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By Luke L. L i c c ~ i  

The force  characterfetics of 8 wing  Kith Oo eweepback and with 
45' sweepback were investigated in the .Langley 8-foot high-speed 
tunnel t h r o w ,  a  Mach number rtmge of 0.4 to 0.875. The wing used b d  
a modified XACA 16-012 a i r f o i l  section. 

The results showed yt, for angles of at tack other than Oo, 
sweeping back the wing 45 reduced the lift coefficfent t o  approxi- 
mately 9 percent of the l i f t  coeffdcient for the -wept-back w-. 
This reduction agreea with the theoretical cansiderations which indicate 
lift decreases c z f  a b m t  30 percent due to sweeping back the w i n g  45O 
and about 20 percent due to the accompanying  decrease in aspect ratio. 
For. law liTt  coefficients (lesa than qprox.  0.20 the swept-back w3ng 
had be t t e r  drw characteristics than the unawept-back wing throughout 
the speed range; but for high lift coeff ic ienk the swept-back wing 
had better drag characteristic8 only at high speeds. Sweepback 
delayed the onset of serious compressibility  effecte td beyond the 
speed ran& tested. The maximum lift-..drag ratio f o r  the -wept-back 
w i n g  decreased rapidl;g when the force break wae reeched, whereas the 
ma;ximum lift-drag ratio for the swept-back wing remained nearly 
constant. Since #e c r i t i c a l  speed of the sxegt-back wing w&a not c 

attained, the w i n g  did not vibrate. 

~ O D U C T I O B  

The large drw rise as& changes in l i f t  of m a  wkiich aocompany 
+&e compressibility burble impose a great hanafcop In fncressiq the 
speed of airplanes. The refinement in airfoil sections and the use of 
thin alrfoila h v e  given IiMted increases in the speed a t  which the 
compressibility burble occurs. The use of swept-back wlngs at high 
speeds aa proposed in  reference 1.suggests even greater increases in the 
speed at *ich these.adverse compressibility effects occur. The 
puqose .of the present investigation,. i s  to 'show t h e  delay of campresei- . 
brli'cy effect8 due 43O Sweep&& to Fndi+* 8- Of the 
significant advantages thereby gained. 
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The data presented herein were taken f r o m  tests of radio-maElt 
aIltm8j but t h e  m t m  3.8 of such a design that it can be 
considered a three-dimensional semispan wing having a modified 
NACA 16-012 airfoi l  section. 

When theae t e s t s  were =de (August  1945) the ef'fecte of sweep 
had Jut been recognized. The t e a t s  were undertaken a t  that time 
as a quick over-all. check of the predictadbeneficial effects of 
eweep 
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SYMBOLS 

The t e e t s  were conducted in the L@ey 8-foot high-speed tunnel, 
which is of the singlo-rettam closed-thmat type. The Mach n W e r  
a t  the throat  i s  continuously controllable up to tunnel choking 
ape& The air-stream turbulence in tho tunnel ia 8maU but 
slightly higher than In f r ee  air. 

. . .. 
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The dimemions of the mdel a r e  shown in figure 1.. The wing 
has a taper ratio of g : l  and a nmdified NACA 16-012 airfoil  section 
(fig0 -2) . The aspect ratios of t h e  unewept-back mdel and the mept- 

' back model are ll .3 and 'j -5, respactivelg. The models were f i t t ed  in 
wooden blocka ea ahown In f igurea 3 and 4 so that .the mdels could be 
mounted in the end c lamps of the tunnel balance agstem wlth 2l$ inchea 
exposed to the air etream (measured from.the r o o t  to fhe tip along 
the 50-percent-chord atation) The sweepback WBB obtained by rotating 
the model in a horizontal  plane abut the 3-percent-chord station 
at t he  root Chord. 

The d a t a ;  presented herein include Mach nuDibere up to only 0 
because the teats of the swept-back wlng were conducted at a time 
when the limitations of the tunnel setup w d d  not permit t h e  t e s t s  
to  be carried. beyond this Mach nurnber The wings were tested through 
a range of engle of attack from -20 to 60 meamred in the direction 
of the air flow. The force data were obtained from the recording 
scales of the balance system; model vibratiom were observed visually. 

