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NATIONAL ADVISORY COMMITTEZ FOR AERONAUTICS 

RESRARCHME!MORANDUM 

WIND-TUNNEL INVESTIGATION OF THE DAMRING IN ROLL 

OF THE DOUGLAS D-558-11 RRSHARCH AIRPLANE 

AND ITS COMPONENTS AT SUPHRSONIC SPEEDS 

By Russell W. McDearmon 

SUMMARY 

Experimental values of the damping in roll at zero angle of attack 
of the Douglas D-558-II research airplane and its components have been 
obtained at Mach numbers of 1.62, 1.94, 2.22, 2.41, and 2.62. 

The general levels and trends of the variations of the damping in 
roll with I&ch number for the complete model and its components were of 
the order predicted by theory. For some configurations, the contributions 
of the tail panels to the damping in roll were partially nullified by the 
flow field behind the wing and other interference effects. Large effects 
of Reynolds number, boundary layer, and winu-incidence angle on the damping 
in roll were obtained. The-canopy-had little effect on the damping in roll. 

INTRODUCTION 

Dynamic stability problems have been encountered in flight tests of 
the Douglas D-558-11 research airplane at supersonic speeds. Ln order to 
obtain some experimental information to provide insight into these problems, 
a general program of investigations has been undertaken in the Langley 
9-inch supersonic tunnel of some of the dynamic and static stability 
characteristics of the Douglas D-558-11. 

The primary purpose of the present investigation was to determine 
the variation of the damping in roll C2 

P 
of the Douglas D-558-II 

research airplane with mch number and to show the contributions of the 
airplane components to C 

Ip' 
at zero angle of attack. In addition, 

some effects of Reynolds number, boundary layer, wing-incidence angle, 
and the canopy were determined, and comparisons were made with some 
theoretical predictions. 
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The M%ch number range of the investigation was from 1.62 to 2.62. 
The test Reynolds number range was from 0.33 x 106 to 1.52 x 106, based 
on the mean aerodynamic chord of the wing. The models were tested In 
the clean condition and with transition strips on the components. With 
transition strips on the components, boundary-layer conditions encountered 
at higher Reynolds numbers were probably simulated. 

b 

c2 

c2P 

M 

P 

pb/2V 

cl 

R 

S 

V 

SYMBOLS 

wing span, ft 

rolling-moment coefficient, %I/@ 

act damping-in-roll derivative, - 
* 2v 

angle of incidence of wing, deg 

rolling moment about longitudinal stability axis 

free-steam I&ch number 

rolling angular velocity, radians/set 

wing-tip helix angle, radians 

free-steam dynamic pressure, lb/sq ft 

Reynolds number based on mean aerodynamic chord of wing 

total wing area, including portion submerged in body, sq ft 

free-steam velocity, ft/sec 

Subscripts and configuration identification: 

T with transition strip 

BW body and wing 

BV body and vertical tail 

BVH body, vertical tail, and horizontal tail 
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BWV body, wing, and vertical tail 

BWVH body, wing, vertical tail, and horizontal tail 

APPARATUS 

Wind Tunnel 

All tests were conducted in the Langley g-inch supersonic tunnel, 
which is a closed-circuit, continuous-operation type in which the stream 
pressure, temperature, and humidity can be controlled at all times during 
tunnel operation. Different test Mach numbers are provided by inter- 
changeable nozzle blocks which form test sections approximately 9 inches 
square. Eleven fine-mesh turbulence-damping screens are installed in the 
settling chamber ahead of the supersonic nozzle. The turbulence level of 
the tunnel is considered low, based on past turbulence-level measurements. 

Models, Support, and Rolling-Moment Balance 

A drawing of the complete 1/6+scale model of the Douglas D-558-11 
airplane is presented in figure 1. The model was constructed in such a 
way that the wing could be easily removed, 
uration. 

leaving the body-tail config- 
A separate body, identical to the first within machining 

accuracy, was constructed for the body-wing configuration. 
was an integral part of the body. 

