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FREE-FLIGHT INVESTIGATION AT , TRANSONIC AND SUPERSONIC SPEEDS 

OF THE ROLLING EFFECTIVENESS OF A 42.70 SWEPTBACK 

wn~G RAVING PARTIAL-SPAN AILERONS 

By Carl A. Sandahl 

SUMMARY 

An investigation of the rolling effectiveness at transonic and super­
sonic speeds of partial-span ailerons on a 42.70 sweptback wing having 
symmetrical circular-arc airfoil-sections of lO-percent thickness ratio 
normal tQ the wing quarter-chord line has been made by means of rocket­
propelled test vehicles. The results showed that with 50 aileron deflec­
tion, the rolling effectiveness decreased abruptly at about Mach number 
0.90, was reversed between Mach numbers 0.94 and 1.0, and again became 
positive above Mach number 1.0. With 100 aileron deflection, no aileron 
reversal was obtained. Good agreement with regard to rolling effective­
ness was obtained with data from supersonic wind-tunnel tests made at 
Mich number 1.9. 

INTRODUCTION 

In the course of an investigation of wing-aileron rolling-effecti ve­
ness characteristics at transonic and supersonic speeds being conducted 
by the Pilotless Aircraft Re search Division of the Langley Aeronautical 
Laboratory utilizing rocket-p~opelled test vehicles in free flight, a 
wing-aileron configuration having a relatively large thickG3ss ratio was 
tested . The wing tested was sweptback 400 at the quartel~chord l ine , 
had an aspect ratio of 4.0, a taper ratio of 0 . 5, and employed symmetrical 
circular-arc airfoil sections of 10-percent thickness ratio (NACA 28-(50) 
(05)-(50) (05)) normal to the wing quarter-chord line. The ailerons were 
hinged at the 0.8 chord line and extended over the outboard half of the 
semispan. Four flight tests were made: two with the ailerons deflected 
50 and t wo with the ailerons deflected 100 . The tests, which were made by 
means of the free-flight technique described in references 1 and 2 , permit 
the evaluation of the wing-aileron rolling effectiveness over the Mach 
number range from about 0 . 6 to 1.8 at relatively large scale. TIle tests 
were made during January 1948. 
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SYMBOLS 

wing-tip helix angl e , radians 

drag coefficient based on total exposed wing area of 
1 .563 s~uare feet 

defl ection of each aileron measured in plane normal to hinge 
l ine , degrees 

Mich number 

Reynol ds number based on average exposed wing chord of 0.55 foot 

wing-torsional-stiffness parameter 

angle of twist produoed by m at any section along wing span 
in plane parallel to model center line and normal to wing 
chord plane , radians 

concentrated couple appl ied near wing tip in plane parallel to 
model center line and normal to wing chord plane, inch-pounds 

TEST VEmCLES AND TESTS 

The general arrangement of the test vehicles is shown in figures 1 
and 2 . Additional information pertinent to the test vehicles is given 
in tabl e I . The wings and fuselage of the test vehicles are constructed 
mainly of wood . The wing-aileron configuration under investigation is 
attached to the rearward portion of the fuselage in a threET-wing e..rrangET­
ment. It shoul d be noted that unpubl ished tests of three and four wing 
configurat-ions indicate that, with regard to rolling--effecti veness 
characteristics, the interference effects between the wings are negligible . 

The wings are stiffened by means of steel plates cyclET-welded into 
the upper and lower surfaces as shown in figure 1. The measured torsional­
stiffness characteristics of the wings are shown in t he curves of figure 3. 
The degree of wing torsional s t iffness indicated by the curves of figure 3 
has been shown by tests reported in reference 2 to be sufficient to 
reduce the effects of wing t wisting to a negligible amount . 

The test vehicles are propelled by a two-sta6e rocket-propulsion 
system t o a Mich number of 1.9. During coast ing flight following burnout 
of the rocket motor , time histories of the rolling velocity produced by 
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the ailerons (obtained with spinsonde radio equipment) and the flight­
path velocity (obtained with Doppler radar) are recorded. These data, 
in conjunction with atmospheric data obtained with radiosondes, permit 

the evaluation of the rolling-effectiveness parameter ~ as a function 

3 

of Mach number. The drag coefficient of the test vehicles is also obtained 
by a process involving the graphic differentiation of the curve of flight­
path velocity against time. The scale of the tests is indicated by the 
curve of Reynolds number against Mach number shown in figure 4. A conr­
plete description of the technique is given in references 1 and 2. 

ACCURACY 

The accuracy of the test results is estimated to be within the 
following limits: 

~ (due to limitations on model constructional accuracy) •• 

pb 
2V 

M • 

(due to limitations on instrumentation) • • 

. . . . . . . . . . . , . . . . . . . . . . . . . . . . . 

±0.0005 

±0.002 

±0.005 

It will be noted, as pointed out in ~eference 1, that owing to the 
relatively small moment of inertia about the rolling axis, the measured 

values of E~ are substantially steady-state values even though the 

test vehicles are experiencing an almost continuous rolling acceleration 

and deceleration. Except for abrupt changes of ~ with Mach number 

which occur in the Mach number range from about 0.9 to 1.0, the correction 
is estimated to be within 3 percent. Between Mach numbers of 0.9 and 1.0 
the maximum correction corresponding to the maximum attained rolling 
acceleration of 100 radians per second squared, assuming a damping-in­
roll coefficient of 0.2, is 10 percent. The data presented herein have 
not been corrected for inertia effects. 
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RESULTS .AND DISCUSSION 

The results of the present investigation are shown in figure 5 as 

curves of ~ I;Uld Cn as functions of Mich number. 

