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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

THE EFFECT OF LATERAL I N C L I N A T I O N  OF TBZ THRUST AXIS AND 

OF SVEEPBACK OF THE LEADIWG EDGE OF THE W I N G  ON 

PROPULSIVE A13D NET EFFICIENCIES OF 

A WING-NACELLE-PROPELLER COItlBIB'ATION 

By Donald Y. \700d and Ray Windler 

This  r e p o r t  de sc r ibks  and g i v e s  t he  r e s u l t s  of t e s t s  
made t o  determine t h e  e f f e c t  of l a t e r a l  i n c l i n a t i o n  of t h e  
p r o p e l l e r  t h r u s t  a x i s  t o  t h e  d i r e c t i o n  of f l i g h t .  A wing- 
n a c e l l e - p r o p e l l e r  combination wi th  t h e  n a c e l l e  a x i s  l o c a t e d  
succes s ive ly  p a r a l l e l  t o  and a t  15' t o  t%e  pe rpend icu la r  t o  
t h e  l e a d i n g  edge of a  wing was t e s t e d  mith  t h e  combination 
a t  s e v e r a l  a n g l e s  of yaw. T e s t s  of t h e  wing a lone  a t  t h e  
same a n g l e s  of yaw were a l s o  made. The d a t a  a r e  p re sen ted  
i n  t h e  u s u a l  g r a p h i c a l  form. 

An i n c r e a s e  i n  p r o p u l s i v e  e f f i c i e n c y  mith  i n c r e a s e  i n  
ang le  of  t h e  t h r u s t  axi,s was found. The change i n  n e t  ef-  
f i c i e n c y ,  found by charging t h e  whole n a c e l l o  d rag  t o  t h e  
pomer u n i t ,  was n o g l i g i b l c ,  however, w i t h i n  t h e  range of  
the  t e s t s ,  

A t  t h e  reques t  of t h e  Bureau of Aeronaut ics ,  t e s t s  
mere made i n  t he  N.A.C.A.  20-foot wind t u n n e l  t o  de t e r -  
mine t h e  e f f e c t  of l a t e r a l  i n c l i n a t i o n  of t h e  t h r u s t  a x i s  
of t h e  p r o p e l l e r  t o  t h e  a i r  s t ream on t h e  p ropu l s ive  ef-  
f i c i e n c y .  The proposa l  appears  t o  have o r i g i n a t e d  mith  
IjIr. V!. D .  C la rk ,  who had no t i ced  t h a t  t h e  n a c e l l e s  mere 
i n c l i n e d  on some of t h e  Junkers a i r p l a n e s .  Although t h e  
most p robable  reason f o r  t h i s  c o n s t r u c t i o n  seems t o  be t h e  
d i r e c t i o n  of t h e  s l i p s t r e a m  onto t b e  t a i l  s u r f a c e s  f o r  im-  



provement o f  c o n t r o l ,  t h e  ques t ion  mas thought t o  be of 
s u f f i c i e n t  importaace t o  warrant  some t e s t s .  

Cons idera t ion  of t h e  problem, i n  t h e  l i g h t  of p rev i -  
ous knowledge t h a t  t h e  i n f luence  o f  t h e  n a c e l l e  and .proU 
p e l l e r  i s  l o c a l i z e d  i n  t h e i r  v i c i n i t y ,  i n d i c a t e d  t h a t  t h e  
t e s t s  could be made by mounting t h e  , n a c e l l e  on a simple 
wing, yawing the  wing t o  g ive  va r ious  a n g l e s  of t h e  lead- 
i n g  edge t o  t h e  wind d i r e c t i o n ,  and mounting t h e  n a c e l l e  
a t  s e v e r a l  a n g l e s  t o  t h e  a i r f o i l  l e ad ing  edge. A s u i t a b l e  
wing and a, motox f o r  d r i v i n g  t h e  p r o p e l l e r  were a v a i l a b l e  
f r o m  p rev ious  ming-aacel le-propel lor  t e s t s  and t h e  t e s t s  
were cons ide rab ly  s i c l p l i f i e d  and expedi ted i n  consequence, 

I n  a d d i t i o n  t o  neasurements necessary  i n  computations 
of t h e  p ropu l s ive  e f f i c i e n c i e s ,  t e s t s  mere made o f  t h e  
wing a l o n e  a t  v a r i o u s  ang le s  of yaw and from t h e s e  mea.suren 
ments t h e  n e t  e f f i c i e n c i e s  were coin~uted.  This  r e p o r t  de- 
s c r i b e s  t h e  t e s t s  and g i v e s  t h e  important  r e s u l t s  ob ta ined .  

