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IVINDITUBNEL TESTS OF SEVERAL bSODEL TRACTOR-PROPELLER $ND 

PUSEER-PROPELLER f I N G  EXTENS ION-SUFT ARRAMOENENTS 

By Hubert N. Harmon . 

T e s t s  were made i n  t h e  20-foot p r o p e l l e r - r e s e a r c h  
t u n n e l  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  of o b t a i n i n g  in-  
c r e a s e d  n e t  e f f i c i e n c i e s  of p r o p e l l e r - n a c e l l e  u n i t s  by 
e n c l o s i n g  t h e  e n g i n e s  i n  t h e  wings and by u s i n g  e x t e n s i o n  
s h a f t s .  A wing of !%foot chord  was f i t t e d  w i t h  a  p r o p e l l e r -  
d r i v e  assembly  p r o v i d i n g  f o r  s e v e r a l  a x i a l  l o c a t i o n s  of  
t r a c t o r  p r o p e l l e r s  and pusher  p r o p e l l e r s .  A t h r e e - b l a d e  
& f o o t  p r o p e l l e r  and a  t h r e e - b l a d e  3$-foot p r o p e l l e r  of 
s p e c i a l  d e s i g n  mere t e s t e d  on t h i s  wing w i t h  s p i n n e r s  and 
f a i r i n g s  r a n g i n g  i n  d i a m e t e r  from 6 t o  1 6  i n c h e s .  A 16- 
i n c h  WaCA c o a l i n g  was t e s t e d  f o r  compara t ive  purposes .  
Two t y p e s  of c u f f s  were a l s o  employed. 

I t  w a s  found t h a t  t h e  n e t  e f f i c i e n c y  of  a  convention-  
a l  round-shank p r o p e l l e r  mounted on a n  e x t e n s i o n  s h a f t  i n  
f r o n t  of o r  behind a wing i n c r e a s e d  w i t h  a n  i n c r e a s e  in 
t h e  d i a m e t e r  o f  t h e  s p i n n e r  and  t h e  s h a f t  hous ing w i t h i n  
t h e  scope  of t h e  tes ts ,  The l a r g e s t  s p i n n e r  used  had a- 

- d i a m e t e r  t h a t  rnight f a v o r a b l y  compare wi-th t k a t  of  a 
r a d i a l  eng ine  cowling,  

The e f f i c i e n c i e s  f o r  t h e  p u s h e r  p o s i t i o n  appeared  t o  
be more c r i t i c a l l y  a f f e c t e d  by s p i n n e r  s i z e  t h a n  t h o s e  f o r  
t h e  t r a c t o r  p o s i t i o n .  The s p i n n e r s  w i t h  l a r g e  d i a m e t e r s  
f o r  t h e  p u s h e r  p o s i t i o n  r e s u l t e d  i n  a h i g h e r  e f f i c i e n c y  
t h a n  t h o s e  f o r  t h e  c o r r e s p o n d i n g  t r a c t o r  a r rangements ;  t h e  
r e v e r s e  was t r u e  f o r  t h e  .small s p i n n e r s .  

The u s e  of  p r b p e l l e r  c u f f s  . i n  hornbination w i t h  a  
s p i n n e r  o*'; s m 6 . 1 1  diamet  o r  g - e n e r a l l y  f e s u l t  ed i n  ne t  efif i- 
c l e n c i e s ' t h a t  were c ~ m p a r a b l e  k i t h  t h o s e  found f o r  t h e  .. 

l a r g e - s p i n n e r  combinations.*; . .. ' -. '. : 
. . . . . . 



INTRODUCTION 

The d r a g  of eng ine  n a c e l l e s  on m u l t i e n g i n e  a i rg1ane .s  
i s  o f t e n  f rom 1 5  t o  30 p&rcent  of t h e  t o t a l  drag .  T h i s  
f a c t  s u g g e s t s  t h a t  t h e  eog ines  s h o u l d  be e n t i r e l y  enc losed  
w i t h i n  t h e  wing and t h e  p r o p e l l e r s  should be d r i v e n  th rough  
e x t e n s i o n  s h a f t s .  

The problems t h a t  a r i s e  i n  t h e  c o n s i d e r a t i o n  of t h e  
ex tens ion-  shaf  t arrangement  a r e :  

1. The g a i n  a t t a i n e d  by t h e  e l i n i n a t i o n  of o a c e l l e s  
if t h e  d r a g  of t h e  optimum s i z e  of e x t e n s i o n  
s h a f t  i s  c o n s i d e r e d  

2 .  ~ d e  b e s t  l o c a t i o n  of t h e  p r o p e l l e r  

3. The r e l a t i v e  m e r i t s  of t h e  t r a c t o r - p r o p e l l s r  and,  
t h e  p u s h e r - p r o p e l l e r  a r rangemsnt  s 

4. The cptirmm d i a m e t e r  of t h e  s h a f t  f s i r i n g  and t h e  
sp  i n n e r  

5. The r e l a t i v e  m e r i t s  of c u f f s  and l a r g e  s p i n n e r s  
f o r  c o v e r i n g  t h e  c y l i n d r i c a l  p o r t i o n s  of 
p resen t -day  p r ~ p e l l e r  b l a d e s .  

The i n v e s t i g a t i o n  h e r e i n  r e p o r t e d  was made f o r  t h e .  
purpose  of o b t a i n i n g  t h e  i n f o r m a t i o n  t h a t  would h e l p  t o  
answer t h e s e  q u e s t i o n s .  The t e s t s  were made a s  a  c o n t i n -  
u a t i o n  of t h e  i n v e s t i g a t f  on of t h e  wing-nace l l e -p rope l l e r  
combina t ion  i n  t h e  20-foot t u n n e l  ( r g f e r e n e e s  1. 2 ,  and 
3 ) ,  which i n c l u d e d  t e s t s  of s e v e r a l  model wings combined 
w i t h  v a r i o u s  combina t ions  of  cowled and uncowled eng ines .  

