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SUMMARY 

A low-speed investigation was made in the Langley stability tunnel 
to study the effect of spoiler location, spoiler size, and fuselage 
nose shape on the directional stability characteristics of a model of a 
tandem-rotor helicopter fuselage . 

The model was found to be directionally unstable at certain posi­
tive angles of attack. This instability was found to result, in general, 
from a large unstable fuselage moment that resulted from the potential 
flow pressure peaks in the vicinity of the fuselage nose and a low tail 
effectiveness, a factor that was shown to be associated with the adverse 
effect of the fuselage sidewash on the tail. The use of a spoiler 
0.45 inch high at a position 3.50 inches from the fuselage nose was an 
effective means for making the fuselage directionally stable at all 
angles of attack investigated, a result that had been obtained previ­
ously for a nonoverlap-type fuselage. Decreasing the spoiler height 
from 0.45 to 0.30 inch generally resulted in a decrease in magnitude of 
the stabilizing yawing- moment coefficient at angles of attack of -300 , 

_100 , and 300 ; however, at an angle of attack of 100 the smaller spoiler 
was ineffective in stabilizing the fuselage - tail configuration. Substi­
tuting a blunt nose section for the tapered nose section resulted in a 
fuselage-tail configuration that was directionally stable at all angles 
of attack of the investigation except an angle of attack of 300 . 

INTRODUCTION 

The results of wind-tunnel tests (ref. 1) have indicated that a 
model of a tandem-rotor helicopter fuselage having a bent fuselage form 
and tapered nose section was directionally unstable at certain angles of 
attack. The results contained in reference 2 for a similar model have 
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shown that no appreciable improvement in the directional stability was 
obtained by means of a fuselage afterbody revision. Flight tests of a 
configuration similar to that of reference 2 have substantiated the pres­
ence of directional instability in that the tandem rotor helicopter has 
poor directional stability characteristics in the autorotative flight 
conditions (ref. 3 ). 

The results of an investigation (ref. 4) on a model of a tandem 
nonoverlap-type fuselage (a fuselage having a bent fuselage form and a 
blunt nose shape) in the Langley stability tunnel have shown that placing 
spoilers around the fuselage nose was an effective means of improving the 
directional stability characteristics in that the spoilers generally sta­
bilized the previously unstable fuselage-tail configuration. As noted 
in reference 4, the spoiler probably destroyed the potential flow about 
the fuselage and thereby resulted in a decrease in the unstable fuselage­
alone yawing moment . Reference 5 contains results of tests on the model 
of reference 2 (bent fuselage with tapered nose shape) with various 
spoiler configurations at a small negative angle of attack; however, these 
results have indicated no improvement in the directional stability due to 
the spoiler. The difference in the results of references 4 and 5 sug­
gests, therefore, that the effect of the spoilers in reducing the unstable 
yawing moment of the fuselage probably depends to a large degree on 
spoiler location, angle of attack, and possibly fuselage nose shape. 

The purpose of the present investigation was to study the effect of 
spoiler location, spoiler Size, and fuselage nose shape on the static 
lateral stability characteristics of a model of a tandem-rotor helicopter 
fuselage . This investigation consisted of the measurement of the aero­
dynamic forces and moments throughout a range of sideslip angles at four 
angles of attack. A short study of the air flow behind the fuselage 
model by means of the tuft-grid techniQue of reference 6 is also 
presented . 

SYMBOLS 

The data presented herein are referred to the stability system of 
axes with the origin located at fuselage station 24.85. The positive 
directions of forces, moments, and angles are shown in figure 1. The 
symbols and coefficients employed are defined as follows : 

drag coefficient, Drag 
Q2Sd 

rolling- moment coefficient, Rolling moment 

Q2Sd 2 
. I 
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side-force coefficient, Side force 
q2Sd 

yawing-moment coefficient, Yawing moment 
q2Sd L 

distance between rotor hub centers, 3.18 ft 

total rotor disk area, 17.10 sq ft 

free-stream velocity, ft/sec 

dynamic pressure, Pv2/2, lb/sq ft 

mass density of air, slugs/cu ft 

angle of attack of fuselage reference line, deg 

angle of sideslip, deg 

Subscripts: 

3 

0.75 ... 5·00 distance from tip of nose to spoiler position, in. 

