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SUPERSONIC STOVL AIRCRAFT WITH 

TURBINE BYPASS/TURBO--COMPRESSOR ENGINES 

by 

Leo C Franciscus and Roger W Luidens 

Nat ional  Aeronautics and Space Admin is t ra t ion 
Lewis Research Center 
Cleveland, Ohio 44135 

ABSTRACT 

Engine performance and miss ion s tud ies were 
performed t o  compare th ree  propuls ion systems 
f o r  a Mach 2 STOVL f i g h t e r  The th ree  propuls lon 
systems are (1) t u r b i n e  bypass engine w i t h  a 
turbo-compressor used f o r  STOVL only, (2)  t u rb ine  
bypass engine w i t h  a turbo-compressor f o r  both 
STOVL and t h r u s t  du r ing  forward f l i g h t ,  and ( 3 )  
mixed f l o w  a f te rbu rn ing  turbofan w i t h  a remote 

a7 burner l i f t  system. I n  the  f i r s t  system, (1). 
the  main engines have af terburners and the  turbo-  

the  second system, (2). t he  t u r b i n e  bypass 
engines are d ry  and the  turbo--compressors have 
af terburners 

The mission used i n  the study i s  a deck 
launched i n t e r c e p t  miss ion The a i r c r a f t  used 
i s  t he  NASA-Langley t w i n  boom concept having a 
takeof f  gross weight o f  47000 lbm. 

The r e s u l t s  o f  the study i n d i c a t e  t h a t  l a r g e  
improvements i n  combat t ime (50 t o  400 percent) 
a re  poss ib le  when t h e  turbo-compressors a re  used 
f o r  both l i f t  and t h r u s t  f o r  forward f l i g h t  

m 
I--( 
cu 
w 
I compressors use a f te rbu rn ing  du r ing  STOVL I n  

NOMENCLATURE 

BPR 
CET 
F 
FPR 
f t  
h r  
l b f  
lbm 
MAX 
m i  n 
n m i  
OPR 
R 
sec 
SFC 
TAUG 
W 
Wa 
WG 

Subscripts 

ENG 
MAX 

bypass r a t i o  
combustor e x i t  temperature, OR 
t h r u s t  
f an  pressure r a t i o  
f e e t  
hour 
pounds f o r c e  
pounds mass 
maximum 
minute 
n a u t i c a l  m i l es  
engine o v e r a l l  pressure r a t i o  
degree Rankine 
second 
s p e c i f i c  f u e l  consumption, lbm/hr / lb f  
augmentor temperature, OR 
weight, lbm 
engine a i r f l o w ,  lbm/sec 
a i r c r a f t  gross weight, lbm 

engine 
maximum 

INTRODUCTION 

Prov id ing a sho r t  t akeo f f  and v e r t i c a l  
l and ing  (STOVL) c a p a b i l i t y  f o r  a supersonic 
a i r c r a f t  poses many challenges i n  propuls ion 
system design A wide v a r i e t y  of propuls ion 
concepts have been stud ied f o r  p rov id ing  j e t  
l i f t  i n c l u d i n g  e jec to rs ,  remote burners, and 
fans and dedicated l i f t  engines -3 I n  a l l  o f  
these concepts, t he  l i f t  system represents a 
penal ty  i n  weight f o r  t he  r e s t  o f  t he  a i r c r a f t  
mjssion Also, t he  a i r c r a f t  aerodynamics a re  
compromised due t o  the added volume needed t o  
house the  l i f t  system The tandem fan concept 
i s  an approach t h a t  I s  being studied i n  which 
the  main engine provides both l i f t  and 
t h r u s t  4-5 This concept employs a dual f a n  
arrangement i n  which t h e  f r o n t  f an  dtscharge a i r  
i s  d i ve r ted  downward dur ing v e r t i c a l  operat ion 
and converts t o  a conventional turbofan f o r  
forward f l i g h t  

The t u r b o j e t  would be a simple, compact 
engine f o r  a supersonlc STOVL a i r c r a f t  An 
undesirable fea tu re  o f  the t u r b o j e t  f o r  t h i s  
a p p l i c a t i o n  i s  t h a t  ho t  j e t  exhaust gas must be 
ducted t o  the forward l i f t  system Another 
problem i s  t h a t  i t  i s  no t  w e l l  su i ted  f o r  a i r  
c r a f t  t h a t  requ i re  wide va r ia t i ons  i n  t h r o t t l e  
f o r  extended periods o f  t ime and whose missions 
requ i re  s i g n i f i c a n t  supersonic and subsonic 
range c a p a b i l i t i e s  

A means of adapting the t u r b o j e t  f o r  these 
requirements i s  provided by t h e  t u r b i n e  bypass 
engine (TBE) I n  t h i s  concept shown schemati. 
c a l l y  I n  f i g u r e  1, a v a r i a b l e  bypass system i s  
employed t o  improve the t u r b o j e t  performance f o r  
wide v a r i a t i o n s  i n  t h r o t t l e  se t t i ngs  The bypass 
system d i r e c t s  some o f  t he  compressor discharge 
a i r  around the  burner and turb ine,  and r e i n j e c t s  
i t  i n t o  the  nozzle A t  maximum d ry  power ( h i g h  
t u r b i n e  i n l e t  temperature) operat ion the amount 
o f  bypass a i r  i s  a t  a maximum and a t  low power 
the  bypass f r a c t i o n  i s  reduced o r  the bypass i s  
turned o f f  completely This concept was f i r s t  
s tud ied by Boeing t n  t h e i r  commercial supersonic 
t ranspor t  s tud ies A l a t e r  study o f  t h i s  con- 
cept  f o r  a commercial supersonic t r a n s p o r t  i s  
repor ted i n  reference 6 

