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SUMMARY 

The low-speed s ta t ic   longi tudina l   s tab i l i ty   charac te r i s t ics  of a 
wing having 45' sweepback of the  quarter-chord  l ine,   an  aspect  ratio 

t o   t h e  air stream were investigated i n  the Langley  19-foot  pressure' 
tunnel a t  Reynolds numbers  from 1.5 X 10 t o  4.8 x 10 . The ef fec ts  of 
combinations of leading-edge  and  trailing-edge f l a p s ,  upper-surface 
flow-control  fences,  and a fuselage. on the  longitudinal  stabil i ty  char- 
ac t e r i s t i c s  were determined. 

I of 8, a t ape r   r a t io  of 0.45,  and NACA 631~012 a i r fo i l   s ec t ions  parallel 
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The basic wing had a maximum l i f t  coefficient o f  1.01, exhibited a 
large  degree of i ne t ab i l i t y  throughout  the lift range, and was unstable 
at maximum lift. With a combination 09 leading-edge and trailing-edge 
f laps  and upper-surface  fences, a maximum lirt coefficient of 1.50 w a s  
obtained,  the movement of the  aerodynamic center was reduced to less 
than 6 percent of the  mean aerodynamic  chord throughout  the lift range, 
and the pitching moment was s table  at maximum lift. 

INTRODUCTIOET 

Previous investigations of sweptback wings (see, for example, refer- 
ences 1, 2, and 3) have sham that as the   aspect   ra t io  and sweepback are 

s t a b i l i t y  throughout the l i f t  range with the various  devices  used t o  
control   the   s ta l l ing of sweptback wings. In order t o  extend  these  inves- 
tigations  and  to  provide  information  in  the low-speed range  with which 

increased, it becomes increasingly  difficult   to  provide  longitudinal 
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to  evaluate  design  configurations suitable fo r  high-subsonic,  long-range 
airplanes, sn investigation has been  conducted i n  the Langley  19-foot 
pressure  tunnel t o  determine  the-.lar-speed  longitudinal  characteristics 
of a 45' sxeptback wing of  aspec t   ra t io  8. A wing of t h i s  sweep - aspect- 
r a t i o  combination is well in the  longitudfnally  unstable  region a8 set 
fo r th  in reference 4, and on the basis of  prqsent  qagufacturing methods 
appears t o  be approaching a -  limit outs& of which-a wing would be 
st ructural ly   impract ical .  

r 

- 
The present pper contains the resu l t s  of  an investigation t o  deter- 

mine the   e f fec ts  of leading-edge  and  trailing-edge flaps, upper-surface 
flaw-control  fences,  and a, fuselage on the longi tudinal   character is t ics  
of the w i n g .  The e f fec t s  of leadingedge .roughness on the  basic w i n g  
and on a representative  flap-deflected  configuration were determined. 
The t e s t s  were conducted at a Reynolds number of 4.0 x 10 and a Mach 
number of approximately 0.19. Additional tests were made a t  Reynolds 
numbers from 1.5 x 10 t o  4.8 x 10 on the basic wing, wing wi th  fences, 
and on a representative  flap-deflec€ed 'cixbfi-@;uration. 

6 
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Results of measilrements of the pressL&e.distribukLc&over the wing 
and the effect   of  a hoi;izontal t a i l  on the lo rq i tud ina l   . s t ab i l i t y  are 
presented  in  references 5 and 6, respectively. 

The data a re   r e f e r r ed   t o  a wind axis w i t h  the origin located  at-the 
projection of the quarter-chord  poin,t  of  the mean aerodynamic  chord on 
the plane of e y m m e ~ - S t a n d a r d  EIACA symbols and  coefficients are used. 

CL lift coeff ic ient  (Lin/qS)  

CD drag coefficient .(Drag/qS) 

bc, increment  OCpitchingaoment  coefficient  resulting from the 

L/D 1ift-drag r a t i o  . ' 

addition of the  fuselage 

. .  . . .  

U angle o h t t a c k  of w ' h g  chord  plane.with.wind, degrees 

4 .  free-stream dynamic pressure, Gr . squa re  *opt (g) 
*. 

Y 
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c 

Reynolds 'number ( pVc ' / w )  

free-stream Mach number 

viscosi ty  of air, slugs  per  foot-second. 

density of air,  slugs  per  cubic  foot 

free-stream  velocity, feet per second 

wing area,  square  feet 

c .  

mean aerodynamic 

loca l  wing chord 

chord psrallel t o  

parallel t o  plane 

plane  of symmetry, fee t  

of symmetry, f ee t  

wing span, feet 

- epanwise coordinate, feet 

loca l   a i r fo i l   s ec t ion  maximum thickness,   feet  

wing-fuselage  incidence,  angle between wing chord  plane  and 
longitudinal  axis of  fuselage, degrees 

rate of change of pitching-moment. coefficient  with lift 
coefficient 

MODEL 

The model t e s t ed   i n   t h i s   i nves t iga t ion  had 45O sweepback of  the 
quarter-chord  line,  an  aspect  ratio of 8.02, and a t ape r   r a t io  of 0.45 
(see  table I).  The wing was constructed of a s tee l   core  embedded in an 
alloy of bismuth and t h  t u t h e  plan form indicated in figure 1 and 
contoured t o  NACA 631A012 a i r f o i l   s e c t i o n s   p a r a l l e l   t o   t h e  plane of 
symmetry. The wing t i p s  were 2.5 percent  of the w i n g  s p n  and were 
rounded t o  a parabolic  curve  plan form and  cross  section. The wing had 
no geometric twist o r  dihedral .  .. Measurements were made of the  torsional 
deflection due t o  aerodynamic loading at a Reynolds number of 4.0 x 10 6 
(a free-stream dynamic pressure  of  approximately  120 pounds per square 
foot ) .  The results  indicated a near ly   l inear   var ia t ion   in  t w i s t  w i t h  
increasing  angle of a t t a c k   t o  a maximum value of approximately 0.2' wash- 
out from t h e   r o o t   t o   t h e   t i p   a t  maximum lift (CL = 1.0). 

