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It  i s  genera l ly  recognized tha t  a va r i ab le  p i t c h  p rope l l e r  

would g r e a t l y  improve t h e  performance of an a i rp l ane  o r  a i r s h i p  

and it i s  proposed i n  t h i s  repor t  t o  expla in  the  Gloster  Hele- 

Shaw Beacham Variable P i t c h  Pro;?eller. Before proceeding t o  the  

d e s c r i p t i o n  we can, w i t h  advantage, examine the  general  flow of  

a i r  pas t  a p rope l l e r  blade and the  poss ib l e  e f f e c t  of varying 

t h e  p i t ch ,  

Consider a f i x e d  p i t c h  p rope l l e r  r o t a t i n g  at n revolu- 

t i o n  per  second t r a v e l l i n g  w i t h  a forward speed V f e e t  per  

second. Figure 1 i l l u s t r a t e s  t he  flow o f  air  r e l a t i v e  t o  a 

t y p i c a l  s ec t ion  of  t he  p rope l l e r  blade a t  a radius R from t h e  

a x i s  of ro t a t ion .  

This  s e c t i o n  i s  t r a v e l l i n g  i n  t h e  plane of  r o t a t i o n  w i t h  a 

v e l o c i t y  2nRn  and simultaneously moving forward wi th  veloc- 

i t y  V. A i s  the  f ixed  angle between t h e  blade sec t ion  and the  

p lane  of ro t a t ion .  Then according t o  t h i s  eleinentary theory 

t h e  ve loc i ty  of the  wind r e l a t i v e  t o  t h e  blade i s  

angle between the  chord o f  t h e  blade sec t ion  and the  d i r e c t i o n  of 

V, i s  the  angle of a t t a c k  (a). 

V, and the  

Suppose now that t h e  r o t a t i o n a l  speed i s  maintained but the  

*From "The Glos te r , "  Sept.-Dee., 1927,  V o l .  111, Nos. 3 and 4. 
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forward speed i s  reduced t o  V x .  The r e l a t i v e  wind ve loc i ty  

becomes V,, and the angle of a t t ack  a,. 

The modern conception o f  p rope l le r  theory i s  r a the r  more 

e labora te  than the  foregoing,  allowance being made f o r  inflow 

v e l o c i t y  and s l i p  stream r o t a t i o n  which modify our Vw both 

i n  d i r e c t i o n  and magnitude but f o r  the present  purpose we can 

neglect  these refinements, 

Reverting t o  Figure 1 we'see t h a t  the  angle o f  a t t ack  a 

depends on the  forward speed V and speed o f  r o t a t i o n  n. Fur- 

t h e r ,  i f  V and n were reduced i n  the  same r a t i o  a would 

not be affected.  

During a climb the engine R.P.M. are  lower than at forward 

The a i rp lane  speed a l s o  f a l l s  but more rap id ly  than top  speed. 

t h e  R.P.M. Hence it i s  c l e a r  that the  propel le r  operates  at a 

g r e a t e r  angle o f  at tack during a climb than at top speed. 

The e f f ic iency  of t h e  propel le r  depends t o  a grea t  extent  

on u and the re  i s  a c e r t a i n  c r i t i c a l  value of the  angle of  

a t t a c k  which, o ther  th ings  being equal ,  w i l l  give maximum e f f i c i -  

ency. 

i n  designing the  propel le r .  

designed f o r  top  speed i n  l e v e l  f l i g h t  w i l l  not give the  best 

poss ib le  r e s u l t s  i n  climbing o r  at any speed o ther  than the  de- 

It i s  t h i s  angle which the  designer  cont r ives  t o  a t t a i n  

Hence it i s  obvious tha t  a propel le r  

signed condition. 

The considerat ion of take-off i s  important, When an air- 

plane commences i-ts run, due t o  t h e  l o w  forward ve loc i ty ,  the  
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’ p r o p e l l e r  e f f i c i ency  i s  diminished and, f u r t h e r ,  the  engine rev- 

o lu t ions  a re ,pu l l ed  down owing t o  the  braking e f f e c t  o f  the  pro- 

p e l l e r  so that the  engine gives  l e s s  than i t s  maximum power. 

