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THE WEIGHT AND SIZE ESTIMATION OF A TURBO GAS
GENERATOR FOR THE POWERPLANT OF A VTOL AIRCRAFT

In Re fe rence  1 va r ious  gas turbine powerp lan t s  were com-
pared  for a VTOL a i r c r a f t ,  In which l i f t  was ob t a ined  by f ans
Immersed in the w ings ,  and ho r i zon ta l  p ropu l s ion  by je t  r e ac t i on .

The powerp lan t  cons i s t ed  of four  turbo gas gene ra to r s ,
e igh t  fans  with d r ives ,  and the duc t ing ,  va lves ,  nozz l e s ,  e t c . ,
neces sa ry  to ob t a in  e i t he r  the ve r t i ca l  l i f t  or the ho r i zon ta l  p ro -
pu l s ion .

The c r i t e r i on  in the compar i son  was the t o t a l  powerp lan t
plus  fuel  we igh t  r equ i r ed  to fu l f i l l  a g iven  f l i gh t  mi s s ion .  The
we igh t  of the f ans ,  d r ive s  and acces so r i e s  was ob t a ined  by ske t ch i ly
des ign ing  them, and then ca l cu l a t i ng  the component  we igh t s .  The
weight  of the gas gene ra to r s  was e s t ab l i shed  by r e f e r ence  to the
current  l i t e r a tu re  on t u rbo j e t  eng ines ,  s i nce  the gas gene ra to r s
were in f ac t  such ,  when used fo r  the ho r i zon ta l  p ropu l s ion  of the
a i r c r a f t .

The p r e sen t  memorandum app l i e s  the ske t chy  des ign  me thod ,
as used fo r  the fans and d r ives ,  to  the gas gene ra to r s .  The alm is
threefold  : -

a)  To check the f igures  ob t a ined  fo r  the gas gene ra to r s
from r e f e r ence  to the l i t e r a tu re ,  and thus a l so  to
back check on the method used fo r  the fans  and d r ives .

b) To e s t ab l i sh  a r a t i ona l  connec t ion  be tween  the thermo-
dynamic  pa rame te r s  and the we igh t s .

c) To de t e rmine  the main d imens ions  of the gas gene ra to r s ,
fo r  use in an ove ra l l  de s ign  of the VTOL a i r c r a f t ,  and
fo r  r e l a t i on  to the o the r  componen t s .

Re fe rence  1 e s t ab l i shed  tha t  one of two su i t ab l e  gas
gene ra to r  thermodynamic  cyc l e s  was the hot  s i ng l e  s t r eam cyc l e ,  and
tha t  fo r  an a i r c r a f t  with an a l l -up  we igh t  of 20000 lb .  each of the
four  gas gene ra to r s  shou ld  be of 1) 00 h .p .

Such a gas genera to r  is  now t aken  as an example ,  i t s
ske t chy  des ign  worked ou t ,  and the we igh t s  and d imens ions  ca l cu l a t ed .
The r e su l t s  are  summarized  in Figure 1 .  The de t a i l s  and par t i cu la r s
fo l l ow  : -

BASIC DESIGN AND ASSUMPTIONS

The thermodynamic  pa rame te r s  of the cyc l e  assumed fo r  the
gas genera to r  were t aken  from Refe rence  2.  The main f igu res  fo r  the
hot  s i ng l e - s t r eam cyc l e  a r e : -
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Tempera ture
«K

Pres su re .
Ra t io

288
588

1300
1033

1
9 .20

Compres so r  i n l e t
Compres so r  ou t l e t
Turbine In l e t
Gas de l i ve ry

Spec i f i c  power
Spec i f i c  fue l  consumpt ion

127 h .p .  per  l b / s ec
0 .51  Ib/hr  per h .p .

