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SOME EFFECTS OF CHORDWISE FENCES ON 

CHARACTEZISTICS OF FOUR MODEXLATELY 

THE A E R O D r n r n C  

SW~PTBACK WINGS 

I N  -THE LOW-LIFT RANGE AT TRANSONIC MACH h m E R S  

LW AT MACH NUMBER 1.9 

By Lawrence D. G u y  

SUMMARY 

A study of data from available wind-tunnel inPestigations.was made 
t o  determine the effects af t h i n  chordwise fences on sonie of t he  aero- . 

dpamic  characterist ics of four  moderately sweptback wings i n  a low-lift 
range at transonic Mach numbers and a t  Mach r i d e r  1.9. The wings were 
equipped  with  upper-smface.fences of comparable size, having a height 
above the wing-chord plane of less than 14 percent of the  local  chord. 
The data from tests of a small leading-edge vane and a triangular fin on 
one  wing  were also  included. 

?he fences  introduced no large detriment,& effects on lift or 
pitching moment a t  transonic or supersonic  speeds. A sl ight  increase in 
the  value of the  drag  coefficient w a s  usually obtained. The increase in 
drag  coefficient  generally was less than 0.002 and did  not exceed 0.005. 
I n  one investigation,  the  fence  effected a more nearly linear var ia t ion 
of the  pitching moment with lift coefficient a t  transonic  speeds.  There 
was some evidence of a reduction in  aileron  effectiveness a t  a Mach 
number of 1.9 when the  fence  or f i n  was located adjacent t o  the  inboard 
end of the  aileron. . 

INTRODUCTION 

Wing sweepback used on many high-speed a i rc raf t   has .of ten  been 
accompanied  by longi tudinal   instabi l i ty  in the subso@c high-lif t  range 
due, in part, t o  a spanwise flow of a i r  in  the bokdazy layer. One 
device  that  has met with some degree of success‘ in   res t r ic t ing   th i s  
spanwise flow i s  the  stall-control  fence o r  vane (references 1 t o  8) .  
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No systematic study of fences has been made t o  determine t h e i r  optimum 
size, shape, and posi t ion  for  a range of  wing design  parameters. In  a 
f e w  instances, however,  marked  -improvement i n  longi tudinal   s tabi l i ty  
has been  achieved  using  fences of arbitrary s ize  and shape ( f o r  example, 
see references 6 and 8) .  Inasmuch as a nonretractable  fence  configura- 
t ion  would be desirable, it is of i n t e r e s t   t o  know the  effects of fences 
on the aerodymamic character is t ics  of sweptback wings a t  high  speeds. 
Consequently, t h e  data of available wind-tunnel invest.igations af fences 
on sweptback wings a t  transonic ,and supersonic  speeds have  been  compiled 
and analyzed. The present  paper summarizes the results of this study. . 

Data are included from investigations i n  the Langley 8-foot high- 
speed tunnel, the Langley. high-speed 7- by 10-foot  tunnel, and the  
Langley 9- by 12-inch  supersoniceblowdown tunnel and cover a low-lift 
range a t  transonic Mach numbers  and a t  Mach  rmmber 1.9. Four of the 
fences  investigated were essentially full. chord in  length,  while  the 
others extended  over only a portion of the chord. The fences were 
a l l  of moderate s ize  having a height above the wing-chard plane of 
less than 14 percent of €he loca l  chord. 

SYMBOLS 

CL 

CD 

CZ' 

a 

s 

lift coefficient of full-span 
qs 

drag caef f i c  ient Drag  of full-span 
qs 

pitching-moment coefficient;  moment about  reference 
Moment of full-span model 

q= 

rolling-moment coefficient; moment about wind 
Moment 

axis ( qSb ) 
rolling-moment coeffici.ent; moment about body 

angle of at tack of t he  wing chord re la t ive  t o  free-stream 
directfon 

wing area of fdl-span model 
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b wing span . 