This  combined w i t h  loss of  propel le r  e f f i c i ency  ser ious ly  reduces 

the  power avai lable .  

With a supercharged engine considerably g rea t e r  va r i a t ions  

o f  f o r w a r d  speed occur and the  propel le r  e f f ic iency  correspond- 

ing ly  su f fe r s .  There a re  a lso b ig  v a r i a t i o n s  i n  the  power avai l -  

able  at a l t i t u d e s .  

Let us consider  an a i rp lane  w i t h  a f i x e d  p i t c h  propel le r  

f i t t e d  w i t h  a supercharged engine giving a constant torque at  

a l l  a i r  d e n s i t i e s  up t o  t he  designed height  h i n  Figure 2. 

Neglecting cor rec t ions  f o r  s l i p  stream e f f e c t  , consider 

p o i n t s  on the  “horsepower required curves“ r e l a t e d  so t ha t  the  

a t t i t u d e  o f  the  a i rp lane  i s  the  same at corresponding po in t s  o f  

t h e  curves drawn f o r  ground l e v e l  and height h. 

If the  ve loc i ty  and dk i l s i t y  at height  h a re  denoted by 

vh and oh respec t ive ly ,  and Vo, po r e f e r  t o  ground l e v e l ,  

t h e  weight of t he  airplane W which i s  regarded as constant  

If H i s  the  horsepoqer required 

H = KPV3 
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where K i s  constant f o r  any givgn a t t i tude  

Hence f o r  similar a t t i t u d e s '  i n  d i f f e r e n t  d e n s i t i e e  the  

power requi red  i s  propor t iona l  t'o t h e  forward ve loc i ty  V, and 

i f  we a re  given a ground l e v e l  "power requi red  curve" Ao, Bo, 

Co, we can e a s i l y  construct  a similar curve f o r  any height  h 

where t h e  dens i ty  i s  ph. 

To f i n d  t h e  poin t  on t b e  a l t i tude curve corresponding t o  

Co, we have OD = Vo 

f i n d  OE so tha t  OE/OD = vh/'cTo = (Po/Ph)1'2 

Jo in  OCo and produce, where t h e  ord ina te  f rom E c u t s  

t h i s  l i n e  we have a poin t  on the  new curve corresponding t o  Go.  

For any o the r  po in t  Po on the  o r i g i n a l  curve draw OPo 

and produce. J o i n  POD and make PhE p a r a l l e l  t o  POD then 

Ph i s  t h e  corresponding point  on the  new curve f o r  height  h. 

Naw consider t he  a i rp lane  f l y i n g  at top  speed vh at height  

h wi th  a f i x e d  p i t c h  p rope l l e r  designed f o r  that  altitud-e and 

maximum permissible  RaP.% o f  nh. 

Also suppose the  a i rp l ane  t o  be f i t t e d  with a supercharged 

engine g iv ing  a constant torque Q at all he igh t s  up t o  25,000 

f e e t  then 1 

Q, = F(V/nD)pn2 

where F(V/-nD) 

p r o p e l l e r  depends only on t h e  r a t i o  

i s  independent of  t he  dens i ty  and f o r  a given 

V/n. 



Let the airplrule f l y  at ground l e v e l  w i t 3  the  same V/n 
as at height h but not neoessar i ly  at the  same a t t i t u d e .  Then 

Vo/no = Vh/nh? 

a l s o  Po no2 = & nh2 s ince the  torque i s  constant 

but f ron  EL considerat ion o f  the ai rplane c h a r a c t e r i s t i c s  we have 

already seen t h a t  at corresponding a t t i t u d e s  and l e v e l  f l i g h t  

He-nce the  condi t ion tha t  V/n should be cursstant i n  d i f f e r -  

ent  d e n s i t i e s  i s  s a t i s f i e d  by l e v e l  f l i g h t  at ccnstant  a t t i t ude .  

