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MACEI NUMBERS OF 0.40 'PO 1.03 

By F. E. West, Jr, , George U e r ,  and Gladys S. W t z  

An investigation has been  conducted i n  the Langley 16-foot  transonic 
tunnel to determine the effect of leading-edge chord-extensions on the 
aeroaynamic characteristics of a sweptback w -fuselage  conbination at 
mch numbers of 0.40 to 1.03. The wing ha& h5 sweep, aspect  ratio of 4, 
taper ratio of 0.6, and ETACA &A006 airfoil   sections.  The investigation 

- included chord-extensions .that covered from 55, 66, or 70 percent of the 
wing semispan t o  almost the w i n g  tip. m y  extended  chordnise either 15 
or  20 percent of the local  basic-wing chord. 

9 

- 
Addition of chord-extensions t o  the basic model usually decreased 

the magnitude and abruptness of the pitching-moment variations with l i f t  
at all Wch  nunibers, but had only a 8mU effect on the variation of the 
longitudinal-stability parameter w i t h  M&ch nuuiber a t  low l i f t  coemicients. 
Tihe most unsatisfactory pitching-mrrment cheracteristice f o r  the model 
equipped with chord-extensions occurred a t  mch numbers of 0.90 and 0.94. 
Addttion of the chord-extensions also generally improved the l i f t  char- 
acterist tca,  decreased l if t-drag ratio at  low l l f t  coefficients, and 
increased l i f t -drag  ra t io  above lift coefficients of about 0.40 or  0.50, 

In general, the effect of shifting  the hiboard end of the &or&- 
extensions from 55 t o  70 percent of the wing semispan m s  to -rove the 
w i a t i o n  of pitching moment w i t h  lift, cause s l i g h t l y  poorer lift char- 
acter is t ics ,  and came only  slight changes in  lift-drag rat io .  Increasing 
chord-extension chord length from 15 to 20 percent of the local basic-wing 
chord had only s3ight effects on the pftching-momnt and lift character- 
istics  but produced a detrimental effect on lift-ilrsg ra t io .  The largest 
effect of drooping the chord-extensions from 00 t o  2.2O was  to increase 
Uft-drag ratio.  



INTRODU(=IcION 

One  of the current  problems  at  subsonic  and  transonic  speeds  is  to 
improve  the  undesirable  longitudinal  stability  characteristics of swept- 
back  wings  designed for use at  transonic  speeds.  Typical  examples of 
these  undesirable  characteristics  are sham in  reference 1 for low sub- 
sonic  speeds  and in reference 2 for high  subsonic and transonic  speeds. 

The  longitudinal-stability  problem  at  low  subsonic  speeds  has  been 
greatly  alleviated  by  the  addition to sweptback  wings of fences  or 
leading-edge  devices  such as chord-extensione,  extensible  flaps, and 
slats (for example,  see  refs. 3 to 5 ). These  devices  were  primarily 
effective  because they delayed  to  higher  angles of attack flow sepa- 
ration on the  upper  surface of the outboard  sections. As this  flow 
separation over the outboard  sections has also  been  observed  at  high 
subsonic  speeds  (ref. 6) for moderate and high  angles  of  attack,  it 
seemed  possible  that  the  devices  used  at low speeds  might also improve 
the  longitudinal  stability  characteristics of sweptback wings at  high 
subsonic and transonic  speeds. C f  these  devices,  leading-edge  chord- 
extensions  appeared  most suitable for  use at high  subsonic and tran- 
sonic  speeds as the  rather  limited  amount of low-speed  data  (refs. 3 
and 4) indicate that they usually provide  the  highest  lift-drag  ratios. 
They  also  are  structurally  simple,  and  tests  at  supersonfc  speeds 
(ref. 7) showed  no  detrimental  effects  of  the  extensions on lift,  drag, 
or  pitching  moment. 

Hence, an investigation  of  several  Leading-edge  chord-extension8 
has  been  made on a a0 sweptback  wing-fueelage  combination in the  langley 
1 6 - f ~ t  transonic  tunnel  at  &ch  n~mibere  from 0.40 to 1-03. !Chi8 paper 
presents the results of the  force  measurements made during  the  investi- 
gation. Shm are  the  effects of varying  span,  chord,  and  droop  of  the 
extensions on the  lift,  drag, and pitching-mmnt characteristics. Also 
shown  are  data  indicating the effect of adding  fences to one of the 
leading-edge  chord-extension  configurations.  The  basic-model  force 
data were  obtained from reference 8. A few  results  obtained  during  the 
investigation of one of the  chord-extension  configurations  have  been 
published in reference 9. 

