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INTRODUCTION ■» ·

In Re fe rence  1 of May 1958 ( NAE-ENG-61+ ) the we igh t  and s i ze
of a U$00 h .p  e gas gene ra to r  was e s t ima ted ,  from a ske t chy  des ign ,
fo r  the powerp lan t  of a VTOL a i r c r a f t  wi th  an a l l -up  we igh t  of 20 ,000
lb .  Four of t he se  ’ho t ’  cyc l e  gas gene ra to r s ,  t o t a l l i ng  18 ,000  h .p  o ,
were then cons ide red  neces sa ry ,  e i t he r  to d r ive  wing- immersed  f ans
fo r  ve r t i ca l  l i f t ,  or fo r  conven t iona l  jet  p ropu l s ion  in ho r i zon ta l
f l i gh t .

S ince  tha t  t ime ,  the number and power of the gas gene ra to r s
fo r  the g iven  a i r c r a f t  were r econs ide red ,  and i t  was concluded  tha t
a s ide  from we igh t ,  6 x 3000 h .p .  might  be a be t t e r  combina t ion  than
1+ x 1+500 h .p .  fo r  the same t o t a l  power .

A l so ,  d i s cus s ions  were he ld  with a manufac tu re r  of je t  eng ines ,
r evea l ing  pos s ib l e  changes  in the bas i c  a s sumpt ions  fo r  the we igh t
e s t ima t ion  of sma l l  eng ines .

In the p r e sen t  memorandum, the we igh t  and s i ze  of a U500 h .p .
gas gene ra to r  is  r e - e s t ima ted ,  u s ing  chang ing  a s sumpt ions ,  the prefer -
ence fo r  a 3θ00 h .p  o un i t  is d i s cus sed ,  the same a s sumpt ions  are  then
app l i ed  to e s t ima te  i t s  we igh t ,  and f i na l l y  a gene ra l  d i s cus s ion  is
made about  the powerp lan t  we igh t  as a whole 0

BASIC ASSUMPTIONS

In the d i s cus s ions  with the manufacturer  of je t  eng ines ,  a
number of s imi l a r i t i e s  in the ba s i c  a s sumpt ions ,  impor tan t  fo r  the
we igh t  e s t ima t ion  of sma l l  eng ines ,  such as minimum b lade  chord (1 /2” ) ,
he igh t  (1” ) ,  etCo , were no t ed ,  but a l so  a number of d i f f e r ences  were
d i sc lo sed .

The compar i sons  were made on app rox ima te ly  the same thermo-
dynamic cyc l e s ,  and roughly the same o rde r  of s i ze  and power .  The
NAE-ENG-6Î+ maximum tempera ture  was 1300°K,  the compres so r  temperature
r i s e  300°C,  whereas  the manufac tu re r ’ s  f i gu re s  were 1275°K and 275°C
respec t ive ly .

The s ign i f i can t  d i f f e r ences  in the a s sumpt ions  were as
fo l l ows  :

Meaning of "Acces so r i e s  11

The N .A.F .  e s t ima te  of the ba s i c  we igh t  of a gas gene ra to r ,
t r ea t ed  as a je t  eng ine ,  inc luded  a l a rge  i tem fo r  the fue l  and o i l
sy s t ems  ( l|0 lb  o in a I4.5ÔO h o p. un i t ) ,  which were not cons ide red  as
"acces so r i e s  « ” That term cove red  such i t ems  as the s t a r t e r ,  je t  p ipe ,
e t c . ,  not e s sen t i a l  fo r  the per formance  of the un i t .

On the o the r  hand ,  the engine manufac turer  impl ied  by the
term "acces so r i e s”  p rec i s e ly  the fue l  and o i l  sy s t ems ,  the t o t a l
weight  of which (1+5 lb ·  in a un i t  of somewhat l a rge r  h .p .  t han  the
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N.A.E . )  wag to be added to the we igh t  of the "main"  eng ine  be fo re  any
pe r fo rmance  could  be imag ined  from i t .

P re sumab ly  the manufac tu re r  might have been f avour ing  the
arrangement  of a bank of sma l l  eng ines  ope ra t i ng  from a common fue l
and o i l  sy s t em,  with cons ide rab l e  r educ t ions  In t o t a l  we igh t ,  thus
making i t  r e a sonab le  to cons ide r  Ind iv idua l  eng ine  we igh t  w i thou t  a
sepa ra t e  fue l  and o i l  sy s t em fo r  each eng ine .