The t e s t s  were made i n  t h e  EA3A 20-foot  wind t u n n e l .  
(See  r e f e r e n c e  4.)  The r e t u r n  p a s a a g e s  of t h e  t u n n e l  have  
been s l i g h t l y  a l t e r e d  and  a  new s ix-e lement  ba lance  h a s  
been i n s t a l l e d  s i n c e  r e f e r e n c e  4 w a s  w r i t t e n .  The s e t - u p  
f o r  t h e s e  t e s t s  c o n s i s t e d  e s s e n t i a l l y  o f  a .segment of a  
wing t o  which a  p r o p e l l e r - d r i v s  assembly ,  a  p r o p e l l e r ,  a 
s h a f t  f a i r i n g ,  and a  s p i q n e r  cou ld  be f i t t e d .  A pusher-  
p r o p e l l e r  wing e x t e n s i o n - s h a f t  arrangement  mounted f o r  
t e s t  i s  shown i n  f i g u r e  1. 



PVing.- An NACa 23018 wing w i t h  a  % f o o t  chord and a  
15-foot  span and w i t h  a  wood c o v e r i n g  of 112 i n c h  was used  
f o r  t h e  f i r s t  t e s t s  i n  t h i s  s e r i e s .  During t h e  t e s t s  t h e  
w i n g  was d o v e r e d  w i t h  s h e e t  aluminum 1 /16  Snch t h i c k ;  t h i s  
a d d i t i o n a l  c o v e r i n g  i n c r e a s e d  t h e  chord  t o  5.052 f e e t  and 
i n c r e a s e d  t h e  a r e a  from 7 5  . to  75.8 s q u a r e  f e e t ,  

P r o p e l l e r  d r ive . -  A motor e x t e n s i o n - s h a f t  assembly 
was f  i t t e a  i.ntob t b e  wing, a s  shown i n  f i g u r e  2. ' Three 
s h a f t s  of d i f f e r e n t  l e n g t h s  were used t o  o b t a i n  d i f f e r e n t  
a x i a l  l o c a t i o n s  of t h e  p r o p e l l e r .  The motor used  t o  d r i v e  
t h e  p r o p e l l e k ,  t h e  a l t e r n a t o r ,  and o t h e r  equipment t o  sup- 
p l y  t h e  p r o p e r  c u r r e n t  a r e  d e s c r i b e d  i n  r e f e r e n c e ' 2 .  

P r o p e l l e r s . -  B t h r e e - b l a d e ,  '4-foot model o f  a ,  Hamilton 
S t a n d a r d ,  6101 p r o p e l l e r  was a s e d  f o r  most of  t h e  t e s t s .  
The blade-form c u r v e s  f o r  t h i s  p r o p e l l e r  a r e  p r e s e n t e d  i n  
ref e renhe  2. The NACA 7099 t h r e e - b l a d e ,  3&-foot ' p r o p e ~ l e r  
was a l s o  used.  T h i s  p r o p e l l e r  i s  of a  s p e c i a l  d e s i g n  in- 
c o r p o r a t i n g .  t h e  BACA 1 6 - s e r i e s  a i r f o i l s  w i t h  low t h i c k n e s s  
r a t i o s  extended inward a lmost  t o  t h e  hub. 1t h a s  a  b a s i c  
p i t c h  a n g l e  of 39.5O a t  - t h e  0 , 7 5  r a d i u s .  The blade-form 
c u r v e s  of t h e  NACA 7099 p r o p e l l e r  a r e  shown f n  f i g u r e  3. 

g a i r i n g s ,  ~ p , i n a _ g ~ ~ ~ - . a n d .  c o w l i n g -  A number of ' s h e e t -  
aluminum f a i r i n g s  and s p i n n e r s  were made t o  p rov ide  sp in-  
n e r  d i a m e t e r s  of 6  and  10.7 i n c h e s  f o r  t h e  6101 p r o p e l l e r  
i n  t h e  p u s h e r  p o s i t i o n  and d i a m e t e r s o f  6.0, 8.0,  10.7,  and 
16.0 i n c h e s  f o r  t h e  same p r o p e l l e r  i n  t h e  t r a c t o r  p g s i t i o n .  
Four l e n g t h s  of s p i n n e r s  of & i n c h  d i a m e t e r  mere made f o r  
t h e  p u s h e r - p r o p e l l e r  p o s i t i o n :  t h r e e  l e n g t h s  w i t h  a n  e l -  
l i p t i c a l  l o n g i t u d i n a l  s e c t i o n  and one l e n g t h  w i t h  a  sharp-  
p o i n t e d  s e c t  i o n .  An 8- i n c h  d i a m e i e r  sp inne* and f a i r i n g  
were used  f o r  t h e  XkCk 7099 p r o p e l l e r .  A 16- inch NdCA 
cowling d e s c r i b e d  i n  r e f e r e n c e  3  was a l s o  t e s t e 8 .  F i g u r e  
2 i s  made up of s k e t c h e s  of t h e s e  f a i r i n g s  and s p i n n e r s  
i n  a l l  t h e  a r rangements  t e s t e d .  ~ i g u r e . 4  i s  a  s k e t c h  o f  
t h e  NACA cowling,  Photographs  of , t h e  t r a c t o r - p r o p e l l e r  

. and t h e  p u s h e r - p r o p e l l e r  exten ,s ion-shaf t  a r rangements  a r e  
shown i n  f i g u r e s  5  and 6 ,  r e s p e c t i v e l y o  

Cuffs .-  'Two t j ~ p e s  of c u f f s  were  des igned  a n d  b u i l t  
f o r  t h e  6101 p r o p e l l e r .  (See  f i g .  7.) F i g u r e  8 i s  a  
photograph of t h e  se t -up  showing c u f f '  I. 