The power of the gas gene ra to r  is  de f ined  as tha t  which
is  produced by the expans ion  of the gas in an 85% e f f i c i en t  t u rb ine .
With a power of ί|,500 h .p . ,  tbe a i r  mass f low

One of the main a s sumpt ions  in the de s ign  of the gas
gene ra to r  is  t ha t  the t i p  speed  of the compres so r  = 800 f t / s ec .
This  is  the same as fo r  the l i f t i ng  f ans .  Toge the r  with the a s sump-
t ion  t ha t  the i n l e t  hub / t lp  r a t i o  = a minimum 0 .5 ,  the theory  of
Refe rence  3» as appl ied  to compres so r s ,  g ives  the maximum in l e t  ax i a l
ve loc i ty  = 560 f t / s ec .  From th i s  and the a i r  mass f low one de r ives
the compres so r  i n l e t  d i ame te r ,  U j .2" ,  which is  then a l so  t aken  as
the maximum d i ame te r  of the combus t ion  chamber  and the t u rb ine ,
g iv ing  a long tubu la r  un i t  of un i form d i ame te r .

Ano the r  ba s i c  a s sumpt ion  conce rns  the use of va r ious
ma te r i a l s .  This  is  i l l u s t r a t ed  in Figure 2, which shows the range
of s t r e s s  aga ins t  t empera tu re  of the four  types  of a l l oy  used in
the de s ign .  The sha f t  and bea r ings  are  assumed to be made of s t ee l ,
and are  not r ep re sen t ed  in the f i gu re ,  but the compres so r  uses
magnes ium,  aluminum and t i t an ium,  wh i l s t  the combus t ion  chamber
and turbine are  of a n l cke l - ch romlum base a l l oy .

The curve  for  each a l l oy  cons i s t s  of two pa r t s .  The l e f t -
hand or l ower - t empera tu re  s ide  shows the y i e ld  s t r e s s ,  r ep re sen t ing
the e l a s t i c  l im i t  of the ma te r i a l ,  and the r i gh t -hand  or h lgher»-
t empera tu re  s ide  shows the s t r e s s  which p roduces  0.1% c reep  in 1000
hour s ,  r ep re sen t ing  a rb i t r a r i l y  the p l a s t i c  l im i t  of the ma te r i a l .
The curves  have been de r ived  from many and va r ious  sou rces  in the
l i t e r a tu re ,  wi th  some few gaps f i l l ed  in by ex t r apo la t i on .

The s t r e s se s  used in the de s ign  were re fe r red  to the l im i t s
as s e t  out in the f i gu re .  In the e l a s t i c  r ange ,  a maximum of 2 /3  of
the y i e ld  s t r e s s  was aimed a t ,  and in the p l a s t i c  range a s t r e s s  of
a l i t t l e  lower  than  the a rb i t r a ry  c reep  l im i t  shown,  or abou t  0.1%
creep  in 10 ,000  In s t ead  of 1000 hou r s .

Other  a s sumpt ions  as applying to the un i t  as a whole we re : -
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1 /2”
O.O5O

0 /»"
Π

Minimum b lade  chord
Shee t  Metal  Th ickness
Cas t ing  Thickness

COMPRESSOR

The des ign  of the compresso r  was based on an app rox ima te
adap ta t i on  of the b l ade  ae ro fo i l  theory  with ca scade  co r r ec t i on ,
as summarized fo r  fans  in Re fe rence  3.

The cond i t i ons  a t  the hub be ing  the most c r i t i c a l ,  the
maximum p re s su re  r i s e  per s t age  was based on t ha t  po in t : -

Λρ -

where ,  a l l  in cons i s t en t  un i t s ,

/\p = maximum p res su re  r l ae  per s t age

p = mean a i r  dens i t y  in the s t age

(J ~ t i p  speed

- maximum l i f t  coe f f i c i en t  a t  the hub,
assumed = about  1 .75

I = hub radius

- t i p  r ad ius

(p = ax la l / t i p  ve loc i ty  r a t i o

In the above is  incorpora ted  the ca scade  co r r ec t i on  f ac to r ,
K, which is  assumed approx imate ly

i- _ 2 27T< ( 4 ζ ,
π XJT -

where

N = number of b l ades

b = b l ade  chord  a t  hub

Both N and b d i s appea r  when K Is app l i ed  to the ba s i c
equa t ion  in Re fe rence  3» thus g iv ing  the above form of p ressure
r i s e  equa t ion .
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The spaclng/chord ratio at the hub , was
assumed to be 0.8, which was used in the final stages of the com-
pressor design, to find the number of blades, N, per stage»

The main particulars <f the compressor are given in Table
I.