Model components: 

S spoiler 

SS spoiler strip 

MODEL, APPARATUS, AND TESTS 

The model used in the present investigation was a 0.075-scale model 
of a current tandem-rotor helicopter fuselage having a bent fuselage form 
and tapered nose. This model is referred to hereinafter as fuselage 1. 
A detailed drawing of the model is presented as figure 2(a), and a photo­
graph of the model mounted on the single strut support as figure 3. The 
laminated mahogany model was constructed so that approximately 12 inches 
of the nose section was interchangeable with a section that was similar 
to the blunt-nose shape of fuselage 3 of reference 4. This modification 
permitted tests to determine some effects of nose shape on the aerody~amic 
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characteristics of the helicopter fuselage model. A sketch of the blunt­
nose configuration (referred to hereinafter as fuselage 2) is presented 
in figure 4 and a photograph in figure 5. 

The vertical and horizontal tails were constructed as a unit and 
were removable to permit tests of the fuselage alone. Details of the 
vertica l and horizontal tails are given in figure 2(a) and table I. 

Seven spoiler locations were investigated on fuselage 1. (See fig. 2 
for these positions.) The spoilers which extended completely around the 
fuselage nose were made from 1/16-inch-thick duralumin and projected 
0.30 or 0.45 inch from the fuselage surface at each location. Photo­
graphs of several typical spoiler positions investigated and their 
designation are presented as figure 3. The spoiler strips (SS) located 
in an approximately horizontal position (figs. 2(b) and 3(c)) were about 
8 inches in length. 

The spoilers used with the blunt nose section (fuselage 2) were 
made from 1/ 16-inch-thick sheet brass and projected about 0.20 inch from 
the fuselage surface (fig. 5(b)). The spoiler strips used on fuselage 2 
were approximately 7 inches long. 

The models were mounted rigidly on a single strut support, at fuse­
l age station 24.85, in the 6- by 6-foot test section of the Langley sta­
bility t unnel. The forces and moments were measured by means of a six­
component mechanical balance system. All force tests were made at a 
dynamic pressure of 39.7 pounds per s~uare foot, which corresponds to a 
velocity of about 125 miles per hour. The test Reynolds number was 
about 4.59 x 106, based on the overall fuselage length. The angles of 
attack investigated for all configurations were 300 , 100 , _100 , and -300 

for angles of sideslip that ranged, except for several configurations, 
from 250 to - 250 • The horizontal tail was set at an angle of incidence 
of approxi mately 110 for all tail-on tests. 

The tuft-grid tests were made at a dynamic pressure of 24.9 pounds 
per s~uare foot, which corresponds to a Reynolds number of about 

3.64 x 106, and a velocity of about 100 miles per hour . 

CORRECTIONS 

The data obtained in this investigation were not corrected for 
support- str~t interference or blockage effects . Previous tests of a 
similar model have indicated that these corrections are not important 
to the interpretation of the results. 

- - --- - - -- --

• 
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RESULTS AND DISCUSSION 

Presentation of Data 

The side-force coefficient, yawing-moment coefficient, and the tuft­
grid pictures of the air flow behind the fuselage model are presented in 
figures 6 to 13. Since the purpose of the present paper is to provide an 
evaluation of the directional stability, the discussion is concerned only 
with these coefficients; however, the rolling-moment coefficient is pre­
sented in figures 14 to 19 and the drag coefficient for certain condi­
tions in figure 20 because of the effects that these parameters have on 
the dynamic stability and performance, respectively. 

Directional Stability Characteristics of Fuselage 1 

Effect of spoiler location.- The effect of spoiler location on the 
variation of yawing-moment coefficient with angle of sideslip for fuse­
lage 1 with tail is presented in figures 6 and 7, and the variation of 
Cn~ (measured through ~ = 00 ) with spoiler location is presented in 

figure 8. A study of these figures shows that at ~ = 100 and ~ = 300 

the complete model configuration without spoiler is directionally unstable 
(as indicated by the negative slope of the curve of yawing- moment coeffi­
cient plotted against ~) and only the spoiler (0.45 inch high ) located 
3.50 inches from the fuselage nose (S3 .50) resulted in a directionally 

stable (as indicated by the positive slope of the curve of yawing- moment 
coefficient plotted against ~) configuration at all angles of attack 
of the investigation. 

