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AMD S T A B I L I T Y  r3B A TWTH-EMGTNE MOMOPLAXE 

W I T 8  PROPELL2ZR.S OPBRATI5G 

By R a r o l d  H ,  Sweberg 

E x t e n s i v e  f o r c e  t e s t s ,  c o v e r i n g  a wide r a n g e  o f  p ro-  
p e l l e r  t h r u s t  c o e f f i c : e r i t s ,  h a v e  been matle o f  a typical 
tw in- eng ine  t r a c +  o r  man-cplz ie model, w i t h  t h e  h o r i z o n t a l  
t a i l  s u r f a c c  remqved ; L Y ~  2 ' t rchI :d .  Measurements were made 
w i t h  ? l a p s  x e t r a ( t e 3  q n d .  de.p7ec;;cd a t  t a r i a u s  a n g l e s  o f  
a t t a c k  v i 5 h  c i f f e ; . e n t  y t a \  r L i z e r  srLd eJ .ev&tor  s e t t i n g s ,  
The t e s t s  w v e  m ~ t e  i.n t h e  S o m m i " + f s ' s  f u l l - s c a l e  t un i i e l  
at t h e  LanglLT; . . t : , ~ o r i a J  Aero:  a - n t i c a l  L a b o r a t o r y .  The liflt, 
d r a g ,  F F ~  Z J ~  t c h i n k -  moinp: r t  c ? i r a i ; t e r i 3 t i c s  o f  t h e  model 
wit '1 L 3 r o p z l l e r s  i 'emo%-tC a a d  o F 3 r a t i n g  a r e  shown,  t o g e t h e r  
w i t h  a a l u o s  o f  ';ho ~ f - F c c t i v c  ciovnwash a f i g l e s  a t  t b e  t a i l  
o b t a i n e d  F ~ ' ~ i i i  t h c  p i t c h i n g  ii;.ment m e a s v r ~ m o n t s ,  Values 
a r c  a l s o  shown o f  t h e  tail-s~rfaco e f f c c f i v c n o s s  f o r  t h e  
va.riov.s modc;l an& p r o p c l i e r  c o n d t t i o n s .  An ~ t t o m p t  has  
been lr,acie t o  c o r r e 1 a t Q  t h o  c7.atsl o f  p r c v i o u s  i n v a s t i g a -  
t i o n s  o f  t l i o  i s o l a t e d  h o r i z o n t a l  t a i l - s v r f a c c  c l ~ ~ r a c t e r i s -  
t i c s  and o f  t h e  ~ i r  f l o w  i n  t h z  r e g i o n  o f  t h e  t p i l  sur-  
f a c e s  i r i th t h e  f o r c e  ncasu remcn t s  f o r  t h e  l p u p o s c  o f  o v a l-  
u a t i n g  t h e  vari0L.s i n t e r f e r e n c e  and s l i p s t r e a m  e f f e c t s .  

IETRODUCTIO?? 

A s  p a r t  o f  fi g s n e r a l  i v e s t  i g a t  i o n  d f r e c t e d  toward  
p r e d i c t i n g  t h e  e f f e c t s  o f  p o p e l l e r  o p e r a t i o i i  r3n the sea- 
b i l i t y  o f  v a r i o u s  t y 2 e s  o f  a ir t--r .sf t  w i th  v a r i o u s  power- 
% ? a n t  a r r a n g z z 3 n t  s ,  e x % 3 n $ i v e  test s h a y 9  bee2  ccnduc ted  
i n  t h e  Xi-kl=A ? ~ 1 ? . - s c % l c  wi.nr;t t u n n e l  of' a ty7ir ;ai .  twin-  
engine t r a c t  37 rL:oinop2ane m o d  e l ,  T h e  t e s t  s i n c l u d e d :  

1. A i r - f l o w  s u r v e y s  i n  t;he r e g i o n  o f  t h e  tail p l a n e  
( r e c e r e n c a  ? )  
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3. Force  t e s t s  o f  t b e  mode l  vrith h o r i z o n t a l  %ai3  
s u r f a c e s  remove& 

4 -  F o r c e  t e s t s  o f  t h a  compfcto moc?.ol 

Thc r e s a l t s  o f  t h e  f o r c o  t3:sts of  t h e  mod.ol  with and wi th-  
out t h o  horizontal tail arc3 g i v e n  i n  t L o  p r o s e n t  p a p e r .  

Sn t h c  a n a l y s f s ,  a s  a t t e r7 , t  h a s  becn  made t o  c o r r o -  
l n t c  t h e  date; of  r c f e r o n c t . , ~  1 a n 6  2 wi th  t h e  r e s u l t s  Ure- 
s a n t e d  b o r 2 i n  f o r  t h a  i -~urnsso  o f  e v a l u a t i n g  t h o  w r i o u e  
i n t e r f c r c n c c  a n d  s L i p s t r c a m  e f f e c t s ,  Sora3 c ~ ~ ~ ? ~ ~ A ~ s c I L I s  of 
t h s  cxpcr i iacnta l ,  r o s i x l t s  vf , t l ;  t l i o  e x i s t i n g  t h e o r y  O P  t h e  
phenomena i n v o l v e d  a r ~  given$. 

I, 

CL 

c Z  

CIn 

D' 

'h 

T 

s PMS 0 z S 

L i f t  

lift coef  fS. c i  e n t  

s e c t f o a r  lift c o e f f i c i e r L t  

;p i t c 2 i  ng- o EZ 3 t c o e 2 f i c i e n t 

p r o g e l l e r s - r e m o v e d  drag 

r e s - a l t a n t  &rag w i t n  p r o p e l l e r s  o p e r a t i n g  

d r a g  c o e f l i c i e n *  

yawiog-moment c o e f f i c i e n t  

norim 2- f  o r c e  c '3e f f  2 c i  e n t  

chord-force c o e f f i s l s n t  

hinze-moment c o e  f f l c i e n t  

p r  ope 11 3r t i t rust  
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ZP normal  f a r c e  a c t i n g  on w. p r o p e l l e r  f n c l l n e d  t o  
t h e  air s t r e a m  

p r o p e l l s r  norma%-f o r c e  c o e f f i c i e n t  C 

80 l i f t - c u r v e  s l o p e  for i n f i n i t e  a s p e c t  r a t i o  

C a i s  d e n s i t y  

n p r o p e l l e r  r o t a + i o n a l  speed 

V loca l .  v e l o c i t y  

f r e e -  s t  ream v e l  oc i t 7  

a v e l o c t t y - i n c r e m e n t  f s c t o r  at p r o p e l l e r  d i s k  

S v e l o c i t y - i n c r e m e n t  f a c t o r  back o f  t h e  p r o p e l l e r  
di sB 

9 local dynamfc pressure ( iPV3)  

f r e e- s t r o a m  dgnan ic  p r e s s u r e  ( ~PV,") 

( 9/(1.0 r a t i o  of a v e r a g e  dynamic p r e s s u r e  a t  t h e  t a i l ,  as  
found from a i r - f l o w  s u r v e y s ,  t o  f r e e- s t r e a m  
dynamic pressure 

N number o f  propellers 

D p r o p e l l e r  d i a m e t e r  

s wing a r e a  

b span 
- 
c mean g e o m e t r i c  chord  

chord  of  wing d i r e c t l y  beh ind  t h e  p r o p e l l e r  a x i s  cP 
51 d - i s t a n c e  o f  q u a r t e r - c h o r d  l i n e  of h o r i z o n t a l  t a i l  

s u r f a c e  f r o i n  c e n t e r  of: g r a v i t y  o f  model,  meas- 
ured p a r a l l e l  t o  t h r u s t  a x i s  

d i s t a n c s  from e l e v a t o r  h i n g e  l i n e  t o  t h e  c e n t e r  o f  
g r a v i t y  o f  model, measured p a r a l l e l  t o  t h r u s t  
a x i s  
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Y l a t e r a l  d i@%anco  f r o m  c e n t e r  l i n e  o f  model 