APPAR4TU S AXD IIE T HOD S 
i 

The t e s t s  mere Made i n  t h e  20-foot p rope l l e r - r e sea rch  L- 

t unne l  which i s  f u l l y  desc r ibed  i n  B.A.C.A. Technical  Re- 
p o r t  Bo. 300.  l;.A.C.A. Technical  Report No. 436 d e s c r i b e s  
t h e  5-foot chord by 15-foot span, 20 pe rcen t  t h i c k  wing 
and t h e  & f o o t  p r o p e l l e r  used i n  t h e  t e s t s .  A 25-horse- 
paver, 3-phase a l t e r n a t i n g  c u r r e n t  i nduc t ion  motor having 
a maximum diameter  of only  10 inches  was used t o  d r i v e  
t h e  p r o p e l l e r  gnd a l s o  t o  s imu la t e  a n a c e l l e  o f  t h e  t ype  
housj.ng a motor s h a f t .  The motor i s  of smooth contour 
wi th  t h e  excep t f an  of some excrescences  i n  t h e  form of 
mounting bo l thoads  and i s  of p r a c t i c a l l y  cons t an t  diame- 
t e r  except f o ~  rounded ends. Ehe only cowling used was a 
s n a l l  f a i r i n g  t o  r u n  t h e  r e a r  end of t h e  m o t o r ' i n t o  t h e  
l e a d i n g  edge of t h e  v~ ing  smoothly. P igu res  1 and 2  show 
the  wing, motor,  and p r o p e l l e r  a s  moanteddfbr t e s t i n g .  
I t  w i l l  be noted t h a t  t h e  s t i n g  w a s  supported by a wire  
from t h e  roof  t o  a l l ow f o r  t h e  swing of t h e  s t i n g  when the  
n ing  w a s  yarned. 

+ .  
.The t e s t s  mere run wi th  t h e  v ing  a t  -4' ang le  of at- 

t a c k  and n i t h  t h e  p r o p e l l e r  s e t  22' at  0.75R. This  ang le  
of a t t a c k  corresponds t o  a  l i f t  c o e f f i c i e n t  of 0.2 f o r  t h e  
wing i n  normal anyawed p o s i t  ion  and r e p r e s e n t s  t he  hTgl17 
speed f l i g h t  a t t i t u d e  q u i t e  c l o s e l y .  The p i t c h  s e t t i e  



used i s  about t h a t  r equ i r ed  f o r  a i r p l a n e s  of 150 t o  160 
mi l e s  p e r  hour h igh  speed. I t  i s  cons idered  t h a t  o t h e r  
a n g l e s  of a t t a c k  and p i t c h  s e t t i n g s  would have shown near- 
l y  t h e  same r e l a t i v e  r e s u l t s ,  and t h e  t e s t s  mere according- 
l y  l i m i t e d  t o  t h i s  one cond i t i on .  The motor mas p l aced  
i n  t w o  p o s i t i o n s  w i th  r e spec t  t o  t h e  chord l i n e ;  namely, 
mith  s h a f t  p ~ r a l l e l  t o  and i n c l i n e d  15' t o  t he  r i g h t .  
With t h e  s h a f t  p a r a l l e l  t o  t h e  chord t h e  combination w a s  
t e s t e d  w i t h  t h e  wing yarned o O ,  5O, and 10' t o  t h e  l e f t ,  
and mi th  t h e  s h a f t  i n c l i n e d  15' t o  t h e  r i g h t  t h e  combina- 
t i o n  mas t e s t e d  mith  t h e  wing yawed o O ,  l o 0 ,  and 20' t o  
t he  l e f t .  These v a r i a t i o n s  g i v e  s e v e r a l  combinations of 
ang le s  of t h e  wing l e a d i n g  edge and- p r o p o l l e r  s h a f t  t o  
t h e  a i r  f l ow,  a s  i n d i c a t e d  i n  f i g u r e s  3 and 4 ,  and cover 
t he  range l i k e l y  t o  occur i n  p r a c t i c e .  The n ing  a lone  
w a s  t e s t e d  a t  o O ,  5O, l o 0 ,  and 20' yaw t o  determine i t s  
drag f o r  t h e  computation of t h e  n e t  t h r u s t  and- e f f i c i e n c y .  
The l i f t  was not  measured, s i n c e  i t  was not  p r a c t i c a l  t o  
do t h i s  wi thout  compl ica t ing  t h e  arrangement. Fur ther-  
more, a t  t h e  l o w  a n g l e  of a t t a c k  used  t h e  p r o p e l l e r  does 
not a f f e c t  t he  l i f t  enough t o  cause a change i n  induced 
drag t h a t  would a f f e c t  t h e  e f f i c i e n c y .  

