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By A. Betz. 

The p r o p e l l e r ,  e s p e c i a l l y  t h e  screw p r o p e l l e r ,  has been 

subjec t  of many researches ,  both experimental and theo re t i c -  

a l .  The phenomena of t he  screw p r o p e l l e r  a r e  not e s p e c i a l l y  

d i f f i c u l t  t o  understand. I t  i s  comparatively easy t o  make pro- 

p e l l e r s  v i t h  very high e f f i c i e n c i e s  of over 90%- The f a c t  t h a t  

t h e  pyopel ler  problem i s  cons t an t ly  being made t h e  sub jec t  of 

new researches  i s  due t o  t h e  d i f f i c u l t i e s  a r i s i n g  from unfavor- 

a b l e  condi t ions.  I w i l l  make a b r i e f  survey of t h e  most impor- 

tant probleiiis a r i s i n g  i n  t h i s  connection and simultaneously en- 

deavor t o  show t h e  present  status of our knowledge. A p r o p e l l e r  

gene ra l ly  vorks  i n  conjunction with a vehic le .  Jus t  t h i s  j o i n t  

a c t i o n  of v e h i c l e  and p r o p e l l e r  develops very g r e a t  d i f f i c u l -  

t i e s .  In  order  t o  make f u r t h e r  progress, we must f i r s t  ob ta in  

a s u f f i c i e n t l y  c l e a r  i d e a  of t h e  phenomena w i t h  the  veh ic l e  

a lone and wi th  t h e  p r o p e l l e r  alone. We must t h e r e f o r e  f i r s t  

consider  t he  p rope l l e r -  without t he  v e h i c l e ,  t h e  so-called We- 

tached'l p rope l l e r .  

- I____- 

* "Propel le r f ragen ,  If a r e p r i n t  from Z e i t s c h r i f t  f$r angetvandte 
Lfatherizatik und Eiechanik, Vol. V I 1  (1927), pp. 431-436. 
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The Detached P r o p e l l e r  

The e s s e n t i a l  p r i n c i p l e s  of OUT p re sen t  p r  

were discovered half  a century ago by t h e  Englishmen Rankine 

and Froude.* There a r e  two viewpoints. The so-cal led lfpropel- 

l e r - s l i p s t r e a m  theoryff  cons iders  t h e  mornenturn md energy of 

t h e  f l u i d  before  and behind t h e  p r o p e l l e r .  I n  i t s  s implest  

form, whereby only fo rces  and v e l o c i t i e s  i n  the  a x i a l  d i r e c t i o n  

a r e  coxsidered, it l e a d s  t o  two important conclusions: 

1. For  a given p r o p e l l e r  diameter,  an unavoidable loss of 

energy i s  n e c e s s i t a t e d  by t h e  opera t ing  condi t ions ,  namely, t he  

r equ i r ed  t h r u s t ,  speed of t r cans l a t ion  and f l u i d  densi ty .  This 

l o s s  i s  Cue t o  t h e  f a c t  t h a t ,  f o r  producing t h e  t h r u s t ,  t he  

f l u i d  m m t  be dr iven  backward and i t s  k i n e t i c  energy i s  thus  

u s e l e s s l y  expended. The e s s e n t i a l  r e s u l t  af t h i s  viewpoint i s  

t h e  well-known maximum t h e o r e t i c a l  p r o p e l l e r  e f f i c i ency ,  

2. The v e l o c i t y ,  at vhich t h e  f l u i d  passes  through the  

p r o p e l l e r ,  i s  t h e  a r i t h a e t i c a l  mean of t h e  v e l o c i t i e s  before  

and behind- -the p rope l l e r .  P 

The o ther  viewpoint, t h e  s o - c d l e d  propel ler-blade theory 

cons ide r s  t h e  phenomena on t h e  p r o p e l l e r  blade.  