X a i s t a n c e  f r o m  propsllos d i e k  t o  wing c o n t c r  o f  
p r o s s u r e  

a angle of a t t a c k  

f downwasb wngle? relative t o  f r e e- s t r e a m  d i r e e k i o n  

ave rage  downwaeb a n g l e  a t  t a i l ,  as found f r o m  E av a i r - f l o w  s u r v e y s  

e f f e c t i v e  aownvash a n g l e  a t  t a 3 1 ,  a8 found by 
comparison of p i t c h i n g  moments w i t h  and w i t h o u t  
horizontal tail 

‘ e f f  

h’ e m p i r i c a l  f a c t o r  u s e d  Sn fo rmula  f o r  i n c r e a s e  i n  
l i f t  o f  wing due t o  s l i p s t r e a m  v e l o c i t y  

S u b s c r i p t s :  

W wing 

f f l a p  

P propeller 

T t h r u s t  

S s l i p  st r earn 

i p o r t i o n  immersed. i n  s l i p s t r e a m  

t t a i l  

is i s o l a t e d  tail s u r f a c e  

g s t a b i l  i z e r  

8 e l e v a t o r  

r r u d d e r  

T R  t r i m  
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The RACA full-sotale turunel i s  described i n  reference 
3, and the method,s by 'which khe data were corrected for  
Jet-boundary and blooking e f f e o t s  are disoussed -in r e fe r -  
emes 4 and 5. The complete model is described i n  refer- 
ence 1 and the i s o l a h d  horieontwl t a i l  surface is de- 
scribed i n  reference 2, where i k  is r e fe r red  t o  as the 
mininum-balance t a i l ,  
ed i n  the  wind tuqnsL is giver i n  figure 1. 
shmving %he jSnP.0.r tan8 d~mensions of the c o m l e t e  mode1 
a r e  given. i n  f igure  2, aad o f  the i so la ted  horizontal  tail 
surface i n  f igure  3. 
a r b i t r a r i l y  assumed t o  be located eilong the  fuselage center 
l i ne  a t  the wing-ahord point. 
in order t o  obtain a; reference po in t  f o r  the moment 
ca lou la t i  ons , 

A Bhotograph of the  w d e l  a s  mount- 
Sketches 

The center-of-gravity 1ocatio.n waa 

This assumption was necessary 

The force t e s t s  included l i f t ,  drag,  and oitching- 
moment measurements of' the  model both  without the  horl- 
.zon%al t a i l  surface and wi th  t h e  hor izonta l  t a i l  surface 
wi%h var?.ous ,s 
Nost o f  the  tee 
era$ion and were made with f l a p s  r e t r a c t e d  and flaps de- 
f l e c t e d  50°, 
moved, of the e leva tor  hinge moinents and rudder e f fec t ive-  
ness. The e f fec t s  0.f nacelles on the aeradynamio charac- 
te r i s t ios  o f  the  mudel tvihh nropel le rs  removed were also 
invest igated,  

t i n g s  of the s t a b i l i z e r  and elevator.  
s inc luded the  e f f e c t s  of' nr.smller  op- 

Some t e s t s  were made, with orapellers re- 

, The t h r u s t  coe f f i c i en t  I s  defined as 

a r e  both measured a t  zero l i f t  coef f i -  
cienk. The t h r u s  % coeff icienk was determined as a f w c -  
where Df and 

t i o n  of V/nD f o r  the f laps- re t rac ted  condition. Figure 
4 shws t h e  v a r i a t i o n  of progeller t h r u s t  coefficien4t 
with V//nD. 
ied t o  include both high and low thrust coe f f i c i en t s ;  ac- 
cordin$ly, t he  t h r u s t  coe f f io i en t  a t  any pa r t i cu la r  angle 
of a t t a c k  did not  necessar i ly  simulate a w a c t i c a l  f l i g h t  
condition, 

For each angle of a t tack,  the  t h r u s t  was var: 

I *  
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RESULTS AND DISCUSSION 

The rwiults of t h e  t e s t s  have been analyzed.  Pn t w o  
p a r t s .  One p a r t  i n c l u d e s  t h e  e f f e c t s  of p r o p e l l e r  ope ra-  
t i o n  on t h e  f o r c e s  o f  t h e  wing- fuse lage  c o m b i n a t i o n .  The 
o t h e r  part i n c l u d e s  t h e  e f f e c t s  o f  p r o p e l l e r  o p e r a t i o n  on 
t h e  f o r c e s  and a i r  f l o w  a t  t h e  t a i l  and on t h e  t a i l  e f f e c -  
t i v e n e s s .  The second p a r t  a l s o  i n c l u d e s  a d i s c u s s i o n  of  
t h e  aerodynamic  c h a r a c t e r i s t i c s  of t h e  i s o l a t e d  h o r i z o n-  
t a l  t a i l  s u r f g e e  a n d  ComparisOns o f  t h e  i s o l a t e d  and  a t -  
t a c h e d  h o r i z o n t a l  t a i l  surface. The p r o p e l l e r  f o r c e s  
have been t a k e n  i n t o  accoun t  i n  t h e  d - i s c u s s i o n .  

E f f e c t  o f  P r o p e l l e r  O p e r a t i o n  on 

Wing-Fuselage Combinat ion 

The. p r o p e l l e r s - o p e r a t  i n g  l i f t  and pikching-moment c o e f-  
f i c i e n t s  f o r  t h e  mode l  wi th  t h e  t a i l  s u r f a c e s  removed a r e  
p l o t t e d  i n  f i g u r e  5 f o r  t h s  f l a p s - r c t r a c . t o d  c o n d i t i o n  and  
i n  f i g u r e  6 f ' o r  t b c  f l a p s - d e f l o c t o d  c o n d i t i o n .  Tho e f f e c t s  
o f  p r o p e l l e r  o R c r a t i o n  on t h e  f o r c o s  o f  t h e  w i n g - f u s e l a g e  
combina t ion  aAs shown i n  t h o s e  f i g u r c s  i n c l u d e  t h e  d i r e c t  
e f f e c t  of t h o  propeller f o r c e s  a s  w e l l  as ' the e f f e c t s  a r i s-  
i n g  from t h e  i n c r e a s e 6  v o l o c i t y  and change i n  d i r e c t i o n  of 
t h e  a i r  f l o w  at t h a t  p a r t  o f  t h o  wing immersed i n  t h e  s l i p -  
s t r e a m .  

U t . -  The inc rement  o f  l i f t  dye t o  t h e  components of 
t h e  p r o p e l l e r  f o r c e s  a o t i n g  i n  t h c  l i f t  d i r e c t i o n  i s  

&Lp = T s i n  CGT + Np c o s  ar~ (2) 

a nd 

Thc  second term o f  t h e  r i g h t  s i d e  o f  e q u a t i o n  ( 3 )  ( t h e  l i f t  
i nc rement  due t o  t h e  nosnRl - fo rce  camponeat o f  a p r o p e l l e r  
i n c l i n e d  i n  p i t c h )  i s  u s u R l l y  n e g l i g i b l e ,  a l t h o u g h  t h e  
p i t c h i n g  moment p roduced  by  it may be i m p o r t a n t ,  Methods 
f o r  c a l c u l a t i n g  t h i s  incremegh a r e  g i v e n  i n  r e f e r e n c e  6 .  