SYMBOIS 

M free-stream  Mach  nuILiber 

R Reynolds  nuiber  based on c 
- 

9 free-stream  dynamic  pressure 
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bi 

C 

- 
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tax 
a 

Cr, 

w i n g  area  (basic  wing) 

wing span 

location of inboard end of chord-extension 

local  basic-wing chord 

basic-wing mean aerodynamic  chord 

maximum wing  thiclmess  at any spanrise  station 

angle of attack of fuselage center  line  relative  to t e s t -  
section  center line 

angle  of  leading-edge  chord-extension  chord line relative 
to  local  wing  chord line (positive value indicates droop) 

lift  coefficient, - LLft 
ss 

mag drag coefficient, - 
qs 

pitching-moment  coefficient  about 0.25E, 
Pitching Iacmient 

- @E 

lift-curve  slope 

longitudinal-stability parameter 

ratio of lift-drag  ratio  for  model w i t h  leading-  chord- 
extensions to lift-dreg  ratio  for  model  without  leading- 
edge  chordextensions 

Subscripts : 

max Illax- 
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Tunnel.- ! b e .  w e y  1 6 - f ~ t  transonic  tunnel w h i c h  is a single- 
return  octagonal  slotted-throat wind tunnel is described i n  reference 10. 
As Wica ted  in this reference the maximum variation of the average hch 
nmiber along the test-section  center line in the vicinity of the model 
is about fo. 002. 

Model. - The geometric details  of the basic model configurations and 
of the  various leading-edge  chord-extensions and fences are shown i n  
figure 1. '191e basic model w i t h  i t s  six-component electrical  strain-gage 
balance is the seme model described in reference 8. 

The steel wing had 45O sweepback of the quarter-chord -e, aspect 
ra t io  4, taper ra t io  0.6, and NACA &A006 a i r f o i l  sections (see ref. 11 
for  ordinates ) parallel to the  plane of symmetry. The wing was designed 
t o  have no incidence, dihedral, or twist, and was symmetrically mounted 
on the fuselage. The ordinates given in figure 1 f o r  the mapesium 
fuselage correspond to  those of a body of revolution having a fineness 
r a t i o  of 12 that has been reduced in length by cutting  off the rear 
portion t o  give a fineness  ratio of 10. 

The leading-edge chord-extensions which extended 15 percent of the 
local basic-wing chord were investigated w i t h  the inboard end located 
at 55 and 65 percent of the wing semispan. Chord-extensions w h i c h  
extended 20 percent of the local basic-wing chord w e r e  investigated w i t h  
the inboard end located at 65 and 70 percent of the wing seaispan. The 
outboard end f o r  all chord-extensions was a t  99 percent of the w i n g  
semispan. The chord-extensions at zero droop angle had the same sec- 
tion  ordinates back t o  thefr point of maximum thickness a s  the corre- 
sponding spanwise w i n g  airfoil   sections.  When the droop angle was not 
zero, the  ordinates were slightly modified to maintain a smooth fairing 
i n  the vicinity of the intersection between the extension chord line and 
the wing chord line. Between the maximum thickness  points of the 
leading-edge  chord-extensions and the wing, the a i r f o i l  contour was 
paral le l  to the wing chord line. !Ibe chord-extensions were fabricated 
of s t e e l  back t o  the 14-percent wing chord line  (the chord line about 
which the extensions were drooped), and plast ic  was used t o  continue 
the fairing t o  about the 40-percent wing chord l ine (maxbnum thickness 
of the wing). 

Usually the model was tested w i t h  the quarter chord of the wing 
mean aerodynamic chord located a t  the same longftudinal  position 8 8  the 
maxirmnn body diameter. This configuration, known as the wing-normal 
configuration, i s  shown mounted in the test section  in figure 2. Har- 
ever, tests were also made of a wing-aft configuration which was accom- 
plished by shift ing the body forward so -that the quarter chord of the 
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I mean aerodynamic  chord w-as located 1.197E to the  rear  of  the maximum 
body diameter.  The  sting  sleeve  which was used with  the  basic  wing-aft 
configuration  (see  fig. 1) was not  used  for the wing-aft  configuration 

c w i t h  the  leading-edge  chord-extensions . 
Base  pressure was measured at two positions  that  were  located a 

few  inches  inside  the  base of the model. 

