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WIND-TUNNEL INVESTIGATION OF AN UNPOWERED HELICOPTER 

FUSELAGE MODEL WITH V-TYPE EMPENNAGE 

Carl E. Freeman"  and William T.  Yeager, Jr.* 
Langley  Research  Center 

SUMMARY 

An i n v e s t i g a t i o n  has b e e n   u n d e r t a k e n   t o   e s t a b l i s h   t h e   a p p l i c a b i l i t y   o f  a 
V-type  empennage on an unpowered semiscale he l i cop te r   fu se l age .   Conf igu ra t ion  
changes   i nc luded   va r i a t ions   o f  V-tail d ihedra l   angle ,   p lanform area, and i n c i -  
dence  angle.  O f  t h e  conf igu ra t ions  tested,  a V-tail wi th  a d i h e d r a l   a n g l e  of 
55O, a to t a l   p l an fo rm area of  0.244 m2 (2.625 f t 2 ) ,  and  an  incidence  angle of 
5 O  most n e a r l y  match the trim and s t a t i c  s t a b i l i t y   o f  the base l ine   convent iona l  
empennage. 

INTRODUCTION 

Convent ional ly   powered,   s ingle   rotor   hel icopters   have  experienced  direc-  
t i ona l   con t ro l   . p rob lems   wh i l e   ope ra t ing   i n   l ow-ve loc i ty  l e f t  rear q u a r t e r i n g  
winds in   g round effect  and  during  low-speed sideward f l i g h t   i n   g r o u n d   e f f e c t  
(refs. 1 and 2 ) .  Inves t iga t ions   have   been   conducted   to   de te rmine  the source 
o f   t hese   d i r ec t iona l   con t ro l   p rob lems  and p o s s i b l e  means o f   a l l e v i a t i n g  them 
(refs .  3 t o   5 ) .   R e f e r e n c e  4 showed that  a V-type  empennage p r e s e n t s   s i g n i f i c a n t  
advantages   over   convent iona l   hor izonta l -ver t ica l   cont ro l   sur faces  w i t h  r e spec t  
t o   h e l i c o p t e r   d i r e c t i o n a l   c o n t r o l  a t  low speeds.  The pr inc ipa l   advantages  are: 
( 1 )  smaller adve r se   f i n   fo rces   and  ( 2 )  i n c r e a s e d   t a i l - r o t o r   e f f i c i e n c y .  

To i n v e s t i g a t e  more f u l l y  the effects  of  a V-type  empennage on v e h i c l e  sta- 
b i l i t y  and c o n t r o l  a t  t y p i c a l   h e l i c o p t e r   c r u i s e   s p e e d s ,  a parametric s tudy was 
conducted   in  the Langley V/STOL tunnel .  The tests were ca r r i ed   ou t   w i th   an  
unpowered h e l i c o p t e r   f u s e l a g e  model t o   p r o v i d e  a b a s e l i n e   f o r  V-type  and  conven- 
t i o n a l  empennage s t a t i c  s t a b i l i t y   c o m p a r i s o n s .  V-tail pa rame te r s   i nves t iga t ed  
were planform area, d i h e d r a l  angle ,   and  incidence  angle .  

SYMBOLS 

Uni t s   u sed   fo r  the p h y s i c a l   q u a n t i t i e s   d e f i n e d   i n  t h i s  paper are g i v e n   i n  
the In t e rna t iona l   Sys t em  o f   Un i t s   (S I )   and   pa ren the t i ca l ly   i n  U.S. Customary 
Units.   Measurements  and  calculations were made i n  U.S. Customary  Units.  Conver- 
s i o n   f a c t o r s  are p r e s e n t e d   i n   r e f e r e n c e   6 .  

P o s i t i v e   s e n s e s   o f   f o r c e s ,  moments, and  angles  are p r e s e n t e d   i n   f i g u r e  1 .  
Re la t ive  balance p o s i t i o n s  and loca t ion   o f  the model moment r e fe rence   cen te r  are 
shown i n   f i g u r e  2. 

