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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

WIND-TUNNEL INVESTIGATION OF THE EFFECTS OF STEADY ROLLING 

ON THE AERODYNAMIC LOADING CHARACTERISTICS OF A 

450 SWEPTBACK WING AT HIGH SUBSONIC SPEEDS 

By James W. Wiggins and Richard E. Kuhn 

SUMMARY 

An investigation has been conducted in the Langley high-speed 7- by 
10-foot tunnel to determine the effect of steady rolling on the aerody-
namic loading characteristics of a 170 sweptback wing of aspect ratio 1 
in combination with a fuselage. The investigation covered Mach numbers 
of 0.70, 0.87, and 0.91 at angles of attack up to 130. 

The results indicate that the loss in damping in roll previously 
noted for this wing is due to stalling of the tip sections. The effects 
of rolling velocity on the span load distribution can be satisfactorily 
estimated if measured pressure-distribution data in pitch are available. 

INTRODUCTION 

An investigation of the damping-in-roll characteristics of a number 
of swept wings (ref. 1) indicated a serious loss of damping at high sub-
sonic speeds in the moderate angle of attack range (80 to 130). Accord-
ingly, an investigation of the distribution of pressure on one of the 
wings (450 sweep, aspect ratio 1) while rolling was undertaken in order 
to obtain a better understanding of the factors contributing to the loss 
of damping. 

This paper presents only the load distributions in steady roll at 
Mach numbers of 0.70, 0.85, and 0.91. The effects of a fence on the 
loading characteristics at a Mach number of 0.87 are also included. 
The pressure-distribution characteristics in pitch for this wing are 
presented in reference 2. 

In order to expedite the publication of these results, they are pre-
sented here without detailed analysis or discussion. 
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COEFFICIENTS AND SYMBOLS 

The coefficients and symbols used in the present paper are defined 
as follows: 

M	 Mach number 

R	 Reynolds number 

c	 local wing chord, ft 

cay	 average wing chord, S/b, ft

p b/2 
M.A.C.	 mean aerodynamic chord,	 c2dy, ft 

SO 

b	 wing span, ft 

S	 wing area, sq ft 

a	 angle of attack, deg 

p	 rolling velocity measured about an axis parallel with the rela-
tive wind, radians/sec 

pb	
wing-tip helix angle, radians 

2V 

V	 free-stream velocity 

cn	 section normal-force coefficient 

/cnc\ 
L(—}	 increment of spanwise loading coefficient due to rolling 

\Cav/ 

CZ = -iper radian (force data presented about an axis parallel to the 
P	 relative wind; pressure data presented about the body axis) 

2V 

Y spanwise station
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MODEL AND APPARATUS 

A drawing of the wing-fuselage configuration tested in shown in fig-
ure 1 and a tabulation of the fuselage ordinates is presented in refer-
ence 3. The wings were of composite construction consisting of a steel 
core and a bismuth-tin covering to give the desired contour. One hundred 
and fifteen static-pressure orificies were located in the upper and lower 
surfaces of the wing, distributed along five spanwise stations parallel 
to the plane of symmetry (20, 60, and 95 percent semispan on the right 
wing and 40 and 80 percent semispan on the left wing). The wing was 
mounted to the fuselage in a midwing position with zero dihedral and zero 
incidence. The brass fences (fig. 1) were disposed symmetrically on the 
wing and mounted so that the mounting clips did not protrude above the 
wing surface. 

The model was tested on the forced roll support; system (ref. I-i-) as 
shown in figures 2 and 3. The model was rotated about an axis parallel 
to the relative wind and the angle of attack was changed by the use of 
offset sting adapters as shown in figure 3. 

A pressure-switch assembly (fig. 4) with eight NACA miniature elec-
trical pressure gages (ref. 5) was installed in the fuselage to transmit 
the pressure-distribution data from the ro l ling wing. The eletrical sig-
nals from the pressure gages were taken through the slip rings and brushes 
of the forced-roll apparatus. Because of the limited number of slip rings, 
it was necessary to use a gang of special pressure switches geared together 
to connect the pressure orifices in the wing to the electrical gages in 
successive groups. The pressure data were recorded on a multiple-channel 
recording galvanometer.

