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Wind-tunnel tests were made to evaluate  the  effects of w i n g  fences 
and a t a i l  on the longitudinal characteristics of a Mghly swept wing 3.n 
combination with a fuselage. The m o d e l  had a cambered  and twisted w i n g  
with a leading-edge sweepback of 6 3 O  and an aspect r a t i o  of 3.5. The 
model  was tested with.fences of various shapes and with both swept and 
unswept horizontd tails. The vertical  and longitudinal posit ions and the 
incidence of the  horizontal t a i l  were varied. Results were obtain& a t  
Reynolds  numbers of 3.5 million and 7 mill ion at a Mach number of 0.20 and 
a t  Bkch  numbers of 0.60 t o  0.95 at a Reynolds number of  2 million with 
angles of attack ug t o  so. 

The addition of s ix  fences approximately  twice as high  as  the maximum 
w i n g  thickness and of a swept t a i l  improved the  static  longitudhal  sta- 
b i l i t y  t o  a limited degree. For the model so equfpped, the loss in  s t a t i c  
margin a t  low speeds as determined by t e s t s  at 0.20 Mach number w m  about 
12 percent i n  the  interval from a lift coefficient of 0 t o  0.8. A break- 
down of the  factors  affecting  stability showed tha t   a t  low speeds large 
t a i l  volumes  were desirable and that  the  fences had either a mnall o r  
adverse effect on the f l o w  a t   the   t a i l .  The addition of the  fences and 
of the t a i l  each  decreased  the maxirmrm. lift-drag ratio  for  the trFmmed 
condition by the  order of 15 percent. 

IKFRODUCTION 

It has been previously demonstrated that a thin highly swept wing is 
capable of large  lift-drag ratios at speeds well i n t o  the supersonic 
regime. Reference 1 reports lift-drag ratios of 9 at a Mach number of 1.5 
fo r  one such wing-body combination in which the wing had a thickness-chord 
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ratio of 0 .Og, a ledhg-edge sweepback of 6 3 O ,  and an aspect  ratio of 3.5. 
This  lift-drag  ratio  was  achieved  despite  the lack of body indentation, . 
which  has  since  been shown to  be  beneficial  (see  ref. 2, for example), 
This wing has a disadvantage  that  is  typical of a wide  range of plan f o m  
with high sweep:  The  static  longitudinal  stability  decreases  abruptly  at 
some moderate lift coefficient.  References 3 and 4 showed  that a mdel  
geometrically sFmilar to  that of reference 1 had this unfavorable  stabil- 
ity  characteristic  at all subsonic speeds. Reference 5 discusses  the phe- 
nomenon  and  concludes  that  it  is a result of leading-edge  flow  separatl.cn. 
One  method of delaying  the  separation  is  to  provide caber and twist in 
the w i n g ;  these tmpmvements were  already  incorporated in the wings of 
references 1, 3, and 4. There axe also certah devices,  such  as xtng 
fences, t o  control the spanwise  location  of  the  separation so as  to  inprove 
the  pitching-mment  characteristics of higlily  swept wings, Reference 6 
describes  the  partially  successful  results  of using such devices. A third 
method of impraving stability  characteristics  is  to  place a horizontal 
tail in the  downwash  field of the w h g  so that  it  provides  lncreases in 
stability  at  the  angle of attack  where  the w b g  loses  stability, 

The  purpose  of  the  present  investigatfon was to  use dl three methods 
of improving,the  longitudinal stability of a thin highly swept wFng and 
to assess  the  resulting  lift and drag penalties.  For  this  purpose a d e l  
configuration sFmilar to  that  of  reference 1 was tested in the Ames U-foot 
pressure  wind  tunnel  at Mach numbers  from 0.20 to 0.95 and at Reynolds 
numbers  from 2 million to 7 miUon.  The  test  data  are reported herein. 
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Phot0”phs of the model are presented i n  figure I, and the dimen- 
sions m e  gtven i n  figure 2 and in  table I. The wing, which had pre- 
viously been used in the investigations of references 3 and 4, had a 
leading-edge sweep of 63O, an aspect ra t io  3.5, and a taper  ratio 
of 0.25. The streamwise airfoil sections were NACA 64A005 conibined 
with a = 1 camber lines. Figure 3 shows the spmwise distribution of 
camber and twist. For the  present  investigation  the elevons were not 
deflected, and the gap between wing and elevons was fi l led.  The body m a  
constructed t o  permit installation of the wing on the body in either a 
mid o r  high position. A l l  parts of the model, except  the  fences, were 
constructed of steel .  The model was mounted on a four-component s t r d n -  
gage balance  enclosed by the model body, and the baLance was supported 
by a 4-inch-diameter sting. 