As shown in figure 5, the wing-aileron rolling effectiveness 
decreased with increasing Mich number in the Mich number range from 
about 0.62 to about 0.90 for both 50 and 100 aileron deflections. 
With 50 deflection, the effectiveness was reduced abruptly in the Mach 
number range from about 0.90 to 0.94 and was reversed from Mach number 
0.94 to about 1.0, at which Mich number the effectiveness again became 
positive. With 100 deflection no reversal of aileron effectiveness was 
obtained. 

In an effort to develop a wing-aileron configuration which would not 
be subject to reversal of effectiveness at transonic speeds, an extensive 
investigation of a semispall model of the wing used in the present tes t s 
has been conducted in the Langley high-speed I~ by 10-foot tunnel using 
the "bump" technique. These tests are described in reference 3. Several 
modifications to the original aileron configuration were developed which 
produced positive rolling moments for all deflections at transonic speeds. 
Because of the difficulty of estlmattng the damping-in-roll coefficient 
in the Mach number range of the "bump" tests, no attempt has been made 
to correlate the results of the present flight tests and the "bump" tests. 

Also shown in figure 5 is the rolling-effectiveness parameter ~ 
2V 

calculated from static aileron rolling-moment measurements in the Langley 
9- by l 2-inch supersonic blowdown tunnel of a semispan model of the wing 
used in the present tests. The wind-tunnel tests were made at a Mich 
number of 1.9 and at a Reynolds number of 2.2 X 106 • In cal culating ~ 

2V 
from the wind-tunnel results a damping-in-roll coefficient of -0.31 was 
used . This value i s from unpublished work of the stability analysis 
section of the Langley Laboratory utili zing methods based on the l inear­
ized supersonic -f l ow equations . Good agreement exists between the tunnel 
and the present free-flight tests. 

Langl ey Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, Va. 
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TABLE I 

GEOMETRIC CHARACTERIsrICS OF TEsr VEHICLES 

Total exposed wing area, sCl ft 

Aspect ratio • • •• a4.0 

T ti aO.5 aper ra 0 • • •• 

Sweepback of wing leading edge, deg .••. 42.7 

Sweepback of wing trailing edge, deg • • • . 30·5 

Ratio of aileron chord to wing chord 0.20 

Ratio of aileron span to wing span • . • • • • • • • • • • • . 

Angle between upper and lower wing surfaces at trailing edge 
measured in plane normal to Cluarter-chord line, deg . • .. 22.6 

Angle between upper and lower wing surfaces at trailing edge 
measured in plane parallel to test-vehicle center line, deg 21.7 

Moment of inertia about roll axis, slug-ft2 • • • • • 0.0556 

aObtained by extending leading edge and trailing edge to center line of 
test vehicle. ~ 
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Figure 2. - P hotograph of test vehicle. ~ 
L-55427 

CONFIDENTIAL 





NACA RM No. L8E25 

-4 
10 CJ xj, 

,8 

,6 

,2, 

----
[::/ 

~ 

z 

CONFIDENnAL 

# 
/ 

"I' 

1/ 
.F: V 

/ 
~ 

4 6 8 

DIs/once rran side 
0/ TtISe/O'9'B ,/Inches 

II 

I~ 
V 

~ 
10 12 

Fi9ure ..3.- S!I!!l1eS5 characlerl.5flcs oilwo tYPical 
Wlnqs 0/ fhe prese"f tests. 

CONFIDENTIAL 



12 

-l 
oet 
i= z 
w 
o 
ii: 
z 
o 
o 

~ ~ 
1\ , 

~ 

\ , 

~ 

\ 
\ 
~~ 

\ 
\ 
~ 

\ 
\ 
~ 
\ 

NACA RM No. L8E2') 

"-
~ 
~ 

~ 
'::j 
t;:: 

~ 
\) 

~ 
~ 
" 

~ 

~ " ~ ~ 
"\ ~ 
~ :::l 
t ~ 
~ 

~~ ~ 
~ ......... z 
~ ~ w 

~ g 
~ ~~ 
" ~O 
~ 

~ " . ~ '1 
~ 

~ . \) 
. ~ ..;:: ...... . 

'~ .~ ~ 
'- ~ 
~~ 
, ...... 
.'-) 

~~ 

~ \. 
~~ 

.~ 

~ 



.. 

NACA RM No. L8E25 

"'­.01 .06 .(}8 '} 
~ 
I 

III .01 .OIJ .08 

() .02 iN .06 

(j .02.04 

ph 
zv 

o .02 

o 

'6 ,J. 

, (), 

j). 

o 

- ,0. 

--r-
- t--

-

-

..:::: 
--

/ 
V 

/ / 
II 

/ .I 
~ -- / Ii 

/ / 
i-. t-- --v 1/ 

t-- -- t- ~/ 

~t-----P t-- --- -~\ 
\\ V-
"'If' 

CONFIDENTIAL 

.... -f-

--l-- t-- -- f--

...--- r- t--

Mode! 
Illc 

--- Il4d 

- f--.-

! 

-

I-I--

0;, 
(dtfJgl 

I{) 

10 
-- - l/4e 5 
- - -- III! 5 

13 

o Colct./lalC?d from runnel 1e51a~ do= 50 
El t'.0 JodO°, 

I-- -
~ 

(. 
.;- F-" f= 

~-

. If .1 .6' ...9 III II 12 13 /.4 1.1" 16 i1 10' U 

Mach /?Il/Tlber 

CON FI DENTI AL 


