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STATIC DIRECTIONAL STABILITY OF A 

TANDEH-HELICOPTER FUSELAGE 

By Charles C. Smith, Jr. 

A n  investigation  has  been  made to determine  the  static  directional 
stability  of a fuselage  typical of tandem  helicopters. The model  con- 
sisted  of a body having an elliptical  cross.section, a rear  rotor pylon 
a c h  was  faired  to  form a large  vertical  tail with a very thick  airfoil 
section  (approximately 35 percent  mean  aerodynamic  chord),  and a s m f l  
horizontal tail mounted  at  about  the  midpoint of the  height of the  ver- 
tical  tail. 

In the  original  configuration  the m o d e l  was directionally  unstable 
at angles o f  yaw less  than  about 100. The  results of tests on several 
different  modifications  to  the  vertical  tail  indicate that twin  end- 
plate  vertical  tails  mounted on the  tips  of  the  horizontal  tail  afforded 
a practical  means of making  the  model  directionally  stable at small 
angles of yaw without  appreciably  increasing  the  weathercocking  tendency 
at  high  angles of yaw. 

INTRODUCTION 

The  results of flight  tests  of a tandem  helicopter  representative 
of present  trends in tandem-helicopter  design  indicated  that  it was 
directionally  unstable  at small angles of-sideslip.  The  data of 
reference I indicate that the  directional  instability  was  caused by 
static  instability  of  the  fuselage-pylon combwation at small angles 
of  sideslip. In order  to study the  directional  stability  of  this 
helicopter  and  find  means for improvement,  force  tests  have  been  made 
in the Langley free-flight  tunnel of a model of the  fuselage-pylon 
coxbination.  These  tests  included  force  tests of the  model  with  the 
original  tail,  with  alterations  to  the  airfoil  section of  the tail, 
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with  various  trailing-edge  extensions added, and with twin end-plate 
ve r t i ca l  tai ls  added to   the  horizontal  tail of the  or iginal  model. 

SYMBOLS 

A l l  forces and moments were referred  to   the  s tabi l i ty   axes  which 
are  defined in f igure  1. Since in forward flight the  cr i t ical   center-  
of-gravity  location is  the most rearward  center-of-gravity  position, 
a l l  of the data i n  this paper have been r e fe r r ed   t o   t he  most rearward 
center-of-gravity  position  except where otherwise  noted. The symbols 
and coefficients used in the  present  paper are: 

S projected area of hypothetical  rotors,  square feet 

R radius of hypothetical  rotor, feet 

a angle of attack of the  fuselage  reference l ine,  degrees 

v free-stream  velocity, feet per second 

P mass density of a i r ,  slugs per  cubic  foot 

9 dynamic pressure, pounds per square foot ( ipV2) 

9 angle  of yaw, degrees 

B angle of sideslip,  degrees (p = - +-) 

Y l a te ra l   force ,  pounds 

N yawing moment, foot-pounds 

c, yawing-moment coefficient (N/qSR) 

CY lateral-force  coefficient (Y/qS) 

cnB 
rate of change of  yawin -moment coefficient  with angle of  

s ides l ip   in   degrees  [aCn/af3) 

APPARATUS AND TESTS 

The  model consisted of a body having an e l l i p t i c a l  cross section, a 
rear rotor  pylon which w a s  f a i r ed   t o  form a large ver t i ca l  tail with a 
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very thick  airfoil   section  (approldmately 35 percent mean a.er0dynami.c 
chord), and a small horizontal  tail mounted a t  about t he  midpoint of 
the  height  of  the  vertical  tail. A sketch of the model used in the 
investigation is  presented in figure 2, and a three-quarter-view  photo- 
graph of the  model i s  presented i n  figure 3 .  A sketch of t h e   v e r t i c a l  
tail of the model is shown in figure 4 t o  illustrate the various modifi- 
cations to t h e   a i r f o i l  and tail area covered in t h e  tests. 

Force tests t o  determine  the s t a t i c   d i r e c t i o n a l   s t a b i l i t y  charac- 
t e r i s t i c s  of t he  model were made on the  six-component balance in the  
Langley free-flight tunnel. (See  reference 2. ) Tests were made of the  
original  configuration and of several modified  configurations. Some of 
these  modifications were considered as prac t ica l  means of  increasing 
the   d i rec t iona l   s tab i l i ty  of the  model and some were included on ly  t o  
f ac i l i t a t e   t he   s tudy  of the  direct ional   s tabi l i ty   of   the  model. 