F o r  t h e  inc rement  o f  l i f t  r e s u l t i n g  from t h e  p a s s a g e  
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o f  t h e  s l i p s t r e a m  over  a p a r t  o f  t h e  wing, t h e  semf- 
e m p i r i c a l  formvcla  o f  r e f e r e n c e  7 has been found t o  g i v e  
s a t i s f a c t o r y  r e s u l t s  f o r  a wing w i t h o u t  f l a p s :  

I n  t h i s  e x p r e s s i o n  c1  i s  t h e  l o c a l  l i f t  c o e f f i c i e n t ,  
w i t h o u t  s l i p s t r e a m ,  of  t h e  ~ i r f o i l  s e c t i o n  a.t t h e  p r o p e l-  
l e r  c e n t e r  l i n e  and  bi i s  t he  span  o f  t h a t  p o r t i o n  o f  
t h e  wing immersed I n  t h o  s l i p s t r e s m ,  which ,  f o r  twin-  
e n g i n e  o p e r a t i o n ,  i s  t s k e n  h e r e  a s  

The v e l o c i t y - i n c r e m e n t  f: 'ctor back of t h e  p r o p e l l e r  d i s k ,  
s ,  i s  g i v e n  i n  r e f e r o n c e  '7 by t h e  e x p r o s s i o n  

a n d  t h e  v e l o o i t y - i n c r e m e n b  f a c t o r  a t  t h e  p r o p e l l e r  d i s k ,  
a ,  a s  d e t e r m i n e d  f r o m  t h e  noinenturn t h e o r y ,  i s  

The t e r m  i s  t h e  p r o p s l l e r  downwaski r e s u l t i n g  from t h e  
i n c l i n a t i o n  of t h e  p r o p e l l o r  a x i s  t o  t h e  d i r e o t i o n  o f  mo- 
t i o n .  I f  %he e f f e c t s  o f  t h e  v i s c o u s  f o r c e s  o f  t h e  R i r  
s t r o a m  ?-re neg lec ted . j  t h e  p n a p c l l o r  dowawash a n g l e  i s  g i v e n  
i n  r e f e r o n c e  7 n s  

The f a c t o r  A ,  i n t r o d u c e d  bocause  o f  t h e  change i n  c i r c u-  
l a t i o n  o v e r  t h o  w i n g ,  i s  p l o t t e d  in, f i g u r e  7 a s  a func-  
t i o n  02 t h e  a s p e c t  r a t i o  o f  t h o  par t  o f  tho wing Smmersed 
in t h e  s l i p s t r aam.  F o r  t w i n e e n g i n e  opeya t f ton ,  t h e  a s p e c t  
r a t i o  of' t h a  part o f  t h c  wing Imraerso8 I n  Cho s l i p s t r e a h  
i s  t e -ken ,  according t o  r c f e r e n c o  7 ,  8.5 t h c  r a t i o  o f  t h e  .. .. I) 
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d i s t a n c e  betwaen t h o  o u t c r z c s t  t i p s  o f  t h e  p r o p e l l e r s  and  
t h e  che rd  o f  t h e  wing d i r e c t z y  beh ind  t h e  p r o p e l l e r  c e n t e r  
l i n e .  A comparison between t h e  e x p e r i m e n t a l  l i f t  c o e f f i -  
c i e n t s  and  t h e  v a l u e s  c a l c u l a t e d  f r o m  e q u a t i o n s  ( 3 )  and  
( 4 )  f o r  t h e  f l a p s - r e t r a c t e d  c o n d i t i o n  i s  g i v e n  i n  f i g u r e  
8 .  The agreement  shown i s  g o o d .  

1”lith f l a p s  d e f l e c t e d ,  t h e  v a l u e s  o f  h shown i n  f i g -  
u r e  7 d o  n o t  h o l d ,  possib2.y b e c a u s e  o f  t h e  marked e f f e c t  
o f  t h e  s l i p s t r e a m  on t b e  f l apped-wlng  Trortex system.  1% 
was n o t e d  i n  r e f e r e n c e  7 t h a t  e q u a t i o n  ( 4 )  s a v e  goo& r e -  
s u l t s  f o r  a model w i t h  f2.p.p~ d e f l e c t e d  i f  h was mul t i-  
p l i e d  by a f a c t o r  o f  1.4. C a l c u L a t i o n s  o f  t h e  p r o p e l l e r s -  
o p e r a t i n g  l i f t  c o e f f i c i e n t s  u s i n g  a v a l u e  f o r  h from 
f i g u r e  7 m u l t i p l i e c i  by 1 . 4  showed s a t i s f a c t o r y  agreement  
w i t h  t h e  e x p e r i m e n t a l  r e s u l t s  a t  13w a n g l e s  o f  a t t a c k  b u t  
wcre t o o  k i g h  a t  t h o  h i g h e r  angles o f  a c t a c k  ( f i g .  $ 3 ,  

P i t c h i n g  moments ,-  Inasmuch as t h o  t h r u s t  a x i s  i s  
s l i g h t l y  abovo t h e  c e n t e r  o f  g r a v i t y ,  t h e  t h r u s t  c a u s e s  a 
s m a l l  i nc remen t  o f  d i v i n g  momont ( f i g ,  5 )  f o r  t h e  f l a p s -  
r e t r a c t e d  c o n d i t i o n ,  A t  h i g h  a n g l e s  o f  a t t a c k  t h i s  i n -  
crement  i s  n e u t r a l i z e d  t o  some c x t o n t  by t h e  p o s i t i v e  mo- 
ment due t o  t h e  no rma l - fo rce  component o f  a p r o p e l l e r  
i n c l i n c d  i n  p i t c h ,  d few c a l c u l a t i o n s  showed t h a t ,  f o r  
t h e  f l a p s - r o t r a c t c d  t a i l - r e m g v e d  c o n d i t i o n ,  n e a r l y  a11 o f  
t h e  change o f  p i t e h i n g  nomcnt c o u l d  be a c c o u n t e d  f o r  by 
t h e  p r o p e l l e r  f o r c e s .  Tho e f f e c t  o f  t h e  s l i p s t r e a m  on 
t h e  wing pi tching- moment  c o e f f l c i e n t  may t h e r e f o r e  be con-  
s i d e r e d  n e g l i g i b l e  f o r  t h i s  a i r p A a n c .  

F l a p  defZectJl on caused a l a r g e  inc remen t  of d i v i n g  
moment ( f i g .  6 )  which may bc c o n s i d e r e d  t h e  r e s u l t  o f  t h e  
change i n  camber o f  t h e  f l apped .  p o r t i o n  o f  t h e  wing,  T h i s  
i n c r e m e n t  of  d iv ing ;  moment i s  f u r t h e r  i n o r e a s e d  ’by pro-  
p e l l e r  o p e r a t t o n .  T h e  o f f e c t  o f  s l i p s t r o a m  on t h e  p t t c h r  
i n g  moment o f  t h e  wing w i t h  f l a p s  d o f l o c t c d  may be  oon-  
s i d e r e d  as r e s u l t i n g  f r o m  t h o  change i n  wing l i f t  and . f rom 
t h e  i n c r e a s e  i n  t h e  a c t u a l  p i t c h i n g  moments o f  t h o  f l a p p e d  
wing s e c t i o n s  a b o u t  t h e i r  ac rodyaamic  o e n t e r s .  The i n c r c -  
mcnt o f  l i f t  d-uo t o  t h e  s l ips t roam i s  assumed t o  be ap- 
p l i e d  a t  t h e  wing aerodynamic g e n t a r ,  which f o r  t h i s  model 
i s  a p p r o x i m a t e l y  c o i n c i d e n t  w i t h  t h e  assumed c e n t e r- o f-  
g r a v i t y  l o c a t i o n ,  The inc r smen t  of p i t c h i n g  moment due 
t o  t h e  w i n g - l i f t  incros len t  i s  t h e r e f o r e  ncgXigibl.le, The 
e f f e c t  o f  t h o  s L i p s t r c a m  on t h e  wing pihching-moment coe f-  
f i c i e n t  with f l a p s  O e f l e c t e d  nay  be e x p r e s s e d  a s  f o l l o w s :  
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s c  - f i  =- v i  (5 - 1) AC m s  *oaf sf 
%I 

where ACmf  i s  t h e  p rope l l e r s - removgd  i n c r e m e n t  o f  

pitching-moment c o e f f i c i e n t  r e s u l t i n g  f r o m  f l a p  d e f l e c -  
t i o n  and Sf i /g f  

p o r t i o n  o f  t h e  wing tmmeTaed i n  t h e  s l i p s t r e a m  t o  t h e  
f l a p p e d  p o r t i o n  o f  t h e  wing. If i t  i s  assumgd t h a t  t h e  
v e l o c i t y - i n c r e m e n t  f a c t o r  back  o f  t h e  p r o p e l l e r  d i s k  'Is * 

e q u a l  t o  2a, e q u a t i o n  (9) becomes 

i s  t h e  r a t i o  o f  t h e  a r e a  o f  t h e  f l a p p e d  

(10.) 