RESULTS 

The measured q u a n t i t i e s  - t h r u s t ,  d r a g ,  motor power, 
and a i r  speed - a r e  reduced t o  t h e  u s u a l  nondimensional 
p r o p e l l e r  c o e f f i c i e n t s  

CD)J , Lr-=--- 
'T' pn2 D4 t h r u s t  c o e f f i c i e n t  

power c o e f f i c i e n t  

q 1 
Lr_-r_LQZ-X = CT _V_ , propu l s ive  e f f i c i e n c y  

A. Cp nD 

where T ,  t h r u s t  ( t e n s i o n  i n  c r a n k s h a f t )  

A D ,  i n c r e a s e  i n  drag due t o '  t h e  sf ips t ream 

V ,  v e l o c i t y  

p ,  mass d e n s i t y  of t h e  a i r  



q r e v o l u t i o n  p e r  u n i t  t ime  

D ,  p r o p e l l e r  d iameter  
3 .  

P ,  motor power ou tpu t  

The q u a n t i t i e s  T and AD a r e  not  determined s e p a r a t e l y  
but ra ' ther  T - A D  i s  determined a s  t h e  s c m  of the  ne t -  
balance read ing  wi th  p r o p e l l e r  ope ra t ing  and t h e  net-bal-  
ance r ead ing  wi th  p r o p e l l e r  removed, I n  t h e  p r e s e n t  t e s t s  
T - AD r e p r e s e n t s  the  d e s i r e d  q u a n t i t y ,  t h e  component of 
t h r u s t  i n  t h e  d i r e c t i o n  of t h e  v e l o c i t y ,  and not  t h e  t r u e  
t h r u s t  which, when t h e  t h r u s t  a x i s  i s  i n c l i n e d ,  a c t s  a t  
some ang le  t o  t h e  d i r e c t i o n  of v e l o c i t y .  

P i g u r e s  5 t o  1 0 ,  i n c l u s i v e ,  show t h e  r e s u l t s  f o r  t h e  
bndtvidual  t e s t s  p l o t t e d  i n  t h e  u s u a l  manner of coe f f i -  

c i e n t s  ve r sus  -- The d i s p e r s i o n  of t h e  t e s t  p o i n t s  of 
n ~  

t h r u s t  and power c o e f f i c i e n t s  i s  a n  i n d i c a t i o n  of t h e  r e l -  
a t i v e  accuracy.  The s o l i d  curves  of CT and q a r e  t h o  
u s u a l  t h r u s t - c o e f f i c i e n t  aud propuls ive-e f f  i c i e u c y  curves  
comput ed from t h e  drag of t h e  c o n b i s a t i o s  v i t h o u t  propel-  
l e r ,  a s  d i s cus sed  above. The d o t t e d  curves  a r e  ne t  re- 
s u l t s  computed by u s i n g  the  drag  of t h e  wing a lone  .at t h e  
r e s p e c t i v e  a n g l e s  of yaw i n s t e a d  of t h e  drag of t h e  combi- 
na t ion .  

