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CHARACTERISTICS OF FOUR MODERATELY SWEPTBACK WINGS 

IN THE LOW-LIFT RANGE AT TRANSONIC MACH ~~ERS 

AND AT MACH NID1BER 1. 9 

By Lawrence D. Guy 

SUMMARY 

A study of data from availabl e wind-tunnel investigations was made 
t o determine t he effects of t hin chordwise fences on some of the aer o­
dynamic characteristics of four moderately sweptback wings in a low-lift 
r ange at transonic Mach numbers and at Mach number 1. 9 . The wings were 
equipped with upper- surface fenc es of comparable size, having a height 
above the wing- chord plane of less t han 14 percent of t he local chor d . 
The data from tests of a small leading-edge vane and a triangular fin on 
one wing were also included. 

The fences intr oduced no large detr imental eff ects on lift or 
pitching moment at transonic or super sonic speeds . A slight increase i n 
the value of the drag coefficient was usually obtained . The increase in 
drag coefficient gener ally was less than 0 . 002 and did not exceed 0. 005 . 
In one investigation, t he f ence eff ected a more nearly linear variation 
of t he pitching moment with lift coefficient at transonic speeds . Ther e 
was some evidence of a r eduction in aileron effectiveness at a Mach 
number of 1 . 9 when the f ence or fin was located adjacent t o t he inboar d 
end of the aileron . 

I NTRODUCTI ON 

Wing sweepback used on many high- speed aircraft has of ten been 
accompanied by l ongitudinal instability in the subsonic high-lift range 
due , in part , to a spanwise flow of air in the boundary layer . One 
device that has met with some degree of success in restricting this 
spanwise flow is the stall- control fence or vane (references 1 to 8) . 
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No systematic study of fences has been made to determine their optimum 
size, shape, and position for a range of wing design parameters . In a 
few instances, however , marked improvement in longitudinal stability 
has been achieved using fences of arbitrary size and shape (for example , 
see references 6 and 8) . Inasmuch as a nonretractable fence c onfigura­
tion would be desirable , it is of interest to know the effects of fences 
on the a erodynamic characteristics of sweptback wings at high speeds . 
Consequently, the data of available wind-tunnel investigations of fences 
on sweptback wings at transonic and super sonic speeds have been compiled 
and analyzed . The present paper summarizes the results of this study. 

Data are included from investigations in the Langley 8-foot high­
speed tunnel, the Langley high-speed 7- by 10-foot tunnel, and the 
L~ngley 9- by 12-inch supersonic blowdown tunnel and cover a low-lift 
range at transonic Mach numbers and at Mach number 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 
all of moderate size having a height above the wing-chord plane of 
less t han 14 percent of t he local chord . 

a 

S 

SYT1BOLS 

lift coefficient (Lift of f~~l-span mOdel) 

d ff o 0 t (Drag of full-span mOdel) rag coe lClen 
qS 

pitching- moment 

(
Mo:nent axis 

coefficient; moment about reference 
of full-span mOdel) 

qSC 

rOll~ng-(m~~:~~t)coefficient; 
aXlS qSb 

rolling-moment coefficient; 

axis (Moment) 
qSb 

moment about wind 

moment about body 

angle of attack of the wing chord relative to free-stream 
direction 

wing area of full-span model 
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b 

c 

c 

y 

q 

R 

wing span 

mean aerodynamic chord (~~b/2c2dy) 
local chord of airfoil in streamwise direction 

spanwise distance from plane of symmetry 

free-stream dynamic pressure 

aileron deflection measured in plane normal to hinge line 
(positive when trailing edge is deflected downward) 

effective Mach number over span of bump models 

free-stream Mach number 

Reynolds number 

MODELS 

3 

The geometric characteristics 
together with the test Mach number 
installation is shown in figure 1 . 
in figure 2. 

of each model are tabulated in table I, 
and Reynolds number. A typical fence 

Detai led model dimensions are given 

All t hin chordwise devices protruding from the surface of the wing, 
with the exception of two configurations, are hereinafter called fences. 
These two configurations differ radically in size or shape from the rest 
and, for c onvenience of notation, one is designated a fin and the other 
a vane . (See fig . 2( d).) The fences were all mounted on the upper sur­
face of the wing and were of comparable size. The heights above the 
wing-chord plane were less than 14 percent of the local chord. (See 
table I.) Outboard locations of f ences for each configuration are shown 
in figure 2 in percent of s emi span. 