The p i o p e l l e r  speed was measured by in e l e c t r i c  ta- -  
chomster; a magneto type  of tachometer was used f o r  t h e  
f i r s t  p a r t  of t h e  program and a condenser type  was used 
f o r  t h e  l a s t  p a r t .  The to rque  was obta ined from a c a l i -  
b r a t i o n  involv ing  t h e  power i npu t  to. t h e  motor, t h e  motor 
speed,  and t h e  a l t e r n a t o r  f i e l d  c u r r e n t *  ( s e e  r e f e rence  
2.1 

i8ind- tunne l  t e s t s  were of t h r e e  types: ,  measurement 
of l i f t  and d rag  of t h e  wing, wi th  and without n a c e l l e s ,  
f o r  a  range of ang le  o f  a t t a c k  a t  a  cons t an t  a i r  speed of 
about 80 m i l e s  per  hour; measurement of l i f t  and drag of 
t h e  wing, wi th  and without n a c e l l e s ,  f o r  an angle  of at-  
t a c k  of  3O a t  a i r  speeds , va ry ing  f.rom FO t o  100 mi l e s  p e r  
hour; and measurement of l i f t  and .r,es 'ultant h o r i z o n t a l  
fo rce  on t h e  wing, wi th  p r o p e l l e r  opera2;%ng, f o r  a n  ang le  
of a t t a c k  of 3'. For t h e s e  p r o p g l l e r  t e s t s ,  t h e  a i r  speed 
and t h e  p r o p e l l e r  r e v o l u t i o n  speed were va r i ed  t o  o b t a i n  
v a l u e s  of t h e  advance-diameter r a t i o  V A ~ D  from zero t o  
t h e  v a l u e s  f o r  zeko t h r u s t .  I n  every c a s e ,  peak e f f i c i e n c y  
occur red  at t h e  h i g h e s t  a i r  speed - about 100 mi l e s  per  
hour. 

q dynamic, p r e s s u r e  of a i r  ( 1 / 2  p,va) 
p mass d e n s i t y  of a i r  

n p r o p e l l e r  r e v o l u t i o n  sp-eed 

B balance r e a c t i o n  ( exces s  of t h r u s t  of p r o p e l l e r  over  
d rag  of body) 

T propu l s ive  t h r u s t  (R f drag  of bo.dy without p r o p e l l e r )  

D d'iameter o f  prop'e'lle.'r . .  

S a r e a  of wing 



CD wing drag c o e f f i c i e n t  ' 

l i f t  
CL wing l i f t  c o e f f  i .cient -( -ig--) 

* 

T 
CT propu l s ive  t h r u s t  c o e f f i c i e n t  

. power\ .. 
Cp c o e f f i c i e n t .  ---- ..(. pn3D5 ) . . . . . 

- v is advance-diameter ra t io  of p r o p e l l e r  . 

C T ' V  \, 
q p r o p u l s i v e  e f f i c i e n c y  (5; ~ 5 )  

, . 

q0 n e t  e f f i c i e n c y  (q - i?.D,F,) 

( C E - 1 / 5 )  , . C s  "speet-power c o e f f i c i e n t  

[ n a c e l l e  d r a g  N.D.F. n a c e l l e  drag f a c t o r  ---------- L 2 0  Cp 

Power c o e f f i c i e n t s  C p ,  p ropu l s ive  t h r u s t  coef f i- 
c i e n t s  c and p r o p u l s i v e  e f f i c i e n c y '  were comput,ed . . 
and p l o t t e d  a g a i n s t  t he  advance-diameter r a t i p  ~ / n J l  f o r  
a11 t h e  p r o p e l l e r  ' . . tests .  A s e t  of t r p i c a l  ca rves  and t e s t  

. w p o i n t s  is shown i n  f i g u r e  9. qalues oP:the speed-pomer 
c o e f f i c i e n t  C s  were c a l c u l a t e d  f  xom fai ' red va lues  from 
t h e s e  curves .  The drag  a t  a  dy~a rn i c  p r e s s u r e  of 2 6  pounds 
pe r  square  foo t  ( an  a i r  speed of approx, LOO aph) of each 
extension- s h f . t  combination was det'ermined- froin f a i r e d  
cu rves  ob ta ined  from t h e  3 O  angle-of-a t tack roeasurements. 
These drag increments wars used td.'compute the  d r a g  
c o e f f i c i e n t  incr-emen-ts and t h e  nac-s31e drag .facfiorsr Bet 
e f f i c i e n c i e s  were d e t e r a i n e d  and w e r e - p ) ~ t t e d  a g a i n s t  . Cs.  

. The f a i r e d  enve?opas of t k e s e  chrves  a r e  -givBn i-n t h i s  . .. report., 
i - 

. e 



RESULTS " .  , . 

The r e s u l t s  of t h e s e  t e s t s  a r e  shomn' i n  terms of l i f t ,  
d rag ,  ne t  e f f i c i e n c i e s ,  and speed-power c o e f f i c i e n t s .  

L i f t  and d rag  c h a r a c t e r i s t i c s  of  t h e  wPng a lone  a r e  
shown i n  fkgvre  10. Zigure  2 1  shows t h e  l i f t  and drag 
c h a r a c t e r i s t i c s  of the  wing w i t h  ex tens ion  s h a f t s  and 
f a i r i n g s  f o r  t r a c t o r  p r o p e l l e r s ,  and f i g u r e  12  g i v e s  s i m -  
i l a r  informat  ion  f o r  t h e  pusher -prope l le r  arrangementso 
I n  f i g u r e  13 extreme l i m i t s  of t h e  curves  of t h e  l i f t  and 
d rag  c h a r a c t e r i s t i c s  f o r  t he  wing a l o n e  a r e  compared'with 
t h e  l i m i t s  f o r  t h e  wing w i t h  t'Ge exteas&oh-shaf t  arrange- 
meats, The increments of d rag  c o e f f i c i e n t  due t o  t h e  var-  
i o u s  nac8 l le . s  a r e  shown i n  f i g u r e  14. 

The envelopes  of t h e  ne t  e f f i c i e n c y  of t he  6101 pro- , 
p e l l e r  i n  t h e  t r a c  t o r -p rope l l e r -  arrangements a r e  shown i n  
f i g u r e  15; t h e  enveloges'  ' for  t h e  pusher-propel ler  arrange-  
ments a r e  shown i n  f i g u r e  16 .  I n  f i g u r e  17 t h e  e f f i c i e n c y  
of t h e  NACA 7099 ,pyopef ler  i n  t r a c t o r  and. p.usher arrange- 
ments i s  compared w i t h  t h a t  of t h e  6101 p r o p e l l e r .  I h e  
t r a c t o r - p r o p e l l e r  and the  pusher -prope l le r  arrangements 
a r e  compared i n  f i g u r e  18. ' 

. .  . 

