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INTERFERENCE OF T A I L  SURPACZS AND B I N G  AND FUSELAGE 

~"ROIJI TESTS OF 1 7  COMBIiqATIONS IIJ THE B.A.C.A. 

VARIABLE-DEfJS I T Y  TUXilWEL 

By A l b e r t  Sherman 

An i n v e s t i g a t i o n  of t h e  i n t e r f e r e n c e  a s s o c i a t e d  w i t h  
t a i l  s u r f a c e s  added t o  wing-fuselage combinat ions  mas i n -  
c l u d e d  i n  t h e  i n t e r f e r e n c e  p r o g r a  i n  p r o g r e s s  i n  t h e  b M.A. C .A. v a r i a b l e - d e n s i t y  t u n n e l .  The r e s u l t s  i n d i c a t e  
t h a t ,  i n  a e r o d y n a m i c a l l y  c l e a n  combina t ions ,  t h e  i n c r e -  
ment t o  t h e  high-speed d r a g  can be e s t i m a t e d  from e c t i o n  Q c h a r a c t e r i s t i c s  w i t h i n  u s e f u l  l i m i t s  of accuracy .  %The i n -  
t e r f e r e n c e  a p p e a r s  mainly  a s  e f f e c t s  on t h e  downwash a n g l e  
and  a s  l o s s e s  i n  t h e  t a i l  e f f ' c i e n c y  and v a r i e s  m i t h  t h e  
geometry o f  t h e  combination.&An i n t c r f e r o n c c  b u r b l e ,  
which markedly i n c r e a s e s  t h o  g l i d e - p a t h  a n g l e  and t h e  st%- 
b i l i t y  i n  p i t c h  b e f o r e  t h e  a c t u a l  s t a l l ,  may loc cons id -  
e r e d  a a c a n s  of o b t a i n i n g  s a t i s f a c t o r y  s t a l l i n g  c h a r a c t e r -  
i s t i c s  f o r  a  complete combinat ion .  

The i s v e s t i g a t i o n  t h a t  %he Conmittee h a s  been con- 
d u c t i n g  i n  t h e  v a r i a b l e - d e n s i t y  wind t u n n e l  of t h e  a e r o -  
dynamic i n t e r f e r c n c e  between t h e  lying and t h e  f u s c l a g c  
( r e f e r e n c e s  1 t o  6 )  h a s  been extended t o  i n c l u d o  t h e  in -  
t e r f e r e n c e  a s s o c i a t e d  w i t h  t h e  t a i l  s u r f a c e s .  Comparable 
d a t a  a t  l a r g e  s c a l e  a r e  t h u s  made a v a i l a b l e  on t h e  a e r o -  
dShamic i n t e r f e r e n c e  between t h e  c o m ~ o n c n t  p a r t s  of r e -  
l a t e d  complcte combinat ions ,  

B e p r e s e n t a t i v e  wing-fuse lage  combinat ions  n e r e  t e s t -  
e d ,  t o  n h i c h  had been added- trio d i f T e r e n t  t y p e s  of  t a i l  
s u r f a c e s :  c o n v e n t i o n a l l y  a r r a n g e d  t a i l  s u r f a c e s  of semi- 
e : l l i p  L ica l  p l a n  form and r e c t a n g u l a r  h o r i z o n t a l  t a i l  s u r -  
f a c e s  1 ~ 2 t h  e l l i p t i c a l  end p l a t e s .  The t e s t s  mere r e s t r i c t -  

. e d  t o  t h e  c o n d i t i o n s  of ze ro  e l e v a t o r  d e f l e c t i o n  and z e r o  
yaw, and t h e  e f f e c t s  o f  t h e  i n t e r f e r e n c e  on t h e  d r a g ,  t h e  
downw:~sli a n g l e ,  and t h e  t a i l  e f f i c i e n c y  .,7ere mainly  con- 
s i d e r e d ,  3 f f e c t s  of the  f o l l o t ~ i n g  v s r i s b l e s  on t h e  i n t e r -  
f e r e n c e  of t h e  t a i l  s u r f a c e s  n e r e  s t u d i e d :  n i n g  g o s i t i o n ,  
a n g l e  of Fring s e t t i n g ,  form of  t a i l  s u r f a c e ,  a r d  form of 



wing-root  j u n c t u r e ,  A comparison of c a l c u l a t e d  and exper-  
i m e n t a l  d a t a  on t h e  downwash a n g l e  at t h e  t a i l  i s  a l s o  
i n c l u d e d .  

. . 

MODELS AND TESTS 

The wing employed i s  t h e  t a p e r e d  wing d e s c r i b e d  i n  
r e f e r e n c e  1; i t  i s  a dura lumin model h a v i n g  an  a r e a  of 
150 s q u a r e  i n c h e s ,  a s p e c t  r a t i o  6 ,  t a p e r  ratio 2 ,  and  t h e  
N . % * C . A *  0018 s e c t i o n  a t  t h e  r o o t  and t h e  N.A.C.A. 0009 
s e c t i o n  a t  t h e  t i?.  It  mas combine& w i t h  t h e  f u s e l a g e  i n  
t h e  s t a n d a r d  l o n g i t u d i n a l  p o s i t i o n ,  d/c  = 0. Thc fu.s~l-- 
l a g e  i s  t h e  round f u s e l a g o  d e s c r i b e d  i n  r e f e r e n c e  1; i t  i s  
an  a i r s h i p  form hav ing  a l e n g t h  of  20.15.6 i n c h e s  a n d  a  
f i n e n e s s  r a t i o  of 5.86. Thc t a p e r e d  f i l l e t s  ( r e f e r e n c e  1) 
were c a r e f u l l y  c o n s t r u c t e d  of  p l a s t e r  of p a r i s  and were 
g ivon t h e  p o l i s h e d  l a c q u e r  f i n i s h  now s t a n d a r d  f o r  t h e  
?~ing-fuselage-interference i n v e s t i g a t i o n  ( r e f e r e n c e  5 1. 
F i g u r e s  1, 2 ,  and 3 a r e  pho tographs  of i n t e r e s t i n g  combi- 
n a t i o n s  and shov t h e  F r o p o r t i o n s  of t h e  t a i l  s u r f a c e s  and  
t h e i r  1-ocat ion  on t h e  f u s e l a g e  a x i s .  