C local  chord of a i r f o i l  Ln streamwise direction 

Y spanwise 'distance f r o m  plane of symmetw 
9 free-stream dynamic pressure 

6a aileron  def.lection measured i n  plane normal t p  hinge.1- 
(posit ive when t r a i l i n g  edge i s  deflected downward) 

M, effective Mach number over  span of bump.models 

M -. f ree-stream Mach number 

R Reynolds numbdr 

MODELS 

. 
I 
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The geometric character is t ics  of each model are t abda ted  in table I, 
together  +th  the  test  Mach  number and Reynolds number. A typical  fence 
ins ta l la t ion  i s  shown in f igure 1. Detailed model dimensions are  given 
in f i g u r e  2. 

811 t h in  chordwise devices  protruding from the  surface of t h e  wing, 
with  the  exception of two configurations,  are  hereinafter  called  fences. 
These two configurat ions  di l fer   radical ly   in   s ize  o r  shape from the r e s t  
and, f o r  convenience of notation, one is designated a f in and the  other 
a vane. (See f ig .   2(d) . )  The fences were a l l  mounted on the upper sur- 
face of the  wing and were of comparable size.  The heights above the 
wing-chord plane were less   than l-4 percgnt of the local chord.  (See 
table I.) Outboard locations of fences f o r  each configuration are shown 
in figure 2 i n  percent of semispan. 

Two fences, rectarigGLar i n  shape, were investigated on model 1 and 
-viere  mounted para l le l  t o  the  f ree  a i r  stream. The upper edge of these 
fences had a height above the wing-chord plane .of 11.5 percent of the 
chord. The-larger of the two fences extended from 5.7 percent of the 
chord  forward of the  leading edge t o  the   t ra i l ing  edge..  The smaller 
fence  extended from the same point ahead of the  leading edge t o  4.0.3 per- 
cent of the chord, (See f ig .  2( a). ) + 
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A fence  having a full chord  length  and a constant  height  above  the 
wing  upper  surface of 60 percent  of  the maximum local  airfoil  thickness 
was  used  on  models 3 and k .  (S.ee.table I for madmum fence  height in 
percent  chord.)  This  fence was a l s o  used in model 2 but  modified  to 
extend  over only 95 percent  of  the  chord  measured from the  trailing  edge. 
Also on  model 2 a fence  of  greater  height  than  the  constant-height  fence, 
but  with a length of on ly  68 percent of the  chord,  was  investigated. 
Both  fences  mounted on model 2 were  inclined  outboard  at an angle of 1.8' 
to  the  -plane  of  symmetry  .(fig. 2(b)). 

In addition  to  the  constant-height  fence, a triangular fin and a 
leading-edge  vane  were  tested  separately  on  model 4. The  vane was simi- 
lar to a configuration  found to be  effective  in  the  low-speed  investi- 
gation of  reference 1. 

TESTS 

The  semispan  model 1 was  tested in the  Langley  high-speed 7- by 
10-foot  tunnel  utilizing  the  transonic-bump  method f o r  obtaining  trans- 
sonic  speeds. (M = 0.6 to 1.10). A description  of  the  balance, by 
means of  which  force and mament  data  were  obtained,  and also a discussion 
of factors  affecting  the  test  results  obtained in this  tunnel  are  pre- 
sented in reference 9 .  L - 

The  investigation  of  the  complete  airplane  model 2 was conducted in 
the  Langley  8-foot  high-speed  tunnel,  which is of the  closed-throat, 
single-return  type. A plaster  liner  was  installed in the  tunnel  at  the 
minhm section, extendhg upstream  to  form  the  subsonic  test  section 
(M = 0.6 to 0.95) and  downstream  to  form  the  supersonic  test  section 
(E = 1.2). A description  of  the  balance  system  used to obtain  force  and 
moment  data  is  given in reference 10. A discussion of fact-ors  affecting 
the  test  results  obtained in this  tunnel are presented in reference ll. 

Semispan  models 3 and 4 were  investigated  in  the  Langley 9- by 
12-inch  supersonic  blowdown  tunnel-at a Mach  number  of 1.9. A descrip- 
tion  of  the  balance  system  used  to  obtain  force.and  moment  data  and 
a l s o  the  discussion of test  conditions  influencing  the  results  of  this 
investigation  are  given in reference 12. 