Support  system.-  The model support  system  is  described  in  refer- 
ence 8. The  support  system was arranged so that the d e l  w a s  located 
near  the  center of the  tunnel at a l l  angles of attack. 

Although some data were obtained at a Mhch rimer of 0.40, the 
force  data  for  the  leading-edge  chord-extension  and  fence  configurations 
were u s u a l l y  obtained  at Wch nmibers from 0.60 to 1.03. For most  cases, 
tests  were run by  keeping  Mach  nmfber  constant and varying  angle of 
attack.  Generally, a.n angle-of  -attack  range  of -2O to about 26O was 
obtained  at Wch numbers  of 0.40 and 0.60 and at higher speeds  the maxi- 
mum obtainable  angle of attack  decreased  progressively  with  increasing 
mch number  to 8O at a Mach  number of 1.03 because  of  limited  strength 
strut  to  increase  the allowable stresses some higher angles of attack 
were  obtained  for  one  configuration. 

w of  the  model  support  system.  However, by strengthening  the  support 

- 
Base  pressure was measured  for only the  15-percent-chord  leading- 

edge  chord-extension  configurations. A corqparieon  of  these  measurements 
with  those for the basic model indicated  that  for a given  sting shape 
the differences in base  pressure  were  too small to affect drag ad, 
hence,  base  pressures  were  not measured for the  other  configurations. 

The  estimated  accuracy  of  base  pressure  coefficient is ?O.OoS. 
Estimated  accuracy of the force data to be  presented  is fO.O1 for Uft 
coefficient, fo.001 for drag coefficient  at l o w  lift, kO.005 for  drag 
coefficient  at high lift,  and kO.005 for  pitching-moment  coefficient. 
Accuracy  of angle of attack  is  estimated to be  better than k0.lo. 

The  variation of Reynolds  nuaiber  with hch nunher shown in  fig- 
ure 3 is  based  on  data  for  the  basic-model,  chord-extension, and fence 
plus chord-extension  configurations. 
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CORRECTIONS . 
h6Cl-e Of attack.-  The angle of  attack  has  been  corrected  for  support- .) 

System deflection  due  to  aerodynamic  loading  by the method described  in 
reference 8. 

Ix.s@;.- The  drag  data  presented have not  been  adjusted  for  base  pres- 
sure or  sting  interference. Emever, by using the base  pressures  pre- 
sented  in  reference 8 the d r a g  data for the wing-normal  configurations 
can  be  adjusted to the  condition  of  free-stream  pressure at the  base  of 
the  model. 

Tunnel-wall  effects.- No tunnel-wall  corrections  have  been  applied 
to the data. Reference 12 indicates  that  the  tunnel-vall  effects  for 
this model are s m a l l  and generally  negligible. 

RESUETS AND DISCUSSION 

Lift,  drag, and pitching-moment  characteristics  of  the  wing-normal 
configurations  with  and  without  chord-extensions  are shown in figures 4 
and 5. Characteristics  for  wing-normaJ-  configurations  having a change 
in  chord-extension  chord length are sham in  figure 6. Characteristics 
for  wing-normal  configurations  equipped with fences  are  shown  in  fig- 
ure 7. Figure 8 shows the Uft and pitching-moment  characteristics  for 
the  wing-aft  configuration  with  and  without  chord-extensions.  Drag 
characteristics are not Shawn in figure 8 bemuse the prevfously noted 
difference Fn sting shape between  the  wing-aft  configurations  with  and 
without  chord-extensions  may  a9fect the drag. 

In figures 4 to 7 the  characteristics  for some of  the  configurations 
have been  presented  in  more than one  figure for purposes  of  cornpaxison. 
For  these  cases,  test  points and faired  curves for EL given  configuration 
have been  plotted on one  figure  and only the faired  curves have been 
duplicated on other  figures. In order to illustrate  the  probable char- 
acteristics  at  higher  lift  coefficients, some of  the  basic-model  pitching- 
moment  curves  in  figures &(a) and 5 (d ) have been  extrapolated by using 
h r @ e y  16-foot  transonic tunnel data from reference 1-2 for a geometri- 
cally similar, but  smaller model. Inasmuch as basic-model data at a 
kch number  of 0.40 were  not  available  for  the  comparisons i n  figure 5, 
data from reference 13 for a geometrically  similar,  but slfghtly smaller 
model  were  used  for  the  basic-model  Configuration. 
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Eefect  of  Chord-Ekknsions on Longitudinal  Stability 