However ,  i t  was f e l t  t ha t  fo r  the VTOL a i r c r a f t  under con-
s ide ra t i on ,  each gas gene ra to r  shou ld  have I t s  own i nd iv idua l  fue l
sys t em fo r  s a f e ty ,  and t he re fo re  in the r ema inde r  of t h i s  memorandum
i t  is  to be unde r s tood  tha t  the former meaning of " acces so r i e s "
ho lds ,  making the t o t a l  we igh t  e s t ima te  of a gas gene ra to r  cove r  an
item for  the fue l  and o i l  sy s t ems ,  but not fo r  the s t a r t e r ,  je t  p ipe ,
e t c  .

Ma t e r i a l s

The we igh t  of the sma l l  Jet  eng ine  des igned  by the manufac turer
was e s t ima ted  on the a s sumpt ion  of p l a s t i c  b l ad ing  In the compres so r ,
whereas  the N.A.E.  gas gene ra to r  had b l ad ing  of magnes ium,  aluminum
and t i t an ium a l loys ,  depending  on the s t age  temperature  in the compressor ,
and the c r eep  p rope r t i e s  of the me ta l .

Top temperature  of the p l a s t i c  (an a sbes to s  or f i be rg l a s s
r e in fo rced  pheno l i c )  was s a id  to be but no c r eep  da ta  were
d i scus sed ,  and none appea red  to be ava i l ab l e  in the l i t e r a tu re  from
the manufac tu re r s  of such ma te r i a l .  This  ques t i on  has not been
pursued  fur ther  fo r  r ea sons  g iven  be low,  and In what f o l l ows  a r e -
e s t lma te  of the we igh t  of the gas gene ra to r  Is made, u s ing  the p l a s t i c
and i t s  g iven  dens i t y  of 0 .06$  l bAn3 .

The dens i t y  (0 .066  l b / i n3 )  of the magnesium a l l oy  Is v i r t ua l l y
the same as t ha t  of the  r e in fo rced  pheno l i c  p l a s t i c ,  so t ha t  t he se  two
ma te r i a l s  may be cons ide red  as i n t e r e s t i ng  compe t i t o r s  fo r  l i gh tnes s
in the VTOL f i e ld ,  with c r eep ,  e l a s t i c i t y ,  duc t i l i t y ,  f o rmab i l i t y ,  e t c . ,
as c r i t e r i a .  This  seems to ca l l  fo r  a s epa ra t e  ca re fu l  compara t i ve
s tudy  which Is not In the scope  of t h i s  memorandum.

A sugges t i on  was made t ha t  the p l a s t i c  cou ld  a l so  perhaps
be used in the compres so r  cas Ing .  i n l e t  f r ame ,  e t c . ,  but as such pa r t s
were assumed of magnesium a l l oy  In the N .A .F .  e s t ima te ,  no s i gn i f i can t
sav ing  In we igh t  would have r e su l t ed .

Ma te r i a l  Th icknes se s

In the N.A.E.  we igh t  e s t ima te  a number of a rb i t r a ry  as sump-
t i ons  had to be made conce rn ing  the minimum fea s ib l e  ma te r i a l  t h i ck -
nes se s  in components  where s t r eng th  was not the gu id ing  f ac to r .

A minimum cas t i ng  and fo rg ing  th i cknes s  of 3 /8"  was assumed
fo r  va r ious  compres so r  and turbine components  of the L OO h .p .  gas
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gene ra to r ,  and a minimum shee t  me ta l  t h i cknes s  of 0 .050"  fo r  the
combus t ion  chamber ,  tu rb ine  s t a to r ,  and exhaus t  pa r t s .

The d i s cus s ions  with the manufac tu re r  d i s c lo sed  tha t  cons ide r -
ab ly  th inner  ma te r i a l  was f ea s ib l e , .  Th icknes se s  of abou t  0 .022”  -
0 .032"  were men t ioned  fo r  the shee t  me ta l  pa r t s ,  depend ing  on suppor t
and o the r  f ac to r s ,  and a minimum of 3 /16”  fo r  the  ca s t i ngs ,  depend ing
on s i ze .  No f i gu re  cou ld  be g iven  fo r  the fo rg ings .