The d e t a i l s  of t h e  t a i l  s u r f a c e s  a r e  g iven  i n  f i g u r e  
4 .  For  t h e  e l l i p t i c a l  t a i l  s u r f a c e s ,  t h e  v e r t i c a l  s u r f a c e  
i s  i d e n t i c a l  w i t h  each of t h e  h o r i z o n t a l  s u r f a c e s .  The 
t a i l  w i t h  end p l a t e s  h a s  a 2 p r o x i m a t e l y  t h e  same t o t a l  v e t -  
t e d  a r e a  a s  t h e  e l l i p t i c a l  h o r i z o n t a l  and  v e r t i c a l  t a i l  sur-  
f a c e s ,  3 u t  i t s  c a l c u l a t e d  t o t a l - l i f t - c u r v e  s l o p e  w a s  p r e -  
d i c t e d  from t h e  t h e o r y  of  r e f e r e n c e  7  t o  be 84 p e r c e n t  as 
l a r g e .  Only ver;T small f i l l e t s  a e r e  used  a t  t h e  t a i l  su r -  
f a c e s  ( s e e  f i g s .  1 and 2 )  because  f i l l e t i n g  a a s  b e l i e v e d  
u n n e c e s s a r y  f o r  t h e  j u n c t u r e s  employed. The t e s t  r e s u l t s  
do n o t  i n d i c a t e  t h a t  l a r g e r  f i l l e t s  mould be an  improvement. 
Tdble V c o n t a i n s  t h e  d e s c r i p t i o n s  of t h e  combinat ions  (314 
t o  3 3 0 )  t h a t  make t h i s  i n v e s t i g a t i o n .  

The co-mbinations mere t e s t e d  i n  t h e  v a r i a b l e - d e n s i t y  
wind t u n n e l  ( r e f e r e n c e  8 )  a t  a t e s t  Reynolds Xumber of ap- 
p r o x i m a t e l y  3 ,100 ,000 ,  por resnond ing  t o  an  e f f e c t i v e  
S e y n o l d s  13umber f o r  G of 8 ,200,000.  (See r e f e r e n c e  

Lmax 
1.)  In  a d d i t i o n ,  v a l u e s  of t h e  maxinum l i f t  c o e f f i c i e n t  
were o b t a i n e d  a t  a  reduced sl3ced cor respond ing  t o  a n  e f -  
f e c t i v e  Reynolds Munber o f  3 ,700 ,000 .  The t e s t i n g  proced-  
u r e  a n d  t h e  t e s t  p r e c i s i o n  were abou t  t h e  'sane a s  f o r  a n  
a i r f o i l  ( r e f e r e g c c  8 ) .  The three-component balan'ce o f  t h e  
var iable-dens i t27  a i n d  t u n n e l  r e s t r i c t e d  t h e  s t u d y  of t h e  
v e r t i c a l  t a i l  s u r f a c e s  t o  t h e  sero-yam c o n d i t i o n ,  



RESULTS 

The t e s t  r e s u l t s  a r e  g i v e n  i n  t a b l e s  I ,  11, 111,' I I I a ,  
and V supplemented by f i g u r e s  5 t o  1 0 .  Data from p r e v i o u s  
. r e p o r t s  a r e  i n c l u d e d  f o r  compar ison,  A d d i t i o n a l  d e r i v e d  
d a t a  on t a i l  e f f i c i e n c y  and damnwash a n g l e  a t  t h e  t a i l  a r e  
p r e s e n t e d  i n  t h e  t e x t  of t h e  d i s c u s s i o n  and i n  f i g u r e  11. 
The aerodynam2c c h a r a c t e r i s t i c s  a r e  g iven  as s t a n d a r d  non- 
d imens iona l  c o e f f i c i e n t s  b a s e d  on t h e  p r o  j e c t e n  r i n g  a r e a  
of 150  square  i n c h e s  and on t h e  mean chord  of 5  i n c h e s .  
The methods f o r  a n a l y s i s  02 t h e  t e s t  d a t a  and  f o r  p rosen-  
t a t i o n  of t h e  t e s t  r e s u l t s  a r e  e x p l a i n e d  i n  r e f e r e n c e  11 

T a l l e s  I and  11, t a k e n  from r e f e r o n c e  I ,  c o n t a i n  t h e  
aerodynamic  c h a r a c t e r i s t i c s  of t h e  wing and of t h e  f u s e -  
l a g e ,  r e s p e c t i v e l y .  Table 111, con t inued  from r e f e r e n c e  6 ,  
p r e s e n t s  t h e  s u n s  of t h e  fgssl3xe c h a r a c t e r i s t i c s  and in -  
t e r f e r e n c e s  (nCL, ACD , A C  ) f o r  t h e  d i f f e r e n t  com- 

e  *c/4 
b i n a t i o n s  a t  v a r i o u s  a n g l e s  o f  k t t a c k .  Table I I I a ,  con- 
t i n u e d  from r e f e r e n c e  6 ,  p r e s e n t s  t h e  sums of t h e  charac-  
t e r i s t i c s  and i n t e r f e r e n c e s  of t h e  tgi& s u r f a c e s .  The 
c h a r a c t e r i s t i c s  of t h e  combinat ions  themselves  can be de- 
t e r m i n e d  by a d d i n g  t h e  cor respond ing  i t e m s  i n  t a b l e s  I ,  
111 ,  and I I I a .  

Table I V  of reference 1, m'niclz p r e s e n t s  t h e  d a t a  f o r  
d i s c o n n e c t e d  combinat ions  (combina t ions  f o r  which t h e  
f o r c e s  on t h e  components a r e  measured s e p a r a t e l y ) ,  i s  omit- 
t e d  h e r e i n  as  i t  i s  i n  r e f e r e n c e s 2  t o  6 'oecause no f u r t h e r  
t e s t s  of t k i s  n a t u r e  were perfornod..  The t a b l e  numbers 
a r e  ma in ta ined  as  i n  r e f e r e n c e  1, however,  t o  p r e s o r v e  t h e  
c o n t i n u i t y  of t h e  p u b l i s h e d  t e s t  r e s u l t s  of t h e  i n t e r f e r -  
ence  i n v e s t i g a t i o n ,  

Table  V, c o n t i n u e d  from r e f e r e n c e  6 ,  c o n t a i n s  t h e  
" p r i n c i p a l  g e o m e t r i c  and aerodynamic c h a r a c t e r i s t i c s  of t h e  
combina t ions .  The v a l u e s  d /c  and k / c  r e p r e s e n t  t h e  
l o n g i t u d i n a l  and  t h e  v e r t i c a l  d i s p l a c e m e n t s ,  r e s p e c t i v e l y ,  
of  t h e  ming quar te r -chord  a x i s  measured ( i n  mean c h a r d  
l e n g t h s )  p o s i t i v e  ahead of and above t h e  q u a r t e r - l e n g t h  
p o i n t  of t h e  f u s e l a g e  a x i s .  The v a l u e  i,,, i s  t h e  angle '  of 
ming s e t t i n g  w i t h  r e s p e c t  t o  t h e  f u s e l a g e  a x i s  and is i s  
t h e  s e t t i n g  o f  t h e  t a i l  s u r f a c e s  r e l a t i v e  t o  t h e  wing, 