*Langley  Directorate ,  U.S. Army Air Mobi l i ty  RAD Laboratory.  
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CY 

r e fe rence  rotor d i s k  area, TR2 

d r a g   c o e f f i c i e n t ,  - FD 
4mA 

l i f t  c o e f f i c i e n t ,  - FL 
qoDA 

ro l l ing-moment   coef f ic ien t ,  MX 
q a m  

pitching-moment   coeff ic ient ,  __ MY 
qo,AR 

yawing-moment c o e f f i c i e n t ,  - MZ 
q A R  

s i d e - f o r c e   c o e f f i c i e n t ,  - FY 
qoJ 

s e c t i o n  l i f t  c o e f f i c i e n t  

drag f o r c e ,  N ( l b f )  

l i f t   f o r c e ,  N ( l b f )  

side f o r c e ,  N ( l b f )  

h o r i z o n t a l - t a i l   i n c i d e n c e   a n g l e ,  deg 

V-tail i nc idence   ang le ,  deg 

r o l l i n g  moment, N-m ( f t - l b )  

p i t ch ing  moment, N-m ( f t - l b )  

yawing moment, N-m ( f t - l b )  

dynamic p res su re ,  P a  ( p s f )  

r e f e r e n c e   r o t o r   r a d i u s ,  1.68 m (5.5 f t )  

V-tail t o t a l   p l a n f o r m  area, m2 ( f t 2 )  

free-stream v e l o c i t y ,  m/sec ( f t lsec)  

ang le  of a t t a c k ,  deg 

a n g l e   o f   s i d e s l i p ,  deg 

d i h e d r a l   a n g l e ,  deg 
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$ ro l l  a n g l e ,  deg 

Model component . d e s i g n a t i o n s  : 

F fuselage 

G landing  s k i d s  

S convent iona l  empennage 

W w i n g  

‘abc V-tail empennage, where a ,  b ,  and c are as i n d i c a t e d   i n  the 
fo l lowing  table : 

a 

5 1 0.186 (2.000) 1 45 1 

i v ,  deg C b r 9 deg 

2 50 2 .244 (2.625) 
10 3 .302  (3.250) 3 ’ 55 3 
8 2 

c 

Abbreviat ion : 

w. L. w a t e r   l i n e  

MODEL AND APPARATUS 

A photograph  of t he  model  used i n  t h i s  i n v e s t i g a t i o n  is shown i n   f i g u r e  3. 
Dimensions  and  geometr ic   character is t ics  are g i v e n   i n  table I. The t o t a l  model 
system cons i s t ed   o f  a fuselage-empennage  combinat ion  configured  to   represent   the 
attack h e l i c o p t e r  of r e f e r e n c e  1, t he  g e n e r a l   r o t o r  model system (GRMS),  and the  
Langley V/STOL tunne l  high alpha-beta s t i n g  assembly. 

F igure  2 i l lust rates  the differences  between the  model used i n  t h i s  i n v e s t i -  
g a t i o n  and  an  exact 1/4-scale model  of the  a t t a c k   h e l i c o p t e r   o f   r e f e r e n c e  1. 
The model f u s e l a g e  width was i n c r e a s e d   t o  accommodate the  GRMS. A l l  o t h e r  com- 
ponents :   pylon,   landing s k i d s ,  wings,  and empennage were t r u e  1 / 4  s c a l e .  

The GRMS c o n s i s t s   o f  a s t r a in -gage   ba l ance  system and a r o t o r  power system. 
Three six-component  strain-gage  balances were used t o  measure  aerodynamic  forces 
and moments on t h e  model. The main  balance measured t o t a l  model forces   and  
moments. The r o t o r   b a l a n c e  was mounted i n s i d e  the model  and  measured  loads on 
the  r o t o r  hub  and shaft .  The t a i l  ba lance  was mounted on the  a f t  part  of t he  
GRMS keel and measured the  empennage  aerodynamic  loads,  including 33.0 cm 
(13.0 i n . )  of the t a i l  cone. 