If Pin and Po are the powers ava i lab le  at height h and 

ground level respec t ive ly ,  s ince the torque i s  constant ne have 

Thus the  ava i lab le  horsepower i s  proport ional  t o  the  forward 

speed f o r  sirailar att i tudies i n  d i f f e r e n t  dens i t i e s ,  and i f  

Lh  Ch i s  the  !!available horsepower curve!! at height h ,  a con- 

s t r u c t i o n  siziilar t o  that used f o r  f ind ing  the  tihorsepower re-  

qu i red  cumeft  can be employed f o r  der iving tne  horsepower avai l -  

ab l e  curve f o r  any other  height ,  

The construct ion i s  shown i n  dot ted  l i n e s  i n  the  f i g u r e ,  and 

Lo Co f o r  ground l e v e l  we a r r ive  at the  Ifpower ava i l ab le  curveIt 
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having given t h e  corresponding cmve Lb C h  f o r  height  h o r  

v i c e  versa. 

Or b r i e f l y ,  i f  we are  given Ifhorsepower required” and Ifhorse- 

power a,vailablelf curves f o r  ground l e v e l  where t h e  dens i ty  i s  

PQ, 
Ph can be obtained by mult iplying t h e  coordinates  o f  t h e  o r i g i n a l  

t h e  correspmding.  curves  f o r  a l t i t u d e  where the  dens i ty  i s  

CUZVeS by (Pc/Ph)l/’ 

With an engine supercharged t o  25,000 f e e t  and the  p rope l l e r  

designed f o r  t o p  speed at tha t  a l t i t u d e  at maximum permissible  

revolu t ions  t h e  thrust horsepower at ground l e v e l  w i l l  be reduced 

t o  ( p h / p o )  - 066 t h e  power at 25,000 f ee t .  112 - 

Thus t h e r e  i s  a l o s s  o f  345 o f  t h e  o r i g i n a l  power and i n  t h e  

case  of  a supercharged engine giving 500 HP. at 25,000 f e e t ,  t h i s  

loss w i l l  be 170  HP. During a climb t h e  l o s s  w i l l  beseven grea t -  

e r  than t h i s  aad w i l l  probaSly amount t o  40$ o r  200 W. 

This loss can be g r e a t l y  reduced. by the  use o f  a va r i ab le  

p i t c h  p rope l l e r  running at constant R,P,M,, thus giving consid- 

e rab ly  g r e a t e r  ava i l ab le  power f o r  t ak ing  o f f  and climb, at the  

same t i n e  permi t t ing  increased forward speeds at ground leve l .  

Many at tempts  have been made t o  provice a p rope l l e r  i n  which 

t h e  p i t c h  could be changed durixg f l i g h t .  

Apart f rom t h e  p rope l l e r  t o  be p re sen t ly  descr ibed,  these  

v a r i a b l e  p i t c h  p r o p e l l e r s  can be grouped i n t o  t w o  c lasses:  

(a) Those i n  which the  p i t c h  v a r i a t i o n  i s  e f f e c t e d  by cen- 

t r i fuga l  fo rce  o r  a combination o f  c e n t r i f u g a l  fo rce  and wind 
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pressure.  

( b )  Propel le rs  i n  which the  p i t c h  i s  a l t e r e d  by the  manual 

e f f o r t  of  the p i l o t  OY t he  force  necessary t o  change p i t c h  i s  

suppl ied by the  engine through the  medium o f  a r e l ay  gear  under 

the  p i l o t  I s control .  

Propel le rs  which cone under c l a s s  ( a )  su f fe r  from the  disad- 

vantage that the  p i t c h  increases  w i t h  engine R,P.ME and that  t he re  

i s  no cont ro l  over the  ac tua l  p i tch .  This obviously does not 

agree w i t h  the  requirements during take-off where maximum R,PEMI. 

and f i n e  p i t c h  a r e  necessary i n  order  t o  obtain the  g rea t e s t  

t h r u s t .  P rope l l e r s  of c l a s s  ( b )  have been used w i t h  a c e r t a i n  

measure of  success but unfortunately apar t  f rom the  mechanical 

d i f f i c u l t i e s  involved, they impose addi t iona l  duty on the  p i l o t ,  

who i s  already overburdened w i t h  ins t ruments ,  and i n  most cases ,  

~ these  p rope l l e r s  c a l l  f o r  Great physical  e f f o r t .  