*Rankine, IIOn t h e  Mechanical P r i n c i p l e  o f  t h e  Action of Pro- 
p e l l e r s ,  It Transact ions of t h e  I n s t i t u t i o n  o f  Haval Arch i t ec t s ,  . 
Vol. V I  (1865), p.13; 

Froude , l f O n  t h e  Elemeiitary Rela t ion  between p i t c h ,  S l i p  and 
Propuls ive  Efficiency,I!  Tr. of t h e  I n s t ,  o f  Z .A . ,  V o l ,  X I X  (1878), 
pe  47; Froude, "On t h e  P a r t  Played i n  Propulsion by Dif fe rences  
of F l u i d  P res su re , "  Tr. of  t h e  I n s t .  o f  N.A., V o l .  XXX (1889), 

In p a r t i c u l a r ,  
-- 

p-  390. 
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i t  e s t a b l i s h e s  t h e  f a c t  t h a t  t h e  r e s i s t a n c e  o f  t h e  blade t o  i t s  

d i r e c t i o n  of motion causes a loss of energy which can l ikewise  

be expressed i n  terms o f  e f f i c i ency .  We w i l l  c a l l  t h i s  t h e  

b lade  e f f i c i ency .  Moreover, t h i s  viewpoint g ives  t h e  blade 

width and angle of  a t t a c k  r equ i r ed  t o  produce a certain._ t h r u s t .  

It was long d iscussed  as t o  t h e  r e l a t i o n  of t hese  t w s  t h e o r i e s ,  

b o t h  of  which give t h e  p r o p e l l e r  e f f i c i e n c y ,  though they ari? 

based on  e ,n t i re ly  d i f f e r e n t  cons idera t ions ,  We now know tha t  

t h e s e  two t l i eor ies ,  when proper ly  formulated,  cover two sources 

o f  l o s s  which a r e  e s s e n t i a l l y  independent of each o ther .  The 

losses obtained by the  two  methods a r e  the re fo re  t o  be added. 

These two sources  o f  l o s s  cannot be sharply separa ted  because, 

on the  one hand, t h e  blade r e s i s t a n c e  a l s o  a f f e c t s  t he  induced 

v e l o c i t i e s  i n  t h e  s l i p  stream and, on the  o ther  hand, t h e  mu- 

tual  e f f e c t  of  t h e  b lades  on one another can bes t  be expressed 

by t h e  p r o p e l l e r  s l ip-s t ream theory.  Fc r tuna te ly ,  t he  blade 

r e s i s t a n c e  of  a good p r o p e l l e r  i s  so  small i n  comparison w i t h  

t h e  o the r  f o r c e s  ( e s p e c i a l l y  t h e  p r o p e l l e r  thrust) ,  t ha t  i t s  

e f f e c t  on t h e  induced v e l o c i t i e s  e m  gene ra l ly  be disregarded. 

This makes t h e  s l ip-s t ream theory independent of t h e  s p e c i a l  

p r o p e r t i e s  o f  t h e  blade,  which means a considerable  s impl i f ica-  

t i o n .  The s p e c i a l  blade c h a r a c t e r i s t i c s  can then be completely 
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sepa ra t ed  by t h e  propel ler-blade theary.* On t h e  cbnt ra ry ,  t h e  

r e s u l t s  of t h e  sl ip-stream theory a re  gen quir 

t h e  p e r f e c t  a p p l i c a t i o n  of t h e  propel ler-blade theory.  I n  o r - ~  

der  t o  judge t h e  phenomena on the  blade,  we nust know t h e  

i t y  of the  b lade  with re ference  t o  t h e  f luid.  This i s  not ex- 

a c t l y  id-en t ica l ,  however, w i t h  the# absolu te  v e l o c i t y  of t he  

p r o p e l l e r  i n  space,  s ince  mstion i s  imparted t o  the  f l u i d  by 

t h e  p r o p e l l e r ,  s o  t h a t  t he  f l u i d  has a v e l o c i t y  o f  i t s  own i n  

t h e  plane of t h e  p rope l l e r .  The magnitude of t h i s  irrduced 

v e l o c i t y  i s  given by t h e  sl ip-stream theory. 