for  Wing-Normal  Conf'iguration 

Study  of  the  pitching-moment  curves  of  figures 4 and 5 shows that 
in nearly every  instance  adding  chord-extensions to the basic model 
improved  the  pitching-mment  characteristics.  That  is, the -tude 
and abruptness  of  the  pitching-moment  variations  with lift were usually 
reduced  considerably.  However, the reductions in the pitching-moment 
variations  were  not  sufficient  to  comgletely  elFminate  the  nonlinearities 
in  the  curves  for any of the  Mach  numbers. The most  unsatisfactory 
pitching-moment  characteristics  for  the model equipped  with  chord- 
extensions  occurred at Mach nmibers  of 0 . 9  and O.%. Somewbat similar 
effects  of  Mach  number  have also been  noted in reference 14 for models 
equipped with chord-extensions  or  fences and in reference 15 for a model 
equipped  with a drooped  nose  and  fence  corribination. 

Flow  phenomena.-  "speed  studies  discussed  in  reference 5 indi- 
cate  that  for  wings  with large sweepback and leading-edge  radii that 
are small relative  to  the  local  chord an upper-surface leding-edge sepa- 
ration  vortex  is  formed at low lift  coefficients  which  moves  out  along 
the span  and  increases i n  chordwise  extent as  it  moves  outboard. The 
lift  coefficient  at  which  the  effect  of this vortex  first  becomes 
apparent  for a given wing plan  form  depends on the  leading-edge  radius. 

untilhiaer lift Coefficients  are  attained and also increases  the  possi- 
bility of trailing-edge  separation  changing  the flow conditions. As lift 

an increase  in  the  loading  over  the  outboard  sections. This increased 
loading  results  in an increase in Stability  such  as  that  shown  by the 
basic-model  pitching-moment  curve in figure 4 at a lift  coefficient of 
about 0.40 f o r  a Mach n m e r  of 0.60. With  f'urther  increases  in  lift 
the  flow  over  the  outboard  sections  aeparates.  This  flow  separation 
results  in a large  destabilizing  pitching-mment change similar to  that 
sham for  the  basic  model in figure 4 at a Ilf t coefficient of about 
0.60 for a bkch  number of 0.60. 

. An increase in leading-edge radius delays  the  formation  of the vortex 

- is increased,  the  vortex  effects  first  become  apparent  when they cause 

For a lifting  condition a chord-extension  creates a vortex  at  its 
inboard  end  (see  ref. 16) which  sweeps  back  across  the  wing in essen- 
tially a streamwise  direction  and  prevents the movement of the leading- 
edge  separation  vortex to the  outboard  sections.  The  result  is  that  the 
usual increase in stability  at  moderate  lfft  coefficients  is  alleviated 
and  that  instability  due to the  separation  is  delayed  to  higher  lift 
coefficients.  The  chord-extensions may also be effective  because of a 
staggering  of  the  pressure  distributions  at their inboard  ends and 
because  the  breaks  in  the  wing  surface  at  the  inboard end6 act as 
pW8iCd barriers. n 
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A study of the flow (ref. 17 ) over a model  that  is  geometrically 
similar but  one-third  the  size of the basic  model  used  in  these  tests 
indicates  the  presence of a separation  vortex  along  the  entire  leading 
edge  at a Mch nuuiber of 0.80. Increasing hch number  above 0.80 appears 
to  cause  the  vortex  region  to  contract  outward  along  %he  leading  edge 
until  it  is  apparently  eliminated at Elach  numbers of about 0.99 and 
higher. In the hch nuuiber  range  above 0.80, shocks  extending f r o m  the 
wing leading-edge  fuselage  juncture  and  the wing trailing-edge  fuselage 
juncture have large  effects  on  the flaw and  becane  more  predominant  as 
the  Mach rimer is  increased.  These  shocks  sweep  laterally  across the 
wing  and came separation on the  outboard  sections. 

On the  basis of flow studies  discussed  in  references 5, 16, and 17 
it  therefore seem reasonable  that  the  description of the  effect  of 
chord-extensions  at low speeds will also basically  apply  up to bhch  num- 
bers  of  about 0.80 for  configurations  that  correspond  closely  to  those 
discussed  in  this  paper.  The  decrease  in  effectiveness  of  the  chord- 
extensions at hch numbers of 0.9 and 0.9 may be  because the chord- 
extensions  have  little  effect on d e t r i m n t a l  shock  effects. 