A compar i son  i s  g i v e n  i n  f i g u r e  1 0  o f  t h e  e x p e r i m e n t a l  i n -  
crement  00 pitching-moment coefficient due t o  t h e  s l i p -  
s t r eam and  t h e  v a l u e s  c 8 , l c u l a t e d  from e q u a t i o n  (10) a t  

t= 0' and  aT = 100 f o r  6 f  E 500 .  The agreement  is 
good  a t  = Oo b u t  sone d i s c r e p a n c y  e x i s t s  a t  CGT = l o o .  &T 

8 

F a r c e s  and A i r  F10w a t  T a i l  

c- T a l l  s u r f a c e  c h a r a c t e r i s t i c s ,  vpro?jellers rea0ve.d.- The 
l i f t ,  dsecg, and pitching-moment c o e f f i c i e n t s  of t h e  madel 
wi th  t h e  t a i l  on a n d  w i t h  t h e  flaps r e t r a c t e d  and d e f l e c t -  
e d  50' a r e  shown i n  f i g h r s  11. The r e s u l t s  w i t h  t h e  h o r i-  
z o n t a l  tail o f f  a , re  Shawn i n  f i g u r e  12. 

P a r  t h e  comple te  model,  t e s t s   ere made t o  d e t e r m i n e  
t h e  e f f e c t s  o f  f l a p s ,  n a c e l l e s ,  and a k g l e  o f  a t t a c k  on t h e  
e l e v a t o r  and, s t a b i l i z e r  e f f e c t i v e n e s s .  The r e s u l t s  o f  t h e  
e l e v n t o r - e f f e c t i v e n s s s  t e s t p  a r e  g i v e n  i n  f i g u r e s  13 
t h r o u g h  1 6  e n d  t h e  r e s u l t s  o f  t h e  s t f t b f l i z e r - e f f e c t i v e n e s g  
t e s t s  r r e  g i v e n  i n  f i g u r e s  1 7  a n d  18, The e l e v a t o r  e f f e c r  
t i v e n e s s  d e c r e a s e d  o r  i n c r e a s e d  s l i g h t l y  w i t h  a n g l e  o f  a t -  
t p c k  as  t b e  h o r i z p n t A l  t a i l  n>dvmced i n t o  o r  r e c e d e d  from 
t h e  wake. An i n c r e a s e  o f  abou t  7 p e r c e n t  o f  e l e v R t o r  e f -  
f e c t i v e n e s s  was measured when t h o  f l a p s  were d e f l e c t e d ,  
which may be e x p l a i n e d  by the .  fo-ct thPO t h e  s t r o n g e r  downu 
wash when t h e  f l ~ p s  a r e  d - e f l e c t e d  c R r r i e s  t h e  wake down 
s o  t h a t  t h e  t a i l  e n t e r s  i t  o n l y  ~t t h e  h i g h e s t  z n g l e  o f  
a t t a c k ,  The s t a b i l i z e r  e f f e c t i v e n e s s  showed no a p p r e c i a b l e  



change  as a r e s u l t  o f  v a r y i n g  t h e  angle! of a t t a c k  of  t h e  
mndel o r  o f  d - e f l e c t i n g  t h e  f l a p s ,  e x c e p t  a t  the  tall, 
The a d d i t i o n  of n a c e l l e s  t o  t h e  medel r e s u l t e d  i n  l i 6 t l e  
change o f  e i t b e r  s t a b i l i z e r  or e l e v a t o r  e f f e o % i a e n e s s .  

The horizontal t a i l  s u p f a c e  has an a p p r e c i a b l e  e$- 
f 'ect  on t h e  v e r t i c a l  t a i l . - s u r f n c e  e f f e o t i v e n e e s .  Ac- 
a m d i n g  t o  Tefelrence 8 ,  t h e  h o r i z o n t a l  O R i l  su%'fRto,e a c t s  
R S  an end p l e t e  f a r  t h e  v e r t i o s i l  t R i l  s u r f R c e  find i n -  
c r e a s e s  t h e  e f f ec2 ; ive  a s p e c t  ratio of t h e  v e r t i c a l  t & f l r  
The v a r i a t i o n  a $  yawing-moment e a e f f i c i e n t  F f i t h  r u d d e r  
d e f l e c t i o n  i s  shown i n  f i g u r e s  l9 t o  22  f o r  t h e  f l a p s-  
r e t r a c O e d  and t h e  f l a p s- d e f l e c t e d  candiOOpns and with t he  
h r r i z a n t a Z  t a i l  s u r f a o s  ~ t t ~ ~ ~ h e d  t o  the model and  removea, 
The! rudder e f f e c t i v e n e s s  dC,/dGr with  t h e  h a r i z o n t n l  
tail s u r f a c e  removed w a s  es t imf i t ed ,  aecarding t o  r e f e r -  
ence  9 ,  t o  be -0,00062 nnd,  nccard?ing t o  r e f e s e n e e  8 ,  t o  
be i n a r e a s e d  t e  -0,00079 when the h o r i z o n t a l  taj.3, surfRae 
was a b t a c h e d  t o  t h e  m a d e l ,  CTheGe v a l u e s  Fire i n  c l o s e  
ngreernent w i t h  t h s  exper imentr t l  v a l u e s ,  F I R S  d e f l s c t i o a  
r e s u l t e d  i n  only ~1 s l i g h t  1ncreFise o f  r u d d e r  e f f e c t i v e n e s s ,  

The Ftffect, o f  d e f l a c t i n g  ane t p i l  s u r f q c e  en t h e  e f -  
f e a t i v e n e s s  o f  t b e  o t h e r  i s  shown in f i g u r e s  23 rznd 24.  
The t e s t  r e s u l t s  i n d i t n t e  t h s l t ,  Q Q ~  t h i s  t y p e  09' empennage, 
t h e  e f f e c t i v e n e s s  o f  the  h o r i z o n t a l  t R i 1  s u r f n ~ e  l e  f n d e -  
pendent  a f  t h e  d s f l e c t i a n  Bf t h e  vertical t R i l  sUrfflc8 
a n d  v i c e  v e r s n .  

The e l e v a t o r  s n g l e e  f a r  trim ( C m  s 0 )  a re  Bihawn in 
figure 25 f o r  b a t h  t h e  f l a p s - r s t r n c t e d  Pnd. t h e  f h p s -  
d e f l e c t e d  c o n d i t f a n s ,  
e levFttor  d e f l e c t i o a  W F I ~  necessRrg  t o  trim t h e  model at any 
a p g l a  o f  s t t t s c k  a s  R. r e s u l t  o f  d e f l e c t i n g  t h e  f l R z p s ,  phi8 
small change o f  eLevRtar  d e f l e o t l o n  necessary t o  trim t h s  
model resu1'Gs from t h e  i n c r e a s e d  dovnwash s t  t h e  % a % &  
( c a u s e d  by d e f l e c t i n g  t h e  f l a p s ) ,  wbio& s e u t r n l i s s d ,  t o  R 
large e x t e n t ,  t h e  Increment  o f  n e g q t f v e  pitghing moment 
due t o  t h e  flnps. 

A maximum chpnge o f  o n l y  about  2' 

The h o r i z o n t f i l  t R i l  s u r f a c e  used  on t h i s  node1 W R E ~  
t e s t e d  $.one find t h e  results o f  t h e  t e s t e  have  been re-  
p a r t e d  i n  r e f e r e n c e  2 ,  4 sammry of t h e  w r i . s t i o a  o f  
no-mal-force coef f f c i e n t  qnd c h o r d- f o r c e  c o e f f i c i e n t  bwi th  
ta5.1 r n g l e  of a t t a c k  for e l s v n t o r  d e f l e c t i o n s  Orom 0 t o  

dC- /e-&, 
found t o  be  0 0 6 0  q n 3  0,932, r e e r e c t l v e l y .  