The sting 
The model bodies and the wing were 

made of steel, and the tail panels were molded from plastic materials. 
This arrangement of model parts and selection of materials resulted 
primarily from the necessity for accurately mass-balancing the models. 

Some configurations were tested with the canopy in place and some 
with the canopy removed. 
a body of revolution. 

When the canopy was removed, the body became 

On both bodies, provision was made for mounting the wing at an 
angle of incidence of O", as well as at an angle of incidence of 3O 
(the wing-incidence angle for the full-scale airplane). The exact 
location of the wing for each angle of incidence is given in figure 1. 

Since the tail panels were molded from plastic materials, they 
may have experienced slight bending or twisting when tested. However, 
the resulting aeroelastic effect on the contributions of the tail panels 
to c 

2P 
is believed to have been small. 
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The models were tested in the clean condition and with finely pul- 
verized salt transition strips on the components. The dimensions and 
locations of the transition strips are given in figure 1. 

Photographs of the damping-in-roll test apparatus are presented in 
figure 2. The model sting was inserted into the spindle of the rolling- 
moment balance and secured by a Woodruff key and setscrews. The spindle 
was rotated by means of gears and an electric motor outside the tunnel. 
The rolling velocity was measured with a Stroboconn frequency indicator 
which was modified to indicate revolutions per minute by means of a 
generator attached to the rear of the spindle. The rolling moments were 
measured by strain gages on the spindle and were transmitted through slip 
rings and brushes to a Brown self-balancing potentiometer outside the 
tunnel. 

PRECISION 

The precision of the data has been determined by estimating the 
accuracies of the measured quantities and evaluating their effects on 
the coefficient C2 and the parameter pb/2V. Over the range of rolling 
moments encountered in the tests, the probable error in the strain-gage 
indication produced an error in C2 of ti.OOO25 for the BWVH, BWV, and 
BW configurations, and an error of *0.00015 for the BVH and BV config- 
urations. Error in the measurement of the rolling velocity caused a 
maximum error in pb/2V of *0.00007. The surveyed variation of each 
of the free-stream Mach numbers is about fg.01, which produced a maximum 
error in pb/2V of ti.00003. 
was -i-0.0001. 

Thus, the maximum total error in pb/2V 
The Reynolds number was accurate to within approxi- 

mately ti.OlX 106. 

Model alinement was maintained to within f0.1' of zero pitch and 
yaw with respect to the tunnel center line. 
the wing was also accurate to within *O.l". 

The angle of incidence of 

The rolling-moment balance was calibrated statically before and at 
intervals during the testing to ascertain that there were no changes in 
the strain-gage constant. 

Throughout the tests, the moisture content in the tunnel was kept 
sufficiently low to insure that the effects of condensation were 
negligible. 
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RESULTS AND DISCUSSION 

The variations of rolling-moment coefficient with wing-tip helix 
angle for the various configurations are presented in figures 3 to 10. 

It is seen. that .for the clean:configurations, data were obtained 
only at M = 1.62, 1.9, and 2.41 (see figs. 3 to 3), whereas for the 
configurations with transition strips on the components, data were 
obtained at M = 1.62, 1.94, 2.22, 2.41, and 2.62 (see figs. 6 to lo). 
At the inception of the test program, 
at M= 1.62, 1.94, and 2.41. 

investigations were planned only 
Later the Mach number range of the tests 

of the models with transition strips on the components was extended to 
include M = 2.22 and 2.62, as a result of the surprising variation 
of c2 with M which was obtained for the Bell X-IA research airplane 
in the'Mach number region from 2.22 to 2.41. (See ref. 1.) 

Within the accuracy of the data, 
for most of the configurations. 

the variations were quite linear 
However, 

the variations of Cz 
for several configurations, 

with pb/2V were not linear over the entire 
range of pb/2V. (For example, 
fig. 4(b), BWVH and BW; and fig. 

see fig. 3(a), BWVH; fig. 4(a), BW; 
6(a), BWVH.) These nonlinearities 

probably represent the net contributions to Cz of thickness effects, 
separation of the flow near the tips, and aeroelastic effects. All 
slopes were estimated for the linear portions of the curves; that is, 
for the partially nonlinear variations cited, the slopes were taken for 
that portion of the curve which corresponded to the lower values of pb/2V. 