Having established the maximum pressure rise per stage at
the various points in the compression curve, the number of stages
was then determined. The first stage shows no pressure rise above
atmospheric, because in it is counteracted the depression which
causes the velocity at the compressor inlet.

The thermodynamic design of the compressor is compromised
to a certain extent by two factors: firstly, by the minimum height
of blade considered feasible at the outlet, and, secondly, bv the
accommodation of the requirements of the dual-stream (bypass') cycle
which, when used with heating, was considered as good as the hot
single-stream cycle for providing gas to drive the lifting fans in
Reference l o

Had the inlet axial velocity of 560 ft/sec been continued
throughout the compressor, the last stages would have had blades too
short, particularly in the bypass case. For this reason the axial
velocity was gradually reduced from £60 ft/sec at the inlet to 265
ft/sec at the outlet, thus giving a reasonable blade height of l.Î43H

at the outlet for the single-stream cycle. This dimension can then
be reduced, for a bypass cycle, if a compressor design for it were
required.

One advantage of the reduction in axial velocity is that
no diffuser is deemed necessary between the compressor and the
combustion chamber.

The dual-stream cycle chosen in Reference 1 has a com-
pressor temperature rise of 200°C before the bypass, equivalent to
a pressure ratio of 5.06. The design in Table I is so arranged
that this pressure ratio is obtained in exactly 10 stages, leaving
the last 4 stages to be bypassed, thus again accommodating any future
design for a dual-stream cycle.

The blade chord was assumed to be the minimum 1/2" in
the short blades of the last 4 stages, progressively increased to
5/3" in the middle 6 stages, and to 3/q in the first l| stages,
thus matching the Increasing length of the blades.

The compressor was visualized as being constructed of
twelve different components or groups :-

i
Rotor, drum and blades, stages 1 to 4, magnesium alloy.

Rotor, drum and blades, stages 5 to 10, aluminum alloy.

Rotor, drum and blades, stages 11 to 1U , titanium alloy.
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Rotor  , forward hub,  aluminum a l loy®

Roto r ,  r e a r  hub (power  t r ansmi t t i ng ) ,  s t ee l .

S t a to r ,  bu l l e t ,  shee t  me ta l ,  magnesium a l l oy .

S t a to r ,  i n l e t  c a s t i ng ,  magnesium a l l oy .

S t a to r ,  c a s ing  ( ca s t  in two ha lves ) ,  magnesium a l l oy .

S t a to r ,  ou t l e t  c a s t i ng ,  a luminum a l l oy .

S t a to r ,  b l ades ,  s t ages  1 to !j, magnesium a l l oy .

S t a to r ,  b l ades ,  s t ages  5 to 10, aluminum a l l oy .

S t a to r ,  b l ades ,  s t ages  11 to l l j ,  t i t an ium a l loy .

The s t a to r  i n l e t  c a s t i ng  is shown in Figure 1 with a be l l -
mouth of 18" ou t s ide  d i ame te r .  I t  is  assumed tha t  th i s  d i ame te r
would cove r  any fue l  and o i l  sys t em componen t s ,  p ipes ,  con t ro l s ,  e t c . ,
mounted on the compres so r  ca s ing ,  so tha t  18" r ep re sen t s  the overa l l
d i ame te r  of the  gas gene ra to r  un i t  as a who le .

COMBUSTION CHAMBER

The pa r t i cu l a r s  of the ( shee t  me ta l ,  annu la r )
combus t ion  chamber  are  shown in Table  I I .

The des ign  was s imp ly  based on two c r i t e r i a :  f i r s t ,  the
combus t ion  i n t ens i t y  and ,  s econd ,  the mean or *cold v ve loc i ty ,
values  fo r  which were assumed with r e fe rence  to va r ious  r ecen t
repor t s  on combus t ion  chamber t e s t s .

Mean or ’ co ld ’  ve loc i ty  Is de f ined  as

W
- ,0 A

I

where ,  a l l  in cons i s t en t  un i t s ,

W = a i r  mass f low

/0 = dens i ty  a t  combus t ion  chamber i n l e t
1
A = maximum c ros s - sec t i on  a rea  of the combus t ion

chamber .

