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THE PHYSICAL POSSIBILITY OP TIP JET PROPELLERS
FOR V.ToO. AIRCRAFT

INTRODUCTION

I t  la f e l t  that for the l;00 m .p .h .  $000 lb .  load  bush a i r -
c r a f t ,  propellers  are the optimum means of p ropuls ion .

Further, although i t  i s  r e a l i zed  that the turboprop has a
be t t e r  spec i f i c  consumption than the t ip  Jet p rope l le r ,  the la t ter
may wel l  lead to  a more economic  aircraf t  de s ign ,  owing to the
mechanical  s imp l i c i t y  of t i l t i ng  a Jet-dr iven propel ler  rather than
a complete turboprop eng ine ,  or even a complete wing.

This no te  examines current propel ler  p r ac t i ce ,  and concludes
that i t  would be pos s ib l e  to duct  suff ic ient  compressor  del ivery a i r
through a normal propeller  blade to feed a smal l  combustion chamber
on the t i p ,  or to  f i l l  an unreheated t i p  nozz l e .  Further, i t  seems
that an 8-bladed (1| plus U) contraprop i s  a reasonable proposition as
a wing-t ip  un i t ,  and that one such unit on each wing tip should be
reasonable  for an a i rcraf t  of the s i ze  spec i f i ed ,  with t ip combustion
for take-off  and without for cruis ing.  This i s  of course sub j ec t
to fuller ca lcula t ion  of cycle performance.

CURRENT PROPELLER DESIGN

Consider ing  the hollow s tee l  bladed prope l le r ,  i t  appears
that a t  p re sen t  the usual form is  of a roughly cyl indr ica l  core
integral  with the hub a t tachment ,  and covered with a fair ly l ight
s t ee l  sk in ,  the whole be ing  brazed together.  The chord i s  reasonably
constant a t  approximately .075  of the propel ler  d i ame te r ,  and the
maximuni t h i cknes s ,  which occurs a t  the 50% chord l i ne ,  var ies  from
about 17% chord a t  near the roo t ,  to  a t  the t i p .  The rear  f ace
of the blade i s  approximately f l a t ,  usually with a very s l ight  convex i ty ,
while the front face is  convex on an approximately circular a r c .  The
sec t ion  i s  in  general  of the NACA 16 type .

The c r i t i c a l  Mach number for such a blade s ec t i on  (7% t / c )
ig of the order of .81| a t  a Or of . 3 ( See F ig .  1 ) .  This r e su l t s  in  a
c r i t i c a l  Mn curve for  the whole b l ade ,  as shown in  P ig .  3, in which
shock s t a l l  and high lo s s  are seen to occur a t  r oo t  (due to th ick
sec t ion  of low Mn c r l t . )  and a t  t ip  (due to h igh  Mn).

The propulsive e f f i c i ency  of a 6-b lade  contraprop ( two d i s c s
of - th ree  blades  each )  i s  e s t ima ted  a t  about 8U% between 300/  00 m .p .h .
at  sea  l eve l ,  and 82% up to 20 ,000  f ee t .

If  we sugges t  a 16-f  oo t -d l ame te r  p rop ,  running a t  950 r . p .m .
th i s  has a t i p  speed of about 800 f t / s ec .  At 300 m .p .h .  t h i s  has a
he l i ca l  t i p  speed  of 910 f t / s ec ,  which i s  .8 ί |  Mn, which i s  reasonable
by the foregoing s t anda rds .
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Consider ing now the pos s ib i l i t i e s  of such a propeller  as a
gas duc t ,  the 16 - foo t  prop wi l l  have llj-inch chord b l ades .  A ll|-inch
chord ,  5% t/c NACA 16 b l ade ,  for a Cf, of .3» wi l l  have an a rea  of $ .70
ins . .

A ,070- inch- thick sk in  and . 100- inch- th ick  hollow core w i l l
together  occupy about 3-70 i n s .  2

This l eaves  approximately 2 .0  i n s .  2 gas duc t .

For the V .T .O .  a i r c r a f t  spec i f i ed ,  for take-off  under adve r se
cond i t i ons ,  300 h .p .  /blade of two l | -bladed cont raprop pa i r s  Is r equ i red .
This i s  e s t ima ted  to require  ( a t  IZ4.O p . e . i . a . )  90 h .p . / l b . / s ec .  a t
573°K ( "co ld”  compresso r  ex i t  ga s ) ,  or 150 h .p . / l b . / s ec .  at  1300°K.

a) In the f i r s t  c a se ,  of " co ld”  running:

Air at  l!|0 p . s . i . a .  and 573°K (dens i t y  3 .365  l b s .  /ft  Is  used
to g ive  30Û h .p .  /blade a t  90 h .p . / l b . / s ec .

Therefore 300 x 1 - 9 .15  f t  / s ec .  f low r equ i r ed .

Therefore speed  in  duct  - 9 .15  x 1 4 - 600 f t .  / s ec .  In duc t .
2 .0

At 573°K,  Va s 1570 f t .  / s ec .
Therefore  Mn In duct 3 600 - .38 Μη.

This a s sumes  zero l o s s  and zero compres s ion  due to  the C .F .  of
the ro ta t ing  b l ade .  These f ac to r s  wi l l  produce a curve of the
type shown In F ig .  I4..

There fo re ,  by a rough graphical  In t e rpo l a t i on ,  we would expec t
a . 38 Mn max. duct  speed  a t  about 25% r ad ius ,  about .2  Mn roo t
speed ,  and about a .25 Mn t i p  duct  speed ,  In our ca se .  These
numbers are qu i t e  r easonab le  from a l o s s  point -of  -v iew.

b) If  we choose  to burn the gas in  a combust ion can a t  the
blade t i p ,  the f low and these  Mach numbers are  cut by the r a t i o
of 150 h .p . / l b . / s ec .  to 90 h .p . / l b . / s ec .  This l e ads  to a max.
duct  Mn of about . 23 ,  and a t ip  Mn of . 15 ·

I t  Is  obvious  that the f lows of e i t he r  a) or b) could be
doub led ,  i f  neces sa ry .

COMBUSTION CAN SIZE

At the sugges t ed  300 h .p .  / b l ade ,  and 150 h .p . / l b . / s ec .  fo r
1300°K burnt gas ,  we need 2 lbs . / s ec .  /blade of a i r  for  combust ion .

By analogy with the Oyenda ,  which has a t o t a l  a i r f l ow  of
approximate ly  120 l b s .  / s ec .  through s ix  cans ,  the 12- lnoh-dlameter  by
24-lnch-long Orenda  cans each  handle 20 l b s .  / s ec .  of a i r .
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To reduce this  by 20( 8 . 10 )x  volume, re ta in ing  say an 18 - lnch -

long can ,  we have a I4 3/8-inch-dlarieter  can .  Allowing for  s ca l e ,  say
a - inch-diameter  by 18- lnch- long can on each  p rop .  t i p .

In order to get  su i tab le  nozz l e  areas  for  " co ld"  and "ho t"
running, two separa te  nozz l e s  could be f i t t ed ,  and s e l ec t ed  a l t e r -
na t ive ly  by a s imple s l eeve  valve a t  the blade t i p ,  spring loaded  to
a l low f low normally through the "co ld"  nozz l e ,  but changed over to the
"ho t "  duct  by fuel under centrifugal pressure when the fuel i s  admi t t ed
to the b l ades .
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