The l a s t  n i n e  columns of t a b l e  V p r e s e n t  t h e  f o l l o n -  
i n g  impor tan t  aerodynamic c h a r a c t e r i s t i c s :  



a ,  l i f t - c u r v e  s l o p e  ( i n  degree  measure)  a s  d e t e r -  
mined i n  t h e  range of low l i f t  c o e f f i c i e n t s  f o r  
an  e f f e c t i v e  a s p e c t  r a t i o  of 6.86. This  v a l u e  of 
t h e  a s p e c t  r a t i o  d i f f e r s  from t h e  a c t u a l  v a l u e  
f o r  t h e  models because  t h e  l i f t  r e s u l t s  a r e  n o t  
o t h e r w i s e  c o r r e c t e d  f o r  tunne l -wa l l  i n t e r f e r e n c e .  

e ,  Oswaldls  a i r p l a n e ,  o r  s p a n ,  e f f i c i e n c y  f a c t o r .  
(See r e f e r e n c e  1. ) 

C , mininum e f f e c t i v e  p r o f i l e - d r a g  c o e f f i c i e n t  
Demin c L 

(cD - ;XIin c o r r e s p o n d i n g  t o  t h e  t e s t  Seyno lds  

Number. 

C ~ o p t  
, optimum l i f t  c o e f f i c i e n t ,  i , e . $  t h e  l i f t  c o e f f i -  

c i e n t  co r respond ing  t o  , For tho combina- 
C ~ e l c i n  

t i o n s  w i t h  t a i l  s u r f a c e s ,  however,  t h e  l i f t  a t  an 
a r b i t r a r y  a n g l e  of t r i m ,  i . e . ,  where 

Cmc/4 
= 0 ,  

i s  g i v e n  i n s t e a d .  

n o ,  aerodynamic-center  p o s i t i o n ,  i n d i c a t i n g  a p p r o x i -  
mate ly  t h e  l o c a t i o n  of t 5 e  aerodynamic c e n t e r  
ahead of  t h e  wing q u a r t e r - c h o r d  a x i s  a s  a f r a c -  
t i o n  of t h e  mean wing chord .  271ner ica l ly ,  no , 
equa l  s d ~ , ~ , ~ / d c ~  at zero  l i f t .  For t h e  c a e b i -  / 

n a t i o n s  w i t h  t a i l  s u r f a c e s ,  how-ever, no i s  
g i v e n  i n s t e a d  f o r  t h e  a r b i t r a r y  t r i m  c o n d i t i o n ,  
i . e . ,  = 0. 

C 
mo ' p i t c h i n g  moment a t  zero l i f t .  * 

C 
L i b '  

l i f t  coe f f  ic ie: i t  a.t tire i n t e r f e r e n c e -  b u r b l e ,  i . e . ,  
, t h e  v a l u e  of t h e  l i f t  c o e f f i c i e n t ,  'beyond which 
the a i r  f low h a s  a tnndoncy t o  brea l r ' anay a s  i32.d:- 
c a t e d  by an a b n o r n a l  d r a g  i n c r e a s e .  

, maximum l i f t  c o e f f i c i e c t  g iven  f o r  two d i f f e r e n t  
CLmax v a l u e s  of t h o  ~ f f e c t i v c  Boynolds Nunbcr. (Sec 

r e f e r e n c e  1.) The t u r b u l e n o e  f n c t o r  employed i n  
t 3 i s  r e p o r t  t o  o b t a i n  t h e  e f f e c t i v e  R from t h e  
t e n t  S i s  2 .64 .  



A s  i n  r e f e r e n c e  2 ,  t h e  v a l u e s  of t h e  e f f e c t i v e  Reynolds 
Number d i f f e r  somewhat from t h o s c  g iven  i n  r e f e r e n c e  1 be- 
cause  of a l a t e r  d e t e r m i a a t i o n  of t h e  t u r b u l e n c e  f a c t o r  
f o r  t h e  t u n n e l .  The v a l u e s  o f  t h e  e f f e c t i v e  Reynolds gum- 
b e r  g i v e n  i n  r e f e r e n c e  1 can be c o r r e c t e d  by m u l t i p l y i n g  
by 1.1. 

The d a t a  t h u s  p r e s e n t e d  f o r  t h e  combinat ions  w i t h  
t a i l  s u r f a c e s  a r e  d i r e c t l y  ap12licable t o  d e s i g n  p u r p o s e s  
o n l y  a t  t h e  a t t i t u d e  f o r  t r i m ,  t h a t  i s ,  when t h e  p i t c h i n g  
moment abou t  t h e  c e n t e r  of g r a v i t y  i s  zero .  A t  o t h e r  a t-  
t i t u d e s ,  t 3 e  c o n d i t i o n s  of t h o  t e s t s  cannot  be regroduccd 
I n  s t e a d y  f l i g h t .  The m o s t  impor tan t  i n t o r f o r o n c c  e f f e c t s  
f o r  t a i l  s u r f a c e s ,  however,  shou ld  be s a t i s f a c t o r i l y  i n d i -  
c a t s a  over  t h e  range  of l i f t  c o e f f i c i e n t s  by t h e s e  r c s u l t s .  

DISCUSSIOM 

L i f t  

The h o r i z o n t a l  t a , i l  s u r f a c e s  add t o  t h e  l i f t i n g  a r e a  
of a  combinat ion and shou ld  t h e r e f o r e  i n c r e a s e  t h e  l i f t -  
curve  s l o p e  and t h e  zaximum l i f t .  For  t h e  combinat ions  
t e s t e d ,  t h e  g a i n  i n  l i f t - c u r v e  s l o p e  amounted,  w i t h i n  t h e  
l i m i t s  of t h e  t e s t  a c c u r a c y ,  p r a c t i c a l l y  t o  t h e  v a l u e  t h a t  
mould be c a l c u l a t e d  f r o m  t h e  l i f t  expec ted  of t h e  t a i l  op- 
e r a t i n g  a l o n e  a s  a  wing,  t h e  downmash and t h e  wake i n t e r -  
f e r e n c e s  be ing  n e g l e c t e d .  The observed i ~ c r e a s e s  i n  t h e  
maximum l i f t  ( t a b l e  V )  n a t u r a l l y  cannot  be c o n s i d e r e d  r e a l  
a s  the.y were o b t a i n e d  w i t h  u n d e f l e c t e d  e l e v a t o r s  and h igh-  
l y  unba lanced  p i t c h i n g  moments. The e f f e c t  on t h e  maxi- 
mum L i f t  of t h e  i n t e r f e r e n c e  of t a i l  s u r f a c e s  w i t h  e l e v a -  
t o r s  d e f l e c t e d  i s  o u t s i d e  t h e  scope o f  t h i s  i n v e s t i g a t i o n ,  