The model was supported a t  a loo a n g l e  from the  bottom by the  high alpha- 
beta sting assembly ( f ig .  3). The desired p i t c h  and s i d e s l i p   a n g l e s  were 
obta ined  by vary ing  the  three sting j o i n t   a n g l e s .  Model height  above the  tunne l  
floor remained  constant,   and  model  roll   angle  remained  nominally go. “he model 
p i t c h   a n d   r o l l   a n g l e s  were measured by i n s t r u m e n t a t i o n   i n s i d e  the  model,  and 
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model s i d e s l i p  ang le  was ca lcu la ted   f rom the  r e l a t i o n s h i p   o f  t he  three s t i n g  
j o i n t  angles. 

The model  could be conf igured  with either a convent iona l  or V-tail empen- 
nage. The convent ional  empennage cons i s t ed   o f  a h o r i z o n t a l   a n d   v e r t i c a l . s t a b i l i -  
zer. The h o r i z o n t a l  surfaces had nega t ive  camber with a var iab le   inc idence   capa-  
b i l i t y .  The v e r t i c a l  t a i l  had nega t ive  camber ( p o s i t i v e  side fo rce )   and   f i xed  
inc idence .  The V-tail empennage could be conf igured  wi th  three s u r f a c e  areas, 
three d ihedra l  angles,   and three inc idence   angles .  Details o f  t h i s  empennage ' 

are shown i n   f i g u r e  4 .  S t r a i n  gages were attached t o  the  s p a r s   o f  the  V-tail 
pane ls   to   measure  beamwise loads  on the  ind iv idua l   pane l s .  The r ight  V-panel, 
as well as the c o n v e n t i o n a l   v e r t i c a l  t a i l ,  had r e p r e s e n t a t i v e   t a i l - r o t o r   g e a r b o x  
fairings. 

During  par t   of  the i n v e s t i g a t i o n ,  t h e  V-tail empennage was mounted a lone  
with t h e  t a i l  balance on a blade s t r u t   t o   o b t a i n  t a i l  data wi thout   fuse lage  
i n t e r f e r e n c e .  A bluff   forebody was attached t o  the  s t r u t   t o  close o f f  the  t a i l  
cone. A photograph  of t h i s  arrangement is p r e s e n t e d   i n   f i g u r e  5. 

TESTS AND CORRECTIONS 

The tests were conducted   in  t h e  Langley V/STOL t u n n e l ,  which is an 
a tmospher ic ,   c losed-c i rcu i t  wind tunnel .  The test sect ion  measures   4 .42 m 
(14.50 f t )  by 6.63 m (21.75 f t ) .  During the  tests, the model was held nea r  t h e  
c e n t e r   l i n e   o f  t he  test sec t ion   ou t   o f   g round effect. Data were obta ined  a t  
free-stream dynamic pressures of  694,  1436,  1896,  and 2298  Pa (14.5,   30.0,   39.6,  
and 48.0 p s f )  which co r re spond   t o  a Mach number range  of   0 .10  to   0 .18.   Transi-  
t i o n  g r i t  was pl.aced on the f u s e l a g e ,  w i n g s ,  and. t a i l  s u r f a c e s ,  as s u g g e s t e d   i n  
r e fe rence  7. 

Angle-of-attack sweeps were made at"Oo s i d e s l i p   f r o m  - 1 8 O  t o  8 O  beginning 
a t  Oo angle of  at tack. S i d e s l i p  sweeps were made a t  nominal fuselage trim p i t c h  
a n g l e s   f o r  each p a r t i c u l a r  airspeed. These trim cond i t ions  were based on lg  
l e v e l  f l i g h t  wi th  a two-bladed t e e t e r i n g   r o t o r  and were determined  using the com- 
p u t e r  program described i n   r e f e r e n c e s  8 t o  10. 