, .  
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The dimensions  and locations  of  the  various high-lift and stall- 
control  devices are shown in   f i gu re  2. The split-type  trailing-edge 
f laps   ( f ig .   2 (a)  ) were constructed  of  sheet steel with a chord equal t o  i 
20 percent  of the loca l  w i n g  chord i n  the unde f l ecw  pos i t i on  and were 
deflected 50° from the lower surface  of the w i n g  parallel t o  the air 
stream (600 measured i n  a -plane  perpendicular t o   t h e   f l a p  htnge  line).. 
Mounting brackets were  constTuCted t o  simulate  hinge-line  locations o f  
the t ra i l ing-edge  f laps  a t  80 and 100 percent of the wing chord w i t h  
spans of 35, 50, and 60 gercent f the wing span w i t h  the inboard end  of 
the flap located a t  .%he wing root-.  The inboard 10 percent of the   t ra i l ing-  
edge f laps  w a s  removed t o  permit   instal la t ion of the fuselage.  For - 
convenience i n   r e f e r r i n g   t o  the trail ing-edge  f laps,  the f lap  pivoted 
about  the  80-percent-chord  line w i l l  be r e f e r r e d   t o  as the s p l i t   f l a p ,  
and the flap pivoted  about-the  trailing edge w i l l  be re fer red   to  as the 
extended Sp l i t   f l ap .  . 

... 

The pr incipal  dimensions of the round-nose extensible-type  leadlng- 
edge f laps  and the span and spanwise locatipn are shown in  f igure  2(b) .  
The flaps were constructed.of a wooden block  having a sheet steel no6e 
rolled  to  approximately 8 3/8-inch diameter. When reso lved   para l le l   to  
the  plane  of symmetry, the leading  edge f l ap  dimensions  presented i n  
figure 2(b) resulted in a f lap   def lec t ion  of 30° with  respect t o  the wing- 
chord  plane and a constant chord of 2.75 inches. This chord is equal t o  . 
16 percent of the local wing chord a t  O . k b / 2  and 27 percent a t  0.975b/2. 

TIE upper-surface  fences, were constructwi of 1/16-in~h sheet steel. 
The 3 types of chordwise fences  tested on the model a re  shown in f ig -  
ure  2(c) . The 'hose  fence"  extended aft 5 percent of the wing chord 
from the leading edge on the upper  and lower wing surfaces. The "chord 
fence " extended  along  the upper surface from 0 .05~  t o  the t r a i l i n g  edge 
of  the  wing. The " c m p l e t ~ f e n c e "  is  a combination of the first two 
fences. An addi t ional  segment of  chord  fence  extending from 0 .35~ t o   t h e  
t r a i l i n g  edge was tested a t  0.8gb/2. Uhless specif ical ly   s ta ted  other-  
wise, the  fences installed on the various  configura"tions  throughout  the 
tests had a height (measured from the surface of the w i n g )  equal   to  
0 . 6 % ~  a t  0.575b/2  and  0.80b/2 and 0.7%- at 0:89b/2. The fknces 
w i l l  be r e fe r r ed   t o  by type and spnwlse  locat ion.  

The fuselage was a body of  revolution  having a f ineness   r s t io  of 10 
wi th  the nose  and  afterbody shapes a s  ind ica ted   in ' t ab le  I and shown 
i n  f igure 1. Provisions were m a d e  t o  test the wing a t  wing-Puselage 
incidences  of Oo and bo. 

Leading-edge roughness was obtained  by  applylng no. 60 carborundum 
granules to a thin  coating of shel lac  on the 1ead.ing 0.08 chord  of the 
wing measured along  the upper  and  lower surfaces. For the  flap-deflected 
combination, the roughness  extended  along  the wing leading edge inbmrd 
of the leading-edge  flaps. 

z 
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The wing mounted for   t es t ing  on the two-support  system  of  the 
Langley  19-foot  pressure tunnel is sham in figure 3. 

h 

The t e s t s  were conducted in   t he  Langley  19-foot  pressure  tunnel 
w i t h  the   a i r   in   the   tunnel  compressed t o  approximately 33 pounds per 
square  inch, absolute. L i f t  and drag forces and pitching moments were 
measured  through an ang le -o f   a t t ack  range from -3.5O t o  31°, and unless 
stated  otherwise, the t e s t s  were  conducted at a  Reynolds number of 
4.0 x lo6. Scale-effect   tes ts  were made at  Reynolds numbers f r o m  
1.7 x lo6 to 4.8 x lo6 for the  plain wing and plain wing with  fences  and 
from 1.5 x 10 t o  4.0 x 10 f o r  one wing-flap  combination. The Mch 6 6 
numbers corresponding t o  the  various Reynolds numbers a re   a s  follow: 

The lift, drag, and  pitching-moment  data  have  been  corrected f o r  
support  tare and . interference  effects.  As noted  in  reference 5 ,  there 
was a spnwise  var ia t ion i n  the tunnel  air-stream  angle i n  the  region 
occupied  by the model. Inasmuch as only t o t a l  wing-force  coefficients 
are  considered in t h i s  pper, an average  air-stream  misalinement  correc- 
t ion has been applied t o  the  angle of a t tack  and drag  coefficients. 