Effect of chord-extension ~ o m e t r y  on pitching  moment.-  It  is 
difficult  to  choose  the  chord-extension  configurations  that  cause  the 
greatest  improvement in the  pitching-moment  characteristics  because  none 
of the configurations  are  outstandingly  best  at a l l  M~ch numbers. A 
study of figure 6 (c ) indicates  that  increasing  the  length of a given 
chord-extension f r o m  15 percent to 20 percent of the local basic-wing 
chord  did  not have much  effect on the  variation of pitching-moment  coef- 
ficient  with  lift  coefficient  except  at a Mach  nuuiber of 0.90. 

m e  pitching-moment  curves of figure  4(d)  indicate  that  of  the 
E-percent-chord  chord-extensions the one having en inboard-end  location 
at 65 percent of the  wing  semispan  and  having a droop  angle of about 0' 
provided  the  greatest  improvement  in  the  pitching-mment  characteristics 
at  almost a l l  mch numbers. Wving the  inboard  end  of  this  chord- 
extension 10 percent  of  the  semispan  farther  inboard  appeared  to  reduce 
its  effectiveness.  Drooping  the  chord-extension having an inboard  loca- 
tion  at 65 percent of the wing semispan s l i g h t l y  (6E = 2.20) apparently 
delayed  the  stabilizing  tendency  at  moderate  lift  coefficients  to  higher 
lift  coefficients  for h c h  nuuibers  up  to 0.85. This  occurred  because 
drooping the chord-extension  probably  reduced the loading  over  the  out- 
board  sections  at derate lift  coefficients, 

Of the  20-percent-chord  chord-extensions  (fig. 5 (d) ), it  appears 
that if the  entire  lift  range  for hch numbers  up  to 0.9 are  considered 
a chord-extension  starting  at 70 percent  of the wing semispan improved 
the  pitching-moment  characteristics  slightly  more than a chord-extension 
of  the same droop  angle  which  started  at 65 percent of the semispan. 
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The  effect  of  slightly  drooping one of the 20-percent-chord  chord- 
extensions was similar to that n o w  for the E-percent-chord  chord- 
extensions. 

Iongitudinal-stability parameter. - Figure 9 shows the effect  of 
two chord-extension  configurations on the  variation  of  the  longitudinal- 
stability  parameter with lift  coefficient  for  several Mach numbers. At 
each mch nwfber,  addition of chord-extensions  to the basic  model  con- 
sfderably  reduced  this  variation and usually increased  the  lift  coef- 
ficient  at  which trim might  be  achieved with a given tail configuration. 

Figure 10 shows that the  effect  of the chord-externions on the 
variation of the longitudinal-stability parameter with Mach number  at 
lift  coefficients  of 0 and 0.40 for  the  wing-normal  configurations was 
generally  slight.  None  of  the  chord-extension  configurations  exhibited 
the  abrupt  changes in stability  that  occurred  for  the  basic  model  st 
Mach nuuibers  above 0.98 for a lift  coefficient of 0.40. 

Eefect  of  Chord-Extensions on LLf% for 

Wing-Normal  Configurations 

In general,  the  lift  curves  of  figures 4 and 5 show that the  addi- - tion  of  chord-extensions to the  basic  wing-normal  configuration  increased 
the  lift-curve slopes at low lift  coefficients, made the  lift  curves  more 
linear  at the l o w e r  hch riders, and increased Uft coefficient  at  the 
higher  angles of attack. - 

Usually,  when  the  angle-of-attack  range w-as sufficient  for  the  lift 
curves  to  extend s o w  distance  beyond  the linear range, the  effect  of 
the  chord-extensions was to alleviate  the  decrease  in  lift-curve slope 
at the high angles of  attack.  This  alleviation  often  resulted in 821 
increase  in  lift  coefficient of about 0.1 at a given angle  of attack 
which was considerably  greater than the increases  to  be  expected  from 
the  additional wing mea provided by the chord-extensions.  The  main 
exception to this alleviating of the decrease in lift-curve slope 
occurred  at a Mach number of 0 . 9 .  

For  most  Mach  numbers  the  chord-extensions with greater spans 
(figs. 4 and 5 )  appeared  to  provide the better Hft characteristics. 
m e  effects of a small change in chord-extension droop angk (figs. 4 
and 5 1 or  chord  length  (fig. 6 1 were slight. 