The value of (/ - assumed ( abou t /20  f t / s ec )  was deemed con-
s i s t en t  with  the p ressu re  lo s s  ($%) a l l owed  for  the combus t ion
chamber in Re fe rence  2 .
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Having  de r ived  the a rea  A = Ο.ΘΙ4 f t  , and a s suming  the
ou t s ide  d i ame te r  to be the same l l i . 2  M as tha t  of the compres so r ,
the Inner d i ame te r  of the combus t ion  chamber then fo l l owed .

The combus t ion  i n t ens i t y  Is de f ined  as

j Fuel f low x ca lo r i f i c  value of the fue l
Ôomb. ch. volume x Ôomb. ch. p re s su re

This  g ives  e i t he r  the ove ra l l  or  f lame tube vo lume ,  depend-
ing on which volume the In t ens i t y  value i s  ba sed .

The ove ra l l  volume and maximum c ros s - sec t i on  area  de t e r -
mine the length of the combus t ion  chamber ,  and the f l ame  tube i s
made to f i t  t h i s ,  and a l so  i t s  own volume requ i rement .

The fue l  sp ray  nozz l e s ,  p ip ing ,  Ign i t e r s ,  e t c . ,  a re  not
shown in Figure 1.  The i r  we igh t  is  inc luded in the fue l  sy s t em.

FUEL AND OIL SYSTEMS

The we igh t  of the fuel  sy s t em was based  on the r a t e  of
fue l  f low and e s t ima ted  by re fe rence  to the l i t e r a tu re  on the sub j ec t .
A sma l l  amount of we igh t  was added to t ake  ca re  of the o i l  sy s t em.

This i s  not en t i r e ly  a r a t i ona l  procedure  s ince  the fue l
sys t em we igh t  must a l so  have some reference  to the fuel  p r e s su re ,
and hence  to the combus t ion  chamber  p r e s su re ,  as we l l  as to the
number of con t ro l s  r equ i r ed ,  e t c .

S ince  the we igh t  e s t ima ted  for  the two sys t ems  amounted to
a cons ide rab l e  p ropor t i on  ( abou t  12%) of the t o t a l  we igh t ,  a s epa ra t e
ske tchy  des ign  shou ld  perhaps  be made of the fue l  sy s t em,  in order
to ob t a in  a more accu ra t e  e s t ima te  of the we igh t .

TURBINE

The pa r t i cu l a r s  of the (3 - s t age )  turbine are  shown in
Table  I I I .

I t  was de s igned  as a pressure-compounded s imp le  impulse
type ,  s i nce  the deg ree  of impulse or  r eac t i on  was not thought  to have
any l a rge  e f f ec t  on the we igh t  and ove ra l l  d imens ions .

The number of s t ages  was de te rmined  from cons ide ra t i ons
of the i dea l  or  ( ve loc i ty )  ’d i ag ram1 e f f i c i ency .  An ove ra l l  f igure
of a t  l e a s t  90% was aimed a t ,  to  cove r  the ove ra l l  a c tua l  e f f i c i ency
of 85% requi red  by Re fe rence  2.

All  the s t ages  were l im i t ed  by a gas de f l ec t i on  of 110° in
the ro tor  b l ades  , and the f i na l  s t age  was a l so  l im i t ed  by the
a l lowab le  l eav ing  ax i a l  ve loc i ty ,  which in turn depended  on the
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leaving area, and hence the hub/tip diameter ratio» This last was
permitted to be as low as 0»£»

As in the compressor, the blade chord was assumed to be the
minimum 1/2" in the short blades of the first stage, progressively
increased to $/8“ in the second and 3Al” in the third, to match the
increasing length of the blades»

The number of rotor blades in each stage was determined
from an allowable spacing/chord ratio at the tip = 0.6»

The spacing/chord ratio of the nozzles was allowed = 0»7 o

The turbine was visualized as being constructed of six
different components or groups, all made of nickel-chromlum alloy:-

Rotor drum and blades, 3 stages.

Rotor hub.

Stator inlet plate (for rigidity)»

Stator casing, sheet metal, in two halves.

Stator nozzles, 3 stages»

Stator cooling drum, sheet metal.