An examination of the data (figs. 6 to 8) for the remalnlng spoiler 
locations shows that at ~ = 300 any of the spoiler locations investi­
gated (except SO .75) resulted in a directionally stable configuration. 

At ~ = 100
) however, only the spoiler located 3.50 inches from the fuse­

lage nose stabilized the unstable fuselage-tail configuration. 

The results presented in figures 6 to 8 for the negative angles of 
attack (~ = _100 and ~ = _300

) show that fuselage 1 with tail was 
directionally stable. A study of these figures for ~ = _100 shows that 
the addition of the spoiler at any of the positions investigated gener­
ally resulted in a decrease in the positive values of Cn~ (decreased 

stability) . At ~ = -300 , the use of the spoiler from the most forward 
location ( SO.75) up to 3 . 50 inches from the fuselage nose resulted in 

an increase in the positive values of Cn~ (increased stability). Any 

further increase in spoiler distance decreased the magnitude of Cn~; 
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however, in no case did the adverse effect of spoiler destabilize fuse ­
lage 1 with tail. 

The favorable effect of spoiler (S3.50) that resulted in a direc­

tionally stable configuration (fuselage 1 with tail) at ~ = 100 and 
~ = 300 was similar to the effect obtained for fuselage 3 of refer ence 4 
where the use of spoilers stabilized the unstable fuselage - tail 
arrangement . 

Effect of strip spoilers. - In an attempt to increase the magnitude 
of the yawing- moment coefficient at the larger sideslip angles , spoiler 
strips (SS) were used with S3 . 50 on fuselage 1 with tai l. The r esults 

presented in figure 9 show that at positive angles of attack the spoiler 
strips were effective in extending to higher sideslip a ngles the point 
at which the unstable break in the yawing- moment coefficient occurs. In 
fact, at ~ = 100 the yawing- moment coefficient increased linearl y up 
to the maximum sideslip angle . I n the low angle- of- sideslip range at 
~ = 300 , the spoiler strips had an adverse effect on the directional 
stability in that the fuselage - tail configuration was neutrally stable . 
(Compare configurations with and without spoiler str ips .) 

The results for the negative angles of attack indicate that at 
~ = _100 the spoiler strips had little effect on the yawing- moment 
characteristics; however, at ~ = -300

, the spoilers resulted i n a large 
decrease in the directional stability. 

Effect of spoiler size .- The effect of substituting a 0. 30- inch­
high spoiler for the 0 .45- inch- high spoiler is shown in figure 9 . At 
~ = 100 , the 0 .30- inch- high spoiler was ineffective in stabilizing 
fuselage 1 with tail, whereas the configuration with the larger spoiler 
was directionally stable . For the remaining angles of attack, 300 , _100 , 

and - 300 , decreasing the spoiler height from 0.45 to 0.30 inch generally 
resulted in a decrease in magnitude of the stable yawing- moment coeffi­
cient over most of the angle - of- sideslip range. 

Effect of tail and spoiler on fuselage 1.- The yawing- moment char­
acteristics of fuselage 1 as affected by the tail and spoil er (S3 . 50) 
a re presented in figure 10. An examination of this figure shows that 
at positive angles of attack the tail was ineffective in overcoming the 
large unstable yawing moment of fuselage 1 . A study of the t uft - grid 
pictures of the air flow behind the fuselage (fig. 11) for ~ = 100 and 300 

at four angles of sideslip shows that the tail was, in general, adversely 
affected by fuselage sidewash which results in a low tail effectiveness . 
Similar effects have been shown to exist for the nonoverlap- type f uselage 
configuration in reference 4 . The low tail effectiveness along with the 
l arge unstable fuselage - alone moment accounts to a large degree for the 
directional instability of the fuselage - tail configuration. 
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From a study of figure 10 for a = _100 and -300 , it can be seen that 
fuselage 1 was directionally stable for a limited sideslip range. These 
results agree with the results of reference 7 which have indicated that 
this stability of the fuselage alone was caused by the fuselage bend. 
Adding the tail to the fuselage increased the magnitude and extended to 
higher sideslip angles the stable variation shown for the yawing-moment 
coefficient of the fuselage alone. 