I t  was f e l t  t ha t  3 /θ"  fo r  the ca s t i ngs  and forgings in the
N.A.E.  de s ign  cou ld  not be r educed  to 3 /16” ,  because  most of the pa r t s
us ing  tha t  f igure  cons t i t u t ed  the backbone  of the un i t ,  where s t i f fnes s
was the govern ing  f ac to r .  On the o the r  hand ,  the way was seen open to
reduc ing  the shee t  me ta l  t h i cknes s  from 0 .050"  to 0 .025" ,  because
r ig id i t y  was p rov ided  by the neighbouring ca s t  and fo rged  pa r t s ,  and
the we igh t  is  therefore  r e - e s t ima ted  acco rd ing ly .

Tip Speed

The N.A.E.  e s t ima te  assumed a compres so r  t i p  speed  of 800
* f t / s ec ,  which with  the  ax i a l  i n l e t  ve loc i ty  of 560 f t / s ec  gave a

maximum re l a t i ve  i n l e t  ve loc i ty  of 980 f t / s ec  or abou t  Mach 0 .87 ,  thus
sa fe ly  a s su r ing  the assumed 85$ compres so r  e f f i c i ency ,  and the co r r e s -
ponding spec i f i c  fue l  consumpt ions .

The manufac tu re r ’ s  sma l l  je t  eng ine  assumed a t i p  speed  of
1116 f t / s ec ,  which wi th  an ax i a l  i n l e t  ve loc i ty  of abou t  620 f t / s ec ,
gave a maximum re l a t i ve  i n l e t  ve loc i ty  of abou t  1275 f t / s ec ,  or Mach
l . lL l ,  thus ope ra t i ng  the compres so r  in the t r anson ic  r eg ion .

In the r e - e s t ima te  that  f o l l ows  a t i p  speed  of 1100 f t / s ec
is a s sumed ,  with the p rov i so  tha t  the  85$ compres so r  e f f i c i ency  is
ma in t a ined ,  and a c a l cu l a t i on  is made showing  the pena l ty  in fuel
consumpt ion  and i nc rea se  in s i ze  if  i t  is  no t .

RE-ESTIMATE OF I45OO h .p .  GA 3 GENERATOR

In the we igh t  e s t ima te  of Re fe rence  1 ,  t hen ,  the fo l lowing
bas i c  a s sumpt ions ,  among o the r s ,  had been u sed :

Fuel  and o i l  sy s t ems  i nc luded .
Compres so r  b l ad ing  of magnes ium,  aluminum, and t i t an ium

meta l  a l l oy .
Shee t  me ta l  t h i cknes s  0 .050" .
Compres so r  t i p  speed  800 f t / s ec .
Compres so r  i n l e t  ax i a l  ve loc i ty  560 f t / s ec .

In the p r e sen t  memorandum the r e - e s t ima te  is made in th ree
consecu t ive  s t eps ,  each s t ep  showing the e f f ec t  of changing a ba s i c
a s sumpt ion .  With the same fuel  and o i l  sy s t em we igh t  and the same
compres so r  i n l e t  ax i a l  ve loc i ty  r e t a ined  throughout ,  the ba s i c  changes
are  :
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Compres so r  b l ad ing  from me ta l  to p l a s t i c .
Shee t  me ta l  t h i cknes s  from O.OfjO" to 0 .025" .
Compres so r  t i p  speed  from 800 f t / s ec  to 1100 f t / s ec .

The r e su l t s  are  shown in Table  I o Es t ima te  A of 3ίψ0 lb .  is
the o r ig ina l  one from Refe rence  1,  and the r e - e s t ima te s ,  B, C, D,
fo l l ow»

Ef fec t  of P l a s t i c  B lad ing

Es t ima te  B of 325 lb .  shows tha t  15 lb» is saved by u s ing
p l a s t i c  i n s t ead  of magnes lum-aluminum-  t i t an ium a l loy  b l ad ing  in the
compres so r .

