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I ON AILERON EFFECTIVENESS AT HIGH SPEED 

By Leo F. Fehlner 

INTRODUCTION 

_--— — —-- - — _ _ _ - _ _ _ _  -_.._.,--,_,_.._._    .. _  _ _ _ -   __  _________ 
tne magnitude of thpne effects.  The variation in the 
neceeaary aileron control and in the time required to 
"bank to 45° and 90° with altitude and radii of gyration 
for a typical fighter or a pursuit airplane have "been 
computed and are presented herein, 

SY.H30LS 

7   true airspeed, miles per hour 

V^  indicated airspeed, miles per hour (correct reading 
\   of airspeed indicator calibrated to read true air- 

speed at zero altitude) 

M   Mach number 

y        longitudinal flight-path angle, degrees 

_-  ratio of radius of gyration about the X axis to span 

K-  ratio of radius of gyration about the Z axis to span 

t   t ime, seconds 

Cj  rolling-moment c.efficient, —— 

L   rolling moment, foot pounds 

Q.Swb 
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q dynamic pressure, pounds per square foot 

q0 Impact preaRure, pounds per square foot 

5W wing area, square fee-t 

b span, feet 

AIBFLAKE CKARACTEHISTICS AND METHOD 

The total weight of the airplane considered in the 
co.mTPutations is  9300 pounds! wing leading, 35 pounds per 
square foot; -acpect ratio, 6; and span, 40 feet.  The 
aerodynamic "haractaristics were chosen to be representa- 
tive of pursuit or fighter aircraft in hi^h'-speod flight 
jusu below the critical speed. 

F 
leva 
ber 
speed. 

ae were siauiea in veruicax aive, nign-speeo. gxiae, 
3l flight, and climb attitudes at constant Mach num- 
, constant true airspeed, and constant indicated air- 
ed. 

The lateral motions were comuuted for the cases 
given in table I. 

The impact pressure for the various conditions nf 
flight are given in table II. 



RESULTS AND DISCUSSION 

The results are presented In figures 1 to 3. 

i Tigure 1 includes three types of variation with alti- 
>-3     tude: one variation at constant true airspeed, another at 

constant Mach number, and a third at constant indicated 
airspeed.  Cases for constant true airspeed and constant 
Mach number are chosen to he identical at 20,000 feet and 
cases for constant indicated airspeed and oonstant Mach 
number are chosen to he Identical at 50,000 feet. 

Figure l(a) shows the variation with altitude of the 
rolling-moment coefficient that must he applied by aile- 
rons to perform two banking maneuvers; namely, the attain- 
ment of an angle of bank of 45° at the end of the first 
half second and 90° at the end of the firat second. 

The rolling-moment coefficient necessary to bank to 
45° in one-half second is greater than that necessary to 
bank to 90° in 1 second.  This difference in renuired 
rolling-moment coefficient in due to the fact that the 
airplane accelerate? in roll during all or a large part 
of the time intervals considered.  The moment of inertia 
in roll therefore has an important influence on very short 
rolling maneuvers.  The rolling-moment coefficient re- 
quired to bank to any other angle in the same time is 
directly proportional to the angle; that is, to bank to 
46°  in 1  second requires half the rolling-moment coef- 
ficient necessary to bank to 90° in 1 second. 
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At a Mach number of 0.75 and also at a true airspeed 
of 530 mile* per hour, a greater rolling-moment coeffi- 
cient is required to bank the airplane to 90° in 1 second 
at high altitudes than at low altitudes.  At a Mach number 
of 0.75 the increase in rolling-moment coefficient re- 
quired in changing from 30,000 to 40,000 feet is about 40 
percent for the airplane considered. 

If the hinge moment is assumed to be proportional to 
the rolling moment, a relative hinge moment may be com- 
puted by multiplying the rolling-moment coefficients of 
figure 1 by the corresponding impact pressures presented 
in table II.  These relative hinge moments are presented 
in figure 2 in a manner similar to that used for the roll- 
ing-moment coefficients of figure 1. 

The hinge moment" applied in figure 2(b) are those 
that produce an angle of bank of 45° at the end cf the 
first half second and 90° at the end of the first second 
at zero altitude. 

The hinge moment necessar:r to bank to 45° and 90° in 
the stated time intervals in greatly decreased by in- 
creases in altitude.  For the 90° maneuver at a Mach num- 
ber of 0.75 the hinge moment is 44 percent lees at 40,000 
feet than at 20,000 feet. 

The time to bank to 90° and 45° greatly decreases as 
altitude increases if the hinge moment is held constant 
at all altitudes.  The decrease in the. time to bank to 
90° is 30 percent for a change in altitude from 20,000 to 
40,000 feet. 