A l l  data have  been  corrected  for  jet-boundary effects by the  methods  used 
i n   r e f e r e n c e  11. L o n g i t u d i n a l   a n d   d i r e c t i o n a l   c o r r e c t i o n s  were appl ied  t o  t he  
main  and t a i l  balance data t o   a c c o u n t   f o r  t h e  movement o f  t he  middle s e c t i o n   o f  
t he  model suppor t   s t i ng .  Depending upon the  p i t ch   and  yaw angles   requi red   and  
the  tunne l  dynamic p res su re ,  the sting caused a v a r i a b l e   f l o w   d e f l e c t i o n  a t  t he  
t a i l .  By holding t h e  p i t c h  and yaw angles   cons tan t   and  by moving the midd le  sec- 
t i o n   o f  the s t ing   a round  its azimuth', t h e  f l o w - f i e l d   v a r i a t i o n s  were obta ined  
and c o r r e c t i o n s  were a p p l i e d   t o  the.data .  

The data were recorded on a d i g i t a l  da t a -acqu i s i t i on  system. A data p o i n t  
c o n s i s t e d ' o f  an average  of f i f t y  samples 'o f  data acqui red   over  a 5-sec i n t e r v a l .  
A l l  s t ra in-gage  data .were fi l tered above 2 Hz. " 

, '  
, t  .. , 

. .. 
: .  I 

" .. . . ._: . _  - .  . .  . 
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. .:. PRESENTATION  OF DATA 

Data taken   dur ing   th i s   Tnves t iga t ion   have   been   p lo t ted   and  are g i v e n   i n  fig- 
u r e s  6 to   14 .   Longi tudina l   and  lateral data f o r  a l l  t h r e e  balances are refer- 
enced  to   the  moment-reference  center  shown i n  f i g u r e  2.   Longi tudinal  data are 
i n   t h e   s t a b i l i t y - a x i s   s y s t e m ,   a n d  lateral  data are in   the   body-axis   sys tem.  
Both the . long i tud ina1   and  lateral  data use a nomina l   ro to r   d i sk  area and   ro to r  
r a d i u s  as re fe rence  area and  length.  

The data are p r e s e n t e d   i n   t h e   f o l l o w i n g   o r d e r :  

Figure 
Longi tudina l  characteristics: 

Effect of 'V-tail d i h e d r a l   a n g l e  . . . . . . . . . . . . . . . . . . . .  ' 6 
E f f e c t o f  V-tail planform area 7 

Effect o f   fu se l age  . . . . . . . . . . .  ' . . . . . . . . . . . . . . . .  9 
Effect o f   ho r i zon ta l - t a i l   i nc idence   ang le  . . . . . . . . . . . . . . .  10 

. .  . . . . . . . . . . . . . . . . . . . .  
Effect o f  V-tail inc idence   ang le  . . . . . . . . . . . . . .  : . . . .  8 

L a t e r a l - d i r e c t i o n a l  characteristics: 
Effect of  V-tail d i h e d r a l   a n g l e  . . . . . . . . . . . . . . . . . . . .  11 
Ef fec t   o f  V-tail planform area . . . . . . . . . . . . . . .  i . . . .  12 
Effect of  V-tail inc idence   angle  . . . . . . . . . . . . . . . . . . .  13 
Effect o f   ang le   o f  attack . . . . . . . . . . . . . . . . . . . . . . .  14 