DISCUSSIOB 

The. d i s c u s s i o n  i s  d iv ided  i n t o  f o u r  p a r t s :  t he  l i f t  
and drag e h a r a c t a r i s t i c s  ' o f ' a l l  arrangements,  t h e  net- 
e f f i ckency  r e s u l t s  'of t h e ' t r a c t o r - p r o p e l l e r  arrangements,  
t he  ne t -e f f  i c i e n c y  r e s u l t s  of pus%er-propel l e r  arrange- 
ments,  ' a n d  a c o m p a r i s o ~  of t h e  t r ac to r -p rope f se r  and t h e  
pushe r -p rope l l e r  ar rangemeat 8.. 

.. . 
L i f t  and.  brag Charact  eri-st i c s  o f .  A 1 1  Ar~angements  . M 

Tbe cu rves  of CD p l o t t e d  a g a i n s t  CZ f o r  t h e  wing 
a l o n e '  ( f i g .  l o ) ,  obth'ined. from t.est s  made' a t  d i f ferk?nt  
t imes'"at *an a i r  speed aboat  8 8  mile's' p.er hbur ,  do not  co- 
i.aci86; .Mat they do a g r e e  a t  l l % " t s o e f f i c i e n t s  near  0.2, 
corresponding t o  t h e  angle  a t  which a31 p r o p e f l e r  t e s t s  
were run. Bor t h e  ex tens ion-shaf t  arrangements t h e r e  i s  
a spread i n  t h e  cu rves  of CL p l o t t e d  a g a i n s t  OD f o r  



t h e  d i f f e r e n t  conditions ( f i g s .  1 0 ,  1 1 ,  1 2 )  , p a r t i c u l a r l y  
a t  h i g h  l i f t  c o e f f f c i s n t s , ~ b u t  t h e  v a r i a t i o n  d o e s  not  cor-  
r e l a t e  w i t h  t h e  s p i n n e r  s i z e .  

I n  f i g u r e  1 4  a r e  shown t h e  e x t e n s i o a - s h a f t  d r a g  in-  
c rements  t o  t h e  wiag d r a g  c o e f f i c i d n t .  The group of , 

p o i n t s  p l o t t e d  f o r  t h e  t r a c t o r - p r o p e l l e r  n a c e l l e s  l i e s  
above t h a t  f o r  t h e  p u s h e r - p r o p e l l e r  n a c e l l e s ,  which i n d i -  
c a t e s  a h i g h e r  d r a g  f o r  t h e  t r a c 3 o r - p r o p e l l e r  n a c e l l e s ; .  
t h e  s c a t t e r i n g  of t h e s e  p o i n t s  i s  l a r g e ,  however, and t h e  
t w b  'g roups  o v e r l a p .  The cirrve from r e f e r e n c e  ti? i n d i c a t e s  
i n c r e a s i n g  d r a g . w i t h  i n c r e a s i n g  n a c e l l e  d i a m e t e r ,  and t h e  
t e s t  p o i n t s  of f h e  n a c e l l e s  i n  t h e  t r a c t o r  p o s i t i o n  1 aqd 
p u s h e r  p o s i t i o n  4 have  a s i m i l a r  tendency.  The g r e a t e s t  
increment  of' d r a g  r e p r e s e n t e d  i s  abou t  '2 pounds. Because 
t h e  b a l a n c e  e r r o r  zag be a s  i a r g a  a s  0.4 o r  0.5 pound axxd 
b e c a u s e  t h e  v a r i o u s  e x t e n s i o n - s h a f t  n a c e l l e s  ' a r e  not  a l l  
g e o m e t r i c a l l y  s i m i l a r ,  t h e  s c a t t e r i n g  of p o i n t s  seems not  
undu ly  l a r g e .  . . 

Net I f f  f -c iency o f  T r a c t o r . - P r o p e l l e r  Arrangements  
. - 

Before  t h e s e  c u r v e s  a r e  ' d i s c u s s e d ,  i t  may b e ' w e l l  t o  
n o t e  t h a t  t h e  u s e  o f  node1 p r o p e l l e r s  r e s u l t e d  i n  low 
Reyno-lds numbers a n d ,  c o n s e q u e n t l y ,  i n  r e l a t i v e l y  low ac-  
cu racy .  The p r e c i s i o n  of t h e s e  e f f i c i e n c y  r e s u l t s  i s  be- 
l i e v e d  t o  b e ,  f o r  t h e  n o s t  p a r t ,  abou t  43 p e r c e n t .  Unless  
o t h e r w i s e  s t a t e d ,  o n l y  t h e  6101 p r o p e l l e r  i.s i n c l u d e d  i n  
t h e  f o l l o w i n g  d i s c u s s i o n .  

S ~ L g g g r  s i z e , -  A s  shown i n  f i g u r e  15 ,  the '  n e t  e k f i -  
c i e n c y  of t h e  t r a c t o r - p r o p e l l e r  e x t e n s i o n - s h a f t  combina- 
t i o n  i n c r e a s e d  f a i r l y ,  c o n s i s t e n t l y ,  w i t h  i n c r e a s e s  in -  sp in -  
n e r  s i z e  w i t h i n b ' t h e  scope  of the! t e s t ,  p a r t i c u l a r l y  f o r  
t h e  h i g h  v a l u e s  of Cs  t h a t  co r respond  t o  h i g h ,  forward  
speeds .  T h i s  t r e n d  can  be a c c o u n t e d ' f d k  by t h e  f a c t  t h a t  
l a r .ge r  sp inner ' s  c o v e r  up  rnore o f  ' t h e  poor  s e c t  i p n s  of %'he 
p r o p e l l e r s ,  which* i s  p a r t i c u l a r l y  i inpor tqnt .  f o r  t h e  high- 
s p e e d - f l i g h t  6 .0ndi t ionse  T h i s  e f f e c t  i s  i n  agreement w i t h  
r h s u i t s  g i v e n  i n  r e f  erenc'e 6. 