A comparison of the data for the fuselage with and without spoiler 
(83.50) at a = 100 and a = 300 shows that the spoiler, by destroying 
the potential flow about the fuselage nose, resulted in a large decrease 
in the unstable fuselage moment. This effect (decreased fuselage moment) 
along with the tail contribution resulted in a directionally stable com­
plete model configuration (fuselage 1 with tail and spoiler). The spoilers, 
as would be expected, gave some increase in drag. (8ee fig. 20.) The 
reduction in the unstable moment due to the spoiler is reflected in the 
side-force coefficient, particularly at a = 300 (fig. 10(c)) where the 
side force was reversed for both the tail-on and tail-off configurations. 
This effect is apparent also for the results obtained at a = 100 but 
was smaller in magnitude . A study of the results for the negative angles 
of attack indicates that at a = -100 the spoiler had an adverse effect 
on the fuselage-alone stability; however, the destabilizing effect of 
spoiler did not result in an unstable fuselage-tail configuration. For 
a = -300 , the addition of the spoiler increased the magnitude and extended 
to higher sideslip angles the fuselage-alone stability. The effect of 
the spoiler was reflected in the side-force coefficient at an angle of 
attack of - 300 and this effect was similar to the trends indicated at 
the positive angles of attack. 

Effect of top or bottom half of 83 . 50 .- The effect of using only 

either the top or the bottom half of the best spoiler (83.50) on the 

yawing-moment coefficient of fuselage 1 with tail can be 
study of the results in figure 12. These data show that 
angles of attack neither the top nor the bottom half of 

was effective in stabilizing fuselage 1 with tail . 

seen from a 
at positive 
83 .50 alone 

For the negative angles of attack (figs. 12(b) and 12(d)), the 
results indicate that either the top or the bottom half of 8

3
.50 had, 

in general, only a small effect on the stable fuselage-tail configuration, 
although at a = -300 the top half of 83.50 resulted in an increase in 

the directional stability of the fuselage - tail configuration. 
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Directional Stability Characteristics of Fuselage 2 

Effect of tail on fuselage 2.- The nose section of fuselage 1 was 
replaced by a blunt nose section to obtain fuselage 2. The variation of 
yawing-moment coefficient with angle of sideslip for fuselage 2 with and 
without tail is presented in figure 13. These results show that fuse ­
lage 2 alone was directionally stable at ~ = 100 , _10°, and - 300 and 
unstable at ~ = 300 . Adding the tail to the fuselage increased the 
magnitude of the stable fuselage - alone characteristics at ~ = 100 , _10°, 
and -300 ; however, at ~ = 300 , because of the low tail effectiveness and 
large unstable fuselage moment, the fuselage - tail configuration was direc­
tionally unstable. 

Effect of spoiler.- A s t udy of the results (fig . 13) for fuselage 2 
with and without spoiler indicates that the spoiler not only decreased 
the magnitude of the destabilizing yawing- moment coefficient at ~ = 300 

but also decreased the magnitude of the stabilizing yawing- moment coeffi­
cient at ~ = 10°, _100

, and _300
• A comparison of the complete model 

configurations (fuselage 2 with tail) with and without spoiler shows that 
the use of spoilers on the fuselage improved the directional stability at 
~ = 30°, but at ~ = 100 , _100 , and -300 , the spoilers resulted in a 
de crease in directional stability. This decrease ir. directional stability 
however, did not result in an unstable complete model configuration at 
these angles. This effect of spoiler on the complete model resulted from 
the effect of spoiler on the fuselage alone which has been discussed 
previously. 

Comparison of Fuselage 1 and Fuselage 2 

Of the two configurations investigated, spoilers off, the fuselage 
wi t h blunt nose (fuselage 2) had better directional stability character­
istics than the tapered- nose configuration (fuselage 1) in that fuselage 2 
with tail was directionally stable, over a limited sideslip range, at 
all angles of attack except ~ = 30°. (Compare figs. 9 and 13 . ) When 
the spoilers and spoiler strips were added to the configurations, how­
ever, the fuselage with tapered nose (fuselage 1 with tail, S3 .50' 
and SS) had better directional characteristics in that this configura­
tion was stabilized at all angles of attack whereas the blunt- nose 
configuration ( fuselage 2 with tail, S, and SS ) remained directionally 
unstable at ~ = 30°. 