The Gloster  Hele-Shaw E;each,am Variable P i t ch  Propel le r  i s  -- - - -- 
e n t i r e l y  automatic i n  i t s  x t i o n  but at the  d i sc re t ion  o f  the  

p i l o t  the R.P.X. can be va r i ed  at w i l l  t o  s u i t  the  requirements 

of the  ai rplane.  

s e t  the  gear t o  a given 3,P.M. a f t e r  which these revolut ions 

w i l l  be maintained at a constant  value automatical ly .  P rac t i ca l -  

l y  no e f f o r t  i s  required t o  adjust t h i s  cont ro l  and i f  s e t  on 

t h e  ground, say,  f o r  2000 R.P.M. the  a i rp lane  w i l l  t ake  o f f ,  

climb and f l y  at any a l t i t u d e  at t h e  same R.P.M. I f ,  a f t e r  reach- 

ing  a given height ,  the  p i l o t  d e s i r e s  t o  c ru i se  at some o ther  

c an 
By means o f  a control  wheel o r  l eve r  the  pilot!  
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speed, say,  180G R.P.Z., he czn give h i s  cont ro l  l e v e r  t he  cor- 

responding s e t t i n g  end the  mechanism w i l l  then maintain 1800 

R.P.M. under m y  condition u n t i l  t he  con t ro l  i s  again adjusted.  

The mechanism i s  shown more o r  l e s s  diagrammatically i n  

Figure 3. 

A i s  the  p rope l l e r  hub car ry ing  blades B, Bz which can 

r o t a t e  i n  the  hub, the  c e n t r i f u g a l  force  of t h e  blades being 

taken by ball. t h r u s t  races.  C i s  the  p rope l l e r  s h a f t  dr iven 

by the  engine and a t tached  t o  t he  hub through a f langed coupling. 

To t h e  f r o n t  h a l f  o f  t he  hub i s  r i g i d l y  a t tached a p i s t o n  D 

working i n  a cy l inder  E t o  which two t i e  rods F, F2 are  

f ixed .  The o the r  ends of t h e  rods a re  screwed t o  a s leeve G ,  

arranged concent r ica l ly  with the  p rope l l e r  shaft s o  t h a t  i t  can 

s l i d e  f o r e  and a f t  on bosses p ro jec t ing  from the  hub. Short 

connecting rods  E, H, a t t a c h  s leeve G t o  crank p i n s  I, I, 

f i x e d  t o  t he  'blades o f  t he  propel le r .  Thus when the  cy l inder  E 

i s  displaced,  t he  crank p i n  and blades adre given a corresponding 

displacement , 

Running through the  center  of t he  p rope l l e r  a r e  t h r e e  o i l  
* 

p ipes  1, 2 ,  and 3, The f i r s t  two p ipes  communicate with oppc- 

s i t e  s i d e s  of t he  p i s ton  D; the  func t ion  of  the  t h i r d  pipe 

w i l l  be explained present ly .  A l l  these  p ipes  r o t a t e  with the  

p r o p e l l e r ,  a r o t a t i n g  o i l - t i g h t  j o i n t  being provided at R. 

Ilow suppcse we supply o i l  under pressure  t o  pipe No. 1. 

Because the  p i s t o n  i s  f i x e d  the  cy l inder  E w i l l  move t o  the  
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l e f t  giving a corresponding angular movement t o  the  propel le r  

blades.  

sure  i s  suppl ied t o  pipe No. 2. 