Tvo horizontal tails Were  used,  one  unswept (as measured at  the mid- 
chord ulle in this particular  case) and the  other swept back 60° at  the 
leading edge. E i t h e r  could be mounted on the body a t  the  center m e .  
The unswept tail could aLso be mounted  above the bow on the  vertical 
tail. It w&s also possible t o  position  the tail assembly in either of 
two longftudinal  positions. This  was accomplished  by the fnsertlon of 
cylindrical  sections of different lengths i n  the maxlrmun-diameter portion 
of the body. 

Fences were  made from O.05l-inch brass  sheet In the shapes shown i n  
figure 4. Fences I t o  IX were equLpped with I/2-inch flanges on the 
inboard side and  could be screwed to  the wing at  stations 0.30, 0 . 3 ,  
or 0.75 b/2 f r o m  the plane of  symmetry.  Fence X was soldered  directly t o  
the wing at stations 0.29, 0.45, and 0.70 b/2 from the plane of symmetry. 
Fences I1 through 7x were constructed  by  attachfng a piece of the desired 
shape t o  the fence I structure and  removing unmted  portions and thus 
were of double thickness on certain p a r t s  of the fence. 

TESTS 

In i t ia l   t es t s  were exploratory i n  nature,  consisting of static  force 
and moment measurements wlth many configuration cplanges. These measure- 
ments were made maFnly at  low speeds, and the improvement of the  pitchtug- 
moment characteristics was the primary concern. On the  basis of these 
tests,  a model configuration was selected which was considered  suitable 
f o r  a more  complete investigation. In  t h i s  configuration the swept hori- 
zontal tail was used, and the wing was mounted i n  a mid position on the 
fuselage and had s ix  fences  (three on each wlng panel) of the shape 
designated as fence X (see fig. 4) .  
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Static  force Etnd moment  measurements  were  made  of  the  selected  con- 
figuration  which would show the  effects  of  tail length, tail  incidence, 
Mach  number,  and Reynolds nmber. Tests  with  the  fences  off and tail  off 
were also made for compazison.  The  angle of attack  was varied from -bo 
to  about 22O except  where  model  strength  or choking of  the  tunnel  flow 
United the  range  to  lower  values.  The  model  was  tested  at Mach numbers 
up  to 0.95 at a Reynolds nmber of 2 million and at Reynolds numbers uy 
to 7 million  at a Mach  number  of 0.20. 

CORRE(=TIONS TO D m A  

The  data  were  corrected  for  the  induced  effects  of  the  tunnel  walls 
resulting  from Ltft on the  model  by  the  method of reference 7. The 
corrections  were as follows: 

= 0.30 CL 

E D  = 0.0045 Q,2 

= 0.003 cL 

The  data  were  corrected  for  the  constriction  effects of the  tunnel 
ways by  the  method  of  reference 8. This correction  amounted  to less 
than 2 percent  of the Mach number and dpamic pressure  at  the  highest 
test  Mach  number. 

The  pressure at the  base of the  madel  was  measured, and the  drag data 
were  adjusted  to  correspond  to a base  pressure eqpl to  free-stream  static 
pressure. This procedure  provided a p a r t i a l  compensation  for  the  inter- 
ference  between  the  model and the  sting, and for a static-pressure  gradient 
in the  tunnel air stream ne= the  rear  of  the  model.  The  largest  pressure 
gradient  was  encountered  with  the extended-Wy configurations  at Mach 
numbers  near 0.9, for  which  the  static  pressure  at  the  statian of the 
horizontal  tail  was  higher  than  that of the  free  stream  by  about 3 percent 
of the  free-stream  dynamic  pressure. No correction  was applied to the 
lift  or  pitching-moment  data  for  these  effects. 