RESULTS AND DISCUSSION 

Data from investigations  of models 1 and 2 at  transonic  speeds  are 
presented in  figures 3. 'and 4, respectively.  (These  figures  are in the 
same form  as  they  are in references 9 and lo.} Some  aerodynamic 
characteristics of models 3 and 4 at a Mach  number of 1.9 are  presented 
in figures 5 to 7. 
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The exact  increment of drag  coefficient due t o  fences was d i f f i cu l t  
a .  t o  evaluate  since  the  increments in each case were of the s a w  order as 

the  eQerimental  accuracy 6f the  investigations and i n  no case  greater 
than 0.005. In  general,  the  fences  caused a s l i g h t   r i s e  i n  drag  coeff i- 
cient, which normaUy did not exceed 0.002, a n  amount equal t o  about 
5 percent of the t o t a l  drag  coefficient f o r  these wings. In  the  case of 
m o d e l 1  ( f ig .  3 ) ,  a slight  decrease i n  CD w a s  noted a t  subsonic Mach. 
numbers.. A tr iangular  f in  protruding from both upper and lower Surfaces 
of model 4 increased  the d r a g  coefficient about 0,0025 a t  a k c h  number 
of 1.9 ( f ig  . 7 ) . Use of a small leadin -edge vane  caused no discernible. 
effect  on drag a t  a Mach  number of 1.9 t! f i g  . 7 ) . 

The ef fec t  of fences on the  lFf t   coeff ic ient  w a s  small and of minor 
importance. The s l igh t  change in   l i f t -curve s lopes  due t o  a fence on 
model 1 and a f in  on model 4 were negligible. 

The e f fec t  of fences on the  longitudinal  stabil i ty of models 2, 3, 
aTd 4 appeared, in  general ,  t o  be small. For model 1, however, a more 
l inear  variation of pitching moment with lift coefficient was produced 
at riach  numbers above and belaw sonic  velocity  for  the range of lift 
coefficients  attained i n  the  investigation:  (fig. 3 ) .  This effect  of 
fences  appeared  as a s l igh t   s tab i l iz ing   t rend   in   the  pitching-moment 
characterist ics below sonic velocity  and,a  destabil izing  trend above 
sonic  velocity. In' a similar  investigation  (reference 13) of a wing 
having a  leading-edge sweepback of 60.9O;but otherwise  the same geo- 
metric  characteristics as model 1, the same l inear iz ing  effect  on the 
pitching-moment curves w a s  .shown f o r  Mach numbers f rom 0.7 t o  1.15. 
The leading-edge  vane  (found t o  improve the  longi tudinal   s tabi l i ty-of  
a wing a t  low speeds, reference 1) had no e f fec t  on pitching moment  a t  
a Mach number of -1.9 ( f i g .  7). 

A decrease in aileron  effectiveness of model 4 a t  a 'Mach  number 
of 1.9 was produced by the  addition of a tr iangular fin, which protruded 
f r m b o t h  upper  and lower  surfaces of  the wing adjacent t o  the  inboard 
end of the  aileron ( f i g .  7 ) .  Also a full-chord,  upper-surface  fence, 
which  improved the low-speed aileron  effectiveness of a similar swept- 
back wing (reference 7 ) ,  produced a slight  decrease in effectiveness 
f o r  up-aileron  deflections  greater  than 6 O  when the  fence was located 
at the  inboard end of the  a i leron  ( f ig .   6(b)) .  However,  moving the 
fence  inboard 9 percent of the semispan resulted in about the  same 
aileron  effectiveness  as  the  plain wing. A leading-edge  vane  located 
at the same- spanwise station  as  the  inboard end of the  a i leron caused 
a 'negl igible  l o s s  of effectiveness  (fig. 7). . 
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CONCLUDING RENARKS 

A study was  made  of available wind-tunnel investigations of thin 
chordwise fences on f o u r  moderately sweptback wings in the low-lift range 
a t  transonic Mach numbers and a t  Mach  number 1.9. The results  indicate 
no large  detrimental  effects on l i f t  or  pitching moment a t  transonic  or 
supersonic  speeds. The increase-in  drag  coefficient  at tr ibutable  to 
fences was of about the same order as   the experimental  accuracy of the 
investi;gations and  was generally less than O..O02. The effect  af fences 
on the  l if t--coefficient w a s  small. In the  transonic speed  range, the 
pitching-moment variation  with lift coefficient  for one  wing  was found 
t o  be more l inear  when fences were used. At a Mach  number of 1.9, 
aileron  effectiveness appeared t o  be reduced when the  fence o r  f i n  was 
located  adjacent  to  the  inboard end of the  aileron  but was not  influenced 
when the  fence was  moved s l ight ly  inboard. 