DISCUSSION OF RESULTS 

The data i n  t h i s  r e p o r t  are, on the ,whole ,   -presented   wi thout  detailed analy-  
ses or cor re l a t ion   w i th   t heo ry . '  The main  impetus  for t h i s  i n v e s t i g a t i o n  was t o  
determine the  effects o f  a V-type  empennage  on t h e  s t a t i c  s t a b i l i t y   c h a r a c t e r i s -  
t ics of  an unpowered h e l i c o p t e r   f u s e l a g e   a n d   t o   i d e n t i f y  a V-tail conf igu ra t ion  
t h a t   p r o v i d e s   e s s e n t i a l l y  t h e  same l e v e l   o f  s ta t ic  longi tudina l   and  lateral- 
d i r e c t i o n a l   s t a b i l i t y  as t h e   b a s e l i n e   c o n f i g u r a t i o n .  The base l ine   conf igu ra t ion  
used was t h a t   o f   t h e  attack h e l i c o p t e r   o f   r e f e r e n c e   1 .  Not a l l  t h e   p o s s i b l e  com- 
b ina t ions   o f  V-tail d ihedra l   angle ;   p lanform area, and   inc idence   angle  were 
tested. The conf igu ra t ions   omi t t ed  were those  t h a t ,  based on data t r ends   du r ing  
t h e  t es t ,  would n o t   m a t c h   t h e   s t a b i l i t y   l e v e l s   o f   t h e   b a s e l i n e   c o n f i g u r a t i o n .  
The fo l lowing   s ec t ions  are p r o v i d e d   t o  describe h i g h l i g h t s   o f   t h e  data presented .  

. -  

L o n g i t u d i n a l   C h a r a c t e r i s t i c s  

F igures  6 t o  8 show t h e  effects o f  V-tail d ihedra l   angle ,   p lanform area, 
and  incidence  angle  on v e h i c l e  s ta t ic  l o n g i t u d i n a l   s t a b i l i t y .   F i g u r e  6' shows 
t h a t  as the V-tail d i h e d r a l   a n g l e  is i n c r e a s e d   f o r  a f i x e d  area, veh ic l e   l ong i -  
t u d i n a l   s t a b i l i t y  decreases. Th i s  change is t o  be e x p e c t e d   s i n c e   a n   i n c r e a s e   i n  
d i h e d r a l   a n g l e   r e s u l t s   i n  a decrease i n   p r o j e c t e d   h o r i z o n t a l - t a i l  area. This  
effect o f   d i h e d r a l   a n g l e  is n o t  as r e a d i l y   a p p a r e n t   i n   f i g u r e s  6(a) and  6(b) as 
it is i n   f i g u r e s   6 ( c )   t o   6 ( e )   s i n c e   t h e  t a i l  area o f  0.186 m2 (2.0 f t2) appears  
t o  be m a r g i n a l   f o r   p r o d u c i n g   p o s i t i v e   l o n g i t u d i n a l   s t a b i l i t y .  

, I  
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Figure 7 a l s o  
angles, on v e h i c l e  
a l s o   i n c r e a s e s  the 
V-tail area o f .  t he  

1: 1 
shows the effect o f  V-tail planform area, f o r  fixed d ihedra l  j 

l o n g i t u d i n a l  s t a b i l i t y .  As expec ted ,   i nc reas ing  the  area 1 
l o n g i t u d i n a l   s t a b i l i t y .  As f i g u r e  6 shows, t h e  smallest 
tests is marg ina l   fo r   p roduc ing   pos i t i ve   l ong i tud ina l  s tabi l -  ,! 

!I 

i t y ,   p a r t i c u l a r l y  a t  p o s i t i v e   a n g l e s   o f  at tack. i 

Figure 8 shows the  effect o f  V-tail inc idence   ang le  on v e h i c l e   l o n g i t u d i n a l  
s t a b i l i t y  for fixed va lues  of d i h e d r a l  angle   and  planform area. Changes i n  the  if 
inc idence   angle  are shown t o  have l i t t l e  effect on the  v e h i c l e  s t a t i c  long i tud i -  $ 

n a l  s t a b i l i t y .  ?, 

,i 
JI 

j 

I n  figures 6 t o  8 t h e  l o n g i t u d i n a l  characterist ics o f  t h e  b a s e l i n e   v e h i c l e  
conf igu ra t ion  are compared wi th  those   o f  the V-tail c o n f i g u r a t i o n s .  The V-tail 

i 

is shown t o  have s t a b i l i t y  characterist ics g e n e r a l l y  as good as, o r  better than ,  
t 
i 

the convent iona l  t a i l  arrangement  used on the b a s e l i n e   v e h i c l e   c o n f i g u r a t i o n .  I 
i 