; L e t  and I&ag Characterletics 



angle of attack f o r  infinite aspect  ratio w d d  be expected t o  vary 
a8 .u08 A . The 1 W t  coefficient of the unswept-back wing would thus be 
expected to be reduced about 30 parcent by sweeping back the wing 45' 
The accompanying 'dscroase i n  aspect ratio accowts approximately for 
the remaining X, percent lift decrease. A t  high Mach numbers (around 
M 3 0.75), a large pa& of the variation b~ lift coeff  iciente f o r  the 
swept-back and wewept'back wings is  caused by the compressibility 
effecta of the unmept-back wing. 

I 

The &ag force i s  reduced 50 percent by using a 45' angle of 
sweopback at a Mach nmiber of 0.50 f o r  an angle of attack of 60; 
however 'the  reduction becomes srndler a t  the' lower anglee of attack 
(fig.  6j 

In order to - i l l u s t r a t e  the effecta of meepback, p10,ta showing 
the var ia t ion  of drag coefficient with lift coefficient for eeveraL 
Mach numbers a r e  shown fn f ' lgure 7 . At low epeeds (M = 0.50 
and M = 0.75) the eff ecta  of the additional intimed drag of the 
swept-back wing .are i l l u s t r a t ed  by the more rapid rim i n  drag 
coefficient with increases in lift coefffciant. At high speeds 
(above a Mach llumbor of 0.80) the effects of compressibility are  
considerably  larger than the effec$s of the  Mcreaeed induced drag 
aesocfated with the reduction i n  aepect ratio. As a reault, the rate 
of drag-coefficient rise w3.a increa~ee in  l i f t  coefficient at high 
spoeda 18 l em f o r  the swe@t,-bsck wing than f o r  t h e  unsxept-back wing. 

A t  constant l i f t  coefficiont,  comariaon of, t h e  Buept-back wing 
with the unswept-back wing shows l i t , t l e  W f  ereme in drag 
coefficient8 at low Mach n u a e r s  but luge differoncoa at- Mach d e r 8  
above the c r i t i c a l  Mach number of the unswept-back wing (fig 8) 
For low lift coefficimte (Less than apprajl: 0.a) the swept-back 
wlng has be t t e r  b a g  characteriatfcs  throughout  the speed r a g e j  but 
for high lift coefficientxi .(;he swept-back wing has bet te r  dr&g charac- 
t e r i s t i c s  on ly  at high speed8. .The d i f f e r0nce .h  the drag coefffcienta 
a t  high speeds and at low l i f t  coef f ic imts  may be explained by the 
f a c t  that f o r  the swept-back wing the decrease of the pressure drag 
i8 greater than the increase of the  induced drag; however, a t  low 
apeeds and at high lift coef f lc lmts  t h o  higher dra,g of the swept-back 
wing 18 caused by the fact that the decreae of the p r s e s i i  drag 
ie erBdler then the incmaae of the induced drag., 

In the ppreeent t e e t a  aerious compressibility effect8 were delayed 
only a small amount by dscreaeing the aspect ratio &nd the thicloless 
ratio in the air-stream  direction, ac. compared w i t h  the delay caused 
by a w e e p i x  back the wing 450 . Calculatione of the Fncreaae in 
critic-$. speed due to .the reduction in  thfckness ratio show a delay 
of the serious compressibility  effects by a Mach number increnent 
of .  0 .OB. Reeults of t e s t s  in reference 3 ind3,cate that a delay of 
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the omet of serious comgresaibility effects by the reduction in  
aspect ratio corresponds to ET Mach rimer increment of 0.02. These 
oalculations and results- account f o r  a total increment of 0.045 
caused by the couibined effects of the reduction in thicknees ratio 
and aspect ratio. The data obtained, however, ir.dicate a much greater 
Mach number increment of dew In the onset of eericus compreaefbilify 
effects For exmqle, fn figure 6 changes Fn the l if t-coefficient 
characteristics of the unswept-back w€ng occur at Mach numbers of 
the order of 0.75 to 0.80, whereas no significant charges i n  the 
lift-coefficient ch~cteri~tics of the ewept-back W h g  are f0-d 
at t h e  maximum t es t  &ch number (ti = 0 A75) . Even larger Wcrementa 
of Mach number berond the points of abrupt drag-coefficient rise are 
indicated to be a result of sween;back, parbfcuhrlg at high angles 
of attack. These results thus 6how that the effects of sweepback 
provide a cmaiderably larger delay in the onset of serious ccnrpressi- 
b i l i t y  effects than aze accounted f o r  by the rednction in airfoil- 
eectlon  thiclmess  ratio and by the reduction in aspect ratio 
f r o m  11.3 to 5.5. 