Ho::rever, i f  we wish t o  use t h e  s l ip-s t ream theory f o r  t h e  

purpose o f  determining t h e  induced v e l o c i t i e s  i n  t h e  p r o p e l l e r  

p l a n e ,  i n  order  t o  ob ta in  an i d e a  of t h e  phenomena on t h e  blade 

and especj-ally of the  r e q u i s i t e  s i z e  and p o s i t i o n  o f  t h e  b l ades  

f o r  t h e  d e s i r e d  ac t ion ,  t h e  above-iiientioned simple form of the  

s l i p -  s t r e am theory no longer  s u f f i c e s .  The p r o p e l l e r  acceler-  

a t e s  t h e  f l u id  rroct only i n  t h e  a x i a l  d i r e c t i o n ,  but also e x e r t s  
* In  p r i n c i p l e  i t  would n a t u r a l l y  be b e t t e r  t o  use @ne genera l  
theory covering t h e  phenomena on t h e  b lades  and t h e i r  mutual 
react ion; .  I n  t h i s  .case, however, we would have t o  dispense 
w i t h  t h e  considerable  s i m p l i f i c a t i o n  a f forded  by t,he sepa ra t ion  
i n t o  t h e  propel ler-blade theory a a d  t h e  slip-streax0 theory.  An 
example of such a genera l  theory i s  gixen by H. Veissner ,  i n  h i s  
work ltSi;udien zur Berechnyng und planmassigen Prufung der  Luft- 
schrauben, Z e i t s c h r i f t  fur Flugtechnik und ~ ~ ~ O t o r L u f t s c h i f f B h r t ,  
Vols. 1-111. Such genera l  viewpoints a r e  c h i e f l y  important i n  
d e a l i n g  VJi’Gh p r o p e l l e r s  under unfavorable opera t ing  condi t ions  
when t h e  l o s s e s  on t h e  p r o p e l l e r  blade a r e  no longer  r e l a t i v e l y  
small, so  t ha t  t h e  above-mentioned separation: o f  these  l o s s e s  
from t h e  o the r  phen3mena. i s  hard ly  admissible. I n  a genera l  
t r e a t i s e ,  however, so  inany s impl i fy ing  assumptions must usua l ly  
be made, t h a t  i t  i s  ques t ionable  whether t h e  r e s u l t s  a r e  any 
more r e l i a b l e  than  i n  t h e  sepa ra t ion  o f  t h e  propel le r -b lade  
phenomena. 

I - - _- 
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a r o t a r y  moment on t h e  f l u i d ,  which imparts  a r o t a r y  motion t o  

t h e  s l i p  stream. This r o t a r y  motion means a f u r t h e r  l o s s  of 

energy and a consequent l e s sen ing  o f  t h e  e f f i c i ency .  I n  very 

many ins t ances ,  however, t h e  rliagnitude o f  t h i s  l o s t  energy i s  

of subordinate  importance. 'The knowledge of  t h e  r o t a r y  motion 

of t h e  s l i p  stream i s  of s p e c i a l  importance f o r  judging t h e  

phenomena on t h e  p r o p e l l e r  blade.  

I f  t he  r o t a t i o n  o f  t h e  s l i p  stream be disregarded,  a l l  

p o i n t s  o f  t h e  propel ler-disk a r e a  w i l l  be equivalent  i n  t h e i r  

e f f ec t iveness .  In  t h e  simple slip-stream. theory,  t h e  thrust i s  

t h e r e f o r e  assumed t o  be d i s t r i b u t e d  uniformly over t he  propel- 

l e r  d i sk ,  This  i s  the  s implest  way f o r  t h e  c a l c u l a t i o n  and, 

moreover, y i e l d s  t h e  mimiraurn loss., I f ,  however, t h e  r o t a t i o n  

of t h e  s l i p  stream be taken i n t o  account, then t h e  p a r t s  situ- 

a t e d  near  t h e  a x i s  w i l l  y i e l d  a considerably poorer e f f i c i ency  

than  t h e  o ther  po r t ions ,  s i n c e  the  t o r s i o n a l  energy i s  t h e r e  

r e l a t i v e l y  large.  The ques t ion  must, t h e r e f o r e ,  be given spe- 

c i a l  cons idera t ion ,  as t o  how t h e  thrust  must be d i s t r i b u t e d  

over t h e  propel le r -d isk  a r e a ,  i n  order  that t h e  loss may be as 