I t  seems reasonabXe t o  cons ide r  t h e  engine and pro- 
p e l l e r  t oge the r  a s  t h e  p r o p u l s i v e  u n i t ,  and any drag 
caxsod by t h e  engino o r  i t s  housing should be charged t o  
t h e  efficiency. Thc n e t  e f f i c i e n c y  r e p r e s e n t s  t b c  f r a c -  
t i o n  of t ho  engine poner t h a t  i s  a v a i l a b l e  f o r  overcon- 
ing  t h o  d rag  of o t h e r  p a r t s  of t h e  a i r p l a n e ,  exc lus ive  of 
2 r o p e l l e r  l o s s e s ,  and n a c c l l o  d rag  and i n t e r f  erenco. A 
comparison o f  t h e  ne t  o f f i c i e n c i a s  g i v e s  a much b e t t e r  
i dea  of r e l a t i v e  m e r i t s  than  doas a comparison of propul- 
s i v e  e f f i c i c n c i o s ,  

Table  I g i v e s  va lues  of t h e  d rag  which nay bc of 
some i n t e r e s t  f o r  comparison. Tho a b s o l u t e  va luos ,  o f  
course ,  s e r v e  no u s e f u l  purpose other than  i n  t h e  computa- 
t i o n  of t h e  p r e s e n t  r e s u l t s .  



TABLE I 

Thick wing - 5-foot chord, 15-foot span, maximum thick- 
ness  20 percent  c  

Drag at q = 25.6 a = -40 

P o s i t i v e  angles  t o  r i g h t  facing air gegat ive  angles  to  left 

DISCUSSION 

Angle of 
wing yaw 

I n  order  t o  show the  e f f e c t  of yarning the  wing when 
the  t h r u s t  a x i s  i s  p a r a l l e l  t o  t h e  chord, which i s  analo- 
gous t o  a  wing wjlth swept-back leading edge and t h e  t h r u s t  
a x i s  perpendicular  t o  t h e  leading  edge, t h ~  r e s u l t s  from 
f i g u r e s  5 to'? are r e p l o t t e d  i n  f i g u r e s  11 t o  14. An in- 
c rease  i n  t h r u s t  and power coeff i c i o n t s  ( f igs .  11 and 12) 
with angle  of yaw i s  t o  be noted. Tho propulsive o f f i -  
c ionc ics  l ikemiso i n c r o a s ~  ( f i g ,  13) tho  maximum effec ten-  

k cy occurr ing  a t  highep valuca o f  V/PD, i n d i c a t i n g  h igher  
e f f o c t i v o  p i t c h ,  The ne t  t h r u s t  ( f i g .  14) i s  incrcasod 

L, * with the  yaw but tho higher  poQcr (fig. 12)  countorbalances 
the  e f f o c t  and the  n o t  efficiency i s  p r a c t i c a l l y  the  samo, 

I 

Angle of 
t h r u s t  l i n e  
t o  a i r  stream 

Angle of 
t h r u s t  l i n e  

t o  wing chord 

I 
Drag, / Inc rease  i n  

Degrees 

0 
0 
0 

1 5  

n a c e l l e  
i n  p lace  

Pounds 

55.5 
61.4 
66.0 
59.1 
63.4 
83.7 

Nacelle 
removed 
50.3 
54.7 
57.4 

Degrees 

0  
-5 - 10 

drag due t o  
n a c e l l e  

Pounds 

5 2 
6 *7  
80 6 
8.8 
6.0 
9.2 

Degrees 

0 
-5 - 10 

74.5 1 

15 
LO 5 
O I -5 I 1 5  
20 

0 
LC5 

-10 
+" 20 

15 



tho  maximum d i f f e r e n c e  being 1 p e r c e n t ,  a h i c h  i s  we l l  
n i t h i n  t h e  exper imental  e r r o r .  