The angle of a t tack  and drag have been corrected  for  jet-boundary 
e f fec ts  and the  pitching moment corrected  for  tunnel-induced  distortion 
of the loading by  the method of reference 7. These corrections  are as 
follow  and were a l l  added t o  the data: 

mm = 0.0035~~ 
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The spanwise variation of the jet-boundary-induced  angle was of the 
same magnitude and in,a  direction  opposite t o  the 0.2' t w i a t  due to aero- 
dynamic loading. 0 

RESULTS 

F'resentaticm of Results 

The longitudinal aerodynaniic 'charactmistics for the various  con-. 
figurations tested a re   p re sen ted   i n   f i gwes -4   t o  31. Table I1 presents 
a s m a r y  of the maximum lift and pitching-moment character is t ics .  

Basic Wing 

Plain w i n g . -  The lift curves shar 8 decreasing slope and the  pitching- 
moment curves  shar a positivk  increase in dCm/dCr, w i t h  an  increase  in @ 

angle of attack  beginning a t  a low angle  of.attack ( f ig .  4) . At the low 
Reynolds number and above a l i f t  coefficient of 0.7, there was a rapid 
increase  in  l if t-curve slope. which became  much less pronounced and 
occurred at a higher lift coefficient as the Reynolds number was increased. 
This increase in  lif%-cume slope was accompanied by a s table  break in  
the pitching-moment. .curve which also became less severe at"the higher 
Reynolds numbers. In the region near maximum lift-the lift curves  tended 
to   l eve l   o f f ,  snd the pitching moments were highly unstable. In general, 
an increase in Reynolds number in the range  investigated caused the lift 
curve t o  be more nearly  l inear and reduced the  variation  of dCm/dCL 
throughout the l i f t  range. 

" 

"he pressure-distribution  surveys  presented .in reference 5 indicate- 
that the decreased l i f t - c . u m  slope and positive  increase fn  dCm/dCL 
wi th  increasing  angle of attack r e su l t  from a loss i n  l i f e d u e  t d  trail%=- 
edge separation which 'began a t  .low angles of attack  .over .the t i p ,  sections 
of t h e  w i n g ;  The increased lift and stable  m&nt break in the  region 
of CL = 0.7 appear . . * o  r e su l t  from a chordwise redis t r ibut ion of loading 
as separation  occurs over the complete c.hord of the t i p  sections. 

The drag was decreased  considerably  through-the moderate and upper 
lift range with an increase In Reynolds nwber   ( f igs .  4 and- 5 ) .  Reynolds 
number appeared t o  have l i t t l e   e f f e c t  on the maximum value of the l i f t -  
drag ratios. *. 

Wing with fences .- By the  use of flow-control  fences  located at 
several  spanwise positions on the upper surface of the wing, it was 
possible   to  reduce  appreciably  the  variation of dCm/dCL w i t h  lift 
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coeff ic ient   ( f igs .  6 t a  8) . With fences at. .O. 575, 0.80, and 0.89/2, 
the  movement of the aerodynamic center was reduced t o  less than 6 percent 
of the mean aerodynamic  chord throughout  the lift range t o  approximately 
O . 9 5 c h x  as indicated by the var ia t ion of d C d d C l  ( f ig .  8). The 
pitching moment, however, remained 'unstable a t  maximum lift. As the 
spanwise locations of the fences of t E i s  investigation were chosen 
somewhat arbi t rar i ly ,   they should  not be construed .as being an opti& 
fo r  a wing of  this plan form. It ~eems reasonable that a more thorough 
investigation would re-sult i n  an ,improvement i n  fence  type and a pas- 
sible reduction i n   t h e  number of fences  required  to  obtain & line- 
variat ion of  pitching moment with lift- - coefficient . 

The effectiveness  of  inavidus1  fences  and  the  effect  of  extending 
the  fences chordwise  around the wing leading edge are also indicated  in  
figures 6 t o  8. A fence  located a t  0.575b/2 resul ted in a greater 
improvement in s t a b i l i t y  ten 'a fence  located a t  0.80b/2 (fig.   6(b) ) and 
probably .results from the inner  fence  affecting  the spanwise flow of air 

st 0.65b/2, lprever ,   resul ted  in  no change in   the   longi tudina l   s tab i l i ty  
character is t ics  from those  obtained  with a fence a t  0.575b/2 (data not 
presented). The fences  that  extended  around  the  leading edge  of the wing 

reduced  the  large  positive  pitching moment obtained w i t h  the  chord  fences 
a t  an angle of a t tack  beyond and  several degrees pr ior  t o  m a x i m y  lift. 
The nose  fences  when'tested  alone  reduced  appreciably  the  instability of 
the plain wing in   the  upper l i f t  region  but had l i t t l e  effect  through  the 
lar and moderate lift, coefficient range ( f ig .  8) . 

i n  the boundary layer over a larger  portion  of  the wing. A complete fence 

- (complete fences) were mainly  effective  near m a x i m u m  l i f t  where they 

Figure 9 presents the r e su l t s  of varying  the height of the complete 
fence a t  0.5nb/2 from 0.3%~ t o  1 . 5 h .  In the  range  investigated, 
an increase  in the height  of  the  fence produced only a small improvement 
in   t he   l ong i tud ina l - s t ab i l i t y  which resu l ted   in  a small trim shif t   near  
m a x i m u m  lift. 