3 C 3  IS ~ T ~ V G E  i n  figuro 26, Tho s l o p e s  dCjqc/d6s RnB 

f a r  t h e  i s a l f i t e d  h e r i z o n t n l  t R i 1  s u r f a c e  were h t  



A comparison o f  t h o  i so l ; i t ; cd  t a i l - s u r f n c e  p a r a m e t e r s  
dCgt/d6, and dGNt/d6s w i t h  t h e  c o r r e s p o n d i n g  v a l u e s  

f o r  t h e  t a i l  sur fnot !  when n t t a c h e d  t o  t h e  moael can be 
made by mec?ns o f  t h e  following e q u a t i o n s :  

The d - i s t : ?ncss  1 ,  nnd.  I, % r e ,  r e s p e c t i v e l y ,  t h e  d t s t a n c e  
f r o i n  t h e  q u a r t e r - c h o r d  p o i n t  o f  t h e  h o r i z o n t a l  t a i l  s u r f a c e  
t o  t h e  c e n t e r  of  g r a v i t y  o f  t h e  moclel  and t h e  d i s t a n c e  from 
t h e  e l e v a t o r  h i n g e  l i n e  t o  t h e  c e n t e r  o f  g r a v i t y  o f  t h e  
model. Va lues  Cdr t h e  dynamic p r e s s u r e  r a t i o  q/qo have 
been obt .a ined  f r o m  t h e  s u r v e y s  o f  r e f s r . ence  1 and r e g r e -  
s e n t  a r i t h m e t i c a l  ave r -ages .  T a b l e  1 giires. v a l u e s  of 
dCgt/dSS and dCgt/di3e c a l c u l a t e d  from e q u a t i o n s  (11) and 
(12) f o r  v a r i o u s  an .g les  o f  a t t a c k  and model. aondiOSons, 
t o g e t h e r  with t h e  c o r r e s p o n d i n g  v a l u e s  o f  dCmJd68 and 
dCm/dGe o b t a i n e d  f r o m  t h e  t e s t  r e s u l t s .  I t  w i l l  be n’o- 
t i c e d  2 r o a  t a b l e  I t h a t  t h e  v a l u e s  f o r  t h e  s l o p e  dChr2;/d6, 
as  c a l c u l a t e d  fpom t h e  t e s t  r e s u l t s  a r e  I n  c l o s e  agreement  
w i t h  Cha v a l u e  measured for t h e  i s o l a t e d  ta i l ,  f o r  m o s t  
c a s e s ;  t h e  vaI.u&s, howere r ,  f o r  
c e n t  lower  than t h e  value  measured f o r  t h e  i s o l a t e d  t a i l .  
T h i s  d i s c r e p a n c y  mag be pariz3.y a c c o u n t e d  f o e  by t h e  e f f e c -  
t i v e  r e 4 u c t l o n  of  s t a b i l i z e r  a rea ,  caused  by t h e  i p t e s s e c - c  
t i o n  o f  t h a  f u s e l R g e  and  t h e  s t a b i f l z e r .  A compar ison  o f  
t h e  e x p e r i m e n t a l  Va lues  o f  dC,,/dSS and dCyjt/dGe for 

i n  f i g u r e s  27 and 2 8 ,  

dCst/dGs a r e  4 t o  20 p e r -  

- 0’ with v a l u e s  c a l c u l a t e d  from r e f e r e n c e  10 i s  g iven  aT - 

The v a r i a t i o n  o f  e l e v n t a r  hinge-moment c o e f f i c i e n t  
wibh e L e v a t o r  d e f l e c t i o n  for t h e  i s o l a t e d  and a t t a c h e d  t a i l  
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(UT = o O ) ,  t o g e t h e r  w i t h  t h e  t h e o r e t i c a l  v a l u e s  computed 
f r o m  t h i n - a i r f o i l  t h e o r y ,  i s  shown i n  f i g u r e  29.  The ex- 
per lnen taa l  v a l u e s  f o r  t h e  i s o l a t e d  and a t t a c h e d  t a i l  a r e  
i n  s a t i s f a c t o r g  agreement  'but a r e  lower  t h a n  t h e  t h e o r e t i -  
c a l  v a l u e ,  

L E l e v a f o r  e f f e c t i v e n e s s  and dynamic p r e s S u r e  a t  t a i l ,  

c o e f f i c i e n t  with e l e v a t o r  a n g l e  f o r  v a r i o u s  a n g l e s  o f  at-. 
t a c k  pnd t h r u s t  c o e f f i c i e n t s  a r e  g i v e n  i n  f i g u r e s  30 t o  
3 2  f o r  t h e  f l a 3 s - r e t s a c t e d  c o n d i t i o n  and I n  f i g u r e s  33 t o  
36 f o r  t h e  f l a p s - d e f l e c t e d  c o n d i t i c n .  A t  c o n s t a n t  t h r u s t  
c o e f f i c i e n t  t h o  e l e v a t o r  e f f e c t i v e n e s s  i n c r e a s e s  w i t h  an- 
g l e  o f  a t t p c k .  The r e a s o n  f o r  t h e  i n c r e a s e  o f  dCm/c26, 
w i t h  a n g l e  o f  a t t a c k  w i l l  be obv ious  vhen i t  i s  c o n s i d e r e d  
t h a t  t h e  t ? l e v a t o r  h i n g e  Line i s  noa r  t h e  t o p  o f  t h e  s l i p -  
s t r e a m  a t  l o w  s n g l c s  o f  a t t a c k  b u t  p r o g r e s s i v e l y  ~ p p r o a c h o s  
t ho  c e n t e r  o f  t h e  s l i p s t r e a m  a s  t h e  r n g l e  o f  s t t n c k  i s  in-  
creased- ( r e f c r a n c c  1). Tho e l e v a t o r  c f f o c t i v c n e s s  f o r  t h e  
f l q 2 p s - r e t s a c t o d  c o n t i i t i o n  i s  c o n s i d c r n b l y  h i g h a r  t h a n  t h o  
e l e v n t o r  e f f e c t i v e n e s s  f o r  t h e  f l ~ p s  8 e f l e c t o d  c o n d i t i o n ,  
ThSB r e s u l t  i s  due t o  t h e  f a c t  t h a t  th.;, s l i p s t r e e m  cen'ber 
l i n e  i s  deprossed f a r t h e r  b o x o w  t h s  d l o v a t o r  h i n g e  l i n e  
w i t h  f l 9 p s  dc fZcc tod  t h a n  w i t h  f l a p s  r e t r a c t e d ,  

fu p r o p e l l e r s  o p e r g - t i n g  -__I_ The v a r i a l i i o n  o f  pi tching- moment  wl 

f t  h s  b c o n  s h o v n  t h s t ,  ~ ~ r i i t h  p r o p c l l c r s  r enovcd ,  t h e  
e l c v a t  o r  c f f e c t i v c n o  s s  i s  a p p r  oximst e l y  p r a p o r t  i o n a l  t o  
t h e  nvorqgc  dyanmic -p res su re  r a t i o  a t  t h e  t a i l ;  t h a t  is, 

A c c o r d i n g l y ,  f o r  t h o s o  c o n d i t i o n s ,  t h e  e f f c c t i v c  dynamic 
pressure z p T r o x i n g t u l y  c q u s l s  t h e  qvepngc  d.ynnmic p r e s -  
s u r e .  T h i s  p r o p o r t i o n a l i t y  no l o n g e r  e x i s t s  a t  t h e  h i g h e r  
t h r u s t  c o e f f i c i e n t s ;  f o r  such  c o n d i t i c n s ,  t h e  o f f c c t i v a  
dynr?.r?:ic p r e s s u r e  i s  less t h a n  t h c  avcrs.ge f o u n d  f r o n  t h e  
s u r v c y s  This e f r f eq t  i s  i l l u s t r n t o d  i n  t a b l e  Sf, which 
g i v a s  a coriprtr ison b c t w o c n  the mcarsurcd. dC,/dSG an8 t h e  
v a l u e s  c a l c u l a t e d  f r o m  c q u a t i s n  (13). The v a l u e s  of 

T a b l e  11 sbovs  t h a t  t h o  (zaJ.cula.tod v a l u e s  a r c  abou t  10 
p o r c c n t  h i g h o r  t h a n  t h e  e x p e s i m o n t a l  v a l u e s  f o r  m a s t  c a s e s .  
The d - i f f o r c n c c  b c t v c c n  t h o  scasurcd and  t h e  u a l c u l a t c d  
dC,/216c is p r o b a b l y  duo t o  t h o  f i n i t e  e x t e n t  and nonuni-  

4. I 9 0 1 av wcgc o b t a i n e d  f r o n  t h c  ~ j u r v ~ y s  of  r o f e r o n c o  1. 



f o r n i t y  o f  t h e  s l i p s t r o a n .  P r e v i o u s  t e s t s  o f  s e v 3 r a l  
t y p e s  o f  a i r p l a n e s  ( rofcrcnct - :  11) showed a similar d i s c r o p -  
aacy batween t h e  moasurcjd e l G v a t o s  c f f c c t i v e n o s s  and t h e  
e Z e v a t o r  e f f e c t i v e n e s s  c a i c u l a t e d  f r o c  e q u a t i o n  (13) a t  
h i g h  v a l u e s  o f  t h r u s t  c o e f f i c i e n t .  I n  f i g u r e  37 the n8as- 
u r o d  dC,/d&e h a s  been  p l o t t w i  a g a i n s t  t h e  c a l c u l a t e d .  
value and  a curvz  s h o w i r g  t h e  r e l a t i o n s h f p  batwaen t h o  t w o  
has been o b t a i n o d .  This c u r v e  d e v i a t e s  from t h c  t h e o r e t -  
i c x x  45O s l o p e  by n p p r o x i a a t c l y  11 p e r c e n t .  