The variations with Mach number of C2 
P 

for the various config- 

urations are presented in figures ll to lg. 
to show the following: 

The figures were arranged 

layer on Cz , 
(1) the effects of Reynolds number and boundary 

P 
(2) the effects of wing-incidence angle on Czp, (3) the 

contributions of the airplane components to C2 
P' 

and (4) comparisons 
of the experimental values of C!z 

P 
with some theoretical predictions. 

The Effects of Reynolds Number and Boundary Layer on Cl 
P 

The variations with Mach number of C 
IP 

for BWVH, BW, and BVH at 

different Reynolds numbers and with different boundarymlayer conditions 
are presented in figures ll to 13. The values of C2 

P for the clean 
BWVH and BW configurations were obtained over .two Reynolds number ranges 
for iw = O", but over the lower Reynolds number range only for iw = 3'. 
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The limitation in the testing of the models with iw = 3' was imposed by 
the excessive vibration of the model which was encountered over the higher 
Reynolds number range at relatively low values of rolling velocity. This 
vibration was caused by the combination of a deflection of the model sting 
by the lift of the wing and the rolling of the model. 

In figures 11, l2, and 13, and in any subsequent figures in which 
they are presented, the variations of Cl with M obtained for the 

P 
clean BWVH, BW, and BVH configurations are dashed in the Mach number 
region from 1.94 to 2.41 to denote uncertain fairing. This uncertainty 
resulted from the fact that the clean models were not tested at M = 2.22 
and 2.62, and the values of Cl obtained at M = 2.22 and 2.62 for the 

P 
models with transition strips on the components were very influential in 
determining the variations of Cl P with M for these models. 

For BWVH (see fig. 11(a)) and BW (see fig. 12(a)), with iw = O", 
substantial increases in the dsmping in roll were obtained with increases 
in Reynolds number. In general, the Reynolds number effect seemed to 
lessen with increasing Mach number. 

For BVH (see fig. 13), the observed changes in Cx 
P 

with Reynolds 

number are believed to lie within the accuracy of determining C2 . 
Hence, Reynolds number had practically no effect on Cz for BVHP 

P 

These pronounced Reynolds number effects on C2 for BWVH and 
P 

BW suggested the addition of transition strips to the airplane components. 
The purpose of the transition strips was to create a turbulent boundary 
layer over most of the model and thereby to simulate more closely full- 
scale conditions. The effectiveness of similar transition strips in 
creating a turbulent boundary layer may be seen in reference 2. 

Figures 11 and 12 show that for BWVH and BW, with iw = 0' and 3', 
the addition of transition strips to all the components'except the body 
caused increases in the damping at the Mach numbers at which Cl was 

P 
obtained with and without transition strips on the components, that 
is, M= 1.62, 1.94, and 2.41. Also apparent in figure 11(b) is the 
rather large effect of the body transition Strip on czp for BWVH 

0 with i, = 3 . 

For BVH, the addition of transition strips to the body and tail 
panels had little effect on C2 p. (See fig. 13.) 
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For the tests at the higher Reynolds numbers and for the tests with 
transition fixed, the resultant increases in extent of turbulent boundary 
layer had the expected result in increasing the damping of the BWVH and 
BW configurations. The large effect of the body transition strip on Cz 

for BWVH indicates that C 
IP 

for BWVH is very sensitive to changes in 
P 

the boundary layer over the body. This effect probably can be attributed 
either to the direct influence of the body boundary layer on the inboard 
regions of the wing, or to the indirect influence of the body boundary 
layer on the tail panels by altering the wing loading at the body-wing 
juncture and thus changing the flow field behind the wing. The effect 
probably was not due to the direct influence of the body boundary. layer 
on the tail panels, since Reynolds number and boundary layer were shown 
to have practically no effect on Cz for BVB. 