' I  

0 l m p i r i s b k  of t r a c t 0  r-qropeller e x t e n s i o n - s h a f t  ar- 
------.---I----------- -----------------,---------- 

r_a_n_emkntg-and ,BS~C_&u_c,o_~W~~~_g;T-g~~a~~~menCs.w The n e t  e f f  i- 
c i e n c y  found f o r  t h e  6191 p r o p e l l e r  w i t h  t h e  -16-inch XACA 
c o a l i n g  ( f i g .  15) , i s  O t o  8 p e r c e n t -  lower t h a n  t h a t  found 
f o r  t h e  16-inch s p i n n e r ,  t h e  b e s t  of t h e  e x t e n s i o n - s h a f t  



arrangements .  8ô he NACA cowling t e s t s  from r.eference 3 
were c o r r e c t e d  f o r  coo l ing  a i r  flow accord ing  t o  t h e  r e l a -  
t i o n  

dylarcic pressure 

which t a k e s  i n t o  account only  t h e  l o s s e s  through t h e  en- 
g i n e  b a f f l e s . )  Z t  should be noted t h a t  t h e  extension- 
s h a f t  arrangement r e s u l t i n g  i n  t h e  h ighes t  ne t  e f f i c i e n c y  
i s  about as l a r g e  a s  a  r a d i a l  engine t h a t  might be used 
w i t h  t h i s  p r o p e l l e r .  This  f a c t  sugges t s  t h a t ,  i f  t h e  d r a g  
of t h e  r a d i a l  engine comliag could be reduced t o  t h a t  of 
a n  ex t ens ion  s h a f t  having t h e  same d iameter ,  t h e r e  would 
be no advantage i n  burying t h e  engine i n  t h e  wing, 

Another method f o r  reducing t h e  drag  of t h e  blade 
shanks i s  by t h e  u s e  of c u f f s .  Cuff I was t e s t e d  i n  com- 
b i n a t i o n  w i t h  a 6-inch sp inner ;  t h e  r e s u l t i n g  e f f i c i e n c y  
was equa l  t o  t h a t  of.. t h e  p r o p e l l e r  mith t b e  8-inch and 
10- inch  sp inners .  Lack of t ime prevent  ed f u r t h e r  exper i -  
ment w i t h  c u f f s  f o r  t h e  t r a c t o r  p rope l l e r .  

p&st,a_~ce of t h e  ~ r o ~ s & l e r  i n  f r o  of t h e  wig&.- O f  
t h e  t h r e e  a x i a l  p o s i t i o n s  of t h e  t r a c t o r  p r o p e l l e r ,  t h e  
i n t e rmed ia t e  p o s t t i o n  (about  30 pe rcen t  of t h e  chord fo r -  
ward of t h e  l ead ing  edge) w a s  the b e s t ,  the '  dPff erepce i n  
e f f i c i e n c y  between p o s i t i o n s  2, 1, and 3 vary ing  f ~ o m  0 
t o  4 pe rcen t  ( f i g .  15) .  There was l i t t l e  d i f f e r e n c e  f'or 
p o s i t i o n s  1 and 3. . 

S e t  Ef f t c i e n c y  of  Pusher-Propel ler  i l r rangemii t  s 

S_~inp_er si..z.- The pusher p r o p e l l e r  wi th  t h e  l a r g e r  
sp inne r  had t n e  h igher  ne t  e f f i c i e n c y ,  as w a s  the' case  

.. with  the  t r a c t o r - p r o p e l l e r  arrangement s. ( s e e  f i g .  26.) 
With t h e  10.7-inch slpinner t h e  ne t  e f f i c i e n c y  was 6 $0 15  
pe rcen t  h i g h e r  than  wi th  t h e  6-inch sp inqers .  This  d i f -  
f e r e n c e  i n  e f f i c i e n c y  due t'o sp inne r  s i z e  f o r  both POsi- 
t i o n s  4 and 5 sugges t s  t h a t  t h e  r e s u l t i n g  wake i s  c r i t i c a l -  
l y  a f f e c t e d  by t h e  sp inne r  s i z e  f o r  t h i s  round-'shank pro- 
p e l l e r  mounted i n  t h e  pusher  p o s i t i a n .  The flow over t h e  
sma l l e r  s p i n n e r  may be completely separat 'ed. whereas St  
m y  not be separa ted  f o r  t h e  l a r g e r  one. . li 



Two c u f f s ,  I and XI, were u s e d  w i t h  t h e  6-inch- 
d i a m e t e r ,  12-inch-long s p i n n e r .  The u s e  of  c u f f  I re -  
s u l t e d  i n  abou t  8 and 7  p e r c e n t  i n c r e a s e  i n  e f f i c i e n c y  
f o r  p o s i t i o n s  4  and 5, r e s p e c t i v e l y  ( f i g .  1 6 ) .  T h i s  in -  
c r e a s e  d i d  n o t ,  however, r a i s e  t h e  e . f f i c i e n c y  u p  t o  t h a t  
of t h e  10.7-inch s p i n n e r  i n  p o s i t i o n  5. T h i s  incxeasg  
d i d ,  however,  r a i s e  t h e  e f f i c i e n c y  up t o  t h a t  of t h e  10.7- 
i n c h  s p i n n e r  i n  p o s i t i o n  4, ar,d t h i s  i's t h e  on ly  c a s e  i n  
which t h e  e f f i c i e n c y  of t h e  p r o p e l l e r  w i t h  t h e  l o , ? - i n c h  
s p i n n e r  was l e s s  t h a n  t h a t  f o r  t h e  p r o p e l l e r  w i t h  t h e  6- 
i n c h  s p i n n e r  and a c u f f  . 

The p r o p e l l e r  w i t h  b u f f  11 i n  p o s i t i o n ' 5  was about ,  
5 t o  7  p e r c e n t  more e f f i c i e n t  t h a n  wi thou t  c u f f s  f o r  t h e  
two-blade a n g l e s  t e s t e d .  The e f f i ' c i e n c y  i n  p o s i t i o n  4,  
however,  was o n l y  a b o u t  f / 2  p e r c e n t  h i g h e r  t h a n  t h a t  mith- 
o u t  c u f f s .  The p r o p e l l e r  w i t h  t h e  10,7-inch s p i n n e r  w a s  
a b o u t  5 o r  6 p e r c e n t  more e f f i c i e n t  t h a n  t h e  6-inch sp in -  
n e r  w i t h  t h i s  c u f f .  . . 