Drag , 

The e x p e r i m e n t a l  i n c r e m e n t s  t o  t h e  minimum d r a g  coef-  
' f i c i e n t s  of t h e  combinat ions  duo t o  t h e  s e f i i c l l i p t i c a l  , 

t a i l  s u r f a c e s  a t  o0 s e t t i n g  (0.00035 t o  0.00055 p e r  s u r f a c e )  
a q r o e  m i t h i n  t h o  t e s t  a c c u r a c y  v i t h  a  v a l u e  e s t i n a % c d  f r o n  

' s e c t i o n  c h a r a c t e r i s t i c s  and t h e  n e t t e d  a r e a  (0.00045 p e r  / 014 

s u r f a c e ) .  - T h i s  ay rcenen t  shovs t h a t  no l a r g o  r e s u l t a n t  in-  
t e r f e r e n c e  e f f e c t  a f  t h e  t a i l  su rSaces  c o u l d  have been 
p r e s e n t .  The h o r i z o n t a l  t a i l  s u r f a c e s  s e t  k4O shav l a r g e r  
c o n t r i b u t i o n s  t o  t h e  minimum d r a g  t h a n  t h o s e  s o t  0 ° ,  b u t  



t h e  d - i f f e r e n c e s  a r e  g e n e r a l l y  t o o  . s m a l l  t o  be i m p o r t a n t .  
( S e e  t a b l e  V . )  

Over t h e  r a n g e  of low t o  modera t e  l i f t  c o e f f i c i e n t s ,  
h e  v a r i a t i o n  i n  t h e  d r a g  i n c r e m e n t  a l s o  m a s  u n i m p o r t a n t  

f o r  two of  t h e  t a i l  s e t t i n g s  i n v e s t i g a t e d  (0' and  -4') a n d ,  
m o r e o v e r ,  mas o f t e n  f a v o r a b l e  ( f i g s .  5 ,  6 ,  and  7 ) .  For  a 

\ t 3 , i l  s e t t i n g  o f  4O, however ,  t h i s  v a r i a t i o n  was a p p r e c i a -  
h e  a n d  a d v e r s e .  

From t h e  . f o r e g o i n g  c a n s i d e r a t  io i i s  i t  can be c o n c l u d e d  . 
t h a t ,  w i t h  r e , ~ a r d  t o  t h e  h igh - speed  o r  c r u i s i n g  d r a g ,  c l e a n -  
l y  c o n s t r u c t e d  t a i l  s u r f a c e s  m i t h i n  t h e  normal  r a n g e  of  t a i l  
s e t t i n ~ s  may be s a t i s f a c t o r i l y  a l l o w e d  f o r  i n  d e s i g n  by 
s i m p l e  c a l c u l a t i o n s  b&sed  on s e c t i o n  c h a r a c t e r i s t i c s  a n d  
t h e  w e t t e d  a r e a ,  n e g l e c t i n g  i n t e r f e r e n c e s .  I n c i d - e n t a l l y ,  
t h e  d a t a  i n d i c a t e  how low a d r n g  s h o u l d  b e  expected.  f rom 
c l e a n i n g  u? t h e  c o n v e n t i o n a l  a i r p l a n e  d e s i g n .  The v a l u e  o f  
0 .0135  ( R  = 3 x l o 6 )  f o r  t h e  e f f e c t i v e  p r o f i l e - d r z g  coe f -  
f i c i e n t  f o r  c o m b i n a t i o n s  314 a n d  315 ( f i g .  5 )  a t  a CL of 
a b o u t  0 .3  r e p r e s e n t s  t h e  d r a g  o b t a i n a b l e  f o r  a  s m a l l  a i r -  
p l a n e .  I n  view of t h e  t u r b u l e n c e  p r e s e n t  i n  t h e  a i r  s t r e a m  
of t h e  v a r i a b l e - d e n s i t y  wind t u n n e l  a n d  t h e  u n e v a l u a t e d  
p a r t  of t h e  s u p p o r t - s t r u t  i n t e r f e r e n c e ,  t h i s  v a l u e  i s  be- 
l i e v e d  t o  be c o n s e r v a t i v e .  X x t r a p o l a t i o n  of t h e  d r a g  v a l -  
u e s  g i v e n  i n  t h i s  r e p o r t  t o  h i z h e r  Reyno lds  Numbers can be 
made by t h e  methods d e s c r i b e d  i n  r e f e r e n c e  9 .  

P i t c h i n g  ldoment 

The h o r i z o n t a l  t a i l  s u r f a c e s  a r e  employed t o  p r o v i d e  
s t a b i l i t y  i n  p i t c h .  They 'form what i s  e s s e l i t i a l l y  a n  a i r -  
f o i l  o p e r a t i n g  u n d e r  t h e  i n f l u e n c e  of  a n  i n t e r f e r i n g  body ,  
t h e  w ing- fuse l age  c o m b i n a t i o n .  The most i m p o r t a n t  i n t e r -  
f e r e n c e s  a t  t h e  t a i l  may be  s e p a r a t e d  i n t o  tmo e f f e c t s :  
t h a t  on t h e  f l o w  d i r e c t i o n ,  o r  t h e  downmash; and  t h a t  on 
t h e  f l o w  v e l o c i t y ,  o r  t h e  make, 

Downnash.- When t h e  a i n g - f u s e l a g e  c o m b i n a t i o n  i s  l i f t -  --- 
i n g ,  t h e  downflom components i nduced  by t h e  v o r t e x  p a t t e r n  
i n  t h e  a i r  s t r e a m  r e d u c e  t h e  e f f e c t i v e  a n g l e  0.f a t t a c k  st 
t h e  t a i l  by an  amount r e f e r r e d .  t o  as  t h e  "downmash a n g l e "  C .  