Lift-curve slope at  lift  coefficients of 0 and 0.4.- Figure l l  
shows  the  effect  of  the  chord-extensions on the variation of lift-curve 
slope of  the  wing-normal  configurations  with  Mach  number  at  lift  coef- 
ficients  of 0 and 0.40. 
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For m c h   n m r s  below 0.94, the  basic-model  lift-curve slope 
increased as the lif't  coefficient  increased  from 0 to 0.40. !Fhis 
increase was probably due to the  leading-edge  separation  vortex,  previ- 
ously discussed,  causing  exceptionally large increases in lift  over  the 
outboard  wing  sections. A somewhat similar increase  in Wt-curve slope 
also is  shown  for  one  of  the  chord-extension  configurations (0.20~2, 
bi = O.7Ob/2, = 0.4O) at a bhch n&er of 0.60. An increase of this 
magnitude may be  due  to  errors  that  are  less than the stated estimated 
accuracy. For the  other  chord-extension  configurations,  the lift-curve 
slope was only  slightly  affected  by  increasing  lift  coefficient *om 0 
to 0.4. 

. 

Addition of chord-extensions  to  the  model  caused  increases in lift- 
curve  slope at the  higher  Mach  numbers  (fig. 11) that  appear to be 
essentially due to  the  additional area of  the  chord-extensions. 

W e c t  of  Chord-Extensions  on  Drag  and Uft-Drag 

The  drag curves of figures 4 (b) and (c ) and 5 (b ) and ( c  ) show  that 
the  effect  of  adding  chord-extensions  to  the  basic wing-normal configu- 
ration was to  increase  drag  coefficient  at low lift  coefficients  and I 

usual ly  to  decrease  it  at moderate and high  lift  coefficients.  Increasing 
hch nuniber usually made  the  increase  at lap lift  coefficients  greater and 
the  decrease  at  moderate and high lift  coefficients  smaller. c 

Zero-lift drag.- The effect  on  the  variation of zero-lift  drag  coef- 
ficient w i t h  Msch number of adding  chord-extensions to the  basic  model  is 
shown  in  figure 12. In general,  this  effect was to  increase  zero-lift 
drag coefficient  at  the  lower h c h  numbers and to  cause  larger  increases 
in  zero-lift drag in  the  drag-rise mch number  range. Changes in chord- 
extension  geametry usually had no  consistent  effect  throughout  the Mach 
number  range.  However,  drooping  one of the  20-percent-chord  chord- 
extensions had a favorable  effect in the  drag-rise Mach number  range. 

Lift-drag  ratios.-  Figure 13 shows a relative  comparison of the 
variation  of maxirmrm lift-drag  ratios  with Mach number  between  the  basic 
wing-normal  conf'iguration and the wing-nom1 configurations  equipped 
with  chord-extensions. U s u a l l y  the  addition of chord-extensions to the 
model  caused  decreases  in maximum lift-drag  ratio.  Decreasing  chord- 
extension span and chord  length  and  Increasing droop angle  generally 
increased  the mexlrmlm lift-drag  ratios of the  model  when  equipped  with 
chord-extensions. 

A colqparison  of  the  variations of lift-drag  ratio  with  lift  coef- 
ficient  between  the  basic  wing-normal  configuration and the  wing-normal 
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- configurations  equipped with chord-extensions  is shown at  several mch 
numbers  in  figure 14. The addition of chord-extensions wually decreased 
lift-drag  ratio  at  the  lower  lift  coefficient  and  increased  it  at  lift 
coeff  icients  above  approximtely 0.40 or 0.50. The magnitude of  these 
increases at the  higher  lift  coefficients  generally  becomes less with 
increasing  Mach  nmiber.  Increasing  chord-extension  droop angle and 
decreasing  chord-extension chord length usually increased  the Uft-drag 
ratio of the  chord-extension  configurations. Changes in chord-extension 
span had little  effect. 

L 

Xfect of Chordwise  Fences on the  Aerodyn6mic  Characteristics 

of a Wing-Normal  Configuration 

In an effort to *rove  the  pitching-moment  cheracteristics of the 
chord-extension  configurations  at  Mach  nmibers of 0.9 and 0.94 a 
limited  amount  of data were  obtained  for tbTD fence configurations at 
these  Mach  nmibers and also as a mtter of interest  .at  several  other 
Wch nmibers.  It  was  conjectured  that  the  fences  would  prevent low- 
energy  air in the  trailing  region from flowing  outboard  and  aggravating 
shock-induced flaw separation over the  tip  sections.  The  low-energy  air 
may have  been  reaching  the  tip  sections  either  because  the  vortices  from 
the chord-extensions  were too weak to prevent  it or because  they  were 

them. The  results  shown in figure  7(c) indicate that the fences  seem 
to  be  rather  ineffective  at a11 hbch nmibers.  This may be  because  the 
fences  were  not of sufficient  size. The effect of the  fences on the 
Uft (fig. 7 (a) ) and  drag  (fig. 7 (b ) ) characteristics of the  chord- 
extension  configuration usually w&s slight and inconsistent. 

