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SUMMARY 

Rosv'Lts are  presented of an investigation  in  the Langley 8-foot 
high-speed tunnel of two moptback wings of different plan form. The 
purpose of the  investigation waa  t o  determine the  effects of the  addition 
of a triangular  area t o  the inboard  section of a conventional Bweptback 
wlng in such a way as t o  produce a wing employing two stages of  sweepback. 
Lift,   drag, and pitching-moment characteriatics m e  presented-to  i l lustrate 
these  effects   for  a Mach nuniber range of 0.40 through 0.935. 

Results of the investigation  indicate  that the effects of the 
addition of the triangular s e a  to  the Bweptback wing on l i f t  and drag 
characteristics  are -1 thro?mout the Mach number range tested.  
Although the changes in lift and bag characteristics  are BmeLu when 
considered  separately, a combination of the two in the l i f t -drag   ra t io  
resu l t s   in  89 appreciable  increase in t h i s  r a t i o .  I f  a change in  center- 
of-gravity  location is assuned t o  accompany the addition'of  the  triangular 

. area, there i$ essentially no change i n  the s t a t i c  margin of the meptback 
wing. 

A program was begun in the Langley 8-foot  high-speed  tunnel t o  
deternrine the effects  of vazious w i q  and t a i l  configurations on the 
force  characteristics of the D-558 airplane  (reference 1) The D-558 is 
a research  airplane used f o r  the  investigatim of the aero3pamic pheno- 
mena wtthin  the  transonic region. 

In a continuation of t h i s  program, an investigation  has been made '  
at high  subsonic speeds of wing-alone chazacteriotics t o  determine the 
effects  of adding EL triangular  area t o  the  center of t h e  sweptback w t n g  
of reference 1 t o  increase the angle of sweep of the inboard  section of 
the wing and t o  form, in   e f fec t ,  a wing employing two stages. of s-deep. 
Throughout this  report ,  the biswept wing  will be referred t o  as  the 
sweDtback wing with glove. 



The gloved wfng was designed to  obtain the Increase in  c r i t i c a l  
speed of the  meptback wing without  encounterhg the adverse low-speed 
t ip  characterist ics normaUy aiccompanylng large degrees of sweep. In 
addition  to  increasing  the sweep of the inboard sections,  the  addition 
of the glove t o  t he  meptback wing provides a lower thickness r a t io  at tbs 
root  sections  than would be obtained w i t h  a mono-swept w i n g  for  the 
sane wing thicknesses. This decrease in thickness  ratio  occurs  since 
the addftim of the glove involves no change in  wing thickness. 

Model.- For  the purpose of this investigation, the sweptback wing 
of raference 1 w a s  f i t t e d  with a triangular section over the inboard 
section of the leading edge to  form, in  effect ,  a w i n g  with two etagee 
of sweepback. Details of the resulting w3ng are shown in figure 1. 
Dimnsione for the sweptback wing  and fo r  the meptback wing with glove 
are  shown in table I, and w i n g  ordinates  for the meptback wing with 
glove are given in table II. These wing ordinates are for   sect ions  la id  
out  pmallel  t o  the plane of symnetry. 

The D-558-1, for  which 8- comparative data appear, u t i l i ze s  a wing 
which employs no meep, an MACA ~ ~ - L L O  section, and an aspect  ratio 
of 4.2. 

The ~~ uncorrected. Mach  number for  this  investigation was 
approx3mtel.y 0.935. The Reynolds number fo r  the eets  of the eptback 
wtng with &me varied from approximately 1.5 X 10 2 to 2.2 X lor Caupu- 
tatims of Reynolds number were bamd on the mean asrodynemic chord of 
the Eweptback  wing with glove. 

Model support and balance .- For t h i s  investigation, a sting-strut 
suppcrt system was used. In order t o  u t i l i ze  an existing strain-gage 
balance, the w i n g  t o  be tested wa8 mounted on the D-558-1 f'uselage of 
reference 2. Details of the model support sptem are shown in  figure 2, 
and a complete description of the system is @Ten in reference 2. 

Xith the &el aerodynamic- loaded,  there was a muall deflection 
of tha eupport sting. This deflection changes the angle of attack of the 
mdel sl ightly and necessitates an angle-of-attack meaauremsnt a t  each 
test point. These messurements were obtained by m&z18 of a cathetometer 
mounted on the aide of 'the tunnel. 

CORRECTIONS 

. 

L%e effect of temperature on the strain gages was determined from 
static-load and temgerature calibration  tests.  The temperature was 
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measured at each test point and the  corrections determFned in static 
tests were applied. 

The data  are  presented  for  uncorrected Mach nmibers up t o  about 0.935, 
where c h o w  occurred a t  the support s t ru t .  The data a.re believed to be 
unaffected by choke phenomena as the strut is w e l l  t o  the rear of the 
model, and pressure measurements indicated no i r regular i t ies  in the 
velocity  f ield in the model region at this Mach number. 