Two fences, rectangular in shape, were investigated on model 1 and 
·were mounted parallel to the free air stream. The upper edee of these 
fences had a height above the wing-chord plane of 11.5 percent of the 
chord. The lareer of the two fences extended from 5.7 percent of the 
chord forward of the leading edge to the trailing edge. The smaller 
fence extended fr om the same point ahead of the leading edge to 40 .3 per­
cent of the chord. (See fig. 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 4. (See table I for maximum fence height in 
percent chord.) This fence was also 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 only 68 percent of the chord, was investigated. 
Both fences mounted on model 2 were inclined outboard at an angle of 1.80 

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 for obtaining trans­
sonic speeds. (M = 0.6 to 1.10) . A description of the balance, by 
means of which force and moment data were obtained, and also a discussion 
of factors affecting the test results obtained in this tunnel are pre­
sented in reference 9. 

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 
minimum section, extending ups tream to form the subsonic test section 
(M = 0. 6 to 0.95) and downstr eam to f orm the supersonic test section 
(M = 1. 2) . A description of the balance system used to obtain force and 
moment data is given i n reference 10. A discussion of factors affecting 
the test results obtained in this tunnel are presented in reference 11. 

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 
also the discussion of test conditions influencing the results of this 
investigation are given in reference 12. 

RESULTS AND DISCUSSION 

Data fr om 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 10 .) 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 to fences was difficult 
to evaluate since the increments in each case were of the same order as 
the experimental accuracy of the investigations and in no case greater 
than 0.005. In general, the fences caused a slight rise in drag coeffi­
cient, which normally did not exceed 0.002, an amount equal to about 
5 percent of the total drag coefficient for these wings. In the case of 
model 1 (fig. 3), a slight decrease in CD was noted at subsonic Mach 
numbers. A triangular fin protruding from both upper and lower surfaces 
of model 4 increased the drag coefficient about 0.0025 at a Mach number 
of 1.9 (fig. 7). Use of a small leading- edge vane caused no discernible 
effect on drag at a Mach number of 1.9 (fig. 7). 

The effect of fences on the lift coefficient was small and of minor 
importance. The slight change in lift-curve slopes due to a fence on 
model 1 and a fin on model 4 were negligible. 

The effect of fences on the longitudinal stability of models 2, 3, 
and 4 appeared, in general, to be small . For modell, however, a more 
linear variation of pitching moment with lift coefficient was produced 
at Mach numbers above and below sonic velocity for the range of lift 
coefficients attained in the investigation (fig. 3). This effect of 
fences appeared as a slight stabilizing trend in the pitching-moment 
characteristics below sonic velocity and a destabilizing trend above 
sonic velocity. In a similar investigation ("reference 13) of a wing 
having a leading- edge sweepback of 60 .9°, but otherwise the same geo­
netric characteristics as modell, the same linearizing effect on the 
~itching-moment curves was shown for Mach numbers from 0.7 to 1.15. 
rhe leading-edge vane (found to improve the longitudinal stability of 
a wing at low speeds, reference 1) had no effect on pitching moment at 
a Mach number of 1.9 (fig . 7) . 

A decrease in aileron effectiveness of model 4 at a Mach number 
of 1.9 was produced by the addition of a triangular fin, which protruded 
from both upper and lower surfaces of the wing adjacent to the inboard 
end of the aileron (fig. 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 
for up-aileron deflections greater than 60 when the fence was located 
at the inboard end of the aileron (fig . 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 aileron caused 
'a negligible loss of effectiveness (fig . 7) . 

~ -- -- -_. ~--



6 NACA RI1 LSOE16 

CONCLUDING REMARKS 

A study was made of available wind- tunnel investigations of thin 
chordwise fences on four moderately sweptback wings in the low- lift range 
at transonic Mach numbers and at Mach number 1 . 9 . The results indicate 
no large detrimental effects on lift or pitching moment at transonic or 
supersonic speeds. The increase in drag coefficient attributable to 
fences was of about the same order as the experimental accuracy of the 
investigations and was generally less than 0 . 002 . The effect of fences 
on the lift coefficient was small . In the transonic speed range, the 
pitching- moment variation with lift coefficient for one wing was found 
to be more linear when fences were used . At a Mach number of 1.9, 
aileron effectiveness appeared to be reduced when the fence or fin was 
located adjacent to the inboard end of the aileron but was not influenced 
when the fence was moved slightly inboard . 

Langl ey Aer onautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Air Force Base, Va . 
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TABLE I 

TABULATION OF TEST CONDITIONS AND CONFIGURATIONS 

Model 1 2 3 

Leading-edge 
46 . 70 38 . 80 450 

sweepback 

Aspect ratio 4 . 0 3 . 6 1.8 

Taper ratio 0 . 60 0. 565 1.0 

Type NACA 65A- NACA 631- NACA 65A-

Airfoil 
series ser ies series 

section 
IThickness 6 . 0 8 . 7 root 

7 . 0 10 . 4 tip 

2Maximum f ence 
11 . 5 13 . 7 and 7. 7 height 10. 2 

Complete Semispan wing Semispan wing 
Configuration plus fuselage airplane in presence 

configuration of fuselage 

Mach number 0 . 6 to l.10 0. 6 to 0 . 95 1.9 and 1.2 

R 0. 58 x 106 1.55 x 106 
2 . 3 x 106 to to Based on c 0 . 78 x 106 l.80 x 106 

Transoni c bump 
8- foot hi gh- 9- by 12- inch 

Test facility 7- by 10- foot speed tunnel blowdown 
high- speed t unnel tunnel 

Reference 9 10 Unpublished 

Figures 2(a) and 3 2(b) and 4 2(c) and 5 

IThickness is in percent chor d measured parallel with air str eam . 
2Height is in percent chord measured above chord plane . 