A reverse  displacement w i l l  take place i f  the  o i l  pres- 

We now cone t o  another irflportant p a r t  of the  mechanism. A 

var i ab le  s t roke  pump J and governor K a r e  dr iven by the  en- 

gine.  

only can the de l ivery  be modified by varying the  s t roke  but the  

f low can be reversed if the  s t rdke i s .  a l t e r e d  s u f f i c i e n t l y .  

governor i s  connected through su i t ab le  l i n k s  t o  the  s t roke r o d  

of  the  pump and spr ings con t ro l l i ng  the  governor a re  arranged s o  

t h a t  when the  l a t t e r  i s  running at normal speed the re  i s  no s t roke 

A p e c u l i a r i t y  o f  t h i s  pump i s  t h a t  at steady R.P.M. not 

The 
\ 

and consequently no del ivery f rom the  pump. An increase of R.P.M. 

w i l l  cause the  governor weights t o  fly outwards and give s t roke 

t o  the  pump, causing the  l a t t e r  t o  pump o i l  i n  one d i rec t ion .  

A reduct ion of  R.P.M. below the normal 'wil l  reverse  t h i s  

f low.  Pipes 1 and 2 i n  t h 2  hub are connected throu$h the  r o t a t i n g  

j o i n t  R t o  t he  pump, Thus when pipe 1 i s  under pressure from 

the  pump, pipe 2 i s  on the  suct ion s ide  and vice versa.  

Branches from these two pipes  l e a d  t o  non-return valves  

L,  L, which make up *my loss o f  o i l  due t o  leakage. 

Let the  d i r e c t i o n  o f  r o t a t i o n  of  t k  propel le r  be such tha t  

a rnsvement of  cyl inder  E t o  t he  l e f t  will increase the  p i t c h ,  

then the  pump i s  so arranged that when the  governor "opens,ff  o i l  

i s  pumped in to  pipe No. 1, and sucked from pipe No. 2. A reduc- 

t i o n  o f  R.P.M. reverses  t h i s  order. To provide cont ro l  over the  



speed at which t h e  governor w i l l  f l o a t ,  a spr ing M i s  incor- 

pora ted  i n  t h e  governor mechanism. This spr ing being ad jus tab le  

by means o f  a handwheel 

which the  governor w i l l  assume i t s  mid-positio 

N thus determines the  normal speed at 

Having set the  cont ro l  wheel t o  any des i r ed  R.P.M. w i t h  the  

p i t c h  of t he  p r o p e l l e r  at normal, suppose the  forward speed of 

t h e  a i rp lane  t o  increase.  This  w i l l  involve an increase of 

R.P.M. of  t h e  engine a2d governor which then causes o i l  t o  flow 

i n t o  pipe 1 and thence t o  t h e  f r o n t  cy l inder ,  r e s u l t i n g  i n  an 

inc rease  o f  p i t c h  accompanied by an increase  of  p rope l l e r  torque 

and t h i s  process  w i l l  continue u n t i l  t h e  R.P.M. i s  brought down 

t o  normal. 

duct ion of  p i t c h  such tha t  normal R.P.M. i s  resutned. Thus under 

a l l  condi t ions o f  f l i g h t  t h e r e  i s  only one poss ib le  R4P.M. f o r  

S imi la r ly  a reduct ion of forward speed causes a re- 

a given s e t t i n g  of  t he  con t ro l  wheel, 

The niaximum t r a v e l  of t h e  cy l inder  i n  e i t h e r  d i r e c t i o n  f rom 

t h e  norriial p o s i t i o n  i s  l i m i t e d  by s u i t a b l e  s tops  and i n  the event 

of  e i t h e r  of  t hese  p o s i t i o n s  being reached very high pressures  

would occur i n  t h e  o i l  system without some provis ion f o r  r e l eas ing  

t h e  o i l .  

p o r t s  P, md Pz i n  the p i s t o n  which communicate w i t h  the third 

pipe.  m e n  the cyl inder  approaches i t s  extreme p o s i t i o n  one of 

This p o s s i b i l i t y  i s  avoided by incorporat ing r e l i e f  

t hese  p o r t s  i s  opened m d  t h e  - o i l  i s  permit ted t o  c i r c u l a t e  v i a  

p ipe  No. 3 through the non-return valve and back t o  the pump. 