The e v a l u a t i o n  of c i s  n e c e s s a r y  i n  s t a b f l i t y  c a l c u -  
l a t i o n s .  B method e x i s t s  f o r  t h e  p r e d i c t i o n  of  t h e  domn- 
wash a n g l e  a t  t h e  t a i l  a s s o c i a t e d  w i t h  a n y  t y p e  df wing  



( r e f e r e n c e  l o ) ,  b u t  t h e  amount %ha% E i s  n o d i f i e d  by t h e  
i n t e r f e r e n c e  i n  a wing-fuse lage  combinat ion  remains t o  be 
found-. F i g u r e  11 g i v e s  a  comparison of v a l u e s  of t h e  aver -  
age downmash a n g l e  over  t h e  t a i l  span a s  c a l c u l a t e d  by t h e  
method of r e f e r e n c e  L O  and a s  d e r i v e d  from t h e  exporimen- 
t a l  r e s u l t s  f o r  t h e  e l l i p t i c a l  t a i l  s u r f a c e s  on t h e  h igh-  
wing,  t h e  midving,  and t h e  lorn-wing combinat ions .  Exper i -  
men ta l  va lucg  of c f o r  t h e  t a i l  m i t h  end p l a t e s  a r e  i n -  
c l u d e d  f o r  t h e  midming combinat ion .  Tho method employcd 
t o  o b t a i n  t h e  e x p e r i m e n t a l  v a l u e s  mas as f o l l o w s :  A t  each  - s p e c i f i e d  a n g l e  o f  a t t a c k ,  t h e  r a t e  of change of p i t c h i n g  

-moment w i t h  t h e  a n g l e  of a t t a c k  of t h e  t a i l  mas de te rmined  
- f r o m  t h e  p i t c h i n g  moments f o r  t a i l  s e t t i n g s  of -4O, 0 ° ,  

and 4'. Next ,  t h e  change produced i n '  t h e  p i t c h i n g  moment 
by a d d i n g  t h e  t a i l  s u r f a c e s  w a s  d i v i d e d  by t h e  r a t e  just  
d e r i v e d  t o  g i v e  t h e  e f f e c t i v e  a n g l e  of a t t a c k  of t h e  t a i l .  
The e x ~ e r i m e n t a l  v a l u e  of t h e  downwash a n g l e  € ,  t h e n ,  
was t h e  d i f f e r e n c e  betmeen t h e  geomet r i c  a n g l e  of a t t a c k  
of t h e  t a i l  and i t s  e f f e c t i v e  a n g l e  of a t t a c k .  T h i s  pro-  
c e d u r e  avo ided  t h e  c o m p l i c a t i o n s  of t h e  make i n t e r f e r e n c e  
and. t h e  t a i l  e f f i c i e n c y .  

' . I t  can be seen  f r o m  f i g u r e  I1 t h a t ,  f o r  t h e  e l l i p t i -  
c a l  t a i l  on t h e  symmetr ica l  midming combinat ion ,  t h e  ag ree -  
ment between t h e  p r e d i c t e d  a n d  t h e  e x p e r i m e n t a l  domnwash 
a n g l e s  i s  good o v e r  t h e  range  of lorn t o  moderate l i f t  coef-  
f i c i e n t s .  A p p a r e n t l y ,  t h e  i n t e r f e r e n c e  o f . t h e  f u s e l a g e  
and t h e  j u n c t u r e s  17as n e g l i g i b l e .  For  t h e  high-wing and 
t h e  low-wing combinat ions  t h e  agreement  i s  poor .  The d i s -  

~ c r e p a n c y , . ~ o m e v o r ,  i s  g r n c t i c a l l y  c o n s t a n t ,  t h c r e f o r o  of  
l i t t l e  5 n p o r t a n c e  i n  s t a b i l i t y  c a l c u l a t i o n s ,  and i s  of op- 
p o s i t e  s i g n  f o r  t h e  high-ming,and t h e  lon-wing combina- 
t i o n s .  A p p a r ~ n t l y ,  a t  ze ro  l i f t  tho  t a i l  s u r f a c e s  have 
a l r e a d y  a n  i n i t i a l  e f f e c t i v e  a n g l e  of a t t a c k  of a p p r o x i -  
m a t e l y  0.8' f o r  t h e  lon-wing and -0.8' f o r  t h e  high-wing'  
combinat iong.  ( s e e  pitching-mombnt c u r v e s  of f i g s .  6 ,  7 ,  
and  8 . )  The g e o m e t r i c a l  asymmetry, t h e n ,  produces  a n  i n % -  
t i a l  d e v i a t i o n  i n  t h e  f low a t  t h e  t a i l  i m p o s s i b l e  t o  de- 
r i v e  from a t h e o r y  t h a t  c o n s i d e r s  on ly  t h e  wing. A com- 
p a r i s o n  o f  f i g u r e s  7 and 9 shows tha,t most of t h i s  i n t e r -  
f e r e r c e  i s  c h a r g e a b l e  t o  t h e  f i l l e t s .  ' T h c  same e f f e c t  can 
be p roduced ,  however,  by o t h e r  s o u r c e s  of asymmetry, such 
a s  wing s e t t i n g .  ( C f .  c u r v e s '  of p i t c h i n g  moment i n  f i g .  
1 0 ,  and  a l s b  . C m o  f o r  combina t ibns  314 a n d  322 i n  t a B l e  
v.) 

F i y u r e  5 shows t h a t ,  f o r  ze ro  t a i l  s e t t i n g  and a t  l o w  
t o  n o d e r a t e  l i f t s  c o e f f  i c i o n t s ,  t h e  t a i l  s u r f a c e s  w i t h  end 



p l a t e s  ~ r o d u c e  a s  l a r g e  a  change i n  t h e  p i t c h i n g  moment a s  
t h e  e l l i p t i c a l  t a i l  s u r f a c e s ,  i n d i c a t i n g  t h a t  t h e y  shou ld  
have as  h i g h  a s l o p e  of t h e  t o t a l - l i f t  curve .  The s l o p e  
f o r  t h e  e n d - p l a t e  t a i l ,  however,  h a s  been c a l c u l a t e d  t o  be 
o n l y  84 p e r c e n t  of t h a t  , f o r  t h e  e l l i p t i c a l  t a i l .  T h i s  c a l -  
c u l a t i o n  a p p e a r s  c o r r o b e r a t e d ,  moreover,  by t h e  change , i n  
t h e  p i t c h i n g  moment a t  zerQ l i f t  developed by t h e  end-p la te  
t a i l ,  co r respond ing  t o  a  change from O0 t o  -4O i n  t a i l  s e t -  
t i n g ,  which w a s  a l s o  abou t  84 p e r c e n t . o f  t h e  change pro-  
duced by t h e  e l l i p t i c a l  t a i l  ( f ig , .  5 ) .  The a p p a r e n t  incon- 
s i s t e n c y  may be e x p l a i n e d  by t h e  e x p e r i m e n t a l ,  and unex- 
p e c t e d ,  c i r cumstance  t h a t  t h o  average  downmash a n g l e  a f -  
f e c t i n g  t h e  end-p la te  t a i l  was s l i g h t l y  l e s s  than  t h a t  a f -  
f e c t i n g  tho  e l l i p t i c a l  t a i l  and ba lanced  i t s  lower  l i f t -  
curve  s l o p e .  (See  f i g .  11. Refe r  a l s o  t o  pitching-moment 
c u r v e s  i n  f i g .  5 . )  N o  e x p l a n a t i o n  f o r  t h i s  d i f f e r e n c e  i n  
downmash i s  o f f e r e d .  F u r t h e r  i n v e s t i g a t i o n  of t a i l  s u r -  
f a c e s  of d i f f e r e n t  g e o m e t r i c a l  c h a r a c t e r i s t i c s  may ~ r o v i d e  
a b e t t e r  u n d e r s t a n d i n g  of t h e  n a t u r e  of such i n t e r f e r e n c e  
phenomena. 