A drum type of construction was allowed for the rotor
because of the relatively small diameter and low peripheral speed,
and the cooling possible of its Inside surface»

The purpose of the cooling drum is to constrain the cooling
air to flow at a high velocity past this surface, to the turbine
outlet» The cooling air is assumed derived from the compressor
delivery.

EXHAUST AND NOZZLE

These are shown together in Figure 1, without any jet pipe
between them, being the minimum necessary for the operation of the
gas generator as a turbojet engine» There would be ducting and
valves at the turbine outlet, if the gas from the generator were
also used for driving the lifting fans.

SHAFT AND BEARINGS

The shaft was assumed to be made of the strongest carbon
steel. The maximum diameter of 1 3A" was based on the permissible
shear stress resulting from the transmission of power from the
turbine to the compressor, which is 6£00 h.p. at 12900 r.p.m.

The power transmitting part of the shaft extends from the
turbine hub to the steel hub at the high pressure end of the
compressor.
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The remain ing  pa r t ,  of 1 3/8” d i ame te r ,  la assumed to ca r ry
no power ,  but  Î3 used to  t r ansmi t  the compres so r  t h rus t  to the thrust
bea r ing ,  and to support  the low pressure end of the compres so r .

Only the forward bea r ing  was assumed to carry any l oad ,  and
tha t  due to the compres so r  t h rus t ,  which was e s t ima ted  to be about
7000 lb .  Three angular  con tac t  ba l l  bea r ings  in s e r i e s  were
neces sa ry  for  t h i s ,  a cco rd ing  to da ta  from a manufac tu re r ’ s  handbook .

The midd le  and turbine bea r ings  were a rb i t r a r i l y  assumed
to be of abou t  the same s i ze  as one of the th rus t  bea r ings .

NUTS AND BOLTS

This i tem of 6 l b .  covers  a sma l l  amount fo r  In terna l
p ip ing  ( such  as coo l ing  a i r  p ipes ,  i f  neces sa ry )  and any o ther  unfore-
seen  pa r t s .

ACCESSORIES

No p rov i s ion  was made in the we igh t  e s t ima te  for  a s t a r t e r ,
i n s t a l l a t i on  lugs ,  je t  p ipe  and o the r  acces so r i e s ,  so tha t  only the
’d ry ’  or ’ba s i c® we igh t  is  g iven .

CONCLUSIONS

1.  The bas i c  we igh t  of a USOO h.p  o hot  s i ng l e - s t r eam-cyc l e  gas
gene ra to r ,  wi thou t  acces so r i e s  or i n s t a l l a t i on ,  is  e s t ima ted
from a ske t chy  des ign  to be 3I4O lb e

This compares  with 1(.75 l b .  a l l owed  fo r  in Refe rence  1,  by
de r iva t i on  from the l i t e r a tu re ,  thus l e av ing  135 lb .  f o r
acces so r i e s  and i n s t a l l a t i on ,  a f igure cons ide red  adequa t e  and
approp r i a t e  .

2.  The ove ra l l  d imens ions  of the  gas gene ra to r  are  e s t ima ted  to be
about  18” d i ame te r  x f t .  l ong ,  with a r o to r  d i ame te r  of abou t
111*'.

3. A r a t iona l  method of weight  and s i ze  e s t ima t ion  is  e s t ab l i shed ,
re la ted  to  the thermodynamic pa rame te r s  , which may be used for
va r ious  thermodynamic cyc les  and power s ,  o the r  than the example
t aken  in t h i s  memorandum, and a formula may perhaps  be l a t e r
de r ived ,  which would g ive  qu i ck  approximate  r e su l t s .
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2. N.A.E.  Repor t  No. LR-201 ,  en t i t l ed  "Dual -Ope ra t i on  Powerplants
fo r  Ve r t i ca l  Take-off  Transpor t  A i r c r a f t :  A Pre l iminary  Ana lys i s
of Seve ra l  Gas -Turb ine  Cyc le s . "  By E.P O Cockshu t t .  July 1957 .