P 

The Effects of Wing-Incidence Angle on Cz 
P 

The variations with Mach number of C2 
P 

for BWVH and BW at iw = 0" 

and iw = 3 o are presented in figures 14 and 15. For the clean models 
and the transition-strip models of BWVH and BW, changing the wing-incidence 
angle from 3O to 0' produced decreases in the damping at M = 1.62 
and M = 1.94, but had very little effect at M = 2.41. Comparison of 
the results of figures 14(a) and 14(b) shows that for the clean models 
the wing was predominant in effecting the changes in Cz 

P 
with iw. The 

results of figure 15 indicate that for the transition-strip models the 
decrease in damping with increasing wing-incidence angle was primarily 
due to the tail panels. 

The Contributions of the Airplane Components to Cz P 

The variations with Mach number of C 2P for the complete model 
and combinations of its components are presented in figures 16 and 17. 
Also presented are some variations of C2 

P 
with Ikch number obtained 

by adding values of Cz 
P 

for certain combinations of components. Compar- 
isons of the variations for the complete configurations with variations 
obtained by adding the values of CJ P for the body-wing and body-vertical- 
tail-horizontal-tail combinations in figures 16 and 17(a) show that, for 
the clean models with iw = O" and 3O and for the transition-strip models 



8 __.- 
NACARM L56FO7 

with iw = o”, the contributions of the tail panels to C!z were P 
partially nullified by the flow field behind the w$ng and by other 
interference effects. 

Figures 17(b) and 17(c) show that with iw = 3' and transition 
strips on all components except the body, all configurations containing 
the wing experienced rather abrupt losses in damping in roll near M = 2.22. 
The variation of C!z 

P 
with M for BWTVTE&~ corresponded.quite closely 

to that obtained by adding C2 
P 

for BWIJJ and %VTHT, and the variation 
of Cl 

P 
with M for BWTVT was in fair agreement with that obtained by 

adding C2 

justified Ey 

for BWT and BTJVT. This type of addition and comparison is 

the fact that Reynolds number and boundary layer had little 
effect on the damping of the BVH combination. (See fig. 13.) Thus there 
were no large effects of wing-tail interference on Cl p for BWTVI$$ 
and BWTVT. The somewhat different variation of C!lp with M obtained 
for BTWTV& is probably more nearly applicable to the full-scale airplane, 
since the boundary layer along the body ahead of the body-wing juncture 
was turbulent for +WTV&, whereas it was probably laminar for BWr~v$t!Lf. 
The configurations BTWTVTHT and BWTVT were also tested with the canopy 
in place, and the results showed little effect of the canopy on C!lp for 
either configuration. 

Comparisons of the Experimental Values of 

% 
With Some Theoretical Predictions 

The experimental variations of C2 
P 

with M are compared with some 
theoretical variations for the complete model and its components in 
figures 18 and lg. All theoretical predictions, except the limited var- 
iations for BWVH taken from references 3 and 4 (see fig. 18(b)), were 
obtained by the method of reference 2. This method consisted of pre- 
dictions by the linear theory of references 5 and 6 of C2 for the 

P 
wing and tail panels (giving the variations for,BW, BV, and BVH presented 
in fig. 19) plus approximations of the effects of the wing flow field on 
the damping of the tail panels. The effect of the interference field from 
the body was neglected, and the wing was assumed to have zero dihedral and 
zero incidence. No theoretical predictions by the method of reference 2 
of c 

2P 
for BWVH and BWV are shown in figure 18 for M < 1.94 because the 

technique for approximating the effects of the wing flow field on the 
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damping of the tail panels was not applicable to the Douglas D-558-11 
airplsne.at Mach numbers lower than about 1.94. 

In figure 18(a), it is seen that with iw = O", the damping in roll 
of the BWTVT% configuration agreed fairly well with the theoretical 
predictions at &l = 1.94 and M = '2.41, whereas the damping of the clean 
BWVH models was considerably lower than that predicted'by theory. 