Upper-surface fences improved the l i f t  character is t ics  of  the  basic 
wing as indicated by a higher l i f t - c m e  slope i n   t he  upper lift range 
and a small increase  in maximum l i f t  ( f igs .  6 to .8) .  The drag  character- 
i s t i c s  of the.wing  with two fence  configurations are compared t o   t h e  
plain w i n g  i n  figure 10. The fences  resulted  in a small increase  in 
drag  in  the lower lift range and a consequent reduction in the maximum 
l i f t -drag   ra t io .  In the upper lift region, however, the  fences resulted 
i n  an appreciable  decrease-in  drag  with a subsequent  increase in the lift- 

s drag  ra t ios .  . . .  

Within the Reynolds number range available for the  present tests 
(1.5. X lo6 t o  k .8 x 10 an increase In Reynola number improved the 

'C St8bi l i ty  a t  the lower ynolds numbers ( f i g .  11). The data indicate 
l i t t l e  Reynolds number e f fec t  on s t ab i l i t y ,  however, a t  Reynolds numbers 
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above 3.0 x 10 and 2.2 x 10 for  a single and multiple fenc-e arrange- 
ment, respectively. 

6 6 
" 

In general, the improvement in   the  aerodynamic characterist ics  of 
the wing i n  the upper lift region by the addition of upper-surface 
fences  appears t o  r e su l t  from the a b i l i t y  of the  fences t o  delay  the 
trailing-edge  separation on the t ip   s ec t ions  of the wing by interrupting 
the spanwise flow of air  i n  the boundary layer. The pressure-dfstribution 
data of  referesce 5 show that the l i f t i n g   a b i l i t y  of  the t i p   s ec t ions  
was maintained t o  8 much higher  angle  of  attack  for the wing w i t h  fences 
instal led.  

Wing wi th  Flaps 

Trailing-edge  .flaps. - Split-type  trailing-edge flaps resul ted i n  
l i t t l e  improvement i n  the longi tudina l   s tab i l i ty   charac te r i s t ics  of the 
wing ( f ig .   12) .  An increase i n   t h e  span of the  f laps from 0,35b/2 to 
0.60b/2 improved the s t a b i l i t y   s l i g h t l y  through  the low and  moderate 
lift range bu t  produced a more abrupt  unstable break i n  the pitching- 
moment citrve as the wing stalled. The longi tudinal   s tabi l i ty   character-  
i s t ics   wi th  the extended s p l i t  flaps were similar to  those  obtained w i t h  
the s p l i t  flaps. 

% .. 

. -  - 
The maximum llft coefficient was increased from a value of 1.01 f o r  

the  plain wing t o  values  of 1.34 and 1 .k5 by  the 0.60b/2 s p l i t  and 
extended spli t   f laps,   respectively.  The trail ing-edge  f laps produced 
an abrupt-loss i n  l i f t  after m a x i m u m  lift had been attained, whereas the 
plain wing exhibited a leveling  off of the l i f t -  curves a t  maximum lift-.  
A t  zero  angle of attack, the lncrements i n  lift coefficient due t o   f l a p s  
were equal t o  0.51 and 0.57 for the 0.6b/2 s p l i t  and extended s p l i t  
flaps,  respectively. An attempt to   ca l cu la t e  the increment i n  lift due 
t o  the flaps by the sirnplified method of reference 3 resulted in  values 
considerably  less than the experimental va lues .  

Leading-edge flaps.-  With the   l ead ingdge  flaps installed,  the 
variation of dC,/dCL was appreciably less than  for  the  basic wing; 
however, Considerable  undesirable changes i n   s t a b i l i t y  remained  through- 
out-the l i f t  range. A t  maximum lift, the pitching-moment curves  broke 
i n  a stable  direction. 

A comparison of the lift character is t ics  of the plain wing ( f i g .  4(a)) 
and the wing wi th  leading-edge  flaps  deflected  (fig. 13) shows that the 
leading-edge flaps reaulted  in a higher  lift-cur-ve slope through the 
moderate and upper l if t-  coefficient range and produced an increment of 
m a x i m u m  lift coefficient-of  approximately 0.2. A change i n  leading- 
edge f l a p  span from O.3Tb/2 t o  0.375b/2 resulted  in  only small changes 
ir-maximum lift. A s  can be seen from the  curves of figure 13, there was 

t 
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an i n i t i a l  break i n  the lift curve at a l i f t  coefficient of  approximately 
1.1 and a small increase  in l i f t  with further  increase  in  angle  of 
a t tack.  The change in  l i f t -curve slope at a lift coefficient of approxi- 
m t e l y  1.1 is associated with the  unstable break in   pi tching moment 
obtained  for  the  shorter  spans of leading-edge f l a p  a t  the same l i f t  
coefficient and results from 8 loss i n  l i f t  over the wing inboard of the 
inboard  end of the  leading-edge  flap, as indicated by wool t u f t   s tud ie s  
and pressure  distribution measurements (data not  published). The longer 
spans of   f lap move the i n i t i a l  stall inboard  and  reduce the loss in 
lift behind the center of moments, thereby  reducing  the  instability. 
The effectiveness  of  the  leading-edge  flaps  in  providing  stability 
appears t o   r e s u l t  frum their ab i l i t y   t o   ma in ta in  lift over  the  outboard 
portion  of the wing. By the  selection  of the proper f l a p  span, the 
stalled and unstalled areas may be balanced t o  provide the desired 
s t a b i l i t y .  