Downwash at t a . , i l . -  I n  r e f e r e n c e  1 a r e  g i v e n  v a l u e s  o f  
t h e  averrtge downwash R t  t h e  t a i l ,  v i t h  p r o p e l l e r s  removed 
and o p e r a t l n g ,  as  d e t c r a i n o d   fro^ t h e  survea-s. Froa neaB- 
u r e c c n t s  of  t h c  p i t c h i n g  norr,onts o f  t h o  z o d e l  w i t h  s t a b i -  
l i z e r  s e t  a t  v a r i o u a  p n g l o s ,  cornparison h a s  been mad-e 
between t h e  e f f e c t i . r r e  and t h e  a v e r z g e  dowrrwash a n g l e s .  
The e f f e c t i v e  downvash a.n:;les were d e t e r m i n e d  by comparing 
t h e  v a l u e s  o f  a cg l e  o f  a t t a c k  and s t a b i l i z e r  i n c i a e n c e  for 
which t h e  t a i l  c o n t r i b u t e d  z e r o  pitching-moment c o e f f i c i e n t ,  

F i g u r e s  l? and 18 g i v e  cltrtres showing t h e  v a r i a t i o n  
of pitching-moment c o e f f i c i e n t  w i t h  s t a b i l i z e r  s e t t i n g  a t  
v a r i o u s  a n g l e s  o f  c7t.tack f o r  t h e  p r o p e l l e r s - r e n o v e d  c o n d i-  
t i o n .  Pplues f o r  g a f f  ha,ve b e e n  o b t a i n e d  f r o m  th.e c u r v e s  
o f  f i g u r e s  1 7  and 1 8  a n d  are cornparod w i t h  t h e  v a l u e s  o f  
tau- a b t a l n e &  2rom t h o  s u r v e y s  of r e f e r e n c e  1 f o r  b o t h  t h e  
f l a p s - r e t r a c t e d  a n d  t h c  f l a p s - d e f l e c t e d  c o n d i t i o n s  i n  f l g -  
u r e  3 8 ,  The as reemoa t  betwoon teff and eav  i s  good 
( w i t h i n  1 ' ) .  

The r e s u l t s  o f  t h e  s t a b i l i z e r F e f f e c t i v e n e s s  t e s t s  
w i t h  p r o p e l l e r s  o p e r a t i n g  a n d  1 ~ ~ 2 t h  flaps r e t r a c t e d  and de- 
f l e c t e d  50*  s r e  shown i n  f i g u r e s  39 t o  42 .  
g i v e s  a c o n p a r i s o n  betueqtn $he  e f f e c t i v e  downwash a n g l e s  
obtaineci  f roz  t h c s e  f i g u r e s  and t h e  a v e r a g o  downwash a n -  
g1e.s o b t a i n e d  from t h e  s h r v e y s  o f  r e f e r e n o e  1 f o r  t h e  
f l a p s - r e t r a c t e d  and. f l a p s - d e f l e c t e d  c o n d i t i o n s ,  The a g r e e-  
ment between t h e  e f f a c t i v e  and. tkie a v e r a g e  &ownwash an- 
g l e s  i s  s a t i s f a c t o r y  (wi t .h in  lo') a t  Low a n g l e s  o f  a t t a c k ;  
a t  h i g h  a n g l e s  of a t t a c k ,  however ,  t h e  e f f e c t i v e  downwash 
a n g l e s  a r e  somewhat lower t h a n  t h e  a v e r a g e  downwash an-  
g l e s .  The r e a s o n s  f o r  t h e  d i f f e r e n c e s  between teff and  

a t  t h e  h i g h  angles o f  a t t a c k  a r e  n o t  v e r y  c l e a r ,  b u t  
i t  i s  l i k e l y  t h a t  t 'ne nonunif'op'mity o f  t h e  s l i p s t r e a m  
and t h e  p u l s a t i o n  o f  ',he a i r  f l o w  may c o n t r i b u t e  t o  t h e  
Zaw v a l u e s  o f  teff. 

T a b l e  I11 
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A t h e o r e t i c a l  solution f o r  t h e  r e s u l t a n t  downwash an- 
g l e  a t  t h e  t a i l  w i t h  p r o p e l l e r s  o p e e a t i n g  h a s  been  t h e  
s u b j e c t  o f  e x t e n s i v e  r e s e a r c h ,  but  as y e t  no g e n e r a l l y  
s a t i s f a c t o r y  method e x i s t s  f o r  i t s  p r e d i c t i o n .  S e v e r a l  
f a c t o r s  mry i n f l u e n c e  t h o  rasu3, tant  Rngfe o f  downwash a t  
t h e  tail., c h i e f  among which 4 r e  t h e  downwash due t o  t h e  wing  
and  t h e  Eu-selage (propellers removed),  t h e  i n c l i n a t i o n  of  

and t h e  t o r q u e ,  From exgcr i rnen ta l  d a t a ,  a.n a t t e m p t  h a s  
been made t o  s t u d y  t h e  o r d e r  of  ma,pi tude o f  t h e s e  v a r i o u s  
f a c t o r s .  

r t h e  t h r u s t  a x i s  t o  t h e  f r e e - s t r e a m  d i r e c t i o n ,  t h e  t h r u s t ,  1u 
vi 

I n  r e f e r g n o e s  1 and 1 2  compar isons  ? r e  made between 
t h e  a v e r a g c  downwash a n g l e s  n t  t h o  t a i l  p s  o b t a i n e d  f r o m  
s u r v e y s  ( p r o p s l l e r s  remove8) .tnd t h o  t h e o r e t i o R 2  wing 
dovrnwash a n g l e s  computed f r o m  t h e  C h R r t s  o f  s e f e r o a c o  13. 
Ths . t g r e e m n t  shown bctwcen t h e  a v e r a g e  and t h e  t h e o r e t i -  
c a l  &ownwash Angles  was s e t i s f a c t o r y ,  which i n d i c a t e s  
t h p t  t h e  p r e s e n c e  o f  t h e  f u s e l n g e  d o e s  n o t  m a t e r i a l l y  a f-  
f e c t  t h e  downtwsh slt t h e  t a i l .  

When propc. :_lers  ? r e  o p G r s t i n g ,  t h e r e  e x i s t s  a n  i n -  
crement  o f  downwash e s s o c i a t e d  viCb t h e  inc rement  of l i f f  
a t  t h e  w i n g  2nd Rn incromexit o f  downwash a s s o c i a t e d  w i t h  
t h e  v e r % i c F l  conporlent o f  t h e  p r o p e l l e r  f o r c e s .  The pas- 
sago o f  sLipstro8.m over  t h o  wing may be  c o n s i d e r e d  t o  r e-  
s u l t  i n  R cha.ng$e o f  t h e  l i f t  d i s t r i b u t i o n  over  t h e  wing,  
w i t h  cz c o r r o s p o n d i n g  change o f  &ownwash. The v c r t i c n l  
componoiit o f  t i le  p r o p c l l o s  f o r c e s  a r i s e s  from t h e  i n c l i n a -  
t i o n  o f  t h e  propeller Rxis  t o  t h o  free-stream d i r e c t i o n .  
Measurements b y  SttiUpPr ( r e f e r e n c e  14) showed n o  RppreCi- 
~ b l e  v a r 5 a t i o a  i n  downwash s s  t h e  a n g l e  o f  i n c l i n n t i b n  o f  
t h e  p r o p e l l e r  wag v q r i e d  wi-th r e s p e c t  Go t h e  wing. 