S t a b i l i Q  a t  t h e  s t a l l . -  The ?roblem of o b t a i n i n g  ------ -------- ---- ---.-- 
s a t i s f a c t o r y  s t a l l i n g  c h a r a c t e r i s t i c s  i s  a g a i n  commanding 
a t t e n t i o n  i n  oonnec t ion  w i t h  t h e  r e f i n e d  >resen t -day  mono- 
p l a n e s .  An e s s e n t i a l  f e a t u r e  of a  s a t i s f a c t o r y  s t a l l  i s  
t h a t  i t  g i v e  ample warning,  a s s o c i a t e d  p r e f e r a b l y  w i t h  
r a p i d l y  i n c r e a s i n g  s t a b i l i t y  i n  p i t c h .  F i g u r e  9 p r e s e n t s  
t h e  aerodynamic c h a r a c t e r i s t i c s  f o r  a  low-wing u n f i l l e t e d  
combinat ion  of moderate a s p e c t  r a t i o  ( s e e  f i g .  3 )  t h a t  em- 
p l o y s  a  common method of a c h i e v i n g  such a  s t a l l ,  a n  i n t e r -  
f e r e n c e  b u r b l e  ( s e e  reTerence  1);  t h e  b u r b l e  o c c u r r e d  a t  a  
l i f t  c o e f f i c i e n t  of abou t  1 . 0 ,  whicb i s  above t h e  c l i m b i n g  
r a n g e ,  and r e s u l t e d  i n  a  l o s s  of downnash a t  t h e  taiL* . 
As. t h e  a n g l e  of a t t a c k  was i n c r e a s e d ,  t h e  l i f t  c o n t i n u e d  
t o  i n c r e a s e  s lowly  t o  t h e  maximum.but t h e  d i v i n g  moment 
and  t h e  d rag  r o s e  p r e c i p i t o u s l y ,  i n s u r i n g  a  s t e e p e r  g l i d e  
g a t h ,  an a p p r e c i a b l e  i n c r e a s e  i n  s t a b i l i t y  i n  p i t c h ,  and 
t h p s  a  warning of t h e  a p p r o a c h i n g  s t a l l .  I t  i s  u n d e r s t o o d  
fr.om f1 , igh t  r e . s u l t s  t h a t  some t a i l  b u f f e t - i n g  may o c c u r  s i -  
m.ultaneous1y; t h i s  b u f f e t i n g  i s  a n  unmis takab le  warning: 
t h a t  cannot  be over looked .  The i n t e r f e r e n c e  b u r b l e  can be 
d e l a y e d  t o  a  h i g h e r  . l i f t  c o e f f i c i e n t ,  . i f  so d e s i r e d ,  and  
t h e  c o s t  i n  maximum L i f t  and  minimum d r a g  can be reduced  
by' s m a l l  f i l l e t s .  The use  of t h e  i n t e r f e r e n c e  b u r b l e  i s  
t h e r e f o r e  n o t  n e c e s s a r i l y  a m a k e s h i f t  s o l u t i o n  i n  t h e  den- 
s i g n  of a i r p l a n e s  f o r  a c c e p t a b l e  s t a l l i n g  c h a r a c t e r i s t i c s .  

T a i l  e f f i c , i e n c x . -  The t a i l  e f f i c i e n c y ,  q t ,  may be  --------------- 
I 



d e f i n e d  as  t h e  r a t i o  of e x p e r i m e n t a l  t o  c a l c u l a t e d  changes 
i n  t h e  p i t c h i n g  moment due t o  t h e  h o r i z o n t a l  t a i l  s u r f a c e s .  
The c a l c u l a t e d  changes may be d e r i v e d  from t h e  g e o m e t r i c  
and t h e  aerodynamic c h a r a c t e r i s t i c s  of t h e  t a i l  s u r f a c e s ,  
w i t h  due a l lowance  f o r  t h e  domnwash a n g l e  and t h e  f low ve- 
l o c i t y  a t  t h e  t a i l  as a f f e c t e d  by t h e  wake. O r d i n a r i l y ,  
t h e  e f f i c i e n c y  i s  d e r i v e d  from t h e  e ~ p e r i r n e n t a l ~ a n d  t h e  
c a l c u l a t e d  changes f n  t h e  p i t c h i n g  moment of  t h e  combina- 
t i o n  produced by d i f f e r e n t  s e t t i n g s  of t h e  t a i l  s u r f a c e s  
f o r  a  gdven a n g l e  of a t t a c k  of t h e  wing. T h i s  p r o c e d u r e  
a v o i d s  t h e  c o m p l i c a t i o n s  i n v o l v e d  w i t h  t h e  downwash a n g l e  
ak t h e  t a i l .  . S u c h , a  d e r i v a t i o n  r e s u l t s ,  however,  i n  a n  ef-  
f i c i e n c y  c o r r e s p o n d i n g  t o  a  p a r ~ i n g  a n g l e  of t a i l  s e t t i n g  
r a t h e r  t h a n  one f o r  a varyiPg_ a n g l e  of a t t a c k  of tihe combi- 
n a t i o n  a s  a whole.  The i n t g r f e r e n c e s  a s s o c i a t e d  m i t h  var-  ------ 
i o u s  t a i l - s u r f a c e  s e t t i n g s  might p o s s i b l y  d i f f e r ,  , and  hence 
t h e  e f f i c i e n c y  a s  o r d i n a r i l y  o b t a i n e d  a o u l d  n o t  s t r i c t l y  