I n  t h e  case  d i scussod  above t h e  t h r u s t  a x i s  i s  a t  
t h e  same ang le  t o  t h e  a i r  stkcam as tho  ang le  of yan. I n  
t h e  second c a s c  ( f i g s ,  8 t o  10) t h o  nacol3.e i s  i n f t i a l l y  
i n c l i n e d  15O, and as t h o  angle  of yam i s  oppos i t e  t o  t h e  
i n c l i n a t i o n  t h e  t h r u s t - a x i s  d i r e c t i o n  approaches t h e  air-  
stream d i r e c t i o n ,  becoming p a r a l l e l  t o  i t  a t  15' yaw and 
5' i n  t ho  oppos i t e  d i r e c t i o n  a t  20' yam, ( s e e  f i g .  4.) 
Thc d a t a  of f i g u r e s  8  t o  10 a r e  r e p l o t t e d  i n  f i g u r e s  1 5  
t o  1 8  f o r  t h e  d i f f e r e n t  ang le s  of yam. Tho agreencnt  of 
t ho  t h r u s t  and pover curves  f o r  l o 0  acd 20' yam ( f i g s .  1 5  
and 1 6 ) ,  which correspond t o  equal  a n g l e s  of t h e  t h r u s t  
a x i s  t o  a i r  stream, s2ows q u i t e  c l e a r l y  t h e  predominant 
e f f e c t  o f  t h e  t h r u s t - a x i s  d i r e c t i o n .  A s  i s  t o  be expected 
from t h e  2 o s i t i o n  o f  t h e  n a c e l l e ,  t h e r e  i s  somerhat l e s s  
b l anke t ing  of t h e  wing i n  t h e  20° yawed cond i t i on  than i n '  
t h e  10' and t h e  p ropu l s ive  e f f i c i e n c y  i s  somenhat h igher .  
Eere rvitL t h e  wing l ead ing  edge a t  t h e  l a r g e s t  ang le  t o  
tho a i r  s t ream t h e  e f f e c t i v e  p i t c h  of t h e  p r o p e l l e r  i s  in- 
creased.  The e f f e c t i v e  p i t c h  c3ange t h e r e f o r e  seems t o  
be p r i m a r i l y  a f u n c t i o n  of t h e  d i r e c t i o n  of t h e  l ead ing  
edge ( f i g .  17) .  The ne t  e f f i c i e n c y  ( f i g .  18) i s  s l i g h t l y  
h i g h e r  when tlie t h r u s t  a x i s  i s  n e a r l y  a r a l l e l  t o  t h e  a i r  
stream. The two curves  f o r  10' and 20' yaw corresponding 
t o  *5* a n g l e  of t h r u s t  a x i s  a g r e e  mi th in  t h e  exper imental  
e r r o r ,  I n  f a c t ,  t h e  not  e f f i c i e n c y  f o r  t h e  0' yam condi- 
t i o n  ( t h r u s t  a x i s  i n c l i n a d  15'), which i s  only  29 pe rcen t  
lower, i s  s c a r c e l y  o u t s i d e  t h e  1 i m i t  of accuracy. TLe ef- 
f e c t s  of d i r e c t i o n  of l e a d i n g  edge aad of t h e  t h r u s t  a x i s  
a r e  t h u s  shown t o  be n e g l i g i b l e .  

Add i t i ona l  evidence of t h e  negligible e f f e c t  of t h e  
d i r e c t i o n  o f  t h e  tlirast a x i s  i s  g iven i a  t h e  r e p l o t t e d  
d a t a  i n  f i g u r e s  19 and 20, w i t h  t h e  lead ing  edge of t h e  
wing perpendicular t o  t h e  a i r  s t ream and tho  t h r u s t  a x i s  
a t  O0 and l B O .  The p ropu l s ive  o f f i c i o n c y  i s  about 74 per- 
cent  h ighe r  wi th  th?: t h r u s t  a x i s  at  15' but ne t  e f f i c i e n -  
c i e s  a r e  p r a c t i c a l l y  i d e n t i c a l  ( f i g .  20). Another compar- 
i son  i s  a f f o r d e d  by t h e  p l o t s  of f i g u r e s  2 1  and 22, w i th  
t h e  lead-ing edgo swept back 10' and t h e  t l i r u s t  a x i s  at  5' 
and - lo0  t o  t h e  a i r  stream. Here aga in  t h e r e  i s  a h ighe r  
p ropu l s ive  e f f i c i e n c y  f o r  t h e  g r e a t e r  ang le  of t h e  t h r u s t  
a x i s  but t h e  d i f f e r e n c e  i n  n e t  e f f i c i e n c y  i s  n e g l i g i b l e  
a s  be fo re  ( f i g .  22). 