small as p o s s i b l e  f o r  a given thrust and air  speed. I must 

here  el;iphasize t h e  f a c t ,  however, that t h e  purpose of t h i s  quest  

f o r  t he  best thrust  d i s t r i b u t i o n  i s  not  so  much t o  ob ta in .  the  

abso lu te ly  b e s t  e f f i c i e n c y ,  as t o  f i n d  t h e  flow r e l a t i o n s  f o r  

t h e  condi t ions  c h i e f l y  occurr ing  i n  p r a c t i c e ,  s ince  i t  i s  des i r -  

a b l e ,  of course,  t o  work wi th  t h e  bes t  p o s s i b l e  e f f i c i ency .  
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Moreover, i t  has been found that t h e  r e l a t i o n s  are very simple 

under these  most favorable  conditions.  

Several  y e a r s  ago i n  an a r t i c l e  i n  t h e  Ggtt inger  Nachrich- 

t e n , *  I w a s  z b l e  t o  shorn tha t  t h i s  ques t  f o r  t h e  minimum l o s s  

of energy l e d  t o  a r e l a t i v e l y  simple statement o f  t h e  na ture  

of  t h e  f l o w  i n  t h e  p r o p e l l e r  s l i p  stream. The f l o w  i s  as if 

t h e  p a t h s  t r a v e r s e d  by t h e  b lades  were congealed and moved 

backward l i k e  r i g i d  h e l i c a l  surfaces .  For  l i g h t l y  loaded pro- 

p e l l e r s ,  i , e . ,  p r o p e l l e r s  f o r  which t h e  induced v e l o c i t i e s  a re  

small i n  comparison with the motion of t h e  p r o p e l l e r  i t s e l f ,  

t h e  f l o w  i n  t h e  p r o p e l l e r  plane can be q u i t e  e a s i l y  determined 

dn t h e  basis of  t h i s  theory regarding t h e  phenomena i n  the  s l i p  

stream. This conclusion i s  e s p e c i a l l y  favored by t h e  l a w  that 

t h e  induced v e l o c i t i e s  i n  t h e  p r o p e l l e r  plane a r e  half  as l a r g e  

as i n  t h e  s l i p  stream, a l ready  discovered i n  connection with 

t h e  simple s l ip-s t ream theory ,  which s t i l l  ho lds  good, even 

wi th  inc lus ion  of t h e  r o t a t i o n a l  e f f e c t .  

Ser ious d i f f i c u l t i e s  a r e  encountered, however, i n  t h e  t r an -  

s i t i o n  t o  heav i ly  loaded p r o p e l l e r s  f o r  which t h e  induced veloc- 

i t i e s  a r e  no longer  small i n  comparison wi th  the  moticn of t h e  

p r o p e l l e r  i t s e l f .  The above-mentioned statement cohcerning t h e  

*A. Betz,  I1SchrmbenprGpeller m i t  geringstem Energi 'everlustfl  
(Screw P r o p e l l e r s  w i k h  Miniinurn L o s s  of Energy) i n  Nachr. d. Ges. 
d. Wissenschaft zu Gottingen, Math.-Phys, K1. 1919, p. 193. 
Subsequently republ ished i n  book V i e r  Abhandlungen zur Hydrody- 
namik und Aerodynamik,lf by 3. Springer ,  1927. The l a t t e r  pub- 
l i c a t i o n  conta ins  a bibl iography on t h e  subject .  



N . A * C * A *  Technical Memorandum No. 491 7 

na tu re  of t h e  f l o w  i n  t h e  s l i p  stream s t i l l  holds  good, but t h e  

c a l c u l a t i o n  of t he  v e l o c i t i e s  i n  t h e  s l i p  stream cn t h e  basis 

o f  said statement encounters d i f f i c u l t i e s  i n  t h a t ,  through t h e  

r o t a t i o n  of  t h e  s l i p  stream, a negat ive pressure  i s  produced 

wi th in  i t ,  which a f f e c t s  t h e  v e l o c i t y  distribution. I n  par- 

t i c u l a r ,  t he  t r a n s i t i o n  from the  phenomena i n  t h e  s l i p  stream 