9 

4 

42.70 

4.0 

0.5 

Cir cular 
arc 

8 .0 

8.8 

Semispan wing 
alone and in 
pr esence of 

fuselage 

1.9 

2. 2 x lrP 

9- by 12- inch 
blowdown 
tunnel 

Unpublished 

2 ( d ) and 6 ( a ) 
6(b) and 7 
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NACA , 

- 62866.1 

Figure l.- Photograph of model 4 showing fence installed . 

• 



• 

L 



• 

~ 
lC) 
........ 
........ 

Ci ~ I • /.057c -I 
I I 

r JE ;~2/66~ 
~ 0.057c 
........ 
........ b o.46c I 

I 
t ----J L C:Z/66=-i 

L o.057c 

Wing fence configura lions 

-, 

0.25 MAC 

r /.59/l 
'" 

> =1 

Wing 
fence 

t\J 

"" t\J 
~ 

ttl 
t\J 
CJ' 

~-Z.607 ~ 
. t\J ~------ 7.07 Centerlme of balance rot) 

normal to bump surface ~ 

//.8 
~ 

(a) ModelL 

Figure 2.- Details of models. (All dimensions are in inches.) 

• 

~ 
o 
:x> 

§ 
t-< 
\.n. 

~ 
~ 

f-' 
W 



~~ t 
3° 

19° 
3150M~ 

~r :~ + :. 3/5= 
NACA 631 - 012 airfoil 

30 percent normal chord line 

/ 
/ 

, , , , 

" 

, 

1- 1/ .50 ~ / - 4 .49 

I " 618 · 1 

(b ) Model 2. 

Figure 2 . - Continued. 

.. 

~ 
I'rj 

0) 

NACA 631 - 010 
Airfoil sect/on 

[ 0 0 98 Max airfoil thickness ~ 

K~ T ci 
- - ~L~ 
~ 5.59 -I <::) i Max airfoil fhic~ness 

1 1-'----0 95c =5-i. ~ 
~ 5.59~ 

Fence configurations 

~ 

t--' 
+='" 

~ 
o 
:x:-

~ 
t-' 
Vl. 

§i3 
~ 



L_ 

. § 
~ 
~ 

--pQO ~o.6mOX oirfoH I! thickness 

E ~ 

Section A-A 

A 

Pitching-moment 
ref axis 

3.00°1 
---,-

A P .... j ~ 
002 ~ ~ 

.Q C\i 
~ 

• 

~ i 

L -------- 2560. _ I It 6.953 -I: '30.0.0. _I ~ 12.50. 

c:) 

Rol ling-moment 
ref axis 

~ 

(c) Model 3. 

Figure 2.- Conti nued . 

~ 
o 
:x> 

~ 
t-t 
\.r\ 

~ 
~ 

f--' 
\.r\ 



.§ 
~ 

~ lc) 
\() C\j 
<::::> CJ 
C:) 

t t 

o.~c t; "~l 
l4) ~ <::::> 
<::::> C\J Fin ---1 

?~_r-___ ===-
r:- Vane 0. 6 max 

30 --; r c thickness 

~ I ~ 
Fence 

Various fence configurations 
at section A-A 

r
2.o00~ 

5.535---~" I I r- 0.20/C 

i'=-- L7' I 

A~ Fence 

Pitching-moment 
ref. aXiS

V 
~ 
~ 

~ 
~ 
c:) 

~<::::> 
~<::::> 

~~ 
0) \c 
C:) 

-----<-tl--- 3 264 • 

- ---- I I 

~ ~ ref aXIS 
L -------- 12. 250 ~ 

(d) Model 4. 

Figure 2.- Concluded . 

L ~ • 

~ 

~ 
o 
:x> 

§ 
t-< 
Vl. 

~ 
f--' 
~ 



o 

o 

o 
~deg 

o 12 

8 

o 
4 

o 

-4 

I f 
M. = 1.10 

/' ..,. 
,)..! 

~ 
~ ./ 

"""\9-' 

~ 
~V 

W ./ 

lP 
l/ V"" 

./~/ V 
V. 