The p o s s i b i l i t y  of a f a i l u r e  of the hydraul ic  system i s  re- 
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mote but should t h i s  take place a powerful spr ing 

i n  the  s leeve 

spec t ive  of the  pos i t i on  of  t he  blades at the time of f a i l u r e ,  

S contained 

G w i l l  r e t u r n  the  p rope l l e r  t o  normal p i t c h  i r r e -  

I t  w i l l  be noted tha t  t he re  a re  no glands o r  packings any- 

where i n  the  system, which i s  kept f u l l  o f  o i l  by arranging a 

connection between pipe 3 and an o , i l  tank (usua l ly  the  engine 

supply t ank) ,  any leakage which may occur being made up by a 

compensating amount passing one of the  two non-return valves ,  

i .e . ,  the  valve which at the  moment happens t o  be on the  suct ion 

side of the  pump, and m y  o i l  escaping from the  system can be l e d  

back t o  the  engine crank case,  thus ensuring that there  i s  abso- 

l u t e l y  no waste o r  loss of o i l  due t o  t h i s  hydraul ic  c i r c u i t .  

The use o f  o i l  f o r  t he  hydraul ic  medium has one obvious ad- 

vantage i n  tha t  a l l  the working sur faces  a re  p e r f e c t l y  lub r i ca t ed  

and wear i s  p r a c t i c a l l y  eliminated. 

The quest ion n.w a r i s e s ,  will the  propel le r  be s t a b l e  i n  i t s  

ac t ion  o r  w i l l  it tend t o  h n t  l i k e  some familiar examples of 

steam engine, t he  speed constant ly  r i s i n g  and f a l l i n g  but never 

s e t t l i n g  down t o  a steady s t a t e .  

The answer i s  given by the  curve o f  Figure 4, showing how 

t h e  R.P.M. vary w i t h  time a f t e r  giving the  engine and propel le r  

t h e  maximum impulse possible .  A t  the  stapt when t = o the pro- 

p e l l e r  i s  supposed t o  be i d l i n g  at 1900 R.P.M., wi th  the  engine 

switched o f f  and t h r o t t l e  f u l l y  open- and the  a i rp lane  t r a v e l l i n g  

at 290 f t .  per  see. The B.HP. of t he  engine i s  520 HP. and moment 
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of i n e r t i a  o f  t h e  propel le r  and r o t a t i n g  p a r t s  240 lb. per  sq-ft .  

The power i s  suddenly switched on and the  revolut ions rap id ly  

increase.  Within .5 second the. hydraul ic  gear has taken charge 

and almost as rap id ly  causes the  speed o f  revolut ion t o  f a l l  back 

t o  normal. J u s t  before 2 seconds have elapsed from the  start 

the  speed becomes normal but the  propel le r  Seing now s l i g h t l y  

overpi tched,  t he  R,P.M, f a l l  about 25 per  minute below normd,  

then gradual ly  b u i l d  up t o  norinal again,  overshooting the  mark 

by a very small margin, a f t e r  mhich a s teady normal speed i s  

maintained, 

Even i n  t h i s  extreme case it is  c l e a r  t h a t  the qechanism 

has complete cont ro l  over the  speed.but  such a sudLen appl ica t ion  

of power is not l i k e l y  t o  occur i n  p rac t i ce .  I t  takes  an appreci- 

ab le  f r a c t i o n  o f  a second t o  opes a t h r o t t l e ,  and i f  t h i s  i s  

done i n  a r a t i o n a l  manner, me can say' t h a t  the  p i t c h  w i l l  adjust  

i t s e l f  sim-ci.ltaneously n i t h  t h e  t h r o t t l e  s o  t ha t  the  R.P.M. would 

not wander very far from t k e  normal value corres2onding t o  the 

p i l o t  1 s sett ing.  
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