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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

FLIGHT MEASUREMENTS OF TEE WING-:DROPPING TENDENCY 

OF A STRAIGHT-W'ING JET AIRPLANE AT 

HIGH SUBSONIC MACH NUMBERS 

By Seth B. Anderson, Edward A. Ernst, 
and Rudolph D. Van Dyke, Jr. 

SUMMARY 

Flight tests were conducted on a straight-wing fighter-type jet 
airplane to investigate the lateral-control characteristics associated 
with a wing-dropping tendency encountered at high subsonic Mach 
numbers. 

The chief factors found to account directly for the wing-dropping 
tendency were a progressive reduction in aileron-control effectiveness 
with increasing Mach number, and an increase in effective dihedral 
above a Mach number of 0.8 which made the lateral trim particularly 
sensitive to small changes in sideslip angle. 

INTRODUCTION 

The increase of airplane speeds into the transonic range has 
introduced problems due to the effects of compressibility and separa
tion of the air flow. One problem, that of the development of a rolling 
moment at high Mach numbers, has been noted in flight tests and in 
rocket-powered model tests. This rolling moment may appear in steady 
straight flight at zero sideslip because of geometric asymmetry existing 
in a model or airplane, or in flight not at zero sideslip because of 
changes in rolling moment due to sideslip. In rocket-powered model tests 
the model is allowed to roll, and the rolling moment is measured in 
terms of the resulting pb/2V and called "wing-dropping." In piloted
flight investigations it is not practical to let the airplane roll at 
high Mach numbers, therefore the rolling moment is measured in terms of 
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the aileron deflection required for lateral balance, using the aileron 
deflection as a measure of the "wing-dropping tendency." 

A previous flight investigation (reference 1) indicated that the 
wing-dropping tendency on a swept-wing fighter aircraft resulted from an 
initial directional asymmetry, an abrupt increase in effective dihedral, 
and a reduction in lateral-control effectiveness. Rocket-powered model 
tests (reference 2) demonstrated that wing dropping may occur on straight 
wings with conventional airfoil sections having thickness ratios of 9 
percent or greater and with thinner sections having abrupt contour 
changes such as a double-wedge type. Sweepback was found to moderate or 
eliminate the wing dropping depending on the magnitude of the sweep angle. 

The purpose of the present report is to supply data on the lateral 
and directional characteristics of a straight-wing airplane at high sub
sonic speeds and to consider the degree to which aileron effectiveness 
and effective dihedral account for the observed wing-dropping tendency. 

dCl 
C7.13; d13 

dCl 
Cl oa; doa 

dOa 
dl3 

M 

SYMBOLS 

rate of change of rolling~oment coefficient with sideslip 
angle 

rate of change of rolling~oment coefficient with aileron 
angle 

rate of change of aileron angle with sideslip angle 

total aileron angle, degrees 

sideslip angle, degrees 

Mach number 

pressure altitude, feet 

TEST EQUIPMENT 

Figure 1 is a three-view drawing of the test airplane. A photo
graph showing a three-quarter rear view of the test airplane is given in 
figure 2. Some of the airplane geometric characteristics are listed in 
table I. 
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standard NACA optical recording instruments were used to record the 
test data. Rolling acceleration used in determining aileron effective
ness was measured by either of two means: the slope of an NACA turnmeter 
record or a Statham angular accelerometer. 

RESULTS AND DISCUSSION 

Results are presented in figure 3 of the variation with Mach number 
of aileron deflection required for steady, straight flight at 35,000 
feet for various constant values of sideslip angle. These data show that 
the wing-dropping tendency, as indicated by the abrupt change in aileron 
deflection at the higher Mach numbers, is, in general, such that a right 
sideslip produces a left roll-off and left sideslip, a right roll-off 
tendency. It will be noted that relatively small changes in sideslip 
angle, of the order of 10 , can cause changes in aileron angle for balance 
of the order of 130 and reverse the direction of the wing-dropping tend
ency. From this it can be inferred that the direction and also the mag
nitude of the wing-dropping tendency would be significantly influenced 
by any directional asymmetry existing in the airplane. By the same 
token, the use of directional trim changes is a powerful means of con
trolling the wing-dropping tendency. 