Roughly  ha l f  of t h i s  s av ing  is  due to the b l ad ing  I t s e l f ,
and ha l f  due to a l i gh t e r  compres so r  ro to r  drum, r e su l t i ng  from the
l e s sened  cen t r i fuga l  fo r ce s»

The same sav ing  would have r e su l t ed  had magnesium a l l oy
been ex t ended  to the l a s t  s t ages  of the compres so r ,  but the ava i l ab l e
c reep  da ta  p rec luded  i t s  cons ide ra t i on  there  at  p r e sen t ,  de sp i t e
c l a ims  of u t i l i t y  up to and above 600°F (Re fe rence  2) a

Ef fec t  of Ha lved  Shee t  Metal  Th icknes s

Es t ima te  C of 300 lb» shows tha t  25 lb» is  saved by reducing
the shee t  me ta l  t h i cknes s  in the gas gene ra to r  des ign  from 0 .050"  to
0 .025" .

This is  v i r t ua l l y  a l l  due to the s av ing  in n l cke l - ch romlum
a l loy  me ta l  in the combus t ion  chamber ,  pa r t  of the turbine s t a to r ,  and
exhaus t -nozz l e  un i t .

E f f ec t  of I nc reased  Tip Speed

Es t ima te  D of 270 lb» shows tha t  30 lb» i s  saved by i nc rea s -
ing the compres so r  t i p  speed from 800 to 1100 f t / s ec  and g ives  the
f ina l  and l owes t  f i gu re  fo r  the bas i c  we igh t  of the Li500 h o p» gas
gene ra to r ,  as f a r  as t h i s  Memorandum is  concerned»

In order  to r e t a in  the ove r - a l l  uni form tubu la r  geome t ry  of
the un i t ,  the turbine t i p  speed  is i nc rea sed  by the same amount as the
compres so r  » s »

The e f f ec t  of I nc rea s ing  the compres so r  t i p  speed is  twofo ld ,
one f avourab l e ,  the o the r  un favourab l e ,  with the net  r e su l t  be ing
favourab le  in the case  cons ide red .

The f avourab le  e f f ec t  r e su l t s  from the g r ea t e r  work pos s ib l e
per s t age ,  both in the compres so r  and t u rb ine ,  thus  g iv ing  a dec reased
number of s t ages  in each and a sho r t e r  l eng th  of the whole un i t .  The
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compres so r  s t ages  are r educed  from Iq to 10,  and the turbine  s t ages
from 3 to 2 O An add i t i ona l  bene f i t  is  the dec reased  sha f t  d i ame te r ,
due to the h ighe r  ro t a t i ona l  speed ,  but the l a t t e r  has a l so  an adve r se
e f f ec t  on the bea r ings .

The unfavourable  e f f ec t  r e su l t s  from the i nc rea sed  cen t r i -
fuga l  fo r ce ,  and the a t t endan t  t h i cken ing ,  s t r eng then ing  and change in
the des ign  of the ro to r s .

Assuming tha t  the compres so r  e f f i c i ency  is ma in t a ined ,
the whole of the 30-pound sav ing  may be c l a imed  fo r  the h ighe r  t i p
speed ,  or the “ t r anson ic"  r e l a t i ve  i n l e t  ve loc i ty  In the compres so r .

However ,  shou ld  the r equ i r ed  e f f i c i ency  be not  ob t a ined ,  a
pena l ty  r e su l t s  in h ighe r  fue l  consumpt ion  and lower  spec i f i c  power
or t h rus t ,  when the gas gene ra to r  is  used both  in the hove r ing  and
c ru i s ing  of the VTOL a i r c r a f t  which was v i sua l i zed  in Re fe rence  3«

In tha t  r e f e r ence  a mi s s ion  of £00 mi l e s  r ange ,  with ten
minu te s  hove r ing ,  was s t i pu l a t ed .

The pena l ty  r e su l t i ng  from the pos s ib ly  reduced  compres so r
e f f i c i ency  may pe rhaps  be most c l ea r ly  s t a t ed  by showing  t ha t  the
30-pound sav ing  in  gas gene ra to r  we igh t  through use of the t r anson ic
compres so r  would be wiped out by 3θ l b .  of ex t r a  fue l  per gene ra to r ,
and l a rge r  gene ra to r  s i ze ,  for  the mi s s ion  spec i f i ed ,  i f  the compres so r
e f f i c i ency  f e l l  by 2$ from the 8½% assumed (de r ived  by the au thor  of
Re fe rence  !| ) .