The theoretical analysis of reference I for infinite aapect 
ra t io  can be used to ahow that the cr i t fca l  Maoh number Lncreasee 
inversely 88 the m a b e  of the sweqback angle, wWch f ac t  indicates 
that the onset of compressibility  effects w u l d  be delayed to 
Mach nuDdbera of the order of 1.1 for the swept-back mniielm Since 
the 8xperim"tal reat8 for, the umrept-back wing do not reach the 
critical speed range, agreement of  the experimental results w i t h  
the theoretical cdmlatitona is not shown. Full realization of the 
calculated delay w o u l d  not be eqected,  however, because the theory 
does not include effects  caused by the flow at the wing root and at 

tips s 

Lift-&%-Ratio  Charactoriatics 

Figure 9 shorn t h e  variation with Ma& number of w S . m u m  lift- 
drag ratio and of lift coefficient corresponding to msximwnlift- 
drag ratlo. As was expected, the ntsxim lift-drag r a t i o  for the 
unswept-'back wing decreases rapidly when the force break is reached, 
where- the maximum 1lf t -drag ratio for the swept-back wing remaim 
almost constmt. At a Mach number of 0.875 the wept-back whg, thus, 
has a value of maximum lift-&eg ratio appmximtely two and one-half 
times t h e  corresponding value for the unswept-back w i n g m  The values 
of % for maximum Uft-drag r a t i o  below the critical Mach nWer 
are about 0 .e for the 8Wept-baCk w i n g  and about 0.41 for the 
unswept-back wing. For the swept-back wlng, the curve of % 
f o r  the maximum lfft-drag re t io  against Mach nuniber shows only slight 

maximumllft-drag ratio agalnat Mach nuraber indicates large variatiom. 
Variations For the Unmept-Back Whg, the c w e  Of f o r  
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Vibration 

Beyond the c r i t i ca l  speed, vlbratlona occurred d u r a  .the t e s t  
of the umept-back model and. were caused by 'the uneteady flow 
conditione  associated with strong formation of compression shock.. 
As would be expected, when the c r i t i ca l  apead of the mept-back 
w i n g  wae delapd to speeds beyond the test range, no  brati ion occurred 
throughout the t e s t  r-e for rt$e swept -beck model. 

The reeultsoof high-@peed force tes ts  of a w i n g  with Oo eweep- 

1. The L i f t  coefficient of the 45' mopt-back KJ.ncr for  an@ea 

back and with 45 seepback  indicated the followirq cOnclwiOns: 

of attack other than 0' wae reduced bo approximately 50 percent of 
the l i f t  coefficient of t ke  unsk-eppt -back wing throughout We speed 
ras(;e t e s t e d .  Thfs. r e d s k i m .  amees wtt& theoretical  predictlam 
which indicate lift decreaeee of about 30 percent due t o  sweepback 
and about 2O.percen-ti dce to the accompanyin.. decrease i n  aapect  ratio. 

2. For low lift cbefficienta (leee than amrox. 0.20) the 
swept-back wirg bad better drag characteristics throughout the 
sped range; but f o r  hlgh lift coefficlenkf the swept-back .wing 
had better drag chamcterietica only  at hi& speeds. 

3. A large delay in the onset of adverse campressibillty 
effecta w a ~  indicated. Analyeis of the data indicated- that- the 
gr.eP-ter part of the delay waa due to weepback and that the 
d e l a y i n g  effecta of the O f m U l ~ O U S  c h w e  in aspect ratio 
section  thichesa ratio mro relatively sm~1L1. 

4. The mimum lift-drag ratio for the -wept-back w i n g  
decreaeed rapidly when t he  force break wa8 reached, where- the 
maximum l i f t  -drag ra t io  far the s m p t  -back King remined nearly 
canstait.  . , , 



5. Because of the delay in the onset of cmpessibility 
eff acta , elimination of the vibmticn chazacteristica on the swept- 
back wing w8.8 obtained for t he  speed range inveetiGated. 
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Figure 3.- Swept-back model. F 
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Figure 4.- Unswept-back model. - 

Fig. 4 





Fig. 6 NACA RM No. L6K1 .8a 
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Fig. 7 conc. NACA RM No. L6Kl8a 
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Fig. 9 NACA RM No. L6R18a 
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