t o  those  i n  t h e  plane of t h e  p r o p e l l e r  develops d i f f i c u l t i e s  

because,  f o r  heavi ly  leaded p r o p e l l e r s ,  t h e  induced v e l o c i t i e s  

i n  t h e  p r o p e l l e r  plane a r e  no longer  h a l f  as l a r g e  as i n  t h e  

s l i p  stream, I have r e c e n t l y  inv$s t iga t ed  these  ques t ions ,  

with t h e  a s s i s t a n c e  of Mr. Helmbold, and th ink  we have found 

p r a c t i c a l  s o l u t i o n s ,  which Iahoge ~e w i l l  soon be ab le  t o  re- 

p o r t  * :. 

Consequently, t he  probleur, of t h e  detached p r o p e l l e r  might 

be handled q u i t e  broadly. It i s  riot poss ib l e ,  however, t o  fore- 

see t o  %hat e x t e n t  new problems w i l l  a r i s e  f rom new opera t ing  

condi t ions ,  The following a re  the  p r i n c i p a l  aggravating candi- 

t i o n s :  

1, The a v a i l a b l e  space f o r  t h e  p r o p e l l e r  i s  l i m i t e d ,  e',g/,, 

by t h e  nearness  of the  ground i n  t h e  t ak ing  o f f  and landing  o f  

a i r p l a n e s  and by t h e  draft  i n  the case o f  ships. Consequently, 

p r o p e l l e r s  riust o f t en  be riore heavi ly  loaded than  i s  des i rab le .  

2, The p r o p e l l e r  speed must be adapted t o  t h e  engine speed. 

For t h e  sake of  saving weight,  t h e  engine speed i s  gene ra l ly  t o o  
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g r e a t  €or  the p r o p e l l e r .  The r e s u l t  i s  e i t h e r  an unfavorably 

small p i t c h ,  which impairs t h e  blade e f f i c i e n c y ,  o r  a too  small 

p r o p e l l e r  diameter aad  consequent excessive loading. I n  recent  

t imes t h i s  condi t ion  has o f t e n  been helped by t h e  use of a r 

ducing gear  between the  engine and p rope l l e r .  

3. The p e r i p h e r a l  v e l o c i t y  of a p r o p e l l e r  i s  abso lu te ly  

l i m i t e d  i n  air by t h e  v e l o c i t y  of sound; i n  n a t e r ,  by cavi ta -  

t i o n ,  m e n  t h e  pe r iphe ra l  v e l o c i t y  approaches t h e  v e l o c i t y  of  

sound, t he  opera t ion  of t h e  b l ades  i s  d i s tu rbed  and t h e i r  e f f i -  

c iency i s  g r e a t l y  impaired. I n  water, negat ive p re s su res  can 

be developed only t o  t he  v i c i n i t y  of an absolute  vacuum, s ince  

t h e  water then vaporizes  %id e s s e n t i a l l y  a l t e r s  t h e  na tu re  o f  

t h e  flow. These phenomena develop d i f f i c u l t i e s ,  e s p e c i a l l y  f o r  

very swift a i r p l a n e s ,  

4. A p r o p e l l e r  :nust be ab le  t o  func t ion  under g r e a t l y  vary- 

i n g  condi t ions.  The proposed t h e o r i e s  gene ra l ly  undertake the  

task of f i n d i n g ,  f o r  a given condi t ion ,  t h e  t h r u s t ,  r evo lu t ion  
and air speed 

speed/of the  host favorable  p r o p e l l e r ,  and i t s  behavior under 

t h i s  given condi t ion.  The same p r o p e l l e r ,  however, must o f t e n  

work under o the r  condi t ions ,  e s p e c i a l l y  in 'cnking o f f ,  when at 

f i r s t  the  air speed i s  zero. O f  course, t he  same p r o p e l l e r  cillll- 

not be expected t o  be equzl ly  good f o r  a l l  condi t ions.  There 

must be c?, c e r t a i n t y ,  however, t h a t  it w i l l  not e n t i r e l y  fa i l  

under any condi t ions  occurr ing  i n  p r a c t i c e .  'st w i l l  hard ly  
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happen tha t  a p r o p e l l e r ,  which i s  v e l 1  s u i t e d  t o  an a i r p l a n e  i n  

normal f l i g h t ,  w i l l  abso lu t e ly  f a i l  i n  t h e  take-off.  I t  may 

very wel l  happen, however, t h a t ,  due t o  too  s m a l l  a thrust at 

low speeds,  t h e  take-off run w i l l  be excess ive ly  prolonged. 