TESTS AND CORRECTIONS 

The tests were conducted in the Langley high-speed 7- by 10-foot 
tunnel at Mach numbers of 0.70, 0.85, and 0 . 91. The blocking corrections 
which were applied to the Mach number were determined by the method of 
reference 6. The Reynolds number (based on the mean aerodynamic chord of 

the wing) increased from 2.7 x 106 to 3 x 106 for Mach numbers from 0.70 
to 0. 91 , respectively. 

The angle of attack has been corrected for the deflection of the 
support system under load. The aeroelastic deflection characteristics 
of this wing (as determined from static loadings are presented in refer-
ences 3 and 4. Corrections for aeroelastic distortion have not been 
applied to these data.
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PRESENTATION OF RESULTS 

The results of the investigation are presented in the following 
figures:

Figure 

Section loadings .......................... 5
 Span load distributions .......................6

 Effect of fences ...........................7
 Comparison of measured and calculated increments of span load 

distribution due to rolling .................... 8

 Damping-in-roll coefficients, C1	 ................. 9 

As indicated previously, the equipment for measuring the pressures 
while rolling is very complex and nuinberous possibilities for errors of 
leakage exist. The work involved in obtaining the data presented here 
proved to be very tedious and time consuming. 

The span stations of i-O and 80 percent semlspa.n were on the left 
wing of the model; however, for convenience, the data for these stations 
have been presented with the sign of pb/2V reversed so that figure 5 
presents data assuming all stations on the right wing. The span load 
distributions of figure 6 were constructed from the faired curves of 
figure 5. 

The data of reference 1 indicated a serious loss of damping in roll 
for this wing at the higher angles of attack and higher Mach numbers 
(fig. 9 of this paper). This decrease in damping is due to a loss in 
the increment of section loading coefficient due to rolling at the wing 
tips (fig. 7 a = 8.80 ) and occurs at angles of attack at which the data 
of reference 2 indicate these sections of the wing to be stalled. Note 
also that at the highest angle of attack investigated (a = 130 ) the mid-
span stations of the wing have lost effectiveness and the tips have 
regained some. For this wing, this results in a slight improvement in 
the damping at this angle of attack. 

The fence successfully maintained the lift effectiveness of the tip 
sections and therefore the damping-in-roll effectiveness up to an angle 
of attack of about 130 (M = 0.85) (figs. 6 and 7) . Similar gains would 
not be expected at higher Mach numbers however, because the effectiveness 
of a fence in maintaining the damping in roll and supressing the stall is 
known to decrease appreciably at the higher Mach numbers (refs. 1 and 2). 

The procedure of reference 1, which used measured pressure-distribution-
in-pitch data (ref. 2), has been used to estimate the increment of load dis-
tribution due to roll through the angle of attack range (fig. 8). Con-
sidering the difficulties experienced in obtaining the experimental pressure 
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distributions in roll, agreement between the distribution calculated by 
this procedure and the measured increments is very good, and, as indi-
cated in reference 1, it appears that this estimating procedure may be 
the more practical approach in most instances. The good agreement 
between the method of reference 1 and the theory of reference 7 at zero 
angle of attack should also be noted (fig. 8). 

CONCLUDING REMARKS 

An investigation of the aerodynamic loading characteristics on a 
450 sweptback wing of aspect ratio ii. during steady roll indicates that 
the loss of damping in roll previously noted for this wing is due to 
stalling of the tip section of the wing. Also, the effect of rolling 
velocity on the span load distribution can be satisfactorily estimated 
if measured pressure-distribution data in pitch are available. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., September 15, 1953. 
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Figure 1.- Drawing of the model. 
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L-62790 
(c) Closeup showing drive motor and reduction gearing. 

Figure Li, Concluded. 
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Figure 6.- Effect of rolling velocity on the span load, distribution. 
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Figure 6.- Continued. 
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Figure 6.- Continued.
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Figure 7.- Effect of the fence on the increment of load distribution due 

to roll.	 = 0.0; M = 0.85. 
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Figure 8.- Comparison of the measured and estimated increment of load 

distribution due to roll.	 . = o.O6 M = 0.87. 
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