3. Laboratory  Memorandum NAE-ENG-54 . en t i t l ed  "L i f t ing  Fans fo r
Immersion in the Wings of a VTOL Ai rc r a f t . "  By No Ga l i t z ine .
August  1957 .
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TABLE I

PARTICULARS OF COMPRESSOR FOB HOT SINGLE-STREAM CYCLE

INLET TEMPERATURE = 288°K ( 15°C )

AIR MASS FLOW = 35.1| LB/SEC TEMPERATURE RISE = 3OQ°C

OVERALL EFFICIENCY = 8%

STAGE NUMBER 1 2 3 14 5 6 7 8 9 10 11 12 13 111

Pres s ,  r a t i o  per  s t age - 1 .190 1 .192 1.1914 1 .196 1 .198 1 .200 1 .202 1.20! i 1 .206 1 .160 1 .160 1 .160 1 .160

Pres s .  r a t i o  a t  ou t l e t 1 .00 1 .19 1.1|2 1 .695 2 .025 2.I425 2 .91 3.50 14.21 5 .06 5 .87 6 .81 7 .90 9 .20

Temp, r i s e  per  s t age  °C - 17 18 20 21 22 2l| 25 26 27 23 214 26 27

Temp, r i s e  a t  ou t l e t  °C - 17 35 55 76 98 122 1147 173 200 223 21+7 273 300

Temp, a t  ou t l e t  °K 288 305 323 314 3 36I4 386 I4IO U35 (461 ll88 511 535 561 588

Dens i ty  at  ou t l e t  lb/ft . 0765 .086 .097 .109 .123 .138 .156 .177 .201 .229 .253 .280 .310 .31414
Tip ve loc i ty  f t / s ec 800 800 800 800 800 800 800 800 800 800 800 800 800 800

Axia l  ve l .  a t  ou t l e t  f t / s ec 560 5lj3 525 508 ll90 U73 1455 1438 I420 385 350 315 280 265
Blade t i p  d i ame te r  Inches 111. 2 114.2 . l l .2 114.2 U|.2 LI4.2 1I4.2 114.2 111. 2 111. 2 111. 2 11|. 2 114.2 II4.2

Mean b l ade  hub d i ame te r  i n s . 7 .1 7. 514 8 .28 8.96 9 .56 9 .96 10 .28 IO.7O 11.  Oli 11.28 11.314 II.3I4 U.3I4 11.314
Mean b l ade  he igh t  Inches 3 .55 3 .33 2 .96 2.62 2 .37 2 .12 i . 9 l i 1 .75 1 .58 I.I46 1.143 1.1*3 1.1*3 1.1*3
Blade  s ec t i on ,  t h i cknes s  % 12 12 12 12 12 12 12 12 12 12 12 12 12 12

No. of b l ades  per  s t age 37 I4O I43 147 60 63 65 67 69 71 88 88 88 88

Blade chord inches 3/li 3/14 3A 3A 5/8 5/8 5/8 5/8 5/8 5/8 1/2 1/2 1/2 1/2

Tip spac lng /cho rd  r a t i o 1 .6 1 .5 I.I4 I . 25 1 .2 1 .15 1 .1 1 .07 I.OI4 1 .01 1 .0 1 .0 1 .0 1 .0
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TABLE I I

PARTICULARS OF' COMBUSTION CHAMBER

FOR HOT SINGLE-STREAM CYCLE

Type
Ai r  Mass F low
In l e t  Tempera ture
Ou t l e t  Tempera ture
Temperature  R i se
In l e t  P re s su re  Ra t io
Ou t l e t  P re s su re  Ra t io
Pre s su re  d rop / in le t  p r e s su re
Ai r  I n l e t  Ve loc i ty
Ai r  I n l e t  Dens i ty
Combus t ion  E f f i c i ency
Fue l  F low
Ca lo r i f i c  Value of the Fuel
Ove ra l l  A l r /Fue l  Ra t io
Primary Alr/fcuel Ra t io
Ou t s ide  D iame te r
In s ide  D iame te r
Length
Max. C ros s -Sec t ion  Area
Overa l l  Volume
Flame Tube Volume
Combus t ion  i n t ens i t y

(based  on ove ra l l  vo lume)
Combus t ion  i n t ens i t y

(based  on f l ame  tube vo l . )
Mean or  co ld  ve loc i ty

(based  on max.  c ro s s - sec t .
P re s su re  l o s s  f ac to r

Annu la r
35·1|  l b / s ec
588°  K
1300°K
712°C
9 .2

5%

100%
2300  lb/hr
10 ,000  CHU/lb
55 .5
18 .5
1Ηο2-
7 .1"

0 .51  fp
3 X 10O CHU/hr/f t 3 / a t

5 x 10 6 CHü/hr/f 1 3 / a t .