A comparison may be made i n  y e t  ano the r  way, a s  i n  
f i g u r e s  23 t o  26 ,  wi th  t h e  t h r u s t  a x i s  a t  5' t o  t h e  a i r  
stream and t h e  l e a d i n g  edge swept back 5O, l o 0 ,  and 20'. 
Again t h e  smal l  d i f f e r e n c e  i n  ne t  e f f i c i e n c i e s  i s  t o  be 
noted and a l s o  t h e  s m a l l  d i f f e r e n c e  whether t h e  t h r u s t  
a x i s  i s  i n c l i n e d  inboard o r  outboard.  A l toge the r  t h e  e9- 
f e c t s  of t h r u s t - a x i s  d i r e c t i o n  and sweepback of t h e  lead- 
i n g  edge seem t o  be n e g l i g i b l e .  The Junkers  0-38 has  t h e  
outboard engine t h r u s t  axes  i n c l i n e d  outward aboxt 4' and 
the l e a d t n g  edge of t h e  wing swept back about 1 9  , If 
t h i s  can be taken  as an  extrome examplo, t h e  t e s t  r e s u l t s  
d i s cus sed  he re  mould secm t o  cover t h o  p r a c t i c a l  range un- 
l e s s  r a d i c a l  i n c r e a s e s  of ang le  a r e  proposed, 

CONCLUSION 

\ 
The r e s u l t s  of t ho  t e s t s  i n d i c a t e  t h a t  t h e  e f f e c t  of 

tho l a t e r a l  i n c l i n a t i o n  of t ho  t h r u s t - a x i s  d i r e c t i o n  and 
of t h e  sweepback of t ho  load ing  edge of a wing on t h e  no t  
off  i c i a n c y  of a wing-nacallc-propallox combination i s  
n e g l i g l b l o  i n  tho  p r a c t i c a l  range covered by t h e  t e s t s ,  

The p r o p u l s i v e  e f f i c i e n c y  i s  somowhat g r e a t e r  when 
tho  t h r u s t  a x i s  i s  i n c l f n e d  t o  t h e  d i r e c t i o n  of f l i g h t .  

Langloy Memorial Aeronaut ica l  Laboratory,  
Na t iona l  Advisory Committoo f o r  Aeronaut ics ,  

Langley F i e l d ,  Va.,  February 23,  1935. 



If gure 1.-Nacelle parallel to chord; w i n g  -lo0 yaw. 

~ i g 3 1 ~ ~ ~ e  ; ) , - ~ s c e l l e  1.5~ t o  c h o d ;  ring 4 0 0  gas. 
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ITacelle inc l ined  15O 
r ight  t o  chord l i n e  



1T.A.C.A. Fig. 5 

2ignre 5.- Nacelle na r a l i o l  t o  chord.;v~ing 0' yaw, R.H. propel ler  Xo. 4412, 
Dia. 4 f t . ,  Set 23' , at .75R. 



N.A.C.A.  Fig. 6 

Figure 5.- Bacelle pa.ralle1 t o  chord;wing - 5 O  yam, R.H. propeller No. 
4412, Dia. 4 f t., S e t  2 2 O ,  at  .73R. 



1T.A.C.A. Big. 7 

7 .i i-re 7. - ITacelle -0a.rallel t o  cliord; ?rring -10' :raw, R.H. propeller Bo . 
4412, Cia. 4 f t . ,  Set 2z0, at ,757  . 



Fig. 8 

Figure 8.- Nacelle 15O t o  chord;wing o0 yaw, R.H. p rope l l e r  
No. 4412, Dia. 4 f t ,  S e t  22', at .?5 R. 