An example of the effect of changing the directional trim of the 
test airplane for the wings-level condition is given in figure 4. The 
difference in setting up the directional trim resulting in flight condi
tions I and II at the two sideslip values shown in figure 4 was unnotice
able to the pilots because of the small change of angle of bank with 
sideslip angle existing at the low Mach number wings-level trim condition. 
The data in figure 4 show that by changing the trim sideslip angle from 
approximately 1.40 right to 00 at low Mach numbers the aileron angle for 
balance was changed from 150 right to 30 left at the highest test Mach 
number, 0.858. It appears that there is no fixed directional trim set
ting, and therefore sideslip angle, which would produce balance through
out the Mach number range without the use of aileron deflection. Instead, 
a variation in dir~ctional trim setting corresponding to a variation of 
sideslip angle with Mach number such as that shown in figure 5 would be 
necessary. 

The wing-dropping tendency indicated by the pronounced change in 
aileron deflection shown in figure 3 may be due to a number of factors. 
The most obvious factor is the expected reduction in aileron effective
ness occurring at the higher Mach numbers. If a constant lateral asym
metry is present throughout the Mach number range, an increase in aileron 
deflection will be required as the aileron control loses effectiveness 
with increasing Mach number. For the te st airplane the data in figure 6 
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show that a rapid reduction in aileron effectiveness1 C~Oa started at 

approximately 0.8 Mach number. The effectiveness dropped off to 12.5 
percent of its low Mach number value at the highest Mach number. These 
data, obtained at both high and low altitudes (35,000 and 5,000 feet) 
over equivalent dynamic pressure ranges, show that aeroelastic deforma
tion (wing twist) is not responsible for the reduction in C~oa occur
ring at the higher Mach numbers. 

Another factor, p+eviously mentioned in reference 1 as accounting 
for the wing-dropping tendency, is an increase in effective dihedral 
occurr ing at higher Mach numbers. For the test airplane approximately 
a two-e.nd-one-half-fold increase in 2C7'13 is shown by the data in 
figure 7. 

Figure 8 indicates the extent to which the aileron deflection 
required for balance in steady straight flight at 10 right sideslip angle 
is influenced by the two main factors - the reduction in Cloa and the 
increase in Cla• If a constant rolling-moment asymmetry is assumed 
throughout the Mach number range equal to that which exists at M=0.5, 
the data indicate that the aileron angle for balance would vary from 10 

right to 60 right. This is attributable solely to the reduction in 
ClOa . If, in addition, the increase in Cl

13 
is taken into account, it 

is shown that an additional 60 of right aileron angle is required at the 
highest Mach number. The flight data indicate a further increase in lat
eral asymmetry with Mach number attributable to sources other than the 
change in Cl8 and Cl~. This increase presumably is due to irregular
ities existingain the left and right wing panels causing differences in 
panel lift which vary with Mach number. 

lThe aileron effectiveness Clo was obtained from measurements of 
a 

rolling acceleration in rudder-fixed aileron-roll reversals at the 
point where the rolling velocity was zero. The variation of Cl 
with oa was linear over the range of measurements (:t-15° at low Mach 
numbers to 2.50 left to 11.50 right at the highest Mach number). 

2The values of Cl~ were obtained from 

_ eCl eOa 
CL~ - eO

a 
e~ 

where eOa/e~ was taken from tests in steady sideslips. The varia
tion of 0a with ~ was linear over the range of measurements and 
covered sideslip angles varying from ±6° at low Mach numbers to 20 

left to 10 right at the highest Mach number. 
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CONCLUSIONS 

Results of flight tests conducted on a straight-wing jet aircraft 
to investigate the lateral-control characteristics associated with a 
wing-dropping tendency showed the following: 

5 

l. The chief factors found to account directly for the wing
dropping tendency were a progressive reduction in ailero~ontrol effec
tiyeness with increasing Mach number and an increase in effective dihe
dral above a Mach number of 0.8. 

2. The reduction in aileron effectiveness and the increase in 
effective dihedral made the lateral trim particularly sensitive to small 
changes in sideslip angle at the higher Mach numbers. 

Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Moffett Field, Calif. 
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TABIE I.- DESCRIPl'ION OF 'l'EST AIRPLANE 

Gross weight, pounds (av. in flt.) •••••••• ••••••••• 10,900 

Wing 

Area, square feet .•••.•••••••.••.•• •••..•••••••••••• 260 
Span, feet •••••••.•••.•••••••.••.••••.•.••••••••.• 36.42 
Aspect ratio ••••••• 
Airfoil section 

Root .••••.•.•.......•.•..•••••••..•...•.• 

Tip .•........•..........•...............• 

5.1 

Republic R~ 
45-1512-9 

Republic R~ 
45-1512-9 

7.38 
o 

-2 

M.A.C., feet ...................................... . 
Incidence (root), degrees •••••••• ....................... 
Twist, degrees •••• ................................... 