The method u s u a l l y  followed i s  t o  design t h e  p r o p e l l e r  f o r  t he  

most  impor tan t  working condi t ion  q d  then  i n v e s t i g a t e  as t o  how 

i t  meet-s o the r  important condi t ions. '  Spec ia l  care must be ex- 

e r c i s e d  t o  avoid an excessive angle o f  a t t a c k  i n  s t a r t i n g ,  which 

would cause t h e  a i r  f l o w  t o  s epa ra t e  from t h e  b lades  and thus 

i n t e r f e r e  t.:ith t h e i r  normal funct ioning.  If necessary,  we must 

d e v i s t e  somewhat from t h e  most  favorable  form,  e,g. ,  make t he  

b l ades  wider . For s w i f t  a i r p l a n e s  i t  w i l l  hardly be poss ib l e  

however, t o  avoid such unfavorable  condi t ions  (separat ion-  of 

air flow). i n  s t a r t i n g .  Care must at l e a s t  be takerr t o  shorten 

t h i s  unfavorable per iod  as much as poss ib le .  One means f o r  di-  

minishing t h e s e  d i f f i c u l t i e s  i s  t h e  var iab le-p i tch  p rope l l e r .  

This  in t roduces  a disagreeable  complication, however, and does 

not  completely solve t h e  problem. 

The P r o p e l l e r  on the  Vehicle 

When t h e  p r o p e l l e r  func t ions  om t h e  veh ic l e ,  t h e  l a t t e r ,  

on t h e  one hand, disturbs t h e  ac t ion  of t h e  p r o p e l l e r  and, on 

t h e  o the r  hand, t h e  p r o p e l l e r  a l t e r s  t h e  flow p a s t  t h e  veh ic l e  

and t h e  f o r c e s  exe r t ed  on t h e  l a t te r .  Consequently, t h e  appar- 

e n t l y .  simple conception of thrust  becomes complicated. I n  order 
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t o  i l l u s t r a t e  t hese  r e l a t i o n s ,  I w i l l  t ake  a very extreme case 

(F igu re  1). The f l u i d  does not  flow through t h e  p r o p e l l e r  and 

consequently,  a s ide  Erom t h e  l o s t  energy, no energy i s  r equ i r ed  

t o  run it. Nevertheless ,  considerable  negat ive pressure  can be 

developed i n  t h e  space shut of f  by t h e  p r o p e l l e r ,  and t h e  pro- 

p e l l e r  then works l i k e  a pump p i s ton .  Hence, q u i t e  a l a r g e  

t h r u s t  can  be measured on t h e  p r o p e l l e r  s h a f t .  This only ind i -  

c a t e s  -the magnitude of an i n t e r n a l  force  o f  t he  system, s ince  

an equivalent  f o r c e  a c t s  on t h e  sh ip  i n  t h e  opposi te  d i r e c t i o n .  

This t h r u s t  has  nothing t o  do with t h e  t ransformation of energy. 

O f  course such extreme condi t ions  never occur ,  but t h i s  phenoin- 

enon always e x i s t s  i n  some degree. 

Several  years  ago Fresenius  explained these  phenomena with 

g r e a t  c l easness  ( “Das grundsgtz l iche  Wesen der  Wechselwirkung 

zwischen Schi f f  skorper und P r o p e l l e r .  It S’chif fbau, 1921-1922, 

p. 257) .  Two cases  must be c l e a r l y  d is t inguished .  The d i s tu rb -  

ance caused by t h e  motion of t h e  s h i p ’ s  h u l l  i s  p a r t l y  po ten t i21  

motion without loss, which disa?pears  a f t e r  t h e  sh ip  has passed 

by. It i s  p a r t l y  due t o  t h e  s h i p ’ s  r e s i s t a n c e ,  hence t o  phenom- 