PREFERENCE FOR 3000 h .p .  UNIT

In Re fe rence  3, four  U$00 h o p. i n t e r connec t ed  gas gene ra to r s
were v i sua l i zed  fo r  d r iv ing  e igh t  3 - foo t  d i ame te r  l i f t i ng  f ans .

The i n t en t ion  of the i n t e r connec t ion  on the gas gene ra to r
de l ive ry  end was to ensu re  the s a f e ty  of the  a i r c r a f t  in case  of one-
gene ra to r  f a i l u r e ,  when a l l  the fans  would con t inue  to r ece ive  the
dr iv ing  gas from the th ree  l i ve  gene ra to r s  at  a r educed  but equa l ly
d i s t r i bu t ed  r a t e .

Upon fu r the r  de t a i l ed  examina t ion ,  howeve r ,  the scheme
appea red  l e s s  a t t r ac t i ve ,  fo r  the  fo l l owing  r ea sons :

1.  A spec i a l  one -way- f low va lve  would have been r equ i r ed  a t  the
gas de l i ve ry  end of each gene ra to r ,  be fo re  j o in ing  the
in t e r connec t ing  duc t .  This  would have been neces sa ry  to
p reven t  the b low-back  of hot  ga se s  through the f a i l ed
gene ra to r ,  with consequen t  was te  of gas and i n ju ry  to the
compres so r  .

2 .  Tiie hot i n t e r connec t ing  duc t  would have had to pass  through
the u se fu l  space  in the fu se l age  of the a i r c r a f t .
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3. In case  of one-genera to r  f a i l u r e ,  the r educed  gas f low r a t e
would have been mismatched  with  the f i xed  f low a rea s  of the
fan d r ive  turbine nozz l e s ,  thus l e ad ing  to a s e r ious  drop
in e f f i c i ency  and ava i l ab l e  power .

Out of s eve ra l  o the r  s chemes ,  th ree  a l t e rna t ive s  p re sen t ed
themse lves  to s a t i s fy  the s a f e ty  requ i rement , .  These ,  and the o r ig ina l
scheme of Re fe rence  3, wi th  a l l  i t s  imp l i ca t i ons ,  a re  shown d i ag ram-
ma t i ca l l y  in F igure  1 .

In the f i r s t  a l t e rna t ive ,  the  four  l |500 h o p o gas gene ra to r s
would have been supp lemented  by a f i f t h ,  s t and -by ,  un i t  of the same
power ,  i n s t a l l ed  in the fu se l age , .  This would have s a t i s f i ed  ob j ec -
t i on  3, but not the o the r s ,  and would have r a i s ed  the powerp lan t
we igh t  by the ex t r a  gas gene ra to r  and i t s  a cces so r i e s .

In the s econd  a l t e rna t ive ,  the fou r  I4.5OO h .p .  gas gene ra to r s ,
and the e igh t  3 - foo t  d i ame te r  f ans ,  would have been r e t a ined ,  but
i n s t ead  of i n t e r connec t ion ,  each gene ra to r  would have d r iven  a pa i r
of f ans ,  one in each wing .  Thus,  in case  of one -gene ra to r  f a i l u r e ,
the pa i r  of fans  woflld go out of a c t i on ,  s t i l l  l e av ing  th· a i r c r a f t
s t ab l e ,  and with th ree -quar te r s  of the i n s t a l l ed  l i f t i ng  power
r ema in ing .  Ob jec t i ons  1 and 3 would have been s a t i s f i ed ,  but ob j ec t i on
2 would have been magn i f i ed ,  s i nce  the scheme would have r equ i r ed  four
d i f f e r en t  (bu t  sma l l e r )  duc t s  to c ros s  the fu se l age ,  i n s t ead  of the
one duc t  in the o r ig ina l  s cheme .