. raised  suff  lciently  above  the wing surface to allow flow underneath 

- 

Effect of Chord-Extensions  on  the  Pitching-Moment and Uft 

Characteristics of a Wing-Aft  Configuration 

Some data were  obtained  to  determine if chord-extensions would 
also be  effective on a configuration with the w i n g  in  the  aft  position. 
!Che results  shown  in  figure 8(b) fndicate that chord-extensions were 
effective in improving  the miation of pitching-moment  coefficient 
with lift coefficient  at a l l  of the  test  hkch  nmibers  except 0.94. 
Unfortunately,  the  data  at a Mach number  of 0.94 are too limited to tell 
if the chord-extensions  would  be  beneficial at high  lift  coefficients. 

The  lift  curves of figure 8 (a 1 show that  adding  the  chord-extensions 
to  the  basic  wing-aft  configuration  made  the Uft curves  more  linear  up 
to a bbch nmiber of 0.9. Rowever,  this  addition of chord-extensions . 



did  not  increase  lift  coefficients  at high angles of  attack as much as 
adding the seme chord-extensions  to  the  basic  wing-normal  configuration 
(see  fig. 5 ). 

CONCLUSIONS 

Results  of a transonic  wind-tunnel  investigation of the  effect of 
leading-edge  chord-extensions  on the aeroaynamic  characteristics of a 
&O sweptbsck  wing-fuselage  colnbination  at kch nunibers of 0.40 to 1.03 
indicate  the  following  conclusions: 

1. Addition of chord-extensions to the  basic-model  configurations 
usually  decreased  the  magnitude and abruptness  of  the  variations  of 
pitching-moment  coefficient w i t h  lift  coefficient for all Bch nunibers. 
The  effect  of  the  chord-extensions oh the variation of longitudinal- 
stability  parameter  with hch rider at  low  lift  coefficients was 
usually small. The most  unsatisfactory  pitching-moment  characteristics 
for  the  model  equipped  with  chord-extensions  occurred  at mch numbers 
of 0.9 and 0.94. 

2. Addition of chord-extensions  to  the  basic  wing-normal  configu- 
ration  also  generally  iruproved  the  lift  characteristics,  increased  zero- 
lift  drag,  decreased  lift-drag  ratio st low lift  coefficients, and 
increased  lift-drag  ratio above lift  coefficients  of  about 0.40 or 0.50. 

3. In general,  the  effect  of  shifting the inboard  end  of  the  chord- 
extensions  from 55 to 70 percent of the wing  semispan was to  improve  the 
variation of pitching-mmnt coefficient  with  lift  coefficient,  cause 
slightly  poorer  lift  characteristics,  cause  no  consistent  change  in  zero- 
lift drag, and  cause only slight changes in  lift-drag  ratio. 

4. Increasing  chord-extension  chord length from 15 to 20 percent  of 
the  local  basic-wing  chord usually had only a slight  effect on the m i -  
ation  of  pitching-Inanent  coefficient  with  lfFt  coefficient, only a slight 
effect on the lift  characteristics,  no  consistent  effect on zero-lift 
drag, and a detrimental effect on lift-dreg  ratio. 

5. Usually  increasing  chord-extension droop angle from  about 0' 
to 2.2O slightly  increased the variation  of  pitching-mament  coefficient 
with  lift  coefficient  up  to ~ilach n M e r  of 0.85, had o d y  a alight  effect 
on  the  lift  characteristics, had no  consistent  effect on zero-lift  drag, 
and caused an increase in lift-drag  ratio. 

. 



TWCA RM 153~02 I 13 

* 6. me effect of chordwise  fences near the trailing edge on the 
aerodynamic characteristics of a model e e p p e d  w i t h  chord-extensions 
was smsll and inconsistent. 