RESULTS AKD DISCUSSTOE 

The  primary  ain of thfs  investigation vas to  obtain as nearly  as 
possible a lineax  variation of pitching  moment  with  lift.  The  discussion 
will  deal  first  with  the  configuration  changes  which  were  explored'Fn an 
att-t to Fmprove  the  pitdhlng-moment  characteristics.  Results of tests 
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on the  final  configuration  selected  will  then  be  presented  together  with 
an analysis  of  these  results. In order  to  provide a realistic  baeis  for 
evaluating  the  results,  the  center of moments  was  changed  with each modi- 
fication  to  the  model so as to  maintain  approximately  the  same  static 
margin at low lift  coefficients. The centers of moments  are  given in 
table 11, along with  the  corresponding  tail  lengths  and tail volumes, 

Exploratory  Tests 

Figure 5 shows  Borne  of the  results  obtained  from  initial  low-speed 
tests.  The  comparisons  &re  intended,  to be only qualitative because  the 
effects of many variables  such as Mach number  and  Reynolds  number  were 
not  isolated  except  where it was expeditious to do so. The  pitching-moment 
characteristics of the  model  without  horizontal  tail  or  fences  is  repre- 
sented  by  the  dashed  line  in  figure 5. The  addition of fences  by  them- 
selves was effective  for  only a small range of lift  coefficients. The 
addition  of  the tail with no fences  supplied a favorable  increment  to  the 
slope of  the  pitching-moment.  curve at high  lift  coefficients and also at 
moderate  lift  coefficients  when  mounted  in a mid poeition.  The  largest 
range of lift  coefficients f o r  which  the  model w a s  stable was obtained 
with a combination  havlng  six  wing  fences,  twice as Ugh as the  maximum 
wing  thickness, and a tail.  The  effects of reducing  the  fence  height  near 
the  wing  leading  edge or even  of  eliminating  the  forward part of the  fence 
were small. Reducing  the  over-all  fence  height or, particularly,  the 
height  near  the  quarter-chord  paint  caused  large  losses i n  effectiveness. 
Tests  with  the  fences  at  various  spanwise  locations  showed  that  the  Fnboard 
fences  were much more  effective  than  the  outboard  fences,  though al l  evf- 
dently contributed  to  the  stability  improvement. The effects of wing 
height and tail  sweep on stability  were small. 

Quantitative results for two  configurations  are  shown in figure 6 .  
It can be  seen  that  the  addition  of  six  fences  twice as high as the maxi- 
mum wing  thiclmess  and of m upswept  horizontal  tail  caused  the Uft coef- 
ficient for d a d %  = 0 to be  increased  from 0.5 to 0.9. It can also 
be  seen  that  the  drag has been  greatly  increased  at low lift  coefficients. 
The  selection of a final  configuration was then  guided  by  the  desire to 
reduce  drag  at high speeds  without  forfeiting  the  improvement in the low- 
speed  pitching-moment  characteristics. To this  end  the  fence  height  at 
the  leading  edge  of  the  wing  was  reduced,  and  the  fence  attaching flmgee 
were  eliminated by soldering  the  fences  to  the  wing.  At  high  speeds  the 
measured  drags  were  lowest  for  the  mid-wing  and  swept-tail  combination; 
therefore  these  features  were  also  included in the  final  canfiguration. 

. 

. 



NACA RM ~ 5 7 ~ 0 2  

Final-Configuration  Tests 

7 

Figures 7, 8, and 9 show the  longitudinal  characteristics of  the 
model having a mid wbg, a swept horizontal tail, and six fences of the 
shape designated as fence X. Data are  presented f o r  two tail lengths, 
four tafl incidences from 0.2' t o  -11..?, and the t a i l -o f f  condition. It 
should be noted that only the  tail-off  configurations have the sane moment 
center f o r  all three combinations of fences and body lengths. 

The best pitching-moment characteristics  at high Lifts and low speeds 
were obtained with the model having fences and the  longer t a i l  length. 
Figure 7 shows that even this configuration was almost neutrally  stable 
when trimmed a t  a lift coefficient of 0.8. The loss in s ta t ic  margin was 
about 12 percent in the  interval from CL = 0 t o  CL = 0.8 (model trimmed) . 
Neither  the tail nor the  fences  eliminated  the  rather  abrupt  increase in 
stabi l i ty  which occurred at E L L  Mach numbers w i t h  increasing lift coeffi- 
cients  near 0.2 to 0.4. In  addition,  the  fences  increased  the  unstable 
variation of pitching moment, w h i c h  occurred at the  higher Uft coeffi- 
cients at most Mach numbers. Increasing Mach number caused some increases 
in s t a t i c  margin a t   the  higher lift coefficients f o r  all configurations . but was particularly  beneficial t o  the configurations without  fences. 