In the t h i rd ,  and now f avoured ,  a l t e rna t ive ,  s ix  3000 h .p .
gas gene ra to r s  were v i sua l i zed ,  each independen t ly  d r iv ing  a somewhat
l a rge r  f an ,  of abou t  3 1/2-foot  d i ame te r ,  or a scheme of th ree
gene ra to r - f an  pa i r s  in each wing .  In the case  of one -gas -gene ra to r
f a i l u r e  (o r  one - f an  f a i l u r e )  in one wing ,  au toma t i c  con t ro l  would be
in tended  to sw i t ch  out the cor responding  oppos i t e  pa i r  in the o the r
wing,  s t i l l  l e av ing  the a i r c r a f t  s t ab l e ,  with two- th i rd s  the i n s t a l l ed
l i f t i ng  power r ema in ing ,  and wi th  a l l  th ree  ob j ec t i ons  s a t i s f i ed .

The two- th i rd s  f igure  is equ iva l en t  to the f igure  of 1 .5
assumed fo r  the r a t i o  of i n s t a l l ed  l i f t  to a l l -up  we igh t  in Re fe rence
3, or the exces s  power marg in  a l l owed  fo r  hove r ing  in non- s t anda rd
ambien t  cond i t i ons  (6000 f ee t  a l t i t ude ,  95°F)  and/or  powerp lan t  f a i l u r e
in Refe rence  1;. If t ha t  f igure  i s  j u s t i f i ed ,  then the s i x -gene ra to r
scheme f i t s  i t  exac t ly ;  i f  no t ,  then a weight  pena l ty  is  to be s e t
aga ins t  i t  due to exces s ive  i n s t a l l ed  power .

In view of the a t t r ac t i ons  of the s i x -gene ra to r  s cheme ,  i t
was thought  wor thwhi le  to e s t ima te  the we igh t  of a 3000 h .p .  gas
gene ra to r ,  to see if any bene f i t  or pena l ty  was invo lved  in the
to t a l  we igh t  of the gas gene ra to r s .

ESTIMATE OF 3000 h .p .  GAS GENERATOR

Es t ima te  E in Table  I g ives  the de t a i l s  and t o t a l  we igh t  of
a 3OOO h .p .  gas gene ra to r .
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The same f avourab le  bas i c  a s sumpt ions  were used as in the
l a s t -men t ioned  e s t ima te  (D) of the l |500 h .p .  un i t ,  i . e . ,  p l a s t i c
b l ad ing  in the compres so r ,  0 .025”  shee t  me ta l  t h i cknes s  and 1100
f t / s ec  t i p  speed ,  but aga ins t  t he se ,  the minimum b lade  chord ( 1/2" )
and ca s t i ng  and fo rg ing  th i cknes s  (3 /8” )  were neces sa r i l y  kep t  the
s ame .

Thus i t  is  seen t ha t  f o r  the i n s t a l l ed  powerp l an t  of the
same t o t a l  18000 h .p . ,  the s ix  3000 h .p .  gas gene ra to r s  would weigh
190 x 6 = l lhO lb .  aga ins t  the four i|500 h .p .  gas gene ra to r s  of

x 27Ο = 1080 Ibo ,  a pena l ty  of 10 l b .  on each of the s ix  gene ra to r s .
A fu r the r  sma l l  pena l ty  might  be Invo lved  as a r e su l t  of i nc rea s ing  the
fan  s i ze ,  but i t  must be remembered t ha t  the  scheme e l imina t e s  a l l
i n t e r connec t ing  duc t s  and blowback va lves .

Had the L;500 h .p .  gas gene ra to r  been hypo the t i ca l l y  s ca l ed
down p ropor t i ona t e ly  in a l l  s i ze s  to 3000 h .p . ,  based on the a i r  mass
f low,  the we igh t ,  fo l lowing  the so -caL led  " s qua re - cube ” law, would
have been equa l  to 270 x ( 23. 6 /35 ·  4 ) or 11|7 l b . ,  and if s ca l ed
down acco rd ing  to the ’mod i f i ed ’  squa re -cube  law of Reference  3. the
weigh t  would have been equa l  to 270 x ( 23. 6 /35 .  Λ® = 157 lb .