Figure 18(b) shows that with iw = 3’ the general levels and trends 
of the exPerimenta variations of C2 

P with M for the complete config- 
uration and the body--wing -vertical-tail 
predicted by the available theories. 

configuration were adequately 

Figure 19(a) shows that with iw = O" , good agreement between theory 
and experiment was obtained for the body-wing configuration at M = 2.41, 
but that theory overestimated the damping by progressively larger amounts 
as the Mach number decreased to 1.94 and 1.62, both for the cleanmodel 
and for the transition-strip model., Also, theory overestimated the 
damping by progressively larger amounts when the transition strips were 
removed and as the Reynolds number decreased for the clean model. The 
good agreement between theory and experiment at M = 2.41 and the pro- 
gressively increasing overestimation by theory at the lower Mach numbers 
is consistent with the results obtained for swept, tapered wings in ref- 
erence 7. In reference 7, the experimental damping in roll was consid- 
erably lower than the theoretical damping when the wing leading edges 
were in the vicinity of or behind the &ch cone from the wing apex, and 
the discrepancy became less when the leading edges were ahead of the Mach 
cone. Ln the present investigation, 
in the vicinity of the !&ch cone at 

the leading edges of the wing were 

cone at M = 1.94 and M = 2.41. 
M = 1.62, and were ahead of the Mach 

In figure 19(b) it is seen that the damping of the body-wing, 
body-vertical-tail-horizontal-tail, and body-vertical-tail config- 
urations was adequately predicted by theory, with the exception of the 
body-wing configuration at M = 1.62 and M = 2.22, for which theory 
overestimated the damping. 

CONCLUDING REMARKS 

Wind-tunnel investigations of the damping in roll at zero angle 
of attack of the Douglas D-558-11 research airplane and its components 
were made at Mach numbers of 1.62, 1.94, 2.22, 2.41, and 2.62. 

The general levels and trends of the variations of the damping in 
roll C2 P with Mach number for the complete model and its components 



10 - NACA RM ~56~07 

were of the order predicted by theory. For some configurations, the 
contributions of the tail panels to C2 p were partially nullified by 
the flow field behind the wing and other interference effects. The 
canopy was found to have little effect on the damping &n roll. 

Increasing the Reynolds number produced substantial increases in 
the damping in roll of the complete model and the body-wing model. In 
most cases, the addition of transition strips to the components resulted 
in further increases in the damping. For the complete model, C7,p was 
very sensitive to changes in the bouncary layer over the body. 
the wing incidence angle from 3' 

Changing 
to 0 decreased the damping at the lower 

I&xh numbers. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., May 16, 1956. 
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Figure 2.- Photographs of the damping-in-roll test apparatus and the 
complete model. 
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2 
pb 

2v 
pb 

V 

(a) h = 0'; R = 0.49 x 106. (b) h = O"; R = 0.96 x 106. 

pb 
%I 

‘c> & = 3’; R = 0.49 x 106. 

pb 
2v 

(a) R = 1.52 x 106. 

Figure 3.- Variations of rolling-moment coefficient with wing-tip helix 
angle for complete configuration and its components. 
tion strips; M = 1.62.. 

Without transi- 
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.008 

0 

I I 

,008 .016 .024 .032 
pb 

2v 

(a) iw = 0'; R = 0.44 x 106. 'b) iw = O"; R = 0.85 x 10% 

008 

0 008 016 .024 ,032 

(c, & = 3’; R = 0.43 x 10% (d) R = 1.48 x 106. 

I Configuration Canopy I 
0 BWVH Off 

: EH Tf 

0 ,008 ,016 024 032 
Pb 

2v 

,008 016 024 ,032 

pb 
2\/ 

Figure 4.- Variations of rolling-moment coefficient with wing-tip helix 
angle for complete configuration and its components. Without transi- 
tion strips; M = 1.94. Flagged symbols indicate check points. 
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pb 
2v 

(a) iw = O"; R = 0.36 x 106. (b) iw = O"; R = 0.69 x 106. 

0 008 ,016 
6b 

TV 

,024 ,032 

(c) iw = 3O; R = 0.36 x 106. 