N.A.C.A. Fig. 9 

Tigure 9,- Uacelle 15O t o  ~2iorG;rving -lo0 yaw, R.E. nropel ler  No. 4412, 
Dia. 4 f t . ,  S a t  :FO, at . 7 5 R ,  



Fig. 10 
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Figure LO.- Wacelle 15O t o  chord;wing -20° yaw, R.H. propeller No. 4412, 
Dia. 4 ft., Set 2z0, at .7z2. 



Fig. 11 

Figure 11.- Nacelle nara l le l  t o  chord; pop-? l s ive  thrust, R.H. propeller 
ITo. 4412, Dia. 4 f t . ,  S e t  2k0, at  .'75R. 



B.A.C.A. Tig. 12 

Figure 12.- Nacelle p a r a l l e l  t o  chord;poncr, R.H. p rone l l e r  Co. 4412, 
Dia. 4 f t . ,  S e t  22O, at .75R. 



Fig. 13 

Tigure 13.- Bacelle p a r a l l e l  t o  chord; p r o p l s i v e  eff ic iency,  R.H. 
propel ler  170. 4412, D i a .  4 f t . ,  Set 22', at . 7 5 B  . 



7,A.C.A. Pig. 14 

Bigure 14.- Bacelle parallel t o  chord; net t h ru s t  and eff ic iency,  R,B, 
qropei ler  No.  4412, Dia. 4 f t . ,  Set  22O, at .75R . 



Fig. 15 

Tigure 15.- Nacelle 15' to chord; p r o p l s i v e  t i r u s t ,  R.K. propeller 
No. 4412, Dia. 4 f t . ,  S e t  2z0, a t  . 7 5 B .  



13.A.C.A. Fig. 16 

P i s r e  16.- Nacelle 15O t o  chord; -power, R.H. propeller no. 4412, Dia. 
4 f t . ,  Se t  220, at .75R. 



Bigure 1'7.- Nacelle 15O to  chord;-orogulsive efficiency, R.H. p r o ~ e l l e r  
No. 4412, D i a  4 f t . ,  Set 2z0, a t  .75R . 
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iq Figure 18.- ITacelle 15O t o  chord;net t7lrUst and efficiency, R.H. 
p rope l l e r  1Jo. 4412, Dia 4 i't., S e t  22O, at ,753 . 



N.A.C.A.  Fig. 19 

Figure 19.- Wing O0 yaw; propulsive curvps, R.H. propel ler  170. 4412, 
Dia. 4 f t . ,  Se t  22O , a t  . 751  . 



N.A.C.A. 

Figure 20.- Wing 0' yaw; net curves, R.13, pro-pel!.er No.  4412, Dia, 4 ft., 
Set 22', at .75R 



W.A.C.A. Fig. 21 

Figure 21.- Wing -10' yaw; pro-~uls ive curves, R.9. iprogeller No. 4412, 
D i a .  4 f t . ,  Set 22', a t  .753 . 



B i p r c  22.- Wing -190 yaw; :let ci lrTres, Ei.9. -qro:qoller Iio. 4412, Dia. 
4 f t . ,  S e t  220, at .75 3. 



N.A.C .A .  Tig. 23 

Figure 23.- Thrust a x i s  incl ined 5'; pro.pulsive t h r t ~ s t  coe f f i c i en t ,  
R.H. propel ler  No. 4412, D i a  4 f t . ,  Set  22', at . 7 5 R .  



Fig. 24 

Figure 24.- T'nrust a x i s  inc l ined  5O; power c o a f f i c i e n t ,  R.9.  p r o ~ e l l e r  
Eo. 4412, D i a .  4 ft., S e t  2 2 O ,  at  ,752. . 
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N.A.C.A.  

2igure 25.- Thrust axis incli.ned so; pro?'~~lsive efficiency, R.H. 
proneller Bo. 4412, Dia. 4 ft., Set 2z0, at , 7 5 R .  



Z'igure 26.- Thrust axis inc'lined 5'; net  thrust and eff icierrcy,  R.H. 
propel ler  110. 4412, Dia. 4 f t . ,  Se t  2z0,  at .75R. 