As i t  i s ,  the same minimum cas t i ng ,  fo rg ing ,  shee t  me ta l ,  and
b lade  chord  d imens ions  are imposed on both un i t s ,  the 3000 h .p .  fue l
and o i l  sy s t ems  are  on ly  s l i gh t ly  r educed  in we igh t ,  and as we l l ,
the combus t ion  chamber  length r ema ins  fundamen ta l l y  the  same,  f i x ing
with i t  c e r t a in  sha f t  and s t a to r  backbone  d imens ions©

EFFECT OF ASSUMPTIONS ON POWERPLANT WEIGHT

In Re fe rence  3 the t o t a l  powerp lan t  sy s t em we igh t  was
de f ined  to Inc lude  the fue l .  For an a i r c r a f t  of 20 ,000  lb .  a l l - up
weigh t  on a mi s s ion  of 5θθ m i l e s  r ange ,  10 minu tes  hove r ing ,  the
we igh t  f i gu res  were as f o l l ows  :

I n s t a l l ed  l;500 h .p .  gas gene ra to r s  = I4 x Ι4ΘΟ = 1920
Ins t a l l ed  3 - foo t  d i ame te r  fans  with d r ives ,

duc t s  and va lves  = 8 x 34θ = 2720
Cru i s ing  fue l  = 2200
Hover ing  fuel = 1160
To ta l  powerp l an t - sys t em we igh t  = 8000 lb .

Thus the powerp lan t  + fue l  weight  amounted to  l|0% of the
a l l -up  we igh t  of the  a i r c r a f t .

The p reced ing  cons ide ra t i ons  of t h i s  memorandum have shown
tha t  cons ide rab l e  weight  r educ t ions  in the gas genera tors  may be
ob ta ined  by changing  ce r t a in  bas i c  a s sumpt ions .  Some of t he se  bas i c
a s sumpt ions  may a f f ec t  the fue l ,  as was a l so  shown,  and some may
a f f ec t  the f an ,  d r ive ,  duc t ,  and va lve  we igh t  e s t ima te s .

The use of p l a s t i c  would not  a f f ec t  the f an ,  e t c . ,  e s t ima te s ,
because  t he se  were made u s ing  magnesium a l l oy ,  of v i r t ua l l y  the same
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dens i ty  as the p l a s t i c ,  whe reve r  pos s ib l e ,  and w i th in  c l ea r ly  de f ined
l imi t s  .

Th inner  shee t  meta l  t h i cknes s  may have a l a rge  e f f ec t  on
the we igh t s  of the fan man i fo ld s ,  duc t s  and va lves ,  s i nce  t he se  were
a l l  e s t ima ted  on a ba s i c  a s sumpt ion  of 0 .050"  i n s t ead  of the 0 .025"
now p roposed ,  but i t  must be no ted  t ha t  the man i fo ld s  are  of abou t
14-foot  d i ame te r  aga ins t  the on ly  1ί| i nches  or so of the 4500 h .p .  gas
gene ra to r ,  so t ha t  pe rhaps  a d i f f e r ence  in t h i cknes s  is j u s t i f i ed .

Inc reased  t i p  speed would have some e f f ec t  on the fan  and
d r ive  t i p  t u rb ine  we igh t s ,  s i nce  t he se  were e s t ima ted  on a ba s i s  of
8OO f t / s ec  fan t i p  speed 0 The f an ,  a l though  s ing l e  s t age ,  cou ld  have
a f ewer  number of b l ades  e The tu rb ine  s t ages  might  be r educed  from
two to one,  but the tu rb ine  b l ade  suppor t  r i ng  would become more of a
p rob lem due to the Inc reased  cen t r i fuga l  fo r ce s  o

An In t e r e s t i ng  s ide l i gh t  on the t i p  speed  was p rov ided  by
ano the r  eng ine  manufac tu re r  who was a l so  p ropos ing  a f an - l i f t  a i r c r a f t
d r iven  by sma l l  gas gene ra to r s® The fans  were to have a d i s cha rge
ve loc i ty  of 600 f t / s ec  with a t i p  speed  of 950 f t / s ec ,  both l im i t ed
by the f ac to r  of no i se .

Model fan t e s t s  a re  now under  way (Re fe rence  5) which shou ld
show the l im i t s  of t i p  speed ,  as con t ro l l ed  by e f f i c i ency  (and perhaps
no i se ) ,  not only fo r  the fans  t hemse lves  but a l so  perhaps  as an
ind i ca t i on  fo r  the t r anson ic  compres so r  in the gas gene ra to r . .