Most of the  force tests consisted  of measurements of the yawing 
mornent and lateral force a t  angles of yaw between 150 and -1So at  Oo angle 
of a t tack which i s  appron’tely equal t o  -60 angle  of  attack of  a .p lane  
perpendicular  to  the  rotor shafts. In the  original  configuration  the 
model w a s  a lso  force  tested  through ap angle-of-attack  range  of 20° 
t o  -200 a t  angles  of yaw of so and -50 t o  determine the var ia t iox of the 
direct ional-s tabi l i ty  parameter C, with  angle of attack. Two of the  B 
configurations  ( the  original and the  twin-vertical-tan.  configurations) 
were a l so  tested through a range  of angles of  from -100 t o  1900 t o  
determine  the  weathercocking  tendency at l a rge  angles of yaw. 

A I L  force tests w e r e  made at  a dynamic pressure of 3.0 pounds per 
square foot  which corresponds t o  an airspeed of approldmately 34 miles 
per hour and a Reynolds number of 1,690,000 based on fuselage  length. 
The r e su l t s  of all the   force tests have  been  corrected t o  the stability 
axes and are based on the radius and projected area of a o the t i ca l  
t a n d e m t o r  arrangement (S = 28.30 sq f t  and R = 2.27 f? Host  of 
the force-test results were r e f e r r e d   t o  a center-of-gravity  position 
which corresponds t o   t h e  most rearward center  of gradty f o r  a similar 
full-scale  helicopter (52 percent o f  the dis tance  f romthe  center  of 
t he   f ron t   t o   t he   cen te r  of the r ea r   ro to r  hubs) Some of  the  force- 
test results were a l s o  referred  to  the  center-of-gravity  positions 
corresponding t o  the normal and most forward  center-of-gravity  position 
f o r  a similar full-scale  helicopter (50 and 45 percent of  the  distance 
from the  center of the   f ront   to   the   cen ter   o f . the   rear   ro tor  hubs}. 
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RESULTS ANIl DISCESSION 

Stab i l i t y  of the  Original Model 

The results  presented in f igure  5 show t ha t  i n  the  original  config- 
uration  the model was directionally  unstable a t  angles of  yaw between 
about 100 and -loo a t  0' angle of a t tack and was unstable  through a 
samewhat d e r  range of yaw a t  -loo angle of attack. A comparison of 
these  force-test   results with the   resu l t s  of tests of a similar model 
a t   t h e  David W. Taylor Model Bask (reference 1) is shown i n  f igure  6. 
Th i s  comparison shows that the measured charac te r i s t ics  of the models 
were similar except for   the   l a te ra l - force   coef f ic ien ts  of the  original 
model. 

The var ia t ion of the  directional-stability  parameter Cnp with 
angle of attack from 200 t o  -200 i s  shown i n   f i g u r e  7. These data show 
tha t   the  mode l  was unstable  throughout  the  angle-&-attack  range. 

In order t o   U u s t r a t e   t h e  magnitude of the ef fec t  of ,center-of - 
gravity  posit ion on the  direct ional   s tabi l i ty  of the model, the data 
from figure 5 f o r  0' angle of at tack  referred  to  three center-of-gravity 
positions are presented i n  figure 8. These three  center-of-gravity 
positions  correspond t o   t h e  most forward, normal, and most rearward 
center-of-gravity  positions  for a simil'ar full-scale  helicopter.  The 
data show that a forward movement of the  center of gravity caused a 
reduction i n  the   d i rec t iona l   ins tab i l i ty  of the model at small angles 
of yaw and apparently  reduced  the angle of yaw at  which the model  would 
trim but did not make the model stable.  A rearward movement  of the 
center of gravity had the  reverse  effect  on t h e   d i r e c t i o n a l   s t a 3 U t y  
of the model. 

Causes of Low Direct ional   Stabi l i ty  

The th ick   a i r fo i l   sec t ion  of the   ver t ica l  t a i l  H-s thought ' -  Se 
one of the  causes of low di rec t iona l   s tab i l i ty  because the  data L 

reference 3 f o r  an NACA 0035 a i r fo i l   s ec t ion   i nd ica t e   t ha t  such thick 
a i r fo i l   sec t ions .  have low l i f t -curve  s lopes  par t icular ly   a t  small angles 
of attack. I n  order  to  investigate  this  possible  cause of the  direc- 
t i o n a l  i n s t a b i l i t y  of the model, t e s t s  were made with a thinner   ver t ical  
t a i l  (tail A )  and also with  double-split  flaps  (area 9 )  added to   t he  
or iginal  tail. The e f f ec t s  of t a i l  A and of area 9 on the  directional 
s t a b i l i t y  of the model a re  shown by the  data  presented i n  f igure  9. 
These data show tha t   the   d i rec t iona l   ins tab i l i ty  of the model was 
reduced approxbately 40 percent by the  use of t a i l  A. The addition 
of double-split  flaps  (area 9) t o - t h e   o r i g i n a l   t a i l  of the model 
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caused a reduction in the   i n s t ab i l i t y  of the model of approximately 
80 percent.  This  effect of t h e   s p l i t   f l a p s  in increasing  the slope of 
the lift curve of an a i r f o i l  has been indicated  previously by the  data 
of reference 3 which show tha t  small deflections of a s p l i t   f l a p  on 
an NAGA 0035 airfoil caused a Large increase  in   the  l i f t -curve  s lope 
a t  low angles of attack.  Since  the results of t he   t e s t s  with t a i l  A 
and the   double-sp l i t   f l aps   ind ica te   tha t   the   d i rec t iona l   ins tab i l i ty  
of the model did  not result entirely from the low l if t-curve slope of 
the   ver t ica l  ta i l ,  it is apparent  that the t a i l  volume ( t a i l  length X 