The lift curves of figure 8 show that the fences produced very l i t t l e  
net change i n  lfft coefficient fo r  most angles of  attack  despite  their 
sometimes large  effect on the  pitching moment. A t  high angles of  attack 
the lift decrements due to the  fences became large,  especially at high 
Mach numbers. 

Losses in maximum l lf t-drag  ratio due t o  the fences (fig.  g(a)) were 
between approximately 15 and 20 percent. The large magnitude of t h i s  loss 
i s  due in p& t o  the flow separation which existed inboard of each fence. 
It i s  of interest to compxe the decrements of --drag ra t io  due t o  
fences  with  the much smaller decrements due t o  lengthening  the  fuselage 
and t o  note that both mdifications  increased the wetted area of the model 
by approximately  equal amounts.  The increase in m-lnilmrm-drag coefficient 
of the model  due t o  the fences  varied from about O . O O 3 ' t o  0.004, being 
least  at  the  highest Reynolds  nwnber end the lowest Mach number.  The 
elimination of the  attaching  flanges, which  were used Fn the  exploratory 
tes t s  t o  secure  the  fences t o  the w i n g ,  decreased the min.fmum-drag 
coefficFent bry about 0.001 a t  the  highest Reynolds number. ' 

For the  centers of moments selected,  the t a i l  load required t o  trim 
the model  was quite s m a l l  i n  the region of maxFmum lift-drag ratios, and 
the  associated t a i l  drag was also smaU. A t  a t a i l  incidence of -3. go, 
f o r  which the model was approxfmately trimmed, the maxirum lift-drag rat io  
was reduced about 5 o r  10 percent by the addition of a horizontal and ver- 

was almost twice that of the fences. 
. t i c a l   t a i l .  It may be noted that the exgosed surface are& of the emgennage 
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Sumnary of Static  Longitudinal  Stabil i ty  Factors 

Figure 10 presents a swrunary of the stability of the final configu- 
ra t ion for a l ow-  and a high-speed condition and a breakdown of the more 
important  campnents  of  stability. In t h i s  figure the   s t ab i l i t y  i s  repre- 
sented by the  slope of the pitching-moment curve, dG/dk, for the  t a i l  
incidence at which the  model was trimmed.. This value was obtained from 
cross  plots and is  only approximate  because the  nonlinear tai l- l if t  char- 
ac t e r i s t i c s  caused the t a i l  con t r ibu t ion   t o   s t ab i l i t y   t o  be nonlinear  with 
tail incidence. The parameters  presented in figure 10 have the  following 
approximate relat ion : 

The value of at w a s  estimated t o  be 0.043 per  degree. The factors  
l-(dc/da) and q( qt/q) were determined f r o m  the data using the following 
relations:  . .  

When nonlinearit ies in the  data make the  determination of these  factors 
questionable,  the  values are not shown. 

The curves of dwdCL in figure lO(a) i l l u s t r a t e  the s t a b i l i t y  
Fncreases  resulting f r o m  the  longer t a i l  length and f r o m  the  fences at 
the  higher l i f t  coefficients.  The curves  of 1 - (de/&) and q(qt/9) 
show that the downwash and w a k e  character is t ics  were pract ical ly  unaf- 
fected by changing the t a i l  length. The superiority of the  longer t a i l  
length at low speeds was due to  the fact tha t   t he  tail contribution  to 
stabil i ty  generally  increased  with lift, making a l a r g e   t a i l  volume  more 
desirable. The fences also had l i t t l e  efYect on the  downwash and wake 
character is t ics  at low speeds f o r  trimmed lift coeff ic ients  up t o  0.7. 
The curves of dCm/dCl  show t h a t  above t h i s   l i f t   c o e f f i c i e n t  the s t a b i l i t y  - 

f 

. 



3 
NACA RM ~ 5 7 ~ 0 2  

- 9 

afforded  by  the  fences  was  greatly  reduced by the  presence of the  tail, - presumably  because  of  adverse  effects on the  downwash  or  wake  fields. 