Also , d e t a i l ed  des igns  are p roceed ing  for  a 3 - foo t  f an ,  t i p
turb ine  d r ive ,  and gas va lves .  When t he se ,  and the model fan  t e s t s ,
w i l l  have r eached  a ce r t a in  s t age ,  i t  might  be p ro f i t ab l e  to r e - e s t ima te
the t o t a l  powerp lan t  + fue l  we igh t ,  and compare  i t  with the of the
a l l -up  we igh t  of the a i r c r a f t  o r ig ina l ly  ca l cu l a t ed  in Re fe rence  3.

CONCLUSIONS

1.  The o r ig ina l  ba s i c  we igh t  e s t ima te  of 3 0 l b .  f o r  a Li500 h o p e "ho t
cyc l e "  ga s gene ra to r  may be r educed  to 270 lb 0 by changing  ce r t a in
bas i c  a s sumpt ions .

2.  Of the t o t a l  70-pound s av ing ,  15 l b .  Is saved by subs t i t u t i ng
p la s t i c  for  me ta l  b l ad ing  in the compres so r .  An i n t e r e s t i ng
compe t i t i on  is  t he reby  d i s c lo sed  be tween  the equa l ly  l i gh t , and
new.p l a s t l c  and magnesium a l l oy  ma te r i a l s .

3. 2$ l b .  is  s aved  by r educ ing  the shee t  me ta l  t h i cknes s  from 0.0f>0"
to  0 .025"  In the  combus t ion  chamber ,  t u rb ine  s t a to r  and exhaus t
pa r t s  0

1|. 30 l b .  i s  saved by i nc rea s ing  the t i p  speed from 800 to 1100
f t / s ec ,  but t h i s  may be wiped out by 3θ l b .  of ex t ra  fue l  and
inc reased  gene ra to r  s i ze ,  on an a i r c r a f t  m i s s ion  of 5θθ m i l e s
r ange ,  10 minu tes  hove r ing ,  if  the assumed compres so r  e f f i c i ency
of 85% canno t  be ma in t a ined ,  and f a l l s  by 2$.
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$. For  the t o t a l  18 ,000  h .p .  r equ i r ed  to be i n s t a l l ed  in the a i r c r a f t ,
s i x  3000 h .p .  gas gene ra to r s  are found to be be t t e r ,  a s ide  from
weigh t ,  than four  of h .p  0 Making the most f avourab l e  a s sump-
t i ons  in each ca se ,  t he i r  we igh t s  t o t a l  6 x 190 = III4O lb .  and
Î4 x 27Ο = 1030 lb 0 r e spec t ive ly ,  a pena l ty  of 10 l b .  on each 3θθθ
h .p .  un i t  in the s i x -gene ra to r  s cheme .
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TABLE I

Weight  and S i ze  Es t ima te s  of "Hot"  Cycle  Gas Genera to r s

Maximum Tempera ture  1300°K
Compresso r  Tempera ture  Rise 300°C

E
3000
1780
23o6

Es t ima te  r e f e r ence
Gene ra to r  h .p .
Gene ra to r  th rus t  lb  0
Genera to r  a i r  mass f low lb / s ec

A B c D
4500 4500 4500 4500
2670 2670 2670 2670
35»4 35o4 35o4 35.4

Metal P l a s t i c P l a s t i c P l a s t i c
0 .050 0 .050  - Ο.Ο25 Ο.Ο25

800 800 800 1100

59 49 49 50
68 63 63 55
36 36 18 18
52 52 52 39
38 38 34 28

7 7 4 4
31+ 34 34 30
40 40 40 40

6 6 6 6
340 325 300 270

18 18 18 18
14o2 14 .2 14 .2 14 .2

51 51 51 43

Assumpt ions
Compresso r  b lad ing  ma te r i a l
Shee t  me ta l  t h i cknes s  i n s .
Compres so r  t i p  speed  f t / s ec

P la s t i c
0 .02
1100

Weights  l b .
Compresso r  r o to r
Compres so r  s t a to r
Combus t ion  chamber
Turbine ro to r
Turbine  s t a to r
Exhaus t  and nozz l e
Shaf t  and bea r ings
Fuel  and o i l  Sys t ems
Nuts and bo l t s

oj so
m

irxo
 cncrU

M
A

CM
 C

M
 

<-<<*>

190To ta l  we igh t

S i ze s  Inches
Overa l l  d i ame te r
Rotor  d i ame te r
Ove ra l l  l eng th

11 .6
40
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