t a i l  a r e a )  w a s  insuf f ic ien t  to prduce   s t ab i l i t y .  

1 

The tkin airfoil section and double-spli t   f laps were not  considered 
as pract ical   modif icat ions  for  improving t h e   s t a b i l i t y  of the helicopter 
because a th inner   a i r fo i l   sec t ion  would probably make the   ve r t i ca l  t a i l  
unsat isfactory  for  a rear ro tor  pylon and because the  double-spli t   f laps 
would cause a large  increase in drag. 

Tests of Some Practical   Modifications  for 

Increasing  Directional  Stabil i ty 

The r e su l t s  of tests made t o  determine  the  stabil i ty of the model .. with some modifications  intended as practi-cal means of increasing  the 
d i r ec t iona l   s t ab i l i t y   a r e  shown i n   f i g u r e s  10 t o  h. The data  presented 
in f igure   10  show the   e f fec t  of a modification  to the a i r f o i l   s e c t i o n  
and several   d i f ferent  k S . 1  extensions on the s t a t i c   d i r ec t iona l   s t ab i l -  
i t y  of the model. 

Since a thinner a i r f o i l  was found to reduce the direct ional  insta- 
b i l i t y  of the model but was considered  impractical,  the  original  airfoil 
was modified by adding  area 1 which effect ively reduced t h e   t h i c h e s s  
r a t i o  of the airfoil. Instead of reducing  the directional in s t ab i l i t y ,  
however, this   modif icat ion  actual ly   increased  the  direct ional   instabi l i ty .  
T h i s  result may be a t t r ibu ted   par t ly   to   the   fac t   tha t   the   reduct ion  in 
aspec t   ra t io  and geometric moment a- of the tail tended t o  o f f s e t  the  
gain  result ing from the  reduction in s e c t i o n   t h i c h e s s   r a t i o  and the 
increase in tail area. Another possible  cause of the  increase i n  
d i rec t iona l   ins tab i l i ty  was interference  effects  which r e su l t ed   i n  a 
reduction i n   e f f e c t i v e  tail moment arm. 

With 'areas 2 and 3 added to   t he   o r ig ina l   ve r t i r  * t t a i l  the  insta-  
b i l i t y  of the model a t  small angles of yaw w a s  reduced. Adding areas  4, 
5, and 6 to   t he   o r ig ina l   ve r t i ca l  tail caused the model t o  be  about 

angles of yaw. Adding area 7 t o  this configuration  caused  the model to 
be stable  throughout  the angle-of-yaw range. 

. neu t ra l ly   s t ah le   a t  small angles of  yaw and def in i te ly   s tab le  a t  la rger  

- 
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The effect of fa i r ing  the  t ra i l ing-edge  extenskons  into  the  a i r foi l  
of the   ver t ica l  tail as indica ted   in  figure 4 i s  shown by the  data 
presented i n  figure. lI+ These da ta   ind ica te - tha t  fai.rr.the tra i l ing-  
edge extension has only a small e f fec t  on the directional s t a b i l i t y  of * 
the   mdel   wi th  area 2 added. This   resul t   indicates  that fa i r ing   t he  
other  trailing-edge .&ensions would probably  not have much e f f ec t  on 
d i rec t iona l   s tab i l i ty .  

. 

The effect of two v e n t r a l   f i n s  on t h e   s t a b i l i t y  of the  model is 
shown i n  f igure  12. The large  ventral  f in  (meas. 5 and 6) appeared t o  
contribute more d i rec t iona l   s tab i l i ty   in   p ropor t ion   to  i t s  area than 
any other of the  trailing-edge  extensions. Because a vent ra l  fin the  
s ize  of areas 5 and 6 would decrease  the ground clearance which might 
be needed in autorotative  landings, a smaller  ventral f i n  (area 5 )  was 
tested.  This v e n t r a l   f i n  was  found to have a negl igible   effect  on the 
s t a b i l i t y  of the   o r ig ina l  model. 