Horizontal tail 

Area, square feet ••••• 
Span, feet •••••••••••• 

. ....................... . 48.5 
14.95 

4.6 Aspect ratio •••••••••••••••••• . ................. . 
Airfoil section 

Root •••....•......................•.....• 

Tip .....•...............................• 

Republic R~ 
40-010 

Republic R~ 
40-010 

o 
13 

Incidence, degrees ..........................•....... ,. 
E leva tor area, square feet •••••••••••••••••••••.•••••• 
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Figure I. - Three - view drawing of test airplane. 
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Figure 3. - Variation of aileron angle with Mach number in steady 

straight flight for various constant values of sIdeslip angle . 
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feet . 



NAeA RM A51B28 13 

'\) 
Cb 

/ ~-/ 

.~ I ::;, 
~ ~ 

~ 
c::: 

~ ~ 
~ ~ c::: ..... 
~ ~ 

~~ 
CI) 

~ 
"- "-... 

Cb 

Cb Cb 
~ CI) 

CI) ::, 

..... Cb 
() ~ ..... 

-Q 
~ ::, 
c::: 

.c;: 

"- ..... 
Cb ::;, 
-Q () 
~ ~ ::, ..... 
c::: ~ 

(() \) 
~ 

~ 
.c;: 
\) Cb 

~ 
\) 
c::: 
~ 

.c;: ~ ..... oQ ..... 
~ ..... 

IJI1/ 

c::: ~ 
Cb 

.~ ..... 

..... ~ . ~ ;:: 
Cb 

~ \) 

I ~ c::: 
Ie) ~ .~ 

~ ..... 
Cb 

\) 

"- ~ ~ ::;, -...: 

69p '9' '9/6uo t/.1/S9P!S ~ 



tctJ 
~.... .002 

.. 
CI) 
CI) 
q, 
~ 

~ 
~ .001 
<.,) 

~ 
"-.: 
q, 

~ 

~ 
~ 
" 

~ 

o 
.2 

/ 
I~--

.3 

I I I I 

hp = 5,000 ft 
/ 

/ hp = 35,000 ft 

f- -- -- -- / ---- '\ 
\ 

~ 

.4 .5 .6 .7 .8 

Mach number, M 

Figure 6. - Variation of aileron effectiveness with Mach number for high and low 
altitude tests . 

1 
, 

! 

.9 

f--' 
+=""" 

~ 
~ 

~ 
~ 

~ 
R5 
OJ 



NAeA RM A51B28 15 

- ~--.......... 
~ -

... 
Cb 
-Q 

e 
;::, 
c::: 
~ 
~ 

~ 
~ -~ 
..... 
~ 

...... ...... 
Cb ~ -Q 1::) e Cb ;::, 

~ c::: 

<:: Cb 
~ ~ 
~ ..... 
~ -~ 

~ ...... 
Cb 

...... 
Q 

c::: 
~ 
~ ..... ... 
~ 

~ 
l\I ...... C) 
C) C) 
C) C) 

" " 
Vt 'ID.JP8l/lP 811/1:18113 0 

I 

" ~ 
;::, 
.~ 
I.( 



z 
> 
() 

> 
t-
" ~ .. 
t> 
'< 

... , 
~ 

';' 
'" '" ... 
'" 

~ 

~ 
... 

'<)~ 

~ ... 
~ 
t:: 
~ 

t:: 
~ 
~ ..... 
~ 

..... 
~ 

.~ 

20 

16 

12 

8 

4 

o 
.50 

Flight data 
- - - - - Aileron angle required to balance Cz 

~ 

- - - Aileron angle for balance assuming constant Cz 
throughou t Mach number range 'fJ of M:: o.S 

I 
I 

I 
I 
I 
I 

'I 

J/J 
/;11 

/ 
1/ 

/ / 

~ 
.,./ < ,, / 
~ 

I 
-=i =-

-- --- -~ - .-

.54 .58 .62 .66 .10 .74 .78 .82 .86 

Mach number, M ~ 

Figure 8 . - Variation with Mach number of aileron angle required for balance in steady straight 

flight at I D right sideslip angle . 

,...... 
0\ 

~ 
~ 

~ 
:t:-
~ 
b:J 
f\) 
co 