At a Mach  number  of 0.9 (fig. lo(b)) the  fences  were  not as effec- 
tive on the wing-body combination  as  they  were  at low speeds.  Eowever, 
by  virtue of their  favorable  influence on the  downwash  field and on the 
ratio  of  tail  to  wing Ut-curve slopes,  they  were  beneficial t o  the 
stability  of  the  complete  model  at  lift  coefficients  up  to 0.6. 

Maxlnum Lift-Drag  Ratios 

Figure ll presents  the mxFmum lift-bag ratios  and  the  corresponding 
lift  coefficients  of  the  model in a trimmed  condition,  as  determined from 
cross  plots  of  the  data.  Lift-  ratios  of  the final configuration  with 
and without fences  are  compared to those  of  the  model  of  reference 4 which 
used  elevons  for tr-. Losses  due t o  the  use of a tail  were of the 
order of 15 percent,  as  were  those  due  to  fences..  However,  the  tail  effect 
included  losses  due t o  the  vertical  tail  as  well  as  the horizontd tail, 
to  the  lengthened  fuselage, and to  elevon  influences  which  were  less 
favorable in the  undeflected  condition than in the  trhme&  condition. 

The minimum drag coefficients of the  vazious  model  configurations 
are also  presented in figure IL. Calculations at a given Ut coefficient 
indicate  that  the  increments in minim= drag  coefficient  due  to  the addi- 
tion of tail  and  fences  accounts  for at least  three-fourths  of  the  losses 
in m a x h u n  lift-drag ratio that are shown. A conclusion  of  reference 1 
was  that  the  effects  of Mach nunber on maximum lift-drag  ratio in the 
supersonic  reg-  were also prinarily  due t o  changes in minimum drag 
coefficient,  resulting f r o m  changes in thickness drag. It seem l i k e l y  
that  the  reduction in lift-drag  ratio  at  the  design  Mach nrnnber of 1.5 
due to addition of the tdl w o u l d  be roughly  the  same  percentage  as  at 
subsonic  Mach  nuuibers, 

- 

The  effects of wing  fences  and  of a tail on the  longitudinal  charac- 
teristics of the  model  have  been evalwted for  subsonic  speeds.  The  model 
had a cambered  and  twisted wing with a leading-edge  sweepback  of 63O and 
&T1 aspect r a t fo  of 3.5. For  the  configuration employing six  fences app-ox- 
imately  twice as hfgh as the mas&mm wing thickness,  mid-wing  mounting, 
and a swept tail, the  following  results  were  obtafned: 

1. The addition of the  fences and tail improved the  static longi- 
tudinal stability  to a limited  degree. At l o w  speeds  the loss  in static 
margin f o r  the  model in the trimmea  conaition w a s  about l2 percent in the 
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interval  fram a lift  coefficient of 0 to 0.8, The  fences and tail Bid 
not  eliminate  the  abrupt  increase in stability  at  moderate  lifts, and the 
fences  increased  the  unstable  variation of pitching  moment  at  the  hfghest 
lifts, 

2. A breakdown of the  factors  affectl-ng  stability  showed  that  at 
low speeds  the  effective  downwash and wake characteristics  were  practi- 
cally  unaffected by EL change  in  tail length. However,  the  tafl  contribu- 
tion  to stability generally  increased  with lift coefficlent,  making a 
large  tail  volume  desirable.  The  effect of the  fences on the  downwash 
and wake  characteristics  at low speeds  waB  either sma l l  or adverse. 

3. The  addition  of  the  fences and of the  tail  to  the  basic  elevon- 
controlled  configuration  each  decreased  the maximum lift-drag  ratio  for 
the  trimmed  condition by the  order of 1.5 percent. 
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Wing 
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  4.02 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . .  3.5C 
span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.75 
Taperratio . . . . . . . . . . . . . . . . . . . . . . . . . .  0.2: 
Mean aerodynamic  chord. f t  . . . . . . . . . . . . . . . . . .  1.X 
Sweepback (le&ng  edge). deg . . . . . . . . . . . . . . . . .  63.0 
Section (streamwise) . . . . . . . . . . . . . . . . . .  NACA 64-5 
Incidence (at plane of symmetry). deg . . . . . . . . . . . . .  0 