~ 

/-
V 

W ~ - .... 
...:;<~ 

~ ~ 

W 

-'" 
vL~ 

l/ 
1 ... _ 
V-' 

-I 
l ~ bP 1 . 00 

...0. 

..(V 
,< 
V .90 

V 
lrrc 

./ 
j . 80 

/ 
./ .60 

o 

o 

o 
Cm 

o 

o 
.I 

o 

• 

Fence 

o Off ____ ---, 

o ~ ;;:J 

6. c;;::=: ~ 
I$] 

§'fI 

/iAS 

o /' 
,/ 

Oc f.r.. ~ ~ ~ 
Me = 1.10 I~ 

rt\ 

""--C: r-<:t r--, -~ k>. 
o ~ V

U 

~ ::>d 
$-

Me = 1.10 

~ - W ~ 
1.00 

rv 

Co 
o 

~ 

1/ 
1.00 1I 

~ ; 
~ 

J'~ 
I~ 

.90 o 
~""- r. _"" ,# lY' 

A. 
.9 0 1/ 

Ird' p 
.,lSJ- if 

,....-:::: I6Y r'-' 
~ 

-=- .80 

VO 
o 

.08 c0)- n, Ff?' V J 
. 80 /7 

/,~ 
In. ~ ~ I 

.04 

~ . 60 

. 60 

~~ I I I I I i 

o 

-.04 
-:2 o .2 .4 

CL 
.6 

-./ 
72 o .2 .4 . 6 

CL 
-.2 o ,2 .4 .6 

CL 

Figure 3.- Effects of fences on the aerodynamic characteristics of 
model 1 at Mach numbers from 0.6 to 1.175. Leading-edge sweep­
back = 46.70

; aspect ratio = 4.0. 

• 
CA!) 

< 

~ 
o 
;t> 

~ 
t-i 
Vl. 

~ 
~ 

I-' 
-J 



.12 

./0 

.08 
CD 

.06 

.04 

.02 

o 

• 

Fence 

o Off 

DE ~ 

o~ 
.....--

I 1 T ~ 
~ 

I P a 7° 
-

I 

f-
j 
~ 

r--

J 
V 

-

V a " ,0 

/ 
II 

.04 

o 

-.04 
Cm 

-.08 

CL 

-.12 

-:16 

,6 

.4 

~ 

./" 

~ ~ »-
a - ,0 

'r\ , 
~ a = 7° 

< I 

.~ a = 7° 

,I I I I I Ji I I I I I I A ~ 
"" .2 

. 6 .7 

,. 

.8 .9 
M 

,1.0 1.1 1.2 
o 

.6 .7 

a ,0 

I 
.8 .9 1.0 

M 

Figure 4.- Effects of fences on the aerodynamic characteristics of 
model 2 at Mach numbers from 0.6 to 0.95 and 1.2. Leading-edge 
sweepback = 38.8°j aspect ratio = 3.6. 

• 

I 

I 

~ 

~ 
/.I 1.2 

• 

I-' 
Q) 

~ 
~ 
o 
~ 

~ 
t-< 
Vl. 

~ 
~ 



, 
~--

<-

CL 

CD 

.4 .06 

.3 
/ 

V .04 v 
~ 

Y'" I 

2 ~ 
V 

.02 
/ 

V 
V 

.I 
/ 

L 

/' 
y 

I 

V~ 

I 

Cl 

/ V 

LV 
( 

o 

0 
V 

-.02 

V 
-.I 

.08 

.06 

04 

J=,.. 

.02 
-2 

'--

E -=;;; E ~ 

Fence 
-.04 

o Ofr 
o On 

-.06 

/~ 

/ 
.04 

.r--f..--i 
~' 

A V 
V' Cm O 

r-4 ~ 
:..--

,..---l 
}--1 

/ 
---' ~ p ~-

o 2 4 
(1;1 deg 

6 

-.04 

8 -2 o 2 4 
(XI deg 

I I 

6 

Figure 5.- Effects of a fence on the aerodynamic characteristics of' 
model 3 at a Mach number of 1.9. Leading-edge sweepback = 450 ; 

aspect ratio = 1.8. 

I 

8 

z 
;x:,­
(") 
;x:,-

§ 
t-l 
Vl. 

~ 
~ 

f-' 
'D 

-I 
I 



20 

.04 

-.04 

.2 

. / 

-:1 

-.2 

.04 

.02 
-4 -2 

V ' 

o 
tX, deg 

2 4 

NACA Rl1 150E16 

Fence loca tlon 
(percent b/2) 

o 
o 
o 

Off 

a~ 

E==========~ 

Figure 6.- Effects of a fence on the aerodynamic characteristics of 
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Figure 7.- Effects of a stall-control vane and f in at 50 percent b/2 on 

the aerodynamic characteristics of model 4 at a Mach number of ~.9; 

leading-edge sweepback = 42.7°j aspect ratio = 4.0. 
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