' a p p l y  t o  s t a b i l i t y  c a l c u l a t i o n s  f o r  which t h e  t a i l  changes 
a n g l e  t o g e t h e r  w i t h  t h e  combinat ion .  A s  w i l l  -.---- -.---- be shown 
l a t e r ,  however,  t h e  v a r i a t i o n  An- Z;ai.l. e f f i c i c w y  oQer  I?, 
moXera.f;e range  of a n g l p s  of .  t a i l ,  s e t t i n g  i s  g e n e r a l l y  un" 
i m p o r t a n t  for.  con%-inat ions s u c h  p s  r e p o r t e d  h e r e i n ,  -. - - 

I f s . t h e  t a i l  e f f i c 2 e n c y -  i s  d e r i v e d  a s  d e s c r i b k d ,  i t  
w i l l  d i f f e r  from 100 u e r c e n t  by a n  amount p r o p o r t i o n a l  t o  

--C..--#~W 

. t h e  g n e v a l u a t e d  i n t e r f e r e n c e .  Referende  L O  c o n t a i n s  meth- 
ods of p b t a i q i n g  t h e  i n t e r f e r e n c e  behind t h e  wing. The iq- 
t e r f e r e n c e  m i t h  a  fuseJ.age p r e s e p t  remains  t o  be i n v e s t i -  
g a t e d .  , The f,ollojving t a b l e  p r e s e n t s  a comparison of t a i l  
e f f i c i e n c i e s  f o r  v a r i o u s  combina t ions  w i t h  a l lowance  mads 
f o r  t h e  i n t e r f e r e n c e  of t h e  wins  a l o n e  i n  accordance  w i t h  
t h e  methods of r e f e r e n c e  10 ,  

Not ice  t h a t  V t  i s  p r a c t i c a l l y  c o n s t a n t  f o r  t h e  sym- 
m e t r i c a l  midwing combinat ions  o v e r  t h e  range  of a n g l e s  of 
a t t a c k  i n v e s t i g a t e d .  For t h e  high-wing and t h e  lorn-wing 
c o m b i n a t i o n s ,  t h e  e f f i c i e n c y  shows g r e a t e r  amounts of un- 
e v a l u a t e d  i n t e r f e r e n c e  at low a n g l e s  of a t t a c k  t h a n  f o r  
t h e  midwing combinat ion .  Most of t h e  d i f f e r e n c e  i s  be- 
l i e v e d  t o  r e s u l t  from t h e  asymmetry i n t r o d u c e d  by t h e  fil- 
l e t s .  ( ~ o t i c e  i n  f i g .  9 t h e  r e d u c t i o n  o f  s l o p e  i n  t h e  
pitching-moment curve  a s s o c i a t e d  w i t h  t h e  f i l l e t s .  ) It 
a p p e a r s ,  t h e r e f o r e ,  t h a t  a  knowledge of tho  i n t e r f e r e n c e  
beh ind  a wing a l o n e  i s  n o t  s u f f i c i e n t  f o r  c a l c u l a t i n g  t h e  
c f f e c t i v e h e s s  o f  t a i l  s u r f a c e s  i n  c o n b i n a t i o n s .  U n t i l  
f u r t h e r  r e s e a r c h  more f u l l y  e v a l u a t e s  t h e  i n t e r f e r e n c e  a t  
t h e  t a i l  of combina t ions ,  e s t i m a t e s  based upon t o s t  ro-  

) .  - s u l t s ,  such as  i n  t h i s  r e p o r t ,  must bc r e l i e d  upon i n  sta- 
b i l i t y  c a l c u l a t i o n s .  
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CO&3AJIISO.K OF TAIL E F F I C I Z I ~ C Y  FOR D I F F E m T  WING-FUSELAGE. COYdINATIONS 

1 due t o  
surf aces 

E l l i  1tica.1 t a i l  surfaxes 
------r---r-- 

T a i l  surfaces with end r l a t e s  

a F r o m  reference 6. i /CL -j /= t< 
,2 + ,+x 2 t kX+erfip;: , 

0 -.i %4..., 4, C $; 
Y' 



The v a l u e s  of qt g i v e n  a r e  o b v i o u s l y  a v e r a g e s  f o r  
t h e  t w o  t a i l  s e t t i n g s  employed i n  each d e r i v a t i o n .  2 % ~  
any comloination chosen ,  a t  a  s F e c i f i e d  a n g l e  of a t t a c k ,  
t h e  domnwash a n g l e  and  t h e  make i n t e r f e r e n c e  may be as- 
sumed unchanged, f o r  v a r i o u s  t a i l  s e t t i n g s .  Under 'such 
c o n d i t i o n s ,  a v a r i a t i o n  i n  t h e  change produced i n  t h e  s l o p e  
of t h e  pitching-moment cu rve  by a d d i n g  t a i l  s u r f a c e s  

d C m c ~ &  A ( -  ) i s  a  d i r e c t  i n d i c a t i o n  o f  3 v a r i a t i o n  'in t h o  

t a i l  e f f i c i e n c y .  From t h e  coLumns of d C m c h  A ( ) i n  t h e  

p r e c e d i n g  t a b l e ,  i t  can be concluded t h a t  t h e  t a i l  s e t t i n g  
d i d . n o t ,  i n  g e n e r a l ,  g r e a t l y  a f f e c t  t h e  t a i l  e f f i c i e n c y  
a t  t h e  lower  l i f t  c o e f f i c i e n t s  m i t h i n  t h e  range  i n v e s t i -  
g a t e d  and w i t h i n  t h e  a c c u r a c y  of t h e  d a t a . .  I t  a p p e a r s ,  
t h e r e f o r e ,  t h a t  a n  e f f i c i e n c y  d e r i v e d  from a small range  
of t a i l  s e t t i n g s  i s  r e a s o n a b l y  a p p l i c a b l e  t o  h o r i z o n t a l  
t a i l  s u r f a c e s  t h a t  change a n g l e  t o g e t h e r  m i t h  t h e  combina- 
t i o n  a s  a whole. Check c a l c u l a t i o a s  m i t h  t h e  d a t a ,  u s i n g  
e f f i c i e n c i e s  so d e r i v e d  c o r r o b o r a f e d  t h i s  c o n c l u s i o n  by 

. c o r r e c t l y  p r e d i c t i n g  t h e  c u r v e s  o f  p i t c h i n g  moment produced 
by t h e  t a i l  s u r f a c e s .  