A f u r t h e r  inc rement  of  downwqsh qt t h e  t a i l  may ex- 
i s t  as a. r e s u l t  o f  the r o t g t i o n  i rnpnrtcd t o  t b a  a i r  s t r e a m  
by t h c  p r o p e l l e r .  F o r  rl. tw in- eng ine  a i r p l a . n e  o p e r a t i n g  
R t  l p r g c  t o r q u e  c o e f f i c i e n t s ,  t h e  s l i p s t r e a m  r o t a t i o n  may 
have Gonsidordblo i n f l u e n c e  on t h e  downuash a t  t h e  t a i l ,  
depend-ing on t h e  d i r e c t i o n  o f  r o t a t i o n  of t h e  p r o p e l l e r s  
( r e f e r e n c e s  1s pnd 1 6 ) .  For  p r o p e l l e r s  r o t a t i n g  i n  t h e  
same Z t r e c t i o n  ( a s  f o r  t h e  c a s e  of t h i s  m o d e l ) ,  t h e  down- 
wr?sh a c r o s s  one s e n i s p a n  of  t h e  h o r i F e n t - n l  t a f l  s u r f a c e  
w i l l  be g r e a t e r  t h a n  the downwash across t h e  o t h e r  semi- 
span.  'The e f f e c t  of s l $ p s t r e a m  r o t a , t i o n  on t h e  downwqsh 
b i s t r l b u t i o n  a t  t h e  t ? i $  o f  t h i s  model 9 s  i l l u s t r a t e d  i n  
f i g u r e s  43 t o  46 f o r  t h e  f l ~ p s - r e t r a c t e d  and flaps- 
d e f l e c t e c l  c o n d i t i o n s .  The local downwash p n g l e s  were ob-  
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t a f n e d  from t h e  s u r v e y s  o f  r e f e r e n c e  1. S i n c e  t h e  span 
o f  t h e  h o r i z o n t a l  t a t 1  s u r f n c e  i s  a p p r o x i m a t e l y  equal t o  
t h e  d - i s t a n c e  between. p r o p e l l a r  c e n t e r  l i n e s ,  t h e  h o r i -  
z o n t a l  t a i l  i s  m a i n l y  q f f e c t e d  by t h e  f l o w  f r o m  t h e  i n n e r  
h s l v e s  o f  t h e  t w o  s l i p s t r e a m s .  With flaps r e t r a c t e d ,  t h o  
downwask a t  t h e  t s t l  on t h e  s i d e  s f f e c t e d  by t h e  upward 
s t r o k e s  o f  t h e  p r o p u l l e r  b l s d e s  was r e d u c e d ,  whereas  t h e  
downwnsh r t  t h e  t a i l  on t h e  s i d e  T f f e c t e d  by t h e  downward 
s t r o k e s  o f  $ha  p r o p e l l e r  'b l ; tde[~ wqs i n c r e e s e d .  T h i s  e f -  
f e c t  w a g  r e v e r s e d  7ghen t h o  f l s p s  were d e l l e c t e d ;  t h n t  i s ,  
t h o  downwDsh on t h e  side o f  t h e  upgo ing  b la ,des  was i n-  
c r o p s e d ,  whereas  t h e  2iownwSsh on t h e  s i d e  o f  t h e  downgging 
b 1 3 d - e ~  W P S  d o c r e s s c d ,  I t  n p p o ~ r s ,  howcver,  t h a t  t h e  r e -  
d u c t i o n  c f  iiownwas'ii cn ODE s i d e  of t k e  t a i l  due t s  t h e  
upward components o f  t h e  s l i p s t r e a n  r o t a t i o n  i s  approxi- 
mnte ly  e q u a l  t o  t h e  i n c r e a s e  o f  downwash on t h e  o t h e r  S i d e  
due t o  t h e  downward Components o f  t h e  s l i p s t r e a m  r o t a t i o n .  
The n e t  e f f e c t  o f  t h e  sLipst ree ,m r o t a t i o n  on t h e  a v e r a g e  
downwash a c r o s s  t i le  conlTfete t a i l  span o f  t h e  node l  I s  
tfneref o r e  p r o ' o ~ b l y  n e g l i g i b l e ,  

Tail c o q t r i b u t $ o n ,  2Z-eJler.s o n e r a t i n g , -  The p i t c h i n g -  
moment and t h e  l i f t  c o e f i i c i e n t s  a t  v a r i o u s  v a l u e s  o f  thrust 
c o e f f i c i e n t  f o r  t b s  t a i l - o n  c o n t i i t i o n s  a r e  p l o t t e d  a g a i n s t  
a n g l e  o f  a t t a c k  i n  f i g u r e s  4'7 and 48.  F i g u r e s  49 and 50 
show t 3 e  Ti t sn ing-son ien t  c o e f f i c i e n t s  due t o  t h e  l m r i z o n t a l  
t a i l  s u r f : c e ,  c s  obtpined. f r o m  t q i l - o n  anfi t a i l - o f f '  p i t c h -  
iag-moment r u e ~ s ~ r e ~ ~ n ~ s ,  y l o t t e < .  ~ g n i r r s t  z n g l e  o f  a t t a c k  
f o r  various vq1ves  o:f t ' i rvst  c o e f f i c i e n t  * 

A S  n r e s u l t  oi '  t h e  + . n c : r a ~ , s e d  CCownwssh a t  tLe  t a i l  due 
t o  t h e  % . . r u s t ,  the e f f e c t  c f  - 3 r c p e l i e r  q c r a t i o n  i s  t o  
i n c r e p s o  C1-e c'townwrErc3 f o r c e  O A  t h e  t a i l .  With f l a p s  r e -  
t r a c t e d ,  t1.e sta31zlnc moment r e s u l t i n g  from t h e  i n c r e a s e d  
downwash a t  t'-e t n i 1  c o u n t e r z c t s  t h e  d i v i n g  noment cRuscd 
by t h e  L o c a t i o n  o f  t h e  t h r n s t  ?"xis  with r e s p e c t  t o  t h e  
c e n t e r  os" g r s v i t y  o f  t h e  moc?cl.. With f l aps  d e f l e c t e d ,  t h e  
i n c r e p s e d  downwash r i t  t h e  t a i l  due  t o  f l n p  d e f l e c t i o n  snd  
p r o p e l l e r  t h r u s t  i n c r e a s e s  t h o  d o w n w n r d  f o r c e  jn t h e  t a i l .  
T h i s  f o r c e  r e s u l t  6 i n  a. s t a l l i n g  moment I wbich n e u t r a l -  
i z e s ,  t o  n Zsrgc e x t a n t ,  t h e  d t v i n g  momont caused  by de-  
f l o c t i n g  t h e  f l a p s .  I t  must a l s o  bo p o i n t e d  out  t h a t  
thDrc  i s  a comparRt ivc ly  l ~ r g c  o h ~ n g o  i n  t h e  f o r c e s  3 t  t h e  
t n - i . 1  w i t h  a n g l e  o f  q t t a c k  resulting from t h e  f s c t  t h a t  t h e  
t q i l  e,dvnnccs into t h e  s l i p s t r e w n  with i n c r o a s i n g  angle 
o f  a t  t sclc. 
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With f l a p s  r e t r a c t e d ,  t h o  e f f e c t  o f  p r o p e l l e r  o p e r-  
a t i o n  on t h o  s l o p s  o f  t h e  c u r v e  o f  p i t c h i n g  moment a g a i n s t  
a n g l e  of q . t t$ck  (Tc = c o n s t . t n t )  i s  shown i n  f i g u r e  47, 
A t  p o s i t i v e  r n g l e s  o f  a t t a c k ,  t h e  s l o p e  p r o g r e s s i v e l y  i n-  
c r e a s e s  w i t h  i n c r e q s e  i n  t h r u s t  c o e f f i c i e n t  * Bigure  47 
1.1~0  s e r v e s  t o  s h o w  t h e  e f f e c t e  o f  p r o p e l l e r  o p e r 8 t i o n  
on b g l ~ n c e .  Thus ,  w i t h  p r o p e l l e r s  removed, t h e  model 

t n c k  f o r  t r i m  i s  Pncseagsd  t o  
o f  t r i m  a n g l e  w i t h  t h r u s t  i s  a t t r i b u t e d  m a i n l y  t o  t h e  i n-  
cressed .  downwash due t o  t h e  t h r u s t ,  