Although figure 2(b) does show the variation of the 
time to bank to given angles vith altitude for various 
constant hinge moments, the corresponding rolling-moment 
coefficients reouired at high altitude exceed those ob- 
tainable with present designs.  The decrease in the time 
to bank to a given angle as shown in figure 2(b) is there- 
fore limited by the maximum rolling-moment coefficient 
available. 
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From figures 1 and 2, it is concluded that if the 
strength of the pilot limits the aileron deflection, aa 
is usually the case for present high-speed airplanes, the 

ox      aileron effectiveness increase« with altitude.  At a 
^j"      given limiting Mach number, the increase in effectiveness 

I      results largely from the larger deflections produced "by a 
^      given force applied to the stick and the increase in ef- 

fectiveness will continue only to the altitude at which 
the maximum design deflection of the aileron is reached. 
Above this altitude the aileron effectiveness will de- 
crease.  The aileron system, therefore, should be de- 
signed for rolling-moment reauirements at high altitude 
and the hinge-moment limitations at low altitude. 

Tigure 3 includes variations of the radius of gyra- 
tion about the X axis of the airplane in a glide and in 
level flight at 530 miles per hour and at an altitude of 
20,000 feet.  The radii of gyration of airplanes of widely 
different classifications fall within the range of radii 
of gyration considered.  These classifications include all 
conventional single- and twin-engine pursuit and fighter 
airplanes with wide variations in weight distribution 
along the. wings. 

Figure 3(a) shows the. variation with the radius of 
gyration about the X axis of the rolling-moment coeffi- 
cient necessary to attain an angle of bank of 46° at the 
end of the first half second and of 90° at the end of the 
first second. 

Figure 3(b) shows the variation of the time to bank 
0 and 90° with the radius of gyration about the X 



The effect on the "banking maneuvers considered of 
variations in the radius of gyration a"bout the Z axis are 
negligible* 

The longitudinal flight path was varied from a ver- 
tical dive to a 13.9° climb at 630 miles per hour and at 
20,000 feet.  The effects on the "banking maneuver of var- 
iations in longitudinal flight path angle are negligible 
IT»  +_ V-. A  ron^a  4 n T* a a +>. 4 J» n +• o ^ 

20,000 feet.  The effects on the "banking maneuver of var- 
iations in longitudinal fl 
in the range investigated. 

3Tur all the assumed conditions of flight, the angle 
of sideslip resulting from a rolling-moment coefficient 
of 0.05 deviates in an oscillatory manner during the first 
2 seconds and does not exceed an angle of the order of 2°. 

Langley Memorial Aeroanutical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va. 
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TABLE I 

CASES TOB WHICH LATERAL MOTIONS WEHE COMPUTED 

Oaee M V 
(mph) (mph; 

Altitude 
(ft) 

Y 
(deg) 

KX H °L 
1 0.760 570 670 0 -30.7 0.135 0.175 0.036 
3 .750 530 400 20,000 -13.9 .135 .176 .088 
3 .750 496 358 40,000 -6.1 .135 .175 .234 
4 .760 496 304 60,000 -4.4 .136 .175 .365 

5 .696 530 530 0 -37.0 .135 .175 .043 
6 .800 530 378 40,000 -6.7 .125 .175 .198 
7 .800 530 330 50,000 -4.8 .125 .175 .330 

8 .369 304 304 0 -4.7 .125 .176 .335 
9 .3*4 378 304 20,000 -4.7 .125 :i?5 .338 

10 .503 4ü0 204 40,000 -4.5 .125 .175 .350 

11 .750 530 400 30,000 -13.9 .080 .140 .088 
13 .750 530 400 30,000 -13.9 .080 .330 .088 
13 .750 530 400 30,000 -13.9 .160 .330 .088 

14 .750 530 400 30,000 0 .125 .175 .091 
15 .750 530 400 30,000 0 .060 .140 .091 
15 .750 530 400 30,000 0 .080 .320 .091 
17 .750 530 100 30,000 0 .160 .320 .091 

18 .750 530 400 30,000 13.9 .125 .175 .088 
19 .750 530 400 30,000 -90.0 .135 .175 0 

TABLE II 

VARIATION OT IMPACT PE3SSÜHB WITH ALTITUDE 

Altitude 4c 
(ft) 

M = 0.750 V s 560 mph Vj = 204 mph 

0 
30,000 
40,000 
50,000 

950.0 
436.5 
176.0 
109.1 

805.3 
436.5 
303.9 
136.5 

— 

109.1 
109.1 
109.1 
109.1 
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Figure 1.- Tha Tarlatloo of rolllng-ooaant eoafflolant and tlaa to bank to 1*5° and 90° wlu> altitude. 
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Figure 2.- Itae variation of relative hinge nomnt and tlaa to bank to 1*5° *»* 90» with altitude. B 
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(a) The rolling mcoent neoaaaary to bank to U5° (b) The tine to bank to U5° and 90°. 
at tha end of tha first half aeeond and 
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Figure 3.- The variation or tha rolllng-aoaent eoefriolant and tha tine to bank to l£° and 90° "1th the radlua of 
gyration about the X axla. 
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