I n  g e n e r a l ,  t h e  p r o p e l l e r  w i t h  t h e  6-inch s p i n p e r  and 
c u f f  had a h i g h e r  n e t  e f f i c i e n c y  t h a n  t h e  6-inch-diameter  
s p i n n e r  wi thou t  c u f f s ,  but t h e  p r o p e l l e r  w i t h  t h e  l a r g e s t  
s p i n n e r  had,  w i t h  one  e x c e p t i o n ,  a  h i g h e r  n e t  e f f i c i e n c y  
t h a n  t h e  6-inch s p i n n e r  . w i t h  c u f f s .  

aistan,n,c of t h e  p r o p e l l e r  behind t h e  wLin Of t h e  
two a x i a l  l o c a t i o n s  of t h e  p r o p e l l e r ,  t h e  one n e a r e r  t h e  
t r a i l i n g  edge had a s l f g h t l y  h i g h e r  n e t  e f f  i c i e n c g ,  w i t h  
t h e  e x c e p t i o n  of t h e  10.7-inch s p i n n e r  i n  t h e  lower  range  
of Cs.  

E0_~a_rison-o_f_-t_h_s-slp_L~a_n_~~~&C_A,~?O_9_9,xro~eLlexs.- The 
NACA 7099 p r o p e l l e r  hav ing  1 6 - s e r i e s  a i r f o i l  s e c t i o n s  
th roughou t  a l s o  h a s  mucb b e t t e r  shank s e c t  i o n s  , t h a n  t h e  
6101 p r o p e l l e r .  The p i t c h  . d i s t r i b u t i o n  was n e a r l y  con- 
s tdh t  f o r  a  b l a d e  s e t t i n g  of 40° a.s compared sai th 15' f o r  
the .  6101 t h i s  d i f f e r e n c e .  'would a l s o  f a v o r  t h e  
NACA 7099 p r o p e l l e r  f0.r t h e  h i g b  b lade  a n g l e s  i n v e s t i g a t e d .  
With t h e  16- inch NACA cowl ing ,  t h i s  p r o p e l l e r  r e s u l t e d  is 
a  n e t  e f f i c i e n c ' y  3' t o  4 p e r c e n t  h i g h e r  t h a n  d i d  t h e  6101 
p r o p e l l e r .  ( s e e  f i g ,  17 . )  ' ~ i k e w i s e ,  t h e .  n e t  e f f i c i e n c y  
of  t h e  NACA '7099 p r o p e l l e r  i n  t h e  t r a c t o r  p o s . i t i o n  w i t h  
t h e ' 8 - i n c h  s p i n n e r  and t h e  e x t e n s i o n  s h a f t  was 5 t o  1 4  
p e r c e n t  h i g h i r  t h a n  t h a t  of t h e  6101 p r o p e l l e r .  



These two p r o p e l l e r s  were not  t e s t e d  wi th  t h e  same 
s i z e  of sp inne r  i n  t h e  pusher  p o s i t i o n ,  'out f i g u r e  16 fn- 
d i c a t e s  t h a t  t h e r e  would have been $ l i t t l e  d i f f e r e n c e  i n  
e f f i c i e n c y  f o r  t h e  same sp inner  s i z e .  The ne t  e f f i c i e n c y  
of t h e  6101 p r o p e l l e r  i n  p a s i t i o n  5 wi th  t h e  10.7-inch , 

sp inne r  was 2 o r  3 p e r c e n t  h ighe r  than t h a t  of t h e  RBGA 
-7099 p r o p e l l e r  wi th  t h e  8-%nch sp inner .  Even wi th  c u f f s ,  
t h e  6101 p r o p e l l e r  wi th  t h e  &inch  sp inne r  d i d  not have 
q u i t e  so h igh  an e f f i c i e n c y  a s  t h e  ZACA 7099 p r o p e l l e r  
w i th  t h e  8-inch sp.inner,. 

Comparison of T rac to r -P rope l l e r  and 

Pusher -Prope l le r  Arrangements 

The n e t  e f f i c s e n c y  of t h e  6101 p r o p e l l e r  i n  t he  pusher  - 
arrangement wi th  t he  10.7-inch sp inne r  was ' de f in i t e ly  hi'gh- 
e r  t han  t h a t  o f  t h e  t r a c t o r  arrangement wi th  t h e  10.7-inch 
sp inner .  l i t h  t h e  6-inch s p i n n e r ,  the  pusher  arrangement 
r e s u l t e d ,  i n - a  somewhat lower e f f i c i e n c y  th'an d i d  t h e  t r a c -  
t o r  arrangement. It  was po in t ed  ou t  i n  a  pr ,~tvious d i scus-  
s i o n  t h a t  t h e  f low over t he  pusher  sp inner  w a s  ' ~ r ~ t i c a l l y  
a f f e c t e d  by t h e  s i a e  of t h e  sp inner .  ~ l t h ' o u g h  t h e  sp inner  
s i z e  a f f e c t s  t h e  t r a c t o r  r e s u l t s ,  t h e r e  seems t o  be noth- 
i n g - c r i t i c a l  r ega rd ing  i t .  The f a c t  t h a t  the  pusher posi -  
t i o n  i s  c r - i t i c a l  pay account f o r  t h e  s u p e r i o r i t y  of t h e  
pusher p o s i t i o n  f o r  t h e  10.7- inch-spinn'er arrangement and 
t h e  i n f e r i o r i t y  f o r  t h e  6- inch-spinner arrangement. . 

The NACA 7099 p r o p e l l e r  w i th  an 8-inch spin;& i n  t he  
t r a c t o r  arrangement had a  somewhat h igher  n e t  e f f i c i e n c y  
than wi th  t h e  8 - inch - sp inne r  i n  t h e  pusher a,rrangein.ent. - 
This  p r o p e l l e r  was des igsed  wi th  wide-shank s e c t i o n s  an8 
a  l a r g e  amount of t w i s t  t h a t  would cause  high r o t a t i o n a l  
l o s s e s  if t h e  r o t a t i o n  were not removed. p i t h  t h i s  pro- 
p e l l e r  i n  t he  t r a c t o r  p o s i t i o n ,  t he*  wing would teiud t o  gr 
reduce t h e  ro , t a t i on  and to  prevent  s epa ra t ion .  I n  t h e  
pusher  p o s i t i o n ,  however, t h e  wing would, have no e f f e c t  
i n  p reven t ing  . ro t a t i on ;  i t  i s  p o s s i b l e  $@at s .eparation 
might r e s u l t ,  which would be apparen t  i n  a low n e t  e f f  i- 
ciency.  