Combinations  of leading-edge  and t r a i l i n g e e  flaps.-  When the 
leading-edge and trailing-edge flaps were tes ted  in combination, the 
model exhibited  varying degrees of i n s t a b i l i t y  which were dependent on 
the span of  both the leadingedge  and  t ra i l ingddge  f laps   ( f igs .  14 
t o  16). In general,  the  longer  spans  of  leadingedge  flaps  and  the 

moment characterist ics  near m a x i m u m  lift. The chordwise location  of the 
trail ing-edge  f laps had l i t t l e  effect on the longi tudina l   s tab i l i ty  
character is t ics  with the  leading-edge flaps ins ta l led .  

. shorter spans of trailing-edge flaps provided the most favorable  pitching- 

An examination  of  figures 14 t o  16 indicates that, for  many combina- 
t ions   (par t icu lar ly  the configurations  having  the  longer s-ns of  leading- 
edge flaps), the in i t i a l   l eve l ing   o f f   o r  break i n  the lift curve is  
followed  by a small increase  in  l i f t  a t  higher angles of attack'. For 
purposes  of comparison, the m a x i m u m  value of lift coefficient  obtained 
w i l l  be used in  discussing  the maximum lift character is t ics  of the wing 
with  flaps  deflected,  although it is real ized that this may not be a 
usable  value  of lift coefficient from the standpoint  of  longitudinal 
s t a b i l i t y .  In most cases, mm~irnum l i f t  occurs after the  pitching- 
moment curves have  broken i n  a stable or  unstable direction. 

The maximum values  of lift coefficient  obtained are presented  in 
figure 17 for  the  various  combinations  of flaps. With the  leading-edge 
flaps  deflected, the 0.6b/2 split f l a p  produced only  an  increment of 
maximum lift coeff ic ient  of  approximately 0.10 t o  0.15. Several  of  the 
shorter spsns of s p l i t   f l a p   a c t u a l l y  produced a decrease  in maximum 
lift over that obtained w i t h  the leading-edge  flaps  alone. The extended 

the 0.6b/2 t ra i l ing-edge  f lap  resul ted  in  m increment  of miximum l i f t  
coefficient of approximately 0.25 w i t h  the  leading-edge  flaps  installed. 

. s p l i t  flaps improved the maximum lift characteristics  appreciably,  and 

L 



The drag character is t ics  are presented.for.a.representative group 
of  flap-deflected  configtirations in figures @ t o  20. The data indicate 
that  the  extended s p i i t  flaps prqduced an appreciably  smaller increment 
in  drag  than a corresponding span of split .f laps.  A change in  leading- 
edge f l a p  span from O..35b/2 to- Q.575b/2 produced  only a small increment 

6 
of drag. 

An increase  in Reynolds number in  the range 1.5 x lo6 t o  4.0 x 10 
reduced the  variation  of dC,/dCr, and improved the lift-curve slopes 
throughout the upper l i f t range  with the leadingedge and mil ing-edge  
flaps ins t a l l ed   ( f ig .  21). 

Effect of fences with flaps  deflected.- The data of figures 12 
t o  16 indicate that two upper-surface  fences  locatmi a t  0.575b/2 and 
0.80b/2 reduced  appreciably the variation of dCm/dC~ throughout the 
upper lift range  obtained wi th  the leadingedge and trail ing-edge  f laps 
instal led.  Figure 22 indicates . tbat  the addition of a t h i r d  fence a t  
0.89b/2 resu l ted   in  a fur ther   s l ight  improvement. i n  the  variation of 
pitching-moment coefficient with lift coefficient (compare w i t h  data of 
f igs .  13 and 14(b) ) .  The effectiveness of the fences. in  improving the 
longi tudinal   s tabi l i ty ,  as in  the  case of the plain wing, appears t o  
r e s u l t  from the interference with the spanwise  flow  of a i r   i n  the  boundary 
layer over  the  outboard  rear  portfan  of  the wing. 

The effectiveness of the individual.  fences a t  0.975b/2 and 0.80b/2 
is indicated in figure 23 for one f l a p  combination.  Contmry to   t he  
results  obtained  for  the  plain wing ( f ig .  6) , .wi th  the leadingedge 
flaps deflected, the Qutboard  fence (0.80b/2) produced the greatest 
improvement in  the longi tudina l   s tab i l i ty   charac te r i s t ics .  .The data of 
figure 16 compared w i t h  simihr flap  configurations of figures 14 and 15 
also  indicate  the increased. effectiveness of the outboard  fence  over  the 
inboard  fence. The decreased  effectiveness of the  inboard  fence  with 
the flaps deflected may r e s u l t  from the  proximity  of  the  fence t o  a 
vortex  off the inboard end of the leading-edge flap which probably 
interferes  w i t h  the spanwise flow of air  i n  the  boundary layer. 

,Figures 14 t o  16. show that the lif't-curve slope and maximum-lift 
character is t ics  of the wing with  flaps were improved s l igh t ly  in  the 
higher  angle-of-attack  range by the  addition  of the fences. As in the 
case  of ' the   plain wing, fences  increased the drag  sl ightly in the lower 
lift range  but  decreased  the drag at higher  values  of lift coefficient 
( f igs .  18 t o  20) . 