This  r e s u l t  is, of  course,   dependent on the combinat ion  of  V-tail d ihed ra l  ang le  l 

and planform area chosen. The smallest area tested is margina l   even   for  t he  i 
lowest d ihed ra l  ang le ,  whereas the  largest area tested produces more s t a b i l i t y  

i 

than  needed  even a t  the highest d ihed ra l  ang le  tested.  The d ihedra l  ang le  
requi red   to   p roduce  s ta t ic  l o n g i t u d i n a l  s t a b i l i t y  and trim e s s e n t i a l l y  the  same 
as the base l ine   conf igu ra t ion  is dependent on the area chosen. The combination 
t h a t  p r o d u c e d   l o n g i t u d i n a l   s t a b i l i t y  characteristics g e n e r a l l y   e q u i v a l e n t   t o  t he  
base l ine   conf igu ra t ion  was a d ihedra l  ang le   o f  55O,  a t o t a l   p l a n f o r m  area of  
0.244 m2 (2.625 f t 2 ) ,  and  an  incidence  angle  of 5 O .  

1 

The effect  of  t h e  fuse l age  on v e h i c l e   l o n g i t u d i n a l   s t a b i l i t y   c a n   a l s o  be 
determined  f rom  f igures  6 t o  8 by comparing the  r e s u l t s   f r o m  the  t o t a l   f o r c e  and 
moment balance wi th  the  r e s u l t s  from the  t a i l  ba lance .   In  a l l  cases, the  fuse-  
lage is seen   to   have  a s i g n i f i c a n t  effect on v e h i c l e   l o n g i t u d i n a l   s t a b i l i t y .  
T h i s  effect  is p a r t i c u l a r l y   t r u e   f o r  the  b a s e l i n e  t a i l  conf igu ra t ion .  The 
V-tail is most affected by the  fuse l age  when the  smallest planform area is used. 

As a means o f   ve r i fy ing  t h e  adverse  effect o f  t h e  f u s e l a g e ,   s e v e r a l   r u n s  
were made w i t h  t h e  V-tail mounted a l o n e   i n   t h e  test s e c t i o n  as shown i n   f i g u r e  5. 
Resul t s   o f  these tes t s  are p r e s e n t e d   i n   f i g u r e  9. These data show t h a t  t he  t a i l  
c o n t r i b u t i o n   t o   s t a b i l i t y  was considerably  reduced  because  of t he  downwash 
effects a s soc ia t ed  w i t h  t h e  fuselage-wing  combination. 

F igures  6 t o  8 a l s o  show the drag characteristics of the  b a s e l i n e  and 
V-tail conf igu ra t ions .  The data show that the  V-tail conf igu ra t ion   gene ra l ly  
produces more drag than the  base l ine   conf igu ra t ion .  This  r e s u l t  may be caused 
by t h e  increased  area o f  the  V-tail and by the   i n t e r f e rence   and   i nduced   l o s ses  
a s soc ia t ed  with the V-tail as i n d i c a t e d   i n   r e f e r e n c e   1 2 .  

Figure 10 summarizes data f o r  t h e  t a i l - o f f   c o n f i g u r a t i o n   a n d   f o r  t h e  base- 
l i n e   c o n f i g u r a t i o n  a t  s e v e r a l   v a l u e s   o f   h o r i z o n t a l - t a i l   i n c i d e n c e   a n g l e .  

La te ra l -Di rec t iona l  Characteristics 

Figures  11 t o  13 show the  effects o f  V-tail d ihed ra l  angle ,   p lanform area, 
and  incidence  angle  on v e h i c l e  s t a t i c  la teral  a n d   d i r e c t i o n a l   s t a b i l i t y .   F i g -  
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ure  11 shows t h a t  i n c r e a s i n g  V-tail d ihed ra l  angle, for a f ixed  planform area, 
has  a small effect on the v e h i c l e  lateral a n d   d i r e c t i o n a l  s ta t ic  s t a b i l i t y .   F i g -  
u re  11 i n d i c a t e s  that  V-tail area is a more powerful   parameter   than  dihedral  
angle .  