ena involving loss of  energy, i n  t h a t  momentum i s  t r a n s f e r r e d  

t o  t h e  l i q u i d  and does not  disappear.  I f  t h e  p r o p e l l e r  i s  i n  a 

simple p o t e n t i a l  flow (Fig .  2), we can f o l l o w  t h e  s l i p  stream 

u n t i l  we coiie t o  a d i s tu rbed  region. Since the  t h r u s t  on the  

whole system, as well  2s t h e  p r o p e l l e r  e f f i c i e n c y ,  can b e . d e t e r -  

mined from t h e  s l i p  stream, i t  f o l l o w s  t h a t  we can ob ta in  t h e  

I! 
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sane thrust and  the  same p r o p e l l e r  e f f i c i e n c y  w i t h  t h e  p r o p e l l e r  

i n  another l o c a t i o n ,  i f  i t  only pro duc e s t h e  sane s l i p  stream 

at a long d i s t a n c e  from t h e  vehicle .  The only d i f f e r e n c e  i s  

t h a t  we need a l a r g e r  p r o p e l l e r  at p o i n t s  of low v e l o c i t y  them 

at p o i n t s  of h igh  v e l o c i t y  Hence i n  t h i s  case t h e  p r o p e l l e r  

should be l o c a t e d  as nea r ly  as poss ib l e  t o  t h e  reg ion  of maximum 

e 

v e l o c i t y  b 

It i s  q u i t e  another case vhen t h e  d is turbance  i s  caused by 

t h e  sh ip ’ s  r e s i s t an&e .  The energy developed by t h e  motion of  

t h e  sh ip  i s  p a r t i a l l y  transformed i n t o  h e a t ,  o r  v o r t i c e s  whose 

energy i s  soon transformed i n t o  heat .  I n  p a r t ,  however, it also 

gene ra t e s  v i s i b l e  f l u i d  motions, whose energy might be recovered 

by s u i t a b l e  devices ,  I n ’ p a r t i c u l a r ,  t h e  dead water behind the 

s h i p  has a m o t i o n ,  r e l a t i v e l y  t o  t h e  surrounding water,  i n  t he  

d i r e c t i o n  of  t h e  sh ip r s  riotion (Fig.  3 ) .  This r e l a t i v e  motion 

can genera l ly  be used d i r e c t l y  f o r  recovering energy. If a pro- 

p e l l e r  norks i n  t h e  fol lowing dead water ,  it r ega ins  a p o r t i o n  

o f  t h e  energy by p rope l l ing  t h e  Ivater i n  the  oppos i te  d i r e c t i o n  

o r  by at  l e a s t  reducing i t s  v e l o c i t y  and thus  d-iminishing i t s  

k i n e t i c  energy, This t a k e s  e f f e c t  as f o l l o w s .  The e f f e c t i v e  

output  of t h e  p r o p e l l e r  i s  t h e  thrust t imes the  v e l o c i t y  of  t h e  

sh ip .  The power requirement i s  not determined, however, by the  

s h i p ’ s  v e l o c i t y ,  but  by t h e  r e l a t i v e  v e l o c i t y  of t h e  p r o p e l l e r  

and water, The l a t t e r  i s  smal le r ,  however, i n  t h e  fol lowing 
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dead water and hence t h e  power requirement i s  also smaller  

Therefore i n  t h i s  case ,  where t h e  d is turbance  i s  due t o  loss 

energy, t he  p r o p e l l e r  i s  b e s t  l o c a t e d  at t h e  poin t  o f  l e a s t  ve- 

l o c i t y ,  On account o f  t h i s  opposi te  behavior ,  i t  i s  important 

t o  sepa rz t e  t h e  wake i n t o  i t s  two parts; t h e  p a t  due t o  poten- 

t i n 1  f l o w  a d  t h e  part due t o  loss of energy. An experiment of  

t h i s  kind was descr ibed  by Helmbold i n  an address before  the  

'ISchiffbautechnische Gese l l schaf t t l  (Soc ie ty  B f  N8-val Engineers) 

i n  t h e  au tu in  o f  1926 (Horn, IfVersuche r i i t  Tragflugel-Schiff-  

schrauben, Jzhrbuch der schiffbautechnischen Gese l l s cha f t ,  Vol.  