The most sa t i s fac tory  of the flap  and.M-ce  configurations tested 
from -the standpoint of . longi tudinal   -s tabi l i ty  and maximum lift character- 
i s t ics   appears   . to  be the 0.5mb/2 leading-edge f l a p  and '0.500b/2 extended 
s p l i t   f l a p  with the  upper-surface  fences located a t  0.575b/2 and 0.80b/2 

I 
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( f ig .  15(a)). Thia  combination had a maximum lift coefficient of 1.50, 
the movement of the aerodynamic center amounted t o  less than 6 percent 
o f  the mean aerodynamic  chord as indicated by the  var ia t ion of dCm/dCl 
throughout  the lift range, and the  pitching moment was stable  at m a x i m  
lift. 

Leading-Edge Roughness 

The r e su l t s  of tes t ing  the  plain win and one flap-deflected 
combination (Reynolds number of 4.0 x 106 f w i t h  roughness applied  along 
the  leading edge of  the wing are presented  in figure 24. For the flap- 
deflected combination, the roughness  extended  along  the wing leading edge 
inboard of the leading-edge flaps. 

The roughness resulted. i n  a lower l i f t -curve slope and a posit ive 
increase i n  d!&/dCr, for  both the plain  and  flapped  configurations 
through most of the lift range  and, in general, produced r e su l t s  similar 
t o  those  obtained for the smooth wings tested at lower Reynolds numbers 
(see f ig s .  4 and 21). Reference 5 presents  the  results  of pressure- 
dis t r ibut ion measurements on the  plain wing with leading-edge  roughness 
and indicates that roughness resul ted in  a lower l i f t - c u r v e  slope, an 
earlier separation,  and a lower msximum lift over  the t i p  sections of 
the wing. 

Wing-Fuselage Combination 

Plain  wing-fuselage  combination.- The ins t a l l a t ion  of a fuselage on 
the wing resul ted i n  8 decrease  in  stabil i ty  throughout the l i f t  range 
(figs.  25 t o  27). A t  the lower l i f t  coefficients,  the aerodynamic 
center for the  wing-fiselage  combination f o r  F, = Oo and 1, = bo, 
respectively, was approximately 11 percent and 9 percent  of the mean 
aerodynamic chord  forward of i t a  loca t ion   for  the wlng alone 88 
indicated by the c m s  of figure 26. As can be seen, a change of w i n g -  
fuselage  incidence from 0' t o  4' resulted in a movement of the aerodynamic 
center  of  approxfmately 2 percent of the mean aerodynamic chord which is 
s l igh t ly   l a rger   than  the effects  obtained  for unawept-wing - fuselage 
combinations  (references 8 and 9) .  

Figure 27 shows the increment i n  pitching-moment coefficient due t o  
the  fuselage  (f'uselage-on pitching-moment coeff ic ient  minus fuselage-off 
pitching-moment coeff ic ient)   p lot ted against angle of attack fo r  the 

change due to   the  fuselage at the low angles of attack and a positive 
increase with increasing  angle of attack, which resul ted in large posit ive 
pitching moments at high angles of a t tack.  The pr incipal   effect  of wing- 

through  the  angle-of-attack  range. 

4 2 wing fuselage  incidences tested. The d a t a  indicate a negative trim 

-* fuselage  incidence was a t r i m  change which  remained nesrly  constant 
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The l i f t - c u m  slope was improved s l i g h t l y   i n  the higher lift range, 
and the maximum l i f t e m z f f i c i e n t  wa8 increased  approximately 0.03 by  the 
addition  of-the  fuselage a t  e i t h e r  wing-fuselage  incidence. The inc i -  I 

dence of 4' resu l ted   in  a s l igh t  decrement in lift a t  zero  angle  of 
a t tack  which should be expected  because  of the negat ive  a t t i tude of the 
fusexage at- zero wing angle of a t tack.  

The fuselage  increased  the drag by a constant increment"of approxi- 
mately 0.008 through the lower l i f t  range a t  both wing incidences 
( f ig s .   = (c )  and 4 ( c ) ) .  The improved l i f t  characteristics i n  the high 
lift range w i t h  the fuselage  installed were accompanied by a decrease i n  
drag coeff ic ient-at  the l i f t  coeff ic ients  above 0.90. The Reynolds num- 
ber e f fec t s  w i t h  the fuselage ins t a l l ed  were similar to  those  obtained 
on the wing without  fuselage  (figs.  4- and 25). 

" 

.. . 

Wing-fuselage  Combination w i t h  fences. - The upfier-surf'ace fences 
appe-ared t o  mafntain their effectiveness by reducing  the  variation  of 
dCm/dCL through  the upper l i f t  range with the  fuselage  instal led on the 
wing (fig-. 28) . In the lower lift range the fences  installed on the 
wing-fuselage'combination did not-produce the linear var ia t ion of 
pitching moment with l i f t  coeff ic ient  as obtained  by  the  fences on the 
basic wing. This is shown more c l ea r ly   i n   f i gu re  26 which presents the 
values of dCm/dCL through the lift range for  the  fence on and off con- 
figurations  and  shms the posit ive  increase  in  the slope of the pitching- 
moment curve with increasing  l i f t -coeff ic ient   to  be appreciably greater 
f o r  the fuselage-installed  configurations w i t h  fences  through the lower 
lift range. As in the case  of  the p l a b  wing, the  fences on the wing- 
fuselage  combination improved the l i f t  cha rac t e r i s t i c s   s l i gh t ly   i n  the 
upper lift range. 

.. . 
" 

-0. . 

