremental force on all the wings for both Mach numbers Lo be normal
to the surface. This result may be obtained by first assuming the
resultant incremental force to be normal.to the surface, then ’
caloulating ACp above Cp for zero engle of attack as &p = Gy, ten o.
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These calculated valunes will fall on each drag curve within the
probable test accuracy.

The measured IL/D values are shown in figures 3 and 4. The
meximm L/D results shown in figure 3 show increasing maximwm L/D
as the wings become more slender for each Mach number. The trend
of the curves at the maximm L/D of about seven obtained indicsted
the possiblility of still higher values for more slender wings. For
a comparison with two-dimensional values of maxirmm L/D, wing 1 was
tested roversed, that is, with its sharp, straight treiling edge
forward, normal to the stream. Approximate values of maximm L/D
obtained were 4.0 for M = 1.43 and 3.8 for M = 1.71. The L/D
curves are seen to be approachling these values as the wing leeding
edges approach the normal to the stream. ] .

Test Results for Swept-back Wings

The 1ift results shown in figure 9 for the six swept-baci: wings
indicate no significant changs in slope with aspect ratio except for
the L45° swoep angle where the slope for the lower aspect ratio appears
higher. For the 45° sweep angle at the test Mach number of 1..43, the
Mach cone lies approximately along the wing leading edge, end it might
be expected that the differsnt flow arising Trom the strong initial
shock would lead to different characteristics than for the higher angles
of swesp for which cases the initial disturbance mmst be smaller.

The most significant result of the drag coefficients shown for the
wings in figure 3 is the high drag for the wing with 450 sweep. It is
also lmportent to note that for the Mach number of 1.43, drag coef-
ficients as lowr as subsonlc values are not cbtained unitil the sweep
angle is- increcsed to approximately 60°. Practical use of this high
degree of sweep appears difficult In relation to present kncwledge
and capability of handling the low-speed stability end control problems.
The upwerd trend of the L/D curves shown in figure 9 for the highest
sweep angle suggests & high value of maximum L/D, inviting solution
to these stability and control problems.

The moment results of figure 9 show the cemter of pressure to be
moving forward es the sweep engle decrseses. At the highest swesp
angle, the center of pressure appears about on the center of area.
This result might be expected due to the fact that most of the wing
is in an approximately conical field except in the regions near the
tipe end along the btrailing edge.

A comparison between the 1ift and drag test resulis for tho
ewepi-back and trienguler wings at a Mach number of 1.43 is given in
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Tigure 10. The lift-curve slopes for the swept-back wings are
appreclably lower than those for the trienguler wings for corres-
ponding sweep angles. A part of this difference may be due to
thicker sections and some increases in 1ift might be affected by use
of thinner sectioms. Further tests beyond the present very sketchy
testa are necessary to explore this possibility. The drag comparison
shows about the same minimum drag coefficient for the triangular and
swopt wings at the higher angles of sweep, howevpr, for the lower
gweep angles, the swept wing values arc higher. The higher drags

are probably due to the increased thicknesse ratio for the swept wings.
It eppears that the dreg test results are not sufficlently accurate h
to shew effects of aspect ratip. Veriations in drag with aspect
ratio and gweep angle can be calculeted by the theory prosented In
references 3. - S

The schlioeren photographs of the lower aspect-ratio swoept wings
ghown in figure 11 werc mado at a highor gtrcam Mach number than that
for the forco tosts, buht serve to show somo significant points in
rogard to the flow over the wings. The photographs wore mede at a
stroum Moch number of 1.55. For photograph (&), the loading edge of
tho 45° wing 1s in a podition slightly shoad of tha Mach angle. Tho
disturbanco ahcad of tho wing is seen to Do strong as indicatod by
appreciable curveture of tho shock. This strong shock loads to tho
idea that high prossures aro acting elong the wing loading cdgo
rosulting in high drsg. This relatively high drag has boon shown by
tho forco tosts. Comparison of photograph (1) with photographs ()
end (¢ ) for highor anglos of sweop indicates that tho intensity of
the initial disturbsnce from the point of tho wing docrcescs. This
is in line with tho decroasing drags shown by tho forco testes. Tho
side viow of the 63° swoop wing in photogroph (b) shows the initial
disturbance gtill small, but shows & falrly strong shock origlnating
at tho vortex of the tralling edgo. This indicatos en accolerating
rogion over tho rear portion of wing noar the trailing-cdgo vortex,
rosulting in relatively high velocitics. 'As regords tho tip soctions,
rossoning based on Jones' theory in reforence 3 suggests that tho
tips should probably be made parallel to the strvam for lowor tip drag.

CONCIUSIONS : - .

Supersonic wind-tunncl tests of a series of tinin, trisngular
plan-form wings at Mach numbers of 1.43 end 1.71, and tcete of throe

swept-back wings of 13.3-percent thicknegs ratio at a Mach number of
1.43 havo indicated the following conclusione: ' '
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1, The 1lift of thin, triangular plan—form wings may be
calculated by Jones® slender wing theory up to vealuss of

t
fan ¢ equal approximately 0.3, where € is the wing vertex half-—
an m
angle. For velues of t:i'e above 1.0, the 1ift 1s esssntlally
m

the séme as that obtained theoretically for a two—dimenslional wing.

2. The centser of pressure of thin, triangular plan~form wings
1s coincldent with the center of area.

3. For low drag coefficients approaching those dues to skin
friction alone and for the highest values of maximm L/D, both
triangular and swepb-back wings should bs operated with their leeding
odges well bshind the Mach conse.

Langley Memorisl Aeronautical Laborabtory
National Advisory Commitiee for Aeronautics
Langley Fleld, Va.
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NACA RM No. L6L17 Fig. 3c
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Fig. 3d
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Fig. 3f : .. NACA RM No. L6L17
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NACA RM No. L6L17 Fig. 3g
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Fig. 3h
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Fig. 4d : o NACA RM No. L6L17
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NACA RM No. L6L17 Fig. 4e
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Fig. 4f B NACA RM No. L6BL17
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NACA RM No. L8L17 Fig. 4g
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Fig. 4h .. NACA RM No. L6L17
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NACA RM No. L6L17 Fig. 7
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NACA RM No, L6L17 Fig. 9
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NACA RM No. L6L17 Fig. 11
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