F igure  12 shows the  effect o f  V-tail area, f o r   f i x e d   d i h e d r a l   a n g l e s ,  on 
v e h i c l e  lateral  a n d   d i r e c t i o n a l  s ta t ic  s t a b i l i t y .   I n c r e a s i n g   t h e   p l a n f o r m  area 
while m a i n t a i n i n g   t h e   d i h e d r a l   a n g l e   i n c r e a s e s   b o t h  the lateral a n d   d i r e c t i o n a l  
s t a b i l i t y .  The smallest area is shown t o  be u n s a t i s f a c t o r y  regardless o f  t he  
d i h e d r a l  angle a t  which it is t e s t e d .  

Figure  13 shows the  effect o f  V-tail i nc idence   ang le ,   fo r   f i xed   va lues   o f  
d ihedra l  ang le  and planform area, on v e h i c l e  lateral  a n d   d i r e c t i o n a l  s ta t ic  sta- 
b i l i t y .  Changes i n  the inc idence  angle are shown t o  have l i t t l e  effect on the  
v e h i c l e   s t a b i l i t y .  

F igures  11 t o  13   a l so  show a comparison  of the  lateral  a n d   d i r e c t i o n a l  char- 
acteristics of  the  base l ine   conf igu ra t ion  wi th  each d i f f e r e n t  V-tail configura-  
t i o n .  With t h e  except ion   of  the  smallest V-tail area o f  the  tests,  the  V-tail 
is shown t o   h a v e   s t a b i l i t y  characteristics g e n e r a l l y  as good as, o r   b e t t e r   t h a n ,  
the convent iona l  t a i l  arrangement  used on the  b a s e l i n e   v e h i c l e   c o n f i g u r a t i o n .  
The small V-tail area p r o d u c e s   s u f f i c i e n t  lateral  s t a b i l i t y   b u t   d o e s   n o t   a l w a y s  
produce a s t a b i l i z i n g   d i r e c t i o n a l   c o n t r i b u t i o n .   J u s t  as f o r  the veh ic l e   l ong i tu -  
d i n a l  characteristics, the  V-tail combination tha t  produced lateral  and direc- 
t i o n a l   s t a b i l i t y  characteristics g e n e r a l l y   e q u i v a l e n t   t o  t h e  base l ine   conf igura-  
t i o n  was a d ihedra l  a n g l e  of 55O, a t o t a l   p l a n f o r m  area o f  0.-244 m2 (2.625 f t 2 ) ,  
and an   inc idence   angle   o f  50. 

The fuse l age  effect on v e h i c l e  lateral  a n d   d i r e c t i o n a l  s ta t ic  s t a b i l i t y   c a n  
a l s o  be de te rmined   f rom  f igures  11 t o  13 by comparing the  r e s u l t s  from the  t o t a l  
force  and moment balance wi th  t he  r e s u l t s  from the t a i l  ba lance .   Genera l ly ,  the  
fuse l age  is found t o  have l i t t l e  o r  no effect  on v e h i c l e  la teral  s t a b i l i t y   b u t  
does  produce a s i g n i f i c a n t   d e s t a b i l i z i n g  effect  d i r e c t i o n a l l y .  

Figure 14 shows the  effect  of   angle   o f  attack on v e h i c l e  la teral  and direc- 
t i o n a l  s ta t ic  s t a b i l i t y  characteristics. The v e h i c l e  is shown t o  have more 
f a v o r a b l e   s t a b i l i t y  characteristics g e n e r a l l y  a t  nega t ive   ang le s   o f  at tack wi th  
the  V-tail. 

SUMMARY OF  RESULTS 

The r e s u l t s  of t h i s  i nves t iga t ion   o f   an  unpowered h e l i c o p t e r  model w i t h  a 
V-type empennage may be summarized as fo l lows:  

1 .  The V-tail d ihedra l   angle   needed   to   p roduce  desired s ta t ic  s t a b i l i t y  
characteristics is dependent on V-tail area. 