An examination of the data (figs. 10 and 13 ) for the configurations 
without spoilers shows that substituting a blunt nose for the tapered 
nose stabilized the fuselage at ~ = 100 but resulted in a decrease 
in directional stability at ~ = - 300 for both tail- on and tail- off 
configurations. In general, fuselage 1 and fuselage 2 had similar 
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yawing-moment characteristics at ~ = 300 (directionally unstable) 
and ~ = -10 0 (directionally stable). 

CONCLUSIONS 

9 

The results of a low- speed investigation in the Langley stability 
tunnel of the directional stability characteristics of a model of a tandem­
rotor helicopter fuselage have indicated the following conclusions : 

1. The model was directionall y unstable at certain positive angles 
of attack . This instability r esulted in general from t he large unstable 
fuselage moment, caused by the potential flow pressure peaks in the vicin­
ity of the fuselage nose) and a low tail effectiveness, a factor that was 
shown to be associated with the adverse effect of fuselage sidewash on 
the tail . 

2. The use of a spoiler 0.45 inch high at a position 3 .50 inches 
from the fuselage nose was an effective means for making the helicopter 
fuselage model directionally stable at all angles of attack of the 
investigation (-30°) -100 ) 100 , and 30°)) a r esult that has been 
obtained previously for a similar fuselage configuration. As would 
be expected the spoilers resulted in some increase in the drag. 

3 . Decreasing the spoiler height from 0.45 to 0.30 inch generally 
resulted in a decrease in magnitude of the stabilizing yawing- moment 
coefficient at all angles of attack except 100 where the smaller size 
spoiler was ineffective in making the fuselage - tail configuration direc­
tionally stable . 

4. Substituting a blunt- nose section for the tapered-nose section 
resulted in a fuselage-tail configuration that was directionally stable 
for a limited sideslip range at all angles of attack of the investiga­
tion except an angle of attack of 30°. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., April 29, 1958 . 
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TABLE I 

PERTINENT GEOMETRIC CHARACTERISTICS OF MODELS 

Fuselage length, ft . . . . . . . . . . . . . . . . . . . . . . 

Vertical tail: 
Aspect ratio . . . . 
Taper ratio . . . . . 
NACA airfoil section 
Span, at leading edge , ft 
Root chord, ft 
Area, s~ ft . . . 
Span, at trailing edge, ft 

Horizontal tail : 
Aspect ratio 
Taper ratio . . 
NACA airfoil section 
Span, ft 
Root chord, ft 
Area, s~ ft 

11 

3 .94 

0.83 
1.00 
0012 
0·53 

0.300 
0.293 
0.457 

3 ·32 
0.63 
0018 

0·937 
0.317 
0.265 
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Figure 2. - Concluded . 



(a) Fuselage 1 with tail. (b) Fuselage 1 with tail and Sl.25' 
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(c) Fuselage 1 with tail) S3 .50) and SS. (d) Fuselage 1 with tail and S5.00' 

Figure 3. - Views of fuselage 1 with and without various spoilers. L- 58-1666 
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(a) Fuselage 2 with tail . 

, s" 

Ii:...,WM 

(b) Fuselage 2 with tail, S, and SS . L-58-l667 

Figure 5.- View of fuselage 2 with tail and with and without spoiler. 
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Figure 11.- Tuft-grid pictures of fuselage 1 without tail. L-58-1668 
q = 24·9 pounds per square foot. 
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Figure 13 .- Effect of spoilers on side- force and yawing- moment characteristics in sidesl ip of 
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Figure 16.- Effect of spoiler size and spoiler strips on rolling-moment characteristics in side­
slip at several angles of attack. 
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Figure 18.- Effect of using only one-half of spoiler on rolling-moment characteristics in side ­
slip at several angles of attack. 
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Figure 19.- Effect of spoilers on rolling-moment characteristics in sideslip of fuselage 2 at 
several angles of attack. 
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