Wing-fuselage  combination w i t h  f laps.-  The a d a t i o n   o f  a fuselage 
t o  the wing with  leading- and trailing-edge flaps deflected altered the 
s t ab i l i t y   cha rac t e r i s t i c s  of the wing-appreciably. The data of fig- 
ures 29 t o  31 show that the  leading-edge  flaps no longer produced a 
stable  break  in the pitching moment a t  high angles of a t tack  for most 
flap-deflected  configurations. This lack of s t a b i l i t y  w i t h  the leadfng- 
ed.ge f laps   appears   to   resu l t  from the large positive  increments i n  
pitching moment due to   the  fuselage at high  angles of a t tack.  Examination 
of  the data of  f igure 27 shows that the increment i n  pitching-moment 
coeff ic ient  due to   the  fuselage is  considerably g r e a t r f o r   t h e   f l a p -  
deflected  condition shown than f o r  the plain  wing-fuselage  combination 
a t  high  angles of a t tack .  A t  the  lower  angles of a t tack the variat ion 
of  increment in pitching-moment coeff ic ient  w i t h  angle of a t tack  i s  
approximately the same fo r  the f l aps  on and off  configurations. The 
sh i f t  In the two curves  (flaps on @nd flaps off  for a given  incidence) 
is due primarily to" the s p l i t  f l a p  which  extended.  inboard to   the  plane 
of symmetry w i t h  the  fuselage off- but had the  inboard 10 percent removed 
f o r  the fuseUge-on tests t o  pemit ins t a l l a t ion  o f  the  fuselage, which 
resul ted  in  an additil&al trim change. 

" - 

3 

I 
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Fuselage  incidence had l i t t l e  e f fec t  on the stabi l i ty   character-  
i s t i c s  of the  wing-fuselage  combination with flaps  deflected.  The 

a t  the lower ang1e.s of a t tack   for  the flap-deflected  condition  of  fig- 
ure 27 but was decreased s l igh t ly  at the higher angles of a t tack.  

Y increment in pitching moment due t o  incidence was not  affected  appreciably 

An analysis similar t o  that presented in figure 27 for  a configura- 
t ion  having an extended s p l i t   f l a p  of  longer s p n  and upper-surface 
fences (data of f ig s .  30 and 31) produced qua l i ta t ive ly  and approximately 
quantitatively  the same resu l t s  as were obtained  for  the f lap  configura- 
t i a n  of figure 27. 

The data of figures 29 t o  31 indicate that the  upper-surface  fences 
decreased  the variation of d.c,/dCL through  the upper l i f t  range for   the 
various  flap-deflected  wing-fuselage  combinations. 

The fuselage had little e f fec t  on the l i f t  coefficient at which €he 
lift curves i n i t i a l l y  leveled off for the combinations  having spli t  f laps  
deflected b u t  resul ted in a s l igh t   increase   in  l i f t  coefficient w i t h  the 
extended s p l i t  flaps deflected at e i the r  wing-fuselage  incidence ( f ig s .  30 
and 31). A t  higher  angles of attack, the fuselage  resulted  in a fur ther  
small increase  in l i f t  which was s l igh t ly   g rea t e r  a t  & = Oo than a t  
iw = bo. The l i f t -curve slope was increased  slightly  through the l i f t  
range for  the  various  flap-deflected  configurations by the addition  of 
the fuselage a t  either  incidence. 

II 

c 

Although the  fuselage of this  investigation had a large  detrimental 
e f fec t  on the longi tudinal   s tabi l i ty   chayacter is t ics  of the wing including 
the more favorable f l a p  combinations, a subsequent investigation of the 
s tab i l i ty   cont r ibu t ion  of a horizontal t a i l  on the wing-fuselage combina- 
tion  (reference 6) shared that satisfactory  longitudinal  stabil i ty  char- 
acteristics could be obtained  for  the wing w i t h  f laps  and fences  through 
the l i f t  range. 

CONCLUDING REHARKS 

The following  remarks may be made in conclusion of an investigation 
of the low-speed longitudinal  characterist ics of a 450 sweptback wing 
of aspec t   ra t io  8 with various high-lift and stall-control  devices:  

1. The basic wing exhibited a large degree of in s t ab i l i t y   r e su l t i ng  
from trail ingedge  separation  beginning at low angles of attack over the 
t i p   s ec t ions  of the wing.' 

4 

3 
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2. By corrtroJLing the spanwise f low.of   a i r  over the   t ip   sec t ions  of - 

the w i n g  through  the use  of  upper-surface  fences  installed aC, several  
locations  along  the span, the movement of the aerodynamic center wag Y 

reduced t o  Less than 6 percent of the mean aero,dynamic chord  throughout 
the lift range t o  0 .95ccx. The pitching moment remained unstable at 
m a x i m  lie, however. 

..  -. - 

.. 

3.  LRading-edge f l a p s  resulted i n  s t a b i l i t y  a t  maximum lift and 
increased the maximum l i f t  coefficient fr.om 1.01  f'or--the  basic wing t o  
approximately 1.22. Considerable var ia t ions   in   s tab i l i ty   ex is ted  through- 
out  the lift range, however, which were reduced markedly by upger-surface 
fences. 