Swept t a i l  
Horizontal tai ls  

Area. sq f ' t  . . . . . . . . . . . . . . . . . . . . . . . . .  1.00 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  2.30 

Taperratio . . . . . . . . . . . . . . . . . . . . . . . . .  0.20 
Sweepback ( l e a n g  edge).  deg . . . . . . . . . . . . . . . .  60. 0 
Section ( s t r e m i s e )  . . . . . . . . . . . . . . . . .  NACA 0004-64 
Pivot a x l s  (fraction of root chord) . . . . . . . . . . . . .  0.84 

Area. sq f't . . . . . . . . . . . . . . . . . . . . . . . . .  0.87 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . .  4.00 

T a p e r  r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.33 
Sweepback of 50-percent chord m e .  deg . . . . . . . . . . .  0 
Section . . . . . . . . . . . . . . . . . . . . . . . .  NACA 0004-64 

s p a .  ft . . . . . . . . . . . . . . . . . . . . . . . . . .  1.5 

Unswept tail 

span. ft . . . . . . .  . . . . . . . . . . . . . . . . . .  1.87 

Pivot axis (fraction of root chord) . . . . . . . . . . . . .  0.45 
Vertical t a i l  (leading asd t ra i l ing edges extended t o  fuselage 

center  line) 
Area. sq f't . . . . . . . . . . . . . . . . . . . . . . . . . .  1.07 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . .  1.51 

Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.16 
Sweepback (Leading edge). deg . . . . . . . . . . . . . . . . .  54.0 
Section (streamwise) . . . . . . . . . . . . . . . . .  NACA 0003.5-64 

Fineness r a t i o  

Spm. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.27 

Fuselage 

Short k e l a g e  . . . . . . . . . . . . . .  - . . . . . . . . .  12.00 
Long Welage . . . . . . . . . . . . . . . . . .  - . . . . . .  13.75 

Base area. sq f t  . . . . . . . . . . . . . . .  : . . . . . . .  0.13 

. 
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TABI;E I. - GWME2RIC PROPERTIES OF TEE mDEZ - Concluded 
Coordinates' (long fuselage) : 

Distance from 
nose, inches 

0 
5.00 

10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
4o.m 
45 25 
51.. 25 
68.25 
72.25 
76.25 

82.50 
80.25 

RaAius , 
inches 
0 

.80 
1.44- 
1.94 
2.32 
2.60 
2.79 
2.90 
2.97 
2.99 
3.00 
3-00 
2.99 
2.90 
2.67 
2.44 

'Removable section from 51.25 to 68.25 inches from nose. 

TABI;E 11.- K " T S  CZNTERS, TAIL LENGTHS, AND TAIL VOLUMES 

Configuration T a i l  length, T a i l  volume, Moment 
, . center, 

Fuselage T a i l  Fences C t F  
- v 

Short or long  

- 380 1.52 .40 On Swept Short 
0 - 331 1.52 .m On Unsweppt Short 

"- "- 0.25 O n  or off Off 

hn@: 
538 2.16 -50 Off Swept Long 
549 2.20 - 45 On Suep  t 
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Airfoil thickness is exaggerated 

NACA RM ~ 5 7 ~ 0 2  

-" .05 c 

. 0 5 c  .15c 
Fence I 

-LC 
JO c 

"r Fence = 

.. .. 

.IO c 
4 &  - - F"i . ioc 

Fence nt 

Figure 4.- Fence profiles. 
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(a) Fai l  off. 

8.- The l i f t  characteristics of the nodel; wlng in  mid position, with and without fenc 
(configuration X) and empennage (horizontal tAl in mid position). 
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(a) T a i l  off. 

Figure 9.- The Uft-drag characteristics of the model; wing in mid position, with and without, 
fences (co~iguration X) and empemage (horizontal td~. in mid position). 
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(b) it = 0.2' 

Figure 9.- Continued. 
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F i m  LO. - Concluded. 

. . . . . . . . . . . . . -&, ' ' I 

1 , a  



6 
9 

s 

M 

Figue U.- A comparison of l i f t d r a g  and --drag characteristics of the model. when t r h d  
by a horizontal tail (mld-rear position) a d  by elevons (hta of ref. 4). Tailed model with 
ana wtth0u-t fences (conf-attion X), center of m~menes for  data frcm reference 4 at 0.28 E. 
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