I t  i s  a l s o  l i k e l y  t h a t  t h e  $-inch sp inner  was below 
t h e  c r i t  i ca l -d iameter  range.  f o r  t h e  pusher  p o s i t  i on ,  even 
f o r  a p r o p e l l e r  wi th  good shank s e c t i o n s  o p e r a t i n g  a t  low 
l i f t  coef f  i u i e n t s .  



COB CLlJDInt;O:'REB9ARX:S 

Ia v i e w ' o f  t h e  f a c t  t h a t  t h e  p r e s e n t  t e s t s  m4re made 
a t  low Reynolds numbers,  t h e  a c c u r a c y  o f  t h e  r e s u l t s  was 
r e l a t i ~ ~ e l y  low a n d  c o n s e q u e n t l y  no c l e a r - c u t  conclktsibns 
shou ld  = b e .  drawn, . C d r t a i n  g e n e r a l i ' z a t i a n s  may bs worth  
ment ion ing ,  however'. Of p a r t i c u l a r '  . importance i s  t h e  
f a c t  t h a t  on ly  a few of t h e  deternina!ions o f .  t h e  d rag  of 
t h e  e x t e n s i ~ n - s h a f t  f a i r i n g s  i n d i c a t e d  n e g l i g i b l e  drag .  

The n e t  e f ~ f i c i e n c y  of ' a  ' conven t iona l  round-shank 
p r o p e l l e r  mounted on  a n  e x t e n s i o n  s h a f t  i n  f r o n t  of a  vning 
i n c r e a s e d  w i t h  a n  . i n c r e a s e  i n  t h e  d i a m e t e r  o f  t h e  s p i n n e r  
and t h e  s h a f t  hous ing  w i t h i n  t h e ' s c a p e  of t h e  t e s t s .  The 
L a r g e s t  s p i n n e r  used had a  d.iameter t h a t  might cotilpare 
f a v o r a b l y  w i t h  t h a t  of a  r a d i a l  engfne  Cawling; t h i s  f a c t  
s u g g e s t s  t h a t  C r a c t o r  e x t e n s i o n  s h a f t s  might not  have any 
aerodynamic a d v a n t a g e s  over  normal n a c e l l e - p r o p e l l e r  a r -  
rangement s hav ing  c o o l i o g  sys tems  o$ 'equal drag .  

The ' e f f i c i e n c i e s  f o r  t h e  p u s h e r  p o s i t  i o n s  appeared  
t o  be more c r i t i c a l l y  a f f e c t e d  by s p i n n e r  s i z e  t h a n  t h o s e  
f o r  t h e  t r a c t o r  p o s i t i o n .  The s p i n n e r s  w i t h  large diame- 
t e r s  f o r  t k x  p u s h e r  p o s i t i o n  ~ e s u 2 t e d .  i n  a  k.igh:er- e f f i -  
c i e n c y  t h a n  t h o s e  f o r  t h e  cor respond ing  t r a c t o r  a r range-  
ment; t h e  r e v e r s e '  was t r u e  f o r "  the '  s m a l l  ' sp inners .  

- I  

The u s e  of  a  c o n b i n a t i o n  of  p r o p e l l e r  c u f f s  and a  
s p i n n e r  of smal l  d i a m e t e r  i n c r e a s e d  the v a l u e s  of  t h e  n e t  
e f f i c i e n c y  i n  some i n s t a n c e s  t o  v a l u e s  t h a t  were compara- 
b l e  w i t h  t h o s e  recorded  fo.r t h e  l a r g e - s p i n n e r  combinat ions.  

An NACA p r b p e l l e r  des igned  v i t h  iow-drag s e c t i o n s  
throughout  and hav ing  a  l a r g e  amount o f  t w i s t  was genera l -  
l y  b e $ t e r  t h a n  t h e  convent bonal. p r o p e l l e r  tes ted . ,  

Langley Xemorial A e r o n a u t i c a l  Labora to ry ;  
- Xat i o n a l  Adv.isory Committee f o r  Aeronaut i c s ,  

Langley F i e l d ,  Va., 



1. T e s t s  of ~ k c e l l e - p r o p e l l e r  combinat i o n s  i n  Var ious  
P o s i t i o n s  w i t h  Reference  t o  ginga.  

P a r t  I - Thlck Wing - N.A.C.A;: Cowled N a c e l l e  - 
" T r a c t o r  P r o p e l l e r ,  by Donald H. Rood. 

, 'Rep.  XO. 415, NACA, 19320 
11 - Thick Wing - Var ious  Radia l -Engine  Cowlings - 

T r a c t o r  P r o p e l l e r ,  by Donald B.  Wood. Rep. 
No. 436, NACA, 1932. 

I11 - C l a r k  Y Wing - Var ions  Rad.ial-- Eng ine  Cowl- 
i n g s  - T r a c t o r  P r o p e l l e r ,  by Donald E. Wood. 
Rep. N o .  462, N A C I ,  1933. 

I V  - Thick t i n g  - V a r i o u s  Radial- 'Engine Cowlings - 
Tandem P r o p e l l e r s ,  by Jarnes G. McRugh. Rep. 
No. 505,  BACA, 1934. 

V - C l a r k  Y B i p l a n e  C e l l u i e  - I?.A.C.A. Cowled 
N a c e l l e  -. T r a c t o r  P r o p e l l e r ,  by E. Floyd 
V a l e n t i n e .  Rep. No. 506, NACA, 1934. 