The expressions  avail&le  for the effects  of tuzmel-wall inter-  
ference are  inadequate f o r  the accurate  determination of such effects 
f o r  swept wings.  Therefore, no correctians  for  these  effects have Been 
applied  to  the  results of this investigatim. From reference 2 an 
Indication of the  order of magnitude of the correction t o  be agplled t o  
dynamic pressure and Mach number is ahawn for  a Mach  number of 0 4 3  t o  
be approximately 1 percent  for a straight-wing  configuration. The 
corrections w i l l  probably be much less f o r  the Bwe-pt configuratian. 

. . -  
For  the  purpose of presenting  data  for  the w i n g s  d y ,  data of 

t e s t s  of fueelage  alone have been  subtracted fram the data of the 
wing-fuselage conibination; therefore, all wing data presented  herein 
contain  fuselage-interference  effects. Compmisons have been made t o  
i l lus t ra te   the   e f fec ts  of the addition of the glove to   the Bweptback 
w i n g .  Limited coqarisons have also been made to   the unswept w i n g  as 
useqwith t h e  D-558-1 airplane of reference 2. All data are  presented 
f o r  a Mach  number range of 0.400 t o  0.935. 

- 

The variations of lift coefficient  with  angle of attack  for  various 
Mach nunibers for   the aweptback wing and the Bweptback w i n g  w i t h  @;love 
aze shown in figure 3 .  In f igme 4 are ahown t h e  variations of l i f t  
coefficient w i t h  Mach  number for  various  angles of attack  for  the two 
wings.  Figure 5 shows the  variations of the slopes of the Lift curves 
with Mach  nuniber for   the two wings at two altitude  conditions. A 
comparison of the  variation of lift coefficient  with Mach  number fo r  
angles of attack corresponding t o  a lift coefficient of about 0 -1 at 
a Mach number of 0.6 is  sham in figure 6. These preceding  data  indicate 
that  the  addition of the glove to   - the Bweptback  wing has a very emsll 
effect  on the l i f t  characteristics of the w i n g .  

The variations of drag coefficient w i t h  l i f t  coefficient f o r  
various Mach numbers are sham in   f igure 7 for   the sweptback wing  and 
the Bweptback wing w i t h  glove. The variations of drag coefficient 
w i t h  Mach nuzdber for  various angles of attack f o r  the two w i n g s  are 
shown in   f igure  8. mese data  indicate  that the effects of the  additian 
of the glove on d r a g  characteristics  are negligible up t o  a Mach  number 
of 0.90 w i t h  a reduction i n  drag above this   point .  
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In   f igure 9 the  l if t-drag  ratios  for  the winge are plotted  againat 
l i f t   coe f f i c i en t   fo r  two  Mach numbers.  These data  indicate  that, although 
the changes in l i f t  and drag characterist ics due to  the  addltion of the 
glove are amall when considered  separately, a cmibtnation of the two in 
the  l ' f t-drag  ratio  results in an appreciable  increase in  th i s   r a t io .  
In   the low Mach  number region, it is indicated  that the maximum l i f t -drag  
r a t i o  of the  meptback wing with  glove i s  about 26 percent greater than 
t h a t  fo r  the meptback wing. In  the  high Mach  number range, the  ra t io  
for   the sweptback wing with  glove is about 37 percent  higher  than  that 
f o r  the sweptback wing. 

In  figure 10 are shown the  variations of pitching-mament coeffi- 
cient  with l i f t  coefficient  for  various Mach numbers for   the two w i n e .  
The variations of pitching-moment coefficient w i t h  Mach  number fo r  
various  angle^ of attack are shown in figure 11. For the purpose of 
these  plots the pitching momenta were  computed about the 25-percent 
p o h t  of the mean aerodynamic chord for the meptback wing, and about 
the 46-percent point of the mean aerodynamic chord for the  meptback 
wing with  glove.  This  point on the  meptback wing  with glove has been 
computred t o  give the same s t a t i c  m g i n  as the meptback w h g  at a Mach 
number of 0.6 under sea-level  conditions. These data  indlcate a stable 
condit;ion f o r  the two wings through the Mach number range tested.  

'Ifhe foregoing  data  indicate  that there is no appreciable change i n  
force-break  characteristics due to  the  addition of the glove to   t he  
meptlmck wing 

Unpublished data obtained in the w e y  8-foot high-speed tunnel 
have Indicated that the changes in force  characterist ics  defhing  the 
force break f i r s t  appear a t  the  outboard  section of a sweptback wing. 
These data  indicate that these changes can be at t r ibuted to the shock- 
wave configuration of the sweptback w i n g  wkich places  the shock wave a t  
the  root  sections well to   the rear. The addi t im of a triangular area 
ahead of these  sectiom probably has only a secondary e f fec t  on the 
shock-wave configuration and  a correspondingly small effect  on the  force 
characterist ics.  