Langley Aeronautical  Laboratory 
National  Advisoq Committee for Aeronautics 

Langley Air Force Base, Va. 
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Model 

Leading-edge 
sweepback 

Aspect  ratio 

. Taper  ratio 

lThickness 

2- fence 
height 

Configuration 

Mach number 

B 
Based on 7Z 

Test fac-ty 

Reference 

. Figures 

TABLE I 

TAEKILATICN OF TEST CONDITIONS AND CONFIGURATIONS 

-1 

46.7' 

4.0 

$60 

U C A  65A- 
series 

' 6.0 

11.5 

semispan wing 
plus  fuselage 

0.6 to 1.10 

0.58 x 106 

0.78 X lo6 
to 

Transonic bump 
7- by l&foot 

high-speed tunnel 

9 

2(a> and 3 

2 3 

3 38.8' 

1.0 

8.7 root 
10.4 tip I ' 7.0 

13.7 and 
10.2 1 7.7 

Complete 

of fuselage configuration 
in presence ait+bne 
semfspan wing 

0.6 to 0.95 
and 1.2 I 1.9 

1.55 x 106 
to 2.3 x 106 

1.80 x 106 

8-foot  high- . 
speed tunnel 

9- bJ. =-inch 
blowdm 
tunuel 

I 
I 

9 

k 

42.7O 

4- 0 

0.5 

circular 
arc 

8.0 

8.8 

semispan win@; 
alone  and in 
presence of 
fuselage 

1.9 

2.2 x 16 

9- 12-inch 
blowdown 
tunnel 

Unpnblished 

2(d) and 6(a) 
6fb) and 7 , 

Lphicbess is t.n percent  chord  measured  parallel with air stkeam. 
2Height  is in percent  chord  measured above chord  plane. v 
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Figure 1.- Photograph of model 4 showing fence installed. I 
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ormal to bump surface 
Cenfsrline of balance 

(a) Model 1. 

Figure 2.- Details of models. (Al l  dimensions are in inches. ) 
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(b) M o d e l  2. 

Figure 2.- Cmtimed. 
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( c )  M o d e l  3. 

Figure 2.- Conthued. 
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vane 0.6 max 
r tbiCkkneSS 
1 

I L 
Fence 

Various fern  mntigurations 
at section A-A 

T + t  - 5. I40 - 3 . 2 6 4 2  ~ 1 - 4.000 
c f2.250 _ I  Rolling moment1 ref axis 

(a) M ~ d e l  4. 

Figure 2.- Concluded. 
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Figure 4.- Effects of fences on the aerodynamic characteristics of 
model 2 at Mach numbers from o.% to 0.95 and 1.2. Leading-edge 
sveepback = 38.8'; aspect ra t io  = 3.6.  
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Figure 5.- Effects. of a fence on the aerodynamic characteri6tice of 
model 3 at  a Mach number of 1.9. Leading-edge sweepback -1 42'; 
aspect ra t io  = 1.8. 
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Fence locat ion 
(percent b/2) 

0 Off 

( a) C,, CL, and CD against a. 6, = 0. 

Figure 6.- Effects of a fence on the aerodynamic characterist ics o f  
model 4 in the  presence of a f'uselage at a Mach number of 1.9. 
Leading-edge sweepback = k2.p; aspect ratio = 4.0. 
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Fence location 
(percent b/2) 

Off 
50 "_ 

21 

.m4 

.f 

-. / . 

D O 4  

0 
c. 

,004 

-" 61 

- 1 6  -/ 2 -8 -4 0 4 8 l 2  f6 
8, y a'ep 

(b) C,, CL, and Cz against 6,. a = 0. 

Figure 6.- Concluded. 
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Figure 7.- Effects of a stall-control vane ma fin at  50 percent b/2 on 
the aerodynamic characteristics of model 4 at a Mach rmmber o f  J.9; 
leading-edge sweepback = 42-70; aspect ratio = 4.0. 
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