V I  - Vings and B a c e l l e s  w i t h  Pusher  ~ r o p e l l e r ,  by 
Donald H. Wood and C a r i t o n  B ' io le t t i .  Rep. 
No. 507, NACA, 1934, 

2 .  McHugh, James 0.. and D e r r i n g ,  ~ l d r i d ' g e  Hot The Ef- 
f e c t  of n a c e l l e - F r o p e l l e r  Diameter  R a t i o ,  on. Body 
I n t e r f e r e n c e  and an  P r o p e l l e r  and Cool ing  Cnaract  e r -  

/- i s t i c s .  Rep. Wo. 680, NAG&, 1939. J fi 

3. McHugh, James G. :  T e s t s  of S e v e r a l  Nodel Nacel le-  
-.. _.-_._. P r o p e l l e r  Arrangements  i n  Fr,ont of a l i n g .  gACA . + 

c o n f i d e n t i a l  r e p o r t ,  1939. 

4. ??e ick ,  F red  E . ,  and Vood, Donald H. : The Twenty-Foot 
P r o p e l l e r  Research  Tunnel  of  t h e  N a t i o n a l  Advisory 
Committee f o r  A e r o n a u t i c s ,  Rep. No. 300,  NACA, 
1928. 

5. T i l s o n ,  Herber t  A . ,  S r . ,  and Lehr , '  Robert R.: Drag 
and P r o p u l s i v e  C h a r a c t e r i . s t i c s  of  Air-Cooled Pngine-  I 

N a c e l l e  I n s t a l l a t i o n s  f o r  Two-Engine ~ i r ~ l a n e s .  
NACA c o n f i d e n t i a l  r e p o r t ,  1940, 

6 -  Biermann, David ,  Bar tnan ,  Edwin F., and Pepper ,  Edward: 
F u l l - 5 c a l e  T e s t s  ~f S e v e r a l  P r o p e l l e r s  Equipped v i t h  
S p i n n e r s ,  C u f f s ,  A i r f o i l  and Round Shanks,  aod NACA 
1 6 - S e r i e s  S e c t i o n s ,  NACA c o n f i d e n t i a l  r e p o r t ,  1940. 



r i p s  1,- Photograph of the purher-]psslpe$8Q?p whng extension 
s b f $  arrwngement $es%ed, 6-inch opimar, 

12,O inches POW; propeller 610%; posi$ion 5, 
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(o) Trac tor  propel ler  

Figure 2 .- Wing extension -shaft arrangements t e s t ed  
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Figure 4.- Sketch of the NACA cowling tested. 

Section A -A, cuff I1 I 

3.36" --4 
I 

/ 

I 

Section B-5, cuffs I and 

Secfion A -A,  cuff I 

Blade angle 
Cuff at 0.75R,deg 
I 35 

Angle between 
sections A and B, B,deg 

28.7 
40.1 
32.7 

Figure 7,- Cuffs I and I1 as used with the 6101 pusher propeller 
with an elliptical spinner of 6-inch diameter and 

12-inch length. 
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(a) The 6-~nch splnneri propeller 61011 (f) The 10.7-~nch sptnneri propeller 610Ir 
p o s ~ t ~ o n  2. p o s ~ t i o n  I. 

(b) The 8-lnch spinner] propeller 61011 ( 9 )  .The 10.7-~nch spinner, propeller 6101; p o s ~ t ~ o n  2. p o s ~ t i o n  a. 
(c )  The 10.7-inch spinner, propeller 61015 (h) The IS -~nch  M A C A c o w l ~ n g ~  prope l le r  pos~i- on 2. B l 0 l ~  p o s ~ f ~ o n  2. 
(d) The 8 - ~ n c h  sp~nner i  N A C A 7099 ( i )  The 16-~nch N A C A  cowling, N A C A 

prope l le r j  p o s ~ t ~ o n  2. 7099 p r o ~ e l l e r ;  posiJr~on a. 
(e) The 16-~nch splnnerj propeller 61011 p o s l t ~ o n  2. 

Figure 5. Pho+agraphs o f  t h e  t r a c t o r - p r o p e l l e r  wing extension-shaft orrangernents tested. 
FACA - 22446 



(a) the 6-tnch s Inner* GlncAes long; (P) The 89-lnch spinner1 N A C A 7'099 
propeller 610c p o s ~ t ~ o n  5. propeller i p o ~ ~ t t o n  5. 

(b) The 6-~nch s Inner, 12 ~nches long1 (g) The 6 - t~ch  s tnner, 12 lnches lon9i 
propeller 6l0P w f t h  cuffs; posttton 5. propel ler 610P; p o ~ t t t o n  4. 

(c) Thar 6 -~nch  sp~nner, IS ~nches Ion95 (k) TRa B-tnch s p ~ m e r  12 inches Ion 
for  propeller 6101i p o s ~ t ~ o n  5. propeller BIO! with &fs; positson2 

(d) The 6-mck s Inner, 14-48 Inchera long; (i) T h e  6-tnch sptnner, 12 tnches Ion 
p rope l te~ .  6106 posttton 4. propeller 6101 wl+h cuffs; pos~t~on%':  

(e) The 10.7-~nch sptnneri propeller 5101; (j) The 10.7-tnch spinners propeller 6101 i 
pos~t lon  5. posltton 4. 

F~gus-a 8. Photographs of tho pusher-pr~pel lor wtnq e%+ens~on-shaft arrengcrnenQs tes'rod. 

pds3CA - 22446.1 
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Figure 10,- Lift and drag characteristic 
of the wing alonegas indicat 

by the four measurements made during the 
extension-shaft tests, 

Figure 13,- Extreme limits of curves of l i f t  
and drag characteristics for the 

wing extension--shaft combinations compared 
with extreme limits of the t a s t a  wads with 
the wing a lone ,  
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(a) Fairings and spinners of (b) Fairings and spinners of (c) Fairings and spinners of 
6-0-inch diameter and 6,O-, 8.0-and 10,7-inch diameter 6.0-and 10,7-inch diameters 
12,O-$14.2-,and 18.0-inch in position 5 for the NACA in position 4 for propeller 
lengths in position 5 for 7099 and the 6101 propellers, 6101, 7 w- 

propeller 6101. respectively, 09 
L 

k' 

Figure 12,- Comparison of lift and drag characteristics of various 1U 

wing extension-shaft combinations for pusher propellers, 
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Figs, 17,18 