The effect .of the  twin  end-plate  vertical tails is shown i n  figure 13. 
These data show that the  model was about  neutrally  stable a t  small angles 
of yaw and w a s  def in i te ly   s tab le  a t  larger  angles of yaw with these tails. 
Twin end-plate  vertical tails of l a rger  areas or  higher  aspect  ratios 
than  those  tested would, of course, make the model stable  throughout  the 
angle-of-yaw range.  Figure shows the   e f fec t  of twin  end-plate  verti- 
c a l  t a i l s  on the   d i rec t iona l   s tab i l i ty  of the model a t  angles of yaw 
between -loo and 190°. These data show that  twin  end-plate  vertical  
tails had l i t t l e  ef fec t  on the  weathercocking  tendency a t  high  angles of 
yaw. This effect i s  probably  caused by the  blanketing  effect  of the 
ve r t i ca l  tails on each  other.  Since  an  increase in the  weathercocking 
tendency a t  high angles of yaw i s  undesirable  because It w i l l  increase 
the   d i f f icu l ty  of f lying sideways o r  hovering i n  a cross wind, the  twin 
end-plate v e r t i c a l  tails seem t o  be a very  practical  method of increasing 
the   d i rec t iona l   s tab i l i ty  st -1 angles of yaw. 

CONCLUSIONS 

The following  conclusions were drawn from the  results of an investi- 
gation in  the Langley free-fl ight  tunnel of t he   s t a t i c   d i r ec t iona l   s t ab i l -  
i t y  of a typical  tandem-helicopter  fuselage. 

1. In  the  original  configuration  the model was directiunally  unstable 
a t  angles of yaw less than  about loo. 

2. Twin end-plate  vertical  t a i l s  mounted on the   t i p s  of the hori- 
zontal t a i l  were found t o  be one prac t ica l  means of  making the  model 
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direct ional ly   s table  a t  small angles of yaw without  appreciably 
increasing  the  weathercocking  tendency at high  angles of yaw. I 
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Figure 1.- The s t a b i l i t y  syatem of axes. Arrm indicate  posit ive  directiana 
of moments, forces, and control-surface  deflectione.  Thie system of 
axe8 is defined &S an orthogonal ~yatem having the   or igin at the center 
of gravity and in which the Z-axis ie i n  the  plane of symmetry and 
perpendfculer to   the   re la t ive  wfnd, the X - a x i s  ia tn the plan;; of symmetry 
and perpendicular t o  the Z-axis ,  and the Y-axis is perpendicu1.w t o  the 
plane of  sJimmetry. 
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Figure 2.- Top and side v i e w  of the model ueed in the Langley free-flight- 
tunnel investigation with a section through the vertical taLl sharing 
the thick airfoil Used. All dimensions in inches. 
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Figure 3.- Three-quarter view of the  helicopter model used In the 
directiomX!.-stability investigation. 
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Figure 4.- Vert ical   ta i l  of the model with  modifications used in the 
Langley fkee-flight-tunnel investigation. All dfmenafons i n  inches. 
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Figure 5.- Directional e t a b i l i t y  of the or ig ina l  model 
for Oo and -loo angle of attack. 

and fuselage alone 
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0 Or/p/na/ mode/, pr sent tests 
0 ""_ Fusdage alone, present fesfs 
" Or/g/no/  mode/, r e  P erence 1 

A --- Fuse/age done, reference / 

mgure 6.- Campariaon of the la teral-force and yawing-mcrment coefficients 
of the or iginal  model a d  fuselage  alone with the data of reference 1. 
a = 0'. 
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Ffgure 7.- Effect of  angle of attack on the dfrectio% stabil&ty of the 
original model. Data obtained frm teat8 made a t  5 and -5 angles 
of yaw. 
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Figure 8.- Effect of center-of-gravity  location on the direct ional  
s t a b i l i t y  of the or ig ina l  model. a = 0 . 0 
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Figure 9.- Effect of modificatiane to the a i r f o i l  of the vertical t a i l  
on the directional s tabi l i ty  of the model. a = 0'. 



Figure 10.- Effect of a modification t o   t h e ’ a i r f o i l   s e c t i o n  and several  
d i f fe ren t   t a i l   ex te rn ions  on the d i r ec t iona l   s t ab i l i t y  of the model. 
a = oO. 
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Figure 11.- Effect of fairing trailing-edge extensions on the  directional - 
stabil i ty of the model. a = Oo. 
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0 Ongmd mode/ 
n- - Or/g/no/ mode/ + ore0 5 e------ Or/g/na/ mode/+ ureas 5and 6 

Figure 12.- Effect of ventral-fin s i z e  on the directional stability of 
the m o d e l .  a = 0'. 
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Figure 13.- Effect of twin end-plate vertical  tails an the directional 
s tab i l i ty  of the model. a = Oo. 
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Figure 14.- Effect of t u in  end-plate vertical  tails on the weathercocking 
tendency of the model at hi@ angles of yaw. a = Oo. 