L 
t r ims r 2 t  aT = 3.9O -nd  a t  Tc = 1 . 2 0 ,  t h e  a n g l e  of  at- u1 

1\) 

uz = 2 0 . 3 ' .  T h i s  change 

From t e s t s  of a, twin- engine  t r a c t o r  monoplane model 
w i t h  p r o p e l l e r s  r o t p t i n s  i n  t h e  same d i r e c t i o n ,  t h e  fol- 
l owing  r e s v - l t s  * > r e  summa~rized: 

1, F o r  most, c o n d i t i o n s ,  t h e  s t a b i l i z e r  e f f e c t i v e n e s s  
o f  t h e  i s o l a t e d  k o r i z o n t z - 1  G P i l  s u r f i c e  wa,s r e d u c e d   bout 
1 2  p e r c e n t  by a t t a c h i n g  t h e  t R i 1  s u r f n c e  t o  t h e  model bu t  
t h e  e l e v a t o r  e f f e c t i v e n e s s  was n o t  R p p r e c i n b l y  a f f e c t e d .  

2 .  With propellers removed, d e f l e c t i n g  t h e  f l a p s  50' 
i nc reased - t h e  e l e v a t o r  e f f e c t i v e n e s s  abou t  7 p e r c e n t ;  w f t b  
p r o p e l l e r s  o p e r a t i n g ,  however ,  c t s f l e c t i n g  t h e  f l a p s  de-  
creased - t h e  e l e v a t o r  e f f e c t i v e n e s s  c o n s i d e r a b l y ,  

3 ,  The h o r j z o n t a l  tEi1 s u r f a c e  a c t e d  as a n  end p l a t e  
f o r  t h e  v o r t i c a l  tail s u r f a c e ,  t h u s  i n c r e a s i n g  i t s  e f f e c -  
t i v e  a s p e c t  r a t i o ,  ldi th t h e  h o r i z o n t a l  t a i l  s u r f a c e  r e-  
moved, t h e  r u d d e r  e f f o c t i v e n e s s  w a s  ~ b o u C  - 0.00062,  which 
was inc reased .  t o  a b o u t  -0.00077 when t h e  h o r i z o n t a l  t a i l  
s u r f a c e  w i t s  a t t a c h e d  t o  t h e  model., 

4 ,  The inc rement  o f  l i f t  st a wing w i t h  f l a p s  r e-  
t r c c t e d . ,  caused  by t h e  passage of  a s l i p s t r e a m  over  i t ,  
may be comgutod w i t h  s ~ t i s f n c t o r y  a c c u r a c y  by t h e  methods 
o f  r e f e r e n c e  6 .  

5,  The e f f e c t  o f  t h e  2 , r o p e l l e r  s l i p s t r e a m  on t h e  
wing p i t c h i n g  moqent w i t h  f l - ? p s  r e t r a c t e d -  w a s  n e g l l g i b l e  
f o r  Ch i s  moael ,  

6 .  D e f l e c t i n g  t h e  f l a p s  c a u s e d  a l p r g e  d i v i n g  moment 
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which i n c r e a s e d  w i t h  t h r u s t  c o e f f i c i e n t ,  T h i s  d i v i n g  m o m  
ment w a s  n e u t r a l i z e d  t o  3 l a r g e  e x t G n t ,  howevGr, by  t h e  
i n c r e a s e d  downwash .stt t h e  t a i l  due t o  f l a p  d e f l e c t i o n .  
A s  an exsmple ,  w i t h  t h e  h o r i z o n t a l  t R , i l  s u r f n c e  removed 
and a t  z e r o  rin(;1o o f  a t t a c k ,  d e f l e c t i n g  t h e  f l a p s  caused  
a n  i i ic rement  o f  pi tching-moment  c o e f f i c i e n t  o f  - 0.140, 
which i n c r e a s e d  w i t h  t h r u s t  t o  -0.3'75 at. a t h r u s t  C o e f f i-  
c i e n t  o f  1m2. With t h e  h o r i z o n t a l  t a i l  s u r f a c e  a t t a c h e d .  
t o  t h e  mod-el and  a t  zero a n g l e  o f  a t t a c k ,  C e f l e c t i n g  $he  
flaps c a u s e d  a n  i n c r e m e n t  o f  pitching-moment  c a e f f i o j e n %  
of - 0.001,  which i n c r e a s e d  w i t h  t h r u s t  t o  -0 ,093 a t  a 
t h r u s t  c o e f f i c i e n t  o f  1 . 2 .  

'7, With p r o p e l l e r s  reixbved, t h e  e l e v a t o r  e f f e c t l v e -  
n e s s  w a s  a p p r o x i m a t e l y  proportiosal t o  t h e  a v e r a g e  dy- 
na.mic p r e s s u r e  a t  t h e  t a i l ;  t h i s  p r o p o r t i o n a l i t y  d i d  n o t  
h o l d  f o r  t h e  p r o p e l l e r s - o p e r a t i n g  coz ld i t ion .  

8 ,  The dynamic p r e s s u r e  a t  t h e  t a i l  g e n e r a l l y  i n -  
c r e a s e d  w i t h  a n g l e  o f  a t t a c k  b e c a u s e ,  f o r  t h i s  a i r p l a n e ,  
t h e  t a i l  was n e a r  t h e  t o p  o f  t h e  d f p s t r e a m  a t  low a n g l e s  
of  a t t a c k  a,nd advanced i n t o  i t  a s  t h e  a n g l e  o f  a t t a c k  5n- 
c reased -,  

9 .  With p r o p e l l e r s  removed, t h e  e f f e c t i v e  downwash 
a n g l e s  were i n  g o o 4  agreement  w i t h  t h e  a v e r a g e  downwash 
a n g l e s ;  w i t h  p r o p e l l o r s  cperatlng, however ,  t h e  e f f e c t i v e  
downwaslt a n g l e s  were somewbat l cwe r  t h a n  t h e  a v e r a g e  
downwash a n g l e s  a t  t h e  h i g h e r  a n g l e s  o f  < q t t a c k .  
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Fig. 1 

Eigure 1. - Installation of stability model in the NACA full-scale wind 
tunnel. 
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Figpre. 2.- Three-view drawing of stability model. Nacelles o f f .  
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Thrust coef f i c i en t ,  T, 
Figure 8.- Comparison b e t w m n  eXp?crimentsl and ca lcula ted  l i f t  coeff ic ient .  

tif, 0'; naccilos o f f ;  ta i l  L ~ P .  
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Pigwe  9.- Comparison batvecn experimental and calcula ted l i f t  coef f ic ien t ,  
6 f ,  500; nacallas o f f ,  tail o f f .  
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35gure 25.- Elevator angles for trim as  a function OS angle 
of attack. Propellers  removed; nacelles on. 
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$tr tbi l izer  angle, 8 ;  I deg 
Figure 27,- Variation of C B  with 68 f o r  the isolated and attached hori- 

isolated tail. Pro?ellerE L-+,?.IOTTS~. 

zontal tail m d a ~ e  together with values conyu-ted for the 
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Figure 28*- Wriation of C i ~ t  with 8, f o r  tho i so la tod  and a t tached hori- 

i so l a t cd  ta i l ,  Propsllers rsmovod, 
z o 2 t a l  ta i l  surface togakhor w i t h  valuos computed for the 
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Fiqure 36.- Varlaf ion o f  Cm vvrfh 6, af vanous  fh rud  
coefficienfs cc7, /3.0° ; & 2  soo; nace//cs off. 
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Figure 39.- Yariatio-n of C, with 6s at various angles of attack. T,, 0.161; 
s f ,  0': micelles o-Y. 
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Figure 40.- Variation of C, vith SS at various angles of attack. T,, 0.6 
s f ,  cP; riacelles o f f .  
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Figure 41,- Variation of C;, with lis at various angles of attack. T,, 0,161: 
6 f ,  50'; race l l a s  o f f .  
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