0 .008 .016 .024 .o 
ob 
2v 

17 

I2 

0 0 .008 .008 ,016 ,016 ,024 ,024 .032 .032 
pb pb 

2v 2v 

(d) R = 1.33 x 10% (d) R = 1.33 x 10% 

Figure 5.- Variations of rolling-moment coefficient with wing-tip helix 
angle for coqlete configuration and its components. Without transi- 
tion strips; M = 2.41. Flagged symbols indicate check points. 



(a) iw = O"; transition (b) iw = 3’; transition 
strips on wing and tail; 
R = 0.30 x 106. 

strips on wing and tail; 
R= 0.50 x 106. 

Configuration 
0 8WVH 
q BWVH 
2 :;y 

v BW 
D BVH 
a 8V 

Canopy 

%f 
On 
Off 
Off 
Off 
Off 

0 .008 .016 ,024 ,032 
pb 
2v 

ob 

(4 iw = 3O; transition 
strips on body, wing, 
and tail; R = 0.50 x 106 
for EQWTVTHT, canopy on 
and off; R = 0.95 x lo6 
for BTVTHT and I~JVT. 

Figure 6.- Variations of rolling-moment coefficient with wing-tip helix angle for complete 
configuration and its components. With transition strips; M = 1.62. Flagged symbols 
indicate check points. 
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(a) iw = O"; transition b) 5, = 3'; transition 
strips on wing and tail; strips on wing and tail; 
R = 0.45 x 106. R= 0.45 x 106. 

Configuration 
0 8WVH 
0 BWVH 

2 ;ww; 
v BW 
D BVH 
a BV 

Canopy 

:x 

,“Yf 

:i: 
Off 

0 .008 ,016 .024 .a32 
pb 

2v 

” I 

pb 
2v 

(c) i, = 3’; transition 
strips on body, wing, 
and tail; R = 0.57 x 10 6 
for BTWTVTHT, canopy on 
and off; R =,0.86 x lo6 
for ETJV$IT and BTVT. 

Figure 7.- Variations of roll ing-moment coefficient with wing-tip helix angle for complete 
configuration and its components. W ith transition strips; M  = 1.94. Flagged symbols 
indicate check points. 



Configuration Canopy 
0 BWVH 
0 BWVH %f 
0 BWV 

G BSY 
%f 
Off 

D BVH Off a BV Off 

I i i i i I I 

006 

pb 
2v 

pb 
sv 

(a) i, = 3’; transition strips on wing 
and tail; R = 0.41 x 106, 

b) i, = 3’; transition strips on body, 
wing, and tail; R = 0.64 x lo6 for 
BTWTV$!IT, canopy on and off; 
R= 0.76 x lo6 for Bt$$-$ and BTVT. 

Figure 8.- Variations of roll ing-moment coefficient with wing-tip helix angle for complete 
configuration and its components. 
indicate check points. 

W ith transition strips; M  = 2.22. Flagged symbols 



Configuration Canopy 
0 BWVH 
q BWVH 84 

2 ;;; %f 
v BW nff 

,010 

.008 

,006 

(a) iw = O"; transition (b) iw = 3O; transition 
strips on wing and tail; 

0.36 x 106. 

strips on wing and tail; 
R= R= 0.36 x 106. 

D %H 
a BV 

(4 iw = 3O; transition 
strips on body, wing, 
and tail; R = 0.36 x 106 
for I !TWTVTHT, canopy on 
and off; R = 0.73 x lo6 
for BTV$-IT and BTVT. 

Figure 9.- Variations of roll ing-moment coefficient with wing-tip helix angle for complete 
configuration and its components. 
indicate check points. 

W ith transition strips; M  = 2.41. Flagged symbols 



Configuration 
0 BWVH 

: iEH 
A BWV 
V 
D i;H 
a 

.008 

.OOG 

cl 

.004 

- .032 
pb 
2v 

pb 
37 

Canopy 
On 
Off 
On 

:i: 
Off 
Off 

1 I. I I I I I 
I 

Lo 
.032 

(a) iw = 3'; transition strips on wing 
and tail; R = 0.33 x 106. 

(b) iw = 3'; transition strips on body, 
wing, and tail; R = 0.64 x lo6 for 
BTWTV$T, canopy on and off; 
R = 0.90 X 106 for BTV& and BTVT. 