Iangley Aeronautical Iaboratory, 
National Advisory Committee for Aeronautics, 

langley Field, Va. 
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Figure 1.- Dimensions of the basic model and of the leading-edge chord- 
extensions and fences. A l l  dimensions are in inches. 
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Figure 2.- Thee-quarter view showin@; wing-narmal configuratlon w i t h  
leading-edge  chord-extensions (O.Ec, bi = 0.6!3/2, 8~ z 0') mounted 
in the t e s t  section. 
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Mach number, M 

Plgure 3.- Variation of Repolda der with Mach number. 
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Angb of atlach,a 

(a) Lift. 

Figure 4.- Effect of 15-percent-chard leading-edge chord-extenaiona on 
the aerodynamic  characteristics of the Wng-narmal configuration. 
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Drag coefficlenl, CD 

(b) Drag up to d e r a t e  l i f t a .  

Figure 4.- Cont-d. 
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.I2 1 , I , I l l  
B a i c  model 
Bosic model f re f .a  I I I I "" """_ 

Lift mefflclent , 

(a) Pitching moment. 

Figure 4.- Concluded. - 
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(a) uft. 
Figure 5.- Effect o f  20-parcent-chord leading-edge chord-extensions 

on the aeroaynsmic characterist lcs o f  the wing-normal configuration. 



(b) Drag up to moaerate lifts. 

Flgure 5 .  - Continued. 
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(c)  bag at Ugh l i f t s .  

Figure 5.- Continued. 
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.I2 , , , 
0 basic rkod'el ' I 

11 -" """ Basic model (ref. 21 I 

Lif t  coefficient, CL 

(a) Pitching moment.  

Figure 5.- Concluded. 
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(a) Lift. 
Figure 6.- Effect of chord length of leading-edge chord-extensions on 

the aerodynamic charackeri6tics of the w i n g - n o m d  configmation. 
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Lift coefficient, CL 

(c) Pitching moment. 

Figure 6.-  Concluded. - 
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(a) Lift. 

Figure 7.- Effect of fences on the aeroaynandc characteristics of the 
w i n g - n d  conPiguration when equipped wt.th leading-edge chord- 
extemims (O.l5~, bi = 0.65b/2, % = 2.2'). 
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Fence off 

.75 c fence at 5 4  b/2 
Q-- . 5 0 c  fence at .65 b/2 

Symbol no. 
Mach 

Lift coefficient ,CL 

(c) Pitching moment. 

Figure 7.- Conclude&. 
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(b)  Pitching moment. 

Figure 8.- Concluded. 
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Lift coefficient , CL 

Figure 9.- Variation of longitudinal-stability  parameter with l l f t  coeffi- 
cient  at several Mach nujibem for three wing-normal configurations. 
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Moch number, M 

(a) Effect o f  span and leading- (b) Effect of epan and leading- 
edge droop of a E-percent- edge droop of a 20-percent- 
chord leading-edge chord- chord leading-edge chord- 
exterlslon. extension. 

Figare 10.- Variation of longitudiEii"6tabiliZ;y parameter with Mach number 
at lift coefficients of 0 and 0.40 far the wing-normaL configurations. 
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1 I 

A .5 .6 .7 B 2 1.0 

Moch number, M 

(a) Effect of span and leading- (b) Effect of span and leading- 
edge d r o q  o f  B 15-percent- edge droop of a 20-percent- 
chord leading-edge chord- c h d  leading-edge chord- 
extension. extendon. 

Figure U.- Variation of lift-curve slope with Mach rnrmber a t  lift coefli- 
ciente of 0 and 0.40 far the wing-n- configuratiom. 

.... . 



. . .  

.03 

.02 

.o I 

"" 

0 

(a) Bffect of span and leading-edge droop of a 15-percent- 
chord le--edge chord-extension. 

Moch number, M 

(b) Ef'fect of span and leading-eage droop of a 20-percent- 
chard leadlng-edge chard-exbemion. 

Figure 12.- Variation of drag coefficient a t  zero lift Kith Wch nurober 
far the wing-normal configurations. 
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(a) Effect of span and ledhg-edge droop of a E-percent- 
chard leading-edge chmd-extension. 

I 

Mach number, M 

(b) Effect o f  epan and leading-edge droop o f  a 20-percent- 
chard  leading-edge chard-exteneion. 

Figure 13.- Effect of leading-edge  chon¶-ex%ensions 011 the maximum lift- 
drag ratio of the wing-normal coIxt3gurationa. 
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Figure 14.- Effect of leading-edge  chord-extensions on the lift-drag 
ratio of the wing-normal configurations. 
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