4. In cmbinatfcin, the longer spans of leading-edge f laps  and the 
shorter spans of trailing-edge  flaps  provided the most favorable  pitching- 
moment chs rac t e r i s t i c s   a t  maximum l i f t .  The chordwise location of the 
trailing-edge f laps  had l i t t l e  e f fec t  on the longi tudina l   s t sb i l i ty  char- 
ac ter i s t ics ,  b u t  spli t- type  f laps  located  along  the  trail ing edge of the 
wing produced. improved maximum-lift- character is t ics  over the  flaps.., 
located  along the 80-percent -chord line. Upper-surface  fences improved 
the  s tabi l i ty   character is t ics  of. the wing for  al l .  f l ap  combinations 
investigated . 

. .  . . 

5. With a; configuration haviw leading-edge  .and  trailing-edge flaps 
each equal t o  50 percent a c t h e  w i n g  semispar.and  having  upper-surface 
fences  located at 57.5 and 80~percen-t of  the -wing semispan, the maximum 
lift was 1.30, the moVeGnt of the aerodynamic center was less than 
6 percent of the mean aerodynamic chord, and the pitching moment was 
stable a t  maximum lift. 

" .. ." 

6 ,  Instal la t ion 0fs"fuselage on the wing. resulted in a large 
*stabil izing moment which w a s  not  eliminated by the use of leading-dge 
flaps and fences- A C h a p &  Of the incidence of the wing on the f u s e h e  
Woauced Only a Small  effect  on the  longitudinal  stabil i ty.  c 

c 
" 

.. 
Langley Aeronautical  Laboratory 

National-Advlsory Commiftee fo r  Aeronautics 
Langley Field, Va. 
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TABLF I. - GEOMEXRY OF MODEL 

NACA RM L51J04 
L 

V 

Wing : 
Area,  square f ee t  . . . . . . . . . . . . . . . . . . . . . . .  14.02 

Aspect r a t io ,  b2/S . . . . . . . . . . . . . . . . . . . . . . .  8.02 
Taper r a t i o ,   r a t i o   o f   t i p  chord t o  root  chord . . . . . . . . . .  0.45 
Mean aerodynamic  chord, f ee t  . . . . . . . . . . . . . . . . . .  1.39 
Airfoi l   sect ion,  parallel t o  plane  of syinmetry . . . . .  NACA 631AO12 . -  

Sweepback of  quarter-chord  line, degrees . . . . . . . . . . . .  45 
Sweepback of  leadlng edge, degrees . . . . . . . . . . . . . . .  4 6 . 3  
Geometric twist, degrees . . . . . . . . . . . . . . . . . . . .  0 
Dihedral,  degrees . . . . . . . . . . . . . . . . . . . . . . . . .  0 

Span, f ee t  10.61 - . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fuselage : 
. .  

Fineness  ratio,   ratio  of  fuselage  length t o  max. diameter . . . .  10.0 
Ratio of fuselage  length  to wing span . . . . . . . . . . . . . .  1.0 
Height  of wing root  leading edge  above center  line  of  fuselage, 

fraction  of maximum fuselage diameter . . . . . . . . . . . .  0.25 
Incidence, iw, angle between root  chord l i n e  and center   l ine 

of  fuselage, degrees . . . . . . . . . . . . . . . . . . .  0 and 4 
Length of fuselage, mean aerodynamic chords 7.63 . " 

L 

. . . . . . . . . . .  
Distance of quarter-chord  point of mean aerodynamic  chord from 

nose  of  fuselage, iw = Oo, mean aerodynamic  chords . . . . . .  4.20 

Fuselage  nose shape . . . . . . . . . . . . . .  - . p- ( l -# j  1/2 r0 

ro 
Fuselage  afterbody shape . . . . . . . . . .  x 2  314 2- = [l - (1 - 7 ) ]  

Y O  r = 6.36 in. 

2 = 33.34 in. Constant diameter 2 = 52.23 ~n. 
- ". 
i 
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3. /8 "- 

Section of consfunf dhm. 

Figure 1.- Principal dimensions of w i n g  w i t h  fuselage. (Dimensions are 
in inches. ) 



Split flap 

Secfion A-A lenlarged) 

Typical  secfion with 
extended sp/if f/ap 

(a) Trailing-edge  flaps. 

"- 

3/8 D l  

Section B-E) (enlargedl 

(b) Leading-edge f laps .  

Figure 2.- Details of h igh- l i f t  and stall-control  devices.  (Dimensions 
are  in  inches. ) 
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(c) Upper-surface  fences. 

Figure 2.- Concluded. 
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Figure 4.- Effect of Reynolds number on lift, drag, and pitching-moment 
characteristics on the plain wing .  
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Figure 5.- Effect  of  Reynolds number on l i f t -d rag   r a t io s  of basic wing. - 
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Figure 6.- Effect of single fences on lift and pitching-moment 
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Flgure 12.- Effect of trailing-edge flap span on lift and pitching-rmrment 
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Figure 13.- Effect of leading-edge flap span on lift and pitching-mmnt 
characFeristics  with and without 0.57%/2 and 0.8ab/2 chord fences. 
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(a) 0.350b/2 and 0.50Ob/2 extended sp l i t  flaps. 

Figure 15.- Effect of leading-edge flap span with extended s p l i t  flaps 
deflected on lfft and pitching-moment characteristics  with Eind vith- 
out 0.575b/2 and 0.80b/2 chord fences. 
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(b) 0.600b/2 extended s p l i t  flaps. 

Figure l5.- Concluded. 
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Figure 20.- Concluded. 
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Figure 30.- Continued. 
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Figure 31.- Lift and pitching-moment characteristics of "fuselage 
combination with trailing-edge flaps and 0.45b/2 leading-edge flaps 
with and w i t h o u t  fences. = 0'. 