120 f t / s ec
a rea  )

12
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TABLE I I I

PARTICULARS OF TURBINE FOR FOT SINGLE-STREAM CYCLE

INLET TEMPERATURE = 1300°K ( 1027°C )

AIR MASS FLOW = 35*4 lb / sec  TEMPERATURE DROP = 267°C

OVERALL EFFICIENCY =

1 2 3
1 .452 1.1+52 I .452
8.7U 6 .01 4 .14
6 .01 1+.11+ 2 .85
1300 1205 1116
120g 1116 1033

95 89 83
0 .110 0 .082 0 .061

800 800 800
1684 1715 1630

700 7OO 700
706 666 600

24 i 21+ 25à
no 110 no

11+.2 14 .2 14 .2
10 .86 9 .44 7 .1

1 .67 2o30 3 .55
15 15 15

150 120 100
1/2 5/8 3Λ

0.6 0.6 0.6

Stag© number
Press.ratio per stage
Press.ratlo at inlet
Press.ratio at outlet
Temp, at inlet °K
Temp, at outlet °K
Temp, drop per stage °C
Density at outlet lb/in3
Tip velocity ft/sec
Gas velocity ft/sec
Axial velocity ft/sec
Mean perlph.vel. ft/sec
Nozzle angle 0

Gas deflection 0

Blade tip diameter inches
Blade hub diameter Inches
Blade height Inches
Blade section, thickness %
No. of blades per stage
Blade chord Inches
Tip spaclng/chord ratio
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4.500 H.P. GAS GENERATOR FOR THE POWER PLANT OF A V.TO.L. AIRCRAFT
QUARTER SCALE SKETCH FOR WEIGHT ESTIMATION

THE GAS GENERATOR IS SHOWN ABOVE IN THE FORM OF A TURBOJET .  WHERE THE GAS IS EXPANDED THROUGH A NOZZLE  TO GIVE A STATIC SEA LEVEL  THRUST

OF 2 ,670  LB. OR THE GAS MAY BE USED IN AN 85% EFFIC IENT TURBINE TO DEVELOP 4 ,500  H.P. FOR DRIVING L IFT ING FANS ( REFERENCE LAB. MEMO N.A.E.-ENG. - 56 )

MATERIALS AND WEIGHTS SPEEDS AND DIMENSIONSTHERMODYNAMICS

CYCLE ______________________ HOT SINGLE STREAM COMPRESSOR ROTOR... ______ Mg. AL.TL·. . 59

TURBINE INLET TEMPERATURE ________l , 300°K . COMPRESSOR STATOR ___ ______ Mg. AL. . . . .68

COMPRESSOR TEMPERATURE RISE. . . _ 300°C. COMBUSTION CHAMBER ______ N i -  Or, ____ 36

COMPRESSOR PRESSURE RATIO ________ .9.2 FUEL AND OIL SYSTEMS. — 40

GAS DEL IVERY PRESSURE RATIO. _______2.85 TURBINE ROTOR Ni -Cr._ 52

GAS DEL IVERY TEMPERATURE _____ .7 60°C. TURBINE STATOR Ni. -Cr ._ 38

EXHAUST AND NOZZLE ____  Ni. “Or .  ____ ___7

SHAFT AND BEARINGS ______ STEEI _____. .34

NUTS AND BOLTS STEEI  ____ —6

TOTAI ______________________ 340LB .

AIR MASS FLOW ____________ ___  35.4 LB./SEC.

TIP SPEED 800 FT./SEC

SPEED _______________________ 12,900 R.P.M

COMPRESSOR INTAKE DIAMETER .14.2"

NUMBER OF COMPRESSOR STAGES. 14

NUMBER OF TURBINE STAGES 3

OVERALL  LENGTH AS TURBOJET 4 ' -3"

SPECIFIC WEIGHTS

PER LB /SEC AIR MASS FLOW 9 6 LB PER LB THRUST 0.127 LB PER HP. ___.0 .076  LB
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