In order t o  i l l u s t r a t e  more clearly the small effec ts   o f . the  
addition of the glove t o  the sweptback  wing, incremental lift, drag, 
and pitching-moment coefficients  as  functions of Mach number for  
v a r i o m  angles of attack  are  presented in figure 12. For the purpose 
of this plot,  the  pitching moments fo r  both the sweptback  wing and the 
sweptback wing w i t h  glove are  presented ebout the  25-percent  point of 
the mean aerodynamic chord of the sweptback wing. These data  indicate 
that ,   I f  t h e  addition of the glove is  considered as a modification 
involving no change in center-of-gravity  locatian, the effects  on 
pitching-moment coefficient  are  comparatively  large If, however, the 
addition i a  considered a s  a redesign,  involving a  change in  center-of- 
gravity  location,  as shown by preceding data computed about the 48-percent 
point of the mean aerodynamic chord of the sweptback w i n g  with glove, 
the  effects on pitching-mment  coefficient are small. The incremental 
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effects  of  the  addition  of  the glove on lift and drag characteristics 
are emall. At an angle of attack  of 6O, the  highest  test  angle, the 
change in lift  coefficient  is  less  than 0.03 and  the  change  in drag 
coefficfent is less than 0.005. The change in pitching-mmnt coeffi- 
cient  for  this  angle  of  attack  is.  about 0 -035; for amaller  angles  of 
attack  the  changes are correspondingly  amsller. 

The  results  of  this  investigation  indicate  that  the  effect of the 
addition of a triangular  area  to t h e  inboard  section of  the meptback 
wing on lift characteristics is mall throughout  the Mach nuniber  range 
tested. The effect on drag chmacteristics  is Bmall up to a Mach number 
of 0 .go with a reduction in d r a g  above  this point. At an angle of 
attack of 60 t he  change in lift  coefficient  is less than 0.03 and  the 
change in drag coefficient is less than 0 -005- 

Althoua the  changes in lift  and drag characteristics due to  the 
addition  of  the  triangular  area are Bmau when  considered  separately, 
a combination  of  the two in the  lift-drag  ratio  results in 80. appreciable 
increase in this  ratio.  The  increase In maxhwn lift-drag  ratio in the 
lar Mach  number  range  is  about 26 percent  and in the  high  Mach  number 
pang8 is  about 37 percent 

If no  change is assumed in the  center-of-gravity  location, t h e  
change .in pitching-mcment  coefficient due  to t h e  addition  of  the  tri- 
angular mea is about 0.035 at an angle  of  attack  of 6O. If a change 
in center-of-gravity  location  is  assumed to accoqany the  addition  of 
the trimgulm area,  there is essentially no change in t h e  static margin 
of the meptback wing. 

Langley  Aeronautical  Laboratory 
National  Advisory  Committee for Aeronautics 

Langley Field,  Va. 
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L. E. Swepfbuck win7 

+ 48% M.A.C. Swept buck 
wing with glove 

25 70 M. A. 6. 
Swepfback w;ng 

9.38 -1 

Figure I . - Drawing of & -scale sweptbock wing w/fh  
glove as fitfed f o  the  D-568 mode/ for 
fesfing in f h e  Langley 8-foot h3h-apeed 
tunnel. All  dimensions in inches. - 
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Mach number, AA 

Figure 4 .-Variation o f  tift coeff ic/ent w i t h  
M a c h  number fo r  vambus ang2es o f  
attack for 2he sweptbuck w h g  a d  the 
sweptback win9 wi$h g2ove. - 
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Figure 6 .- Variution o f  Zift coefficient at constam? 
angZes o f  attack with Mach number f o r  &he 
sweptback wing and the swep tback  whg w i t h  
gZove. D-558-1 data also shown. - 
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Figure 7 .- Confinued. 
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F i g u r e  8 .- V a r i a j i o n  of d r o p  coefficienf w;f& 
Mach  n u m b e r  f o r  various ong/es o f  affuck 
for  She swepfback w i n g  a m d  +he sweptbach 
wing w i th  g l o v e  .. 
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Figure 10 .-lkzriation of pitchinq -moome& t cosfficienf 
w i th  Z i  Pf coefficient f o r  various Mach numbers 
for the swepfback win a d  the sweptback w h y  
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F1-9ur e / 1 .- Variuthn o f  pitchin9 -momer;lt coefficient 
wi th  much number for vazr/ous angles o f  
attack for  -the swepzfback w h 9  and *he 
sweptback h/hg widh gZove. 
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Figure 12.- Variation o f  incrementa2 Zift, dra 9, 
and p/*tching-moment coeffkienSs due to the 
addition o f  the gtove t o  the sweptback why 
wifh M Q C A  number for various angZes o f  
a f t  ack . 
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