28,  192?), 

The co r rec t  sh3pe t o  g ive  t h e  p r o p e l l e r  i s  not determined, 

however, i n  t h i s  manner. Since the wake d i f f e r s  f r o m  po in t  t o  

p o i n t ,  the  p r o p e l l e r  p i t c h  must be adapted as well  as poss ib l e  

t o  t h e  d i f f e r e n t  condi t ions.  M r .  Kenpf undertook t h i s  mith 

good success ( "Derfl Uachstrom angepasste propel le r l f  i n  Werft, 

Reederei  und Hafen, L924, p. 93), I n  t h i s  connection, however, 

only t h e  radial v a r i a t i o n s  of t h e  f l o v  can be considered. Aside 

f rom t h i s ,  one and t h e  same p a r t i c l e  of water v a r i e s  i n  v e l o c i t y  

dur ing  a s i n g l e  r evo lu t ion  of t h e  p r o p e l l e r  (Fig.  4 ) .  This  v a r i -  

a t i o n  cannot be remedied by  any adapta t ion  of  t h e  p rope l l e r .  

With regard  t o  such condi t ions ,  ne must use  blade sec t ions  which 

a r e  adapted t o  EL l a r g e  angu1,v range, The t a sk  g r e a t l y  resea-  
*This is also t h e  case i n  a p o t e n t i a l  flow, but t h e r e  t h e  gain 
through t h e  af ter-f low v e l o c i t y  i s  again o f f s e t  by a correspond- 
irig increase  i n  t h e  s h i p * s  r e s i s t a n c e  through t h e  so-cal led 
If suc t ion  vortex,! '  
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b l e s  t h e  problem of  t h e  detached p r o p e l l e r  with r e s p e c t 4 0  i t s  

s t  art ing. 

Another rnutual r e a c t i o n  between t h e  p r o p e l l e r  and vehic le  

i s  due t o  t h e  f a c t  t ha t  t h e  p re s su re  d i s t r i b u t i o n  on t h e  veh ic l e ,  

as affectect by the  p r o p e l l e r ,  a f f e c t s  t h e  phenomena of  t h e  bound- 

ary- lzyer  s epa ra t ion  and consequently t h e  resis t ,mce of  t h e  ve- 

h i c l e *  Unfortunately,  we y e t  know very l i t t l e  on t h i s  point .  

Experiinents e r e  being i n s t i t u t e d  at Ggttingen f o r  t h e  s o l u t i o n  

of  t hese  problems. 

I have endeavored, i n  s o  far as permi t ted  by  t h e  s h o r t  t h e  

at my d i s p o s d ,  t o  g ive  you a comprehensive survey of  t h e  most 

important p r o p e l l e r  problems. A s  regards  the  detached p r o p e l l e r ,  

t h e  s t a t u s  of  our knowledge i s  f e i r l y  s a t i s f a c t o r y ,  The most 

important and t h e  most backvrard problems a r e  a f forded  b y  t h e  

j o i n t  opera t ion  o f  p r o p e l l e r  znd veh ic l e .  But even here t h e r e  

are some encouraging r e s u l t s  and we hope gradual ly  t o  pene t r a t e  

t h e  remaining region o f  darkness. 

Trans3ation by Dwight 14. Xiner,  
Nat ional  Advisory Commit t e e  
for Aeronmtics .  



Fig.1 

Fig.2 P o t e n t i a l  f l o w  behind a 
he small p r o p e l l e r  
e r a t e  t h e  same 
t h e  l a r g e r  one at; 

\k\ssS&Wk, \---'-----) = v  v , v e l o c i t y  o f  body. 
\-/-/' v ' , v e l o c i t y  of dead 

water . 
Fig.3 The following dead wahr  behind a moving body. 

Fig.4 Dead water(hatched) at s t e r n  of t-trjin-screw s h i p  

r blades work r n a t e l y  i n  r e@ r 
(undisturbed f1ow)aad lower veloc e r ) .  

l o c a t i o n  of p e l l e r s  with r e  