Figure lO.- Variations of rolling-moment coefficient with wing-tip helix angle for complete 
configuration and its components. With transition strips; M = 2.62. Flagged symbols 
indicate check points. 
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Configuration 

0 BWVH, Rx @=0.36 to 0.51 

0 BWVH, Rx 10-6=0.68 to 0.96 

0 BWTVT H,, R x lO*=O.33 to 0.50 

A qWTVTHT, R x I@=036 to 0.64 

Canopy 
Off 

Off 

Off 

Off 

(a) & = 0'. 

I 
‘I.6 

I ,I I I I I I 
1.8 

I 
2.0 2.2 2.4 2.6 2.8 

M 

(b) i, = 3’. 

Figure ll.- Variations with Mxch number of the damping in roll for BWVH 
at different Reynolds numbers and with different boundary-layer con- 
ditions. Dashed portions of curves denote uncertain fairing. 
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Configuration Canopy 

0 SW, Rx I @= 0.35 to 0.49 Off 
IJ SW, Rx 1@=0.69 to 0.96 O.ff 
0 SW,, R x 10+=0.33 to 0.50 Off 

NACA RM L56F07 

7 
*u 

2 

-5 P 
.I 

0 

_--  
” 

6 1.8 2.0 2.2 2.4.. ~-- -  2.6 2.8 
M 

(a) I& = O". 

(b) iw = 3'. 

Figure 12.- Variations with Mach number of the damping in roll for BW at 
different Reynolds numbers and with different boundary-layer condi- 
tions. Dashed portions of curves denote uncertain fairing. 



Co,nfiguration Canopy 

0 BVH, Rx Iti =0.36 to 0.5 I 
0 BVH, Rx lG6=0.69 to 0.96 

Off 
Off 

0 BVH, Rx I@= I.33 to 1.52 Off 

.2 
A BTVTHT, R x ld6=0.73 to 0.95 Off 

Figure 13.- Variations with Mach number of the damping in roll for BVH 
at different Reynolds numbers and with different boundary-layer con- 
ditions. Dashed portions of curves denote uncertain fairing. 
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Configuration Configuration Canopy Canopy 
0 0 i ~00 i zoo 

i: ~30 i: =3O 
Off Off 

0 0 off off 

'I.6 'I.6 1.8 1.8 2.0 2.2 2.4 E 2.0 2.2 2.4 E 
M 

(a) BWVH. 

.3 I 
m---I I . - -- 

-?-- 
-. 

-. 

‘. 

.2- TI 
_-- 

0 1.6 1.8 2.0 2.2 2.4 2 
M 

(b) BW. 

6 

6 

Figure 14.- Variations with Mach number of the damping in roll for BWVH 
and BW with different angles of wing incidence. Without transition 
strips; R = 0.36 to 0.50 x 106. Dashed portions of curves denote 
uncertain fairing. 
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Configurotion Canopy 
0 fw =oo Off 
IJ I w =3” Off 

2.0 2.2 2.4 2.6 2.8 
M 

(a> BWTV@T. 

Figure 15.- Variations with Mach number of the damping in roll for BWVH 
and BW with different angles of wing incidence. With transition 
strips on wing and tail; R = 0.33 to 0.50 x 10G. Dashed portions of 
curves denote uncertain fairing. 
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Configuration Canopy 

is EVH 
Off 
Off 

0 BVH Off 
--- BW + BVH Off 

(a) iw = 0’; R = 0.35 to 0.50 x 106 

(b) iw = 0'; R = 0.69 to 0.96 x l&. 

Figure 16.- Variations with Mach number of the damping in roll of the 
complete model and its components. Without transition strips. Dashed 
portions of curves denote uncertain fairing. 
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Configuration Canopy 

0 BWVH Off 
q BW Off - -- 
0 BVH -_ . . Off 

.4 --- BW +BVH Off 

M 

(4 iw=3O; R = 0.36 to 0.51 x 10~. 