The e f f i c i e n c i e s  o f  t h e  t a i l  m i t h  end p l a t e s  i n  t h e  
symmetr ica l  midming combinat ion  a r e  p r a c t i c a l l y  t h e  same 
a s  t h o s e  of t h e  e l l i p t i c a l  t a i l .  ( ~ f .  a l s o  v a l u e s  o f  

dCm . 
A (dCisf4)? ) T h i s  agreement  i n d i c a t e s  t h a t  t h e  u n e v a l u a t -  

e d  i n t e r f e r e n c e  i s  n o t  i n t i m a t e l y  connected  m i t h  t h e  geom- 
e t r y  of t h e  t a i l  s u r f a c e s  themselves .  

CONCLUS I O N S  

Tlle r e s u l t s  of t h e  p r e s e n t  t e s t s  show t h a t :  

1. The increment  t o  t h e  d r a g  i n  t h e  h igh-speed range  
caused  by a d d i n g  t a i l  s u r f a c e s  i n  tho  normal range  of t a i l  
s e t t i n g s  t o  c l e a n  combinat ions  can be e s t i m a t e d  w i t h i n  use-  
f u l  l i m i t s  of a c c u r a c y  from s e c t i o n  c h a r a c t e r i s t i c s  and 
t h e  w e t t e d  a r e a ,  t h e  i n t e r f e r e n c e  b e i n g  n e g l e c t e d .  

2 .  The i n t e r f e r e n c e  of  t h e  f u s e l a g e  i n  symmetr ica l  
midwing combinat ions  on t h e  domnwash a n g l e  behind t h e  n i n g  
i s  s m a l l .  



3. The effect of asymmetry in the combination is to 
introduce a corresponding initial deviation in the air 
stream at tho tail. 

4. The effective donnmash angle at the tail may vary 
somewhat svith'the geometry of tho tail surfaces under con- 
sideration, 

5. An interference burble for a combination of ming, 
fuselage;,and tail surfaces may be considered a satisfac- 
tory means of producing acceptable stalling characteris- 
tics. 

6 .  For combinations such as were investigated, Large r;t' 
fillets at the tail-surface junctures are unnecessary. 

7 .  Rnowledge of the interference behind the ming 
alone is not sufficient for evaluating the effectiveness 
of tail surfaces added to'ming-fuselage combinations. 

8. Tail efficiencies derived experimentally from 
small ranges of tail settings, the anglo of the combina- 

/ tion being held constant, can be considered to apply rca- 
sonably well to tail surfaces that change angle together 
with the combination as a whole. 

Langley Memorial ~eronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Fiela, Va., Povember 5, 1938. 
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TABLE 1 x 1  - L i f t  a n d  I n t e r f o r o n c e ,  Drag and  I n t e r f e r e n c e ,  

a n d  P i t c h i n g  Xoment an?- I n t e r f  c r e n c e  of 

F u s e l a g e  i n  Ting-Fusela5;e C o n b i n a t i o n s  



TABLE 1118 - L i f t  and. I n t e r f e r e n c e ,  Dfag and I n t e r f e r e n c e ,  

and  P i t c h i n g  Moment and  I n t e r f e r e n c e  of T a i l  

S u r f a c e s  i n  Combinat ions 
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V - P R I N C I P a  A E R O D W I Q  C H A R A C ~ I S T I O S  OF THE COMBINATIONS 





I of l i f t  beyond 0%; 4arge  loee Of l i f t  beyona 0% and unoertain value of 0 
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'poor agreement i n  high-speed range. 
. 'poor agreement over whole range. 

* ~ o o r  agreement i n  hlgh-lift range. 
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Figure 1.- Combination 314 shoving elliptical tail surfaces. 

Figure 2.- Combination 316 showing rectangular tail surfaces 
nith end plates. 

Figure 3.- Combination 329 showing unFilleted juncture. 

(a) Elli~ptical tail surface. 
Fin area: 11.46 sy.in.; 1.403 
0,076 of ning area. 1.381 

( 1  ~6 
Area horizontal surfaces 2.0 1.308 
(including 4.08 sq. in. 3.0 1.177 

P . i .  0 '  . - 
0.18 of wing area. 
in fuselage): 27.00 sq.in.; 4 - 0  

+ , A -  * @ (, 
4 .  5.0 .588 

3 c, 5.51 

y2 

(in. ) 

Z 

(in.) 
(b) Tzil surface nith end plate. 

Fin (end plates) area: 0 
17.88 sq.in.; 0.119 of .240 
~:ing aFen. 1.240 
Area horizontal surfaces 2.240 
(including 3.70 sq.in. in 3.240 
fuselage): 21.02 sq.in.; 4.240 
0.14 of ming area. 4.352 

(in. > 
0 
.596 

1.126 
1.154 
.9 64 
.340 
0 

PJ1 

(in.) 

0 
.728 

1.378 
1.412 
1.178 
.416 
0 

Fi~ure 4.- Details of the tail surfaces - B.A.C.A. 0009 
sections. 

Figure 5.- Characteristics of midming combinations nith 
various tail surfaces, Tapered N.B .C .A . 0018-09 air- 
foil and round fuselage; k/c = 0; i, = 0'. 

Fiqure 6.- Effects of tail setting on the characteristics 
of high-wing combinations. Tapered 1l.A. C.A. 0018-09 
airfoil and round fuselage; k/c = 0.22; in = 0'. 

. *  Figure 7.- Effects of tail setting on the characteristics 
of low-wing combinations. Tapered B.R.C.A. 0018-09 

. a airfoil and round fuselage; k/c = - 0.22; i, = 0'. 



F i g u r e  8.- E f f e c t s  of wing v e r t i c a l  p o s i t i o n .  Tapered 
N . h , C . d .  0018-09 a i r f o i l  and round f u s e l a g e ;  iw = 0'; 
is = oO.  

F i g u r e  9.- E f f e c t s  of f i l l e t s  on tho  c h a r a c t e r i s t i c s  of  
lov-wing combina t ions .  Tapered B.A. C .A. 0018-09 a i r -  
f o i l  and round f u s e l a g o ;  k / c  = - 0.22: i, = 0 ' ;  - is - 
-40. 

F i g u r e  10.- E f f e c t s  of wing s e t t i n g  on t h e  c h a r a c t e r i s t i c s  
o f  midving combinat ions .  Tnpered N.h .G,A. 0018-09 sir-  
f o i l  and  round f u s e l a g e ;  k / c  = 0 ;  is = O O .  

F i g u r e  1 1 , ~  Comparison of e x p e r i m e n t a l  and p r e d i c t e d  v a l -  
u e s  of t h e  domnvssh a n g l o  a t  t h e  t a i l .  A = 6.86. 



P i m e  1.- CormbBaation 314 sksorfjerg: ellfptllcal tail surfaces. 



rig* 2 

P i g a n  2.- Combination 816 shoriw r8ctmd.r tail mrf~ce with endm 
plates, 
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