2.  For the d ihedra l  a n g l e s  tested, s ta t ic  l a t e r a l - d i r e c t i o n a l   s t a b i l i t y  was 
less s e n s i t i v e   t h a n   l o n g i t u d i n a l   s t a b i l i t y   t o   c h a n g e s   i n  d ihed ra l  angle .  
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. 3 .  For the range  of  V,-tail parameters  tested, t h e  V-tail configurat ion  pro-  
duces higher drag than  the base l ine   conf igu ra t ion .  

4. A V-tail c o n f i g u r a t i o n  with a dihedral ang le   o f  550, a t o t a l   p l a n f o r m ,  I1 

!I 
area of  0.244 m2 (2.625 f t 2 ) ,  and  an  incidence  angle   of  5 O  most n e a r l y  matched 
the trim and s ta t ic  s t a b i l i t y   o f  t he  base l ine   conven t iona l  empennage. 

Langley Research Center  
National  Aeronautics  and Space Adminis t ra t ion 
Hampton, VA 23665 
February 4, 1977 I 
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TABLE I.- MODEL GEOMETRY 

Wing : 
A i r f o i l  : 

Root . . . . . . . . . . . . . . 
Tip . . . . . . . . . . . . . . 

Span, m ( f t )  . . . . . . . . . . . 
Area, m2 ( f t 2 )  . . . . . . . . . . 
Chord : 

Root, m ( f t )  . . . . . . . . . . 
Tip,  m ( f t )  . . . . . . . . . . 

Inc idence   angle   (chord   l ine) ,   deg  
Leading-edge  sweep,  deg . . . . . 
Dihedral   angle ,   deg . . . . . . . 

. . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  

. . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  

. . NACA 0030 . . NACA 0024 . 0.786  (2.58) . 0.159 (1.71) 
0.213  (0.700) 
0.158  (0.520) . . . . . .  14 . . . . . .  14 . . . . . .  0 

Horizonta l  t a i l  : 
A i r f o i l  . . . . . . . . . . . . . . . . . . . . . . . . . . Inver ted   Clark  Y 
Span, m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . 0.573  (1.88) 
Area, m2 ( f t 2 )  . . . . . . . . . . . . . . . . . . . . . . . . 0.0975 (I .05) 
Chord : 

Root, m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . 0.183  (0.60) 
Tip,  m ( f t )  . . . . .. . . . . . . . . . . . . . . . . . . . . 0.137  (0.45) 

Inc idence   angle   (chord   l ine) ,   deg  . . . . . . . . . . . . . . . . . 0, 6, 10 
Leading-edge  sweep, deg . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Dihedral  angle, deg . . . . . . . . . . . . . : . . . . . . . . . . . . . 0 

Vertical t a i l  : 
Span, m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . 0.378  (1.24) 
Area, m2 ( f t 2 )  . . . . . . . . . . . . . . . . . . . . . . . . 0.0966  (1.04) 
Chord : 

Root, m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . 0.341  (1.12) 
Tip,  m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . 0.171  (0.56) 

Incidence angle ( c h o r d   l i n e ) ,  deg . . . . . . . . . . . . . . . . . . . . 0 
Leading-edge  sweep,  deg . . . . . . . . . . . . . . . . . . . . . . . . . 50 

V-tails:a 
A i r f o i l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA4415 

Rotor   ( re ference) :  
Radius,  m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . 1.68 (5.50) 
Disk area, m2 (ft2) . . . . . . . . . . . . . . . . . . . . . . 8.83 (95.0) 

aSee f i g u r e  4 and  Symbols f o r   d e t a i l s .  
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Figure  1.- Axes and   s ign   conven t ions .   Pos i t i ve   d i r ec t ions  are 
ind ica t ed  by arrows. 
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Figure 2.- Model geometry.  Dimensions are i n  cm ( i n . ) .  
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Figure 4.- V-tail geometry.  Dimensions ar.e i n  cm ( i n . ) .  
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Figure  5.- V-tail wi thou t   fu se l age .  
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