Figure 16.- Concluded. 
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.4r 

Configuration Canopy 
0 BWTV,.HT Off 

o BWr Off 

* BTVTHT Off 
- - - BW,t BTVT HT Off 

I I 

.3 - -- - -_ . 
-~/-----.- 

-.--. -A l- --I --_ -4, -- 
-- 

.2 

.I 

A \;I 3 0 

'I.6 1.8 2.0 2.2 2.4 2.6 2.8 
M 

(a) i,=O". BWVH, BW, and BVH; R = 0.36 to 0.95 x 106. 

Figure 17.- Variations with Mach number of the damping in roll of the 
complete model and its components. With transition strips. Dashed 
portions of curves denote uncertain fairing. 
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Configuration 
o BWTVTHT 

•l BTWTVTHT 
0 BTW&HT 
A BWT 

v BTVTHT 
----Bw,+ B,V,H, 

Canopy 
Off 
Off 

On 
Off 
Off 
Off 

‘I.6 1.8 2.0 2.2 
M 

r 
2.4 

Y 
2.6 2.8 

b) & = 3'. BWVH, BW, and BVH; R = 0.33 to 0.95 x 106. 

Figure 17 .- Continued. 
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Configuration Canopy 
0 

BwT ‘T Off 
cl 

BwT “T On 

0 BWT Off 
n 

‘T”T Off 

-----SW,+ BTVT Off 

(4 qq = 3O* BWV, BW, and BV; R = 0.33 to 0.95 x 106. 

Figure 17.- Concluded. 



NACA RM L56FO7 

Experiment: 
Cbnf iguration 

0 BWVH, Rxd=0.36 too.51 
•I BWVH, Rx1@=0.69 to 0.96 
0 BW,.V,H,, Rx I O*=o.SS to 0.50 

Theory: 
---BWVH 

33 

Canopy 

Off 

Off 
Off 

0 2.2 2.4 2.6 
M 

(a) iw = 0'. 

Figure 18.- Variations with Mach number of the experimental and theoreti- 
cal dsmpingrin roll for BWVH and BWV. Dashed.portions of experimental 
curves denote uncertain fairing. 
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Experiment: 
Configuration 

o BWVH, Rx l&=0.36 to 0.51 
n BWTVTt+, R x @=0.33 to 0.50 

0 BTWTVTH,, R x l@=O.36 to 0.64 

A @JI+V~, R x d’0.33 to 0.50 

Theory: 
--- BWVH 
----BWV 

-----BWVH; reference 3 
---BWVH,reference 4 

Canopy 

Off 
Off 

Off 

Off 

.4 

0 
1.4 I.6 1.8 2.0 2.2 2.4 2.6 

M 

. i. 

(b) iw = 3’0 

Figure 18.- Concluded. 
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-C 
lP 

Experiment: 
Configuration 

0 SW, Rxd=0.35 to 0.49 
0 SW, Rx I o6 =0.69 to 0.96 
0 BWT, R x ld6=0.36 to 0.50 

Theory: 
---BW 

‘s I 
-7 

.3 . . 

Canopy 

Off 
Off 

Off 

.4 

L I 1. -3-l h . 
------- ______ --... 

-_--- _---. 
_ _----- 

I I I 

1.8 2.0 2.2 2.4 2.6 2.8 
M 

(4 h = 00. 

Figure lg.- Variations with Mach number of the experimental and theoreti- 
cal damping in roll for BW, BVH, and BV. Dashed portions of experi- 
mental curves denote uncertain fairing. 
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Exper i ment: 
Configuration Canopy 

0 BW, R x lC?= 0.35 to 0.49 Off 
q BWT, R x 1$=0.33 to 0.50 Off 

0 BVH, R xloo6= 1.33 to 1.52 Off 

A BTVTHT, R x lC?.=O.73 to 0.95 Off 

~7 BTVT, R x I C?=O.73 to 0.95 Off 

Theory: 
---BW 
----BVH 

.4 ------BV 

I‘ 
‘I.6 

I 1 I I I I I yrr I I 
1.8 2.0 2.2 2.4 2.G 2.8 

M 

(b) iw = 3'. 

Figure lg.- Concluded. 
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