More recen t l y ,  the TEE i s  being s tud ied f o r  
m i l i t a r y  a i r c r a f t  The bypass system i s  an 
a t t r a c t i v e  means o f  powering l i f t  systems f o r  
STOVL a i r c r a f t  I n  reference 3, two l i f t  system 
powered by the  TBE bypass a i r  were s tud ied a 
remote burner system and a remote turbo-  
compressor l i f t  system The r e s u l t s  reported i n  
reference 3 i n d i c a t e  the  TBE/turbo-compressor i s  
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an a t t r a c t i v e  system f o r  STOVL a i r c r a f t  The 
turbo-compressor provides an adequate t h r u s t  
l e v e l  f o r  eas ier  a i rp lane  t h r u s t  balance I t 
a lso  provides a source o f  power f o r  the reac t i on  
con t ro l  systems 

An a d d i t i o n a l  feature o f  t h e  TBE/turbo- 
compressor t h a t  deserves study i s  t h e  use o f  the 
turbo-compressor f o r  both STOVL operat ion and 
t h r u s t  f o r  the r e s t  o f  t he  mission This would 
have the  advantage o f  reducing the  main TEE 
engine s i z e  Also, both the s i n g l e  spool TEE 
and the  turbo. compressor a re  r e l a t i v e l y  simple 
turbomachines 

With these mot ivat ions,  an i n -  house study 
has been i n i t i a t e d  a t  NASA Lewis t o  quan t i t a  
t i v e l y  determine the  b e n e f i t s  o f  extending the 
turbo-compressor duty  t o  ho r i zon ta l  f l i g h t  

I n  t h i s  study, t h ree  propuls ion systems f o r  
STOVL a i r c r a f t  a re  being s tud ied (1)  TEE w i t h  
tu rbo  compressor f o r  STOVL on ly ,  TBE/(TC--STOVL 
only) ,  ( 2 )  TEE w i t h  tu rbo  compressor f o r  both 
STOVL and cru ise,  TBE/(TC-STOVL & cru ise) ,  and a 
mixed f low a f te rbu rn ing  turbofan w i t h  a remote 
burner (TFIRALS) Engine performance, weight, 
and mission ana lys i s  a re  being performed f o r  
these th ree  concepts The p o t e n t i a l  o f  the 
engines i s  assessed i n  terms of mission rad ius 
and combat t ime This paper provides some pre- 
l i m i n a r y  r e s u l t s  o f  these s tud ies 

DESCRIPTION OF THE ENGINES 

Schematics o f  t he  th ree  propuls ion systems 
are shown i n  f i g u r e  2 The TEE engine i s  a 
s i n g l e  spool t u r b o j e t  The turbofan i s  a mixed 
f low,  two spool engine The turbo. compressor 
has an a x i  - c e n t r i f u g a l  fan d r i ven  by a two stage 
a x i a l  t u rb ine  The t u r b i n e  i s  d r i ven  by h igh  
pressure compressor bypass a i r  f r o m  t h e  TEE 
engines The tu rbo  compressor and the turbofan 
are equipped w i t h  af terburners I n  the 
TBE/(TC STOVL on ly)  system, the  TEE 'S  are 
equipped w i t h  af terburners I n  the  TBE/(TC STOVL 
& c ru i se )  system, the  TEE engines a re  dry  

The TBE/(TC- STOVL on ly)  and the TBE/(TC- STOVL 
& c ru i se )  propuls ion systems and t h e i r  modes o f  
operat lon are shown i n  f i gu res  3 and 4 The 
modes o f  operat ion f o r  t he  TF/RALS system are 
the same as f o r  t he  TBE/(TC-STOVL only) system 
As shown I n  f i g u r e  3 f o r  the TBE/(TC-STOVL only)  
system, the TEE engines a re  a t  maximum a f t e r  
burning power du r ing  the  takeo f f  r o l l .  (1), and 
the tu rbo  compressors a re  i nopera t i ve  Note 
t h a t  a l l  o f  the bypass a i r  i s  d i rec ted  i n t o  the 
main engine nozzle A t  l i f t - o f f ,  (2 ) .  t he  bypass 
a i r  i s  d i rec ted  t o  the turbo-compressors which 
operate a t  maximum af terburner  power t o  prov ide 
the  p i t c h  up fo rce  f o r  l i f t . - o f f  The main engine 
nozzles are d i r e c t e d  a t  a downward angle Oper 
a t i o n  o f  t he  turbo.-compressors would have t o  be 
i n i t i a t e d  before l i f t  o f f  t o  a l l ow  t ime f o r  the 
turbo-compressors t o  spool up 

For subsonic cru ise,  ( 3 ) ,  ( t u r b o  compressors 
i nopera t i ve ) ,  t he  TEE engines are t h r o t t l e d  back 
t o  about 25 percent o f  maximum d r y  power and no 
compressor a i r  i s  bypassed During c l imb and 
combat, ( 4 ) ,  t h e  TEE engines are operated a t  
maximum power and a t  in termediate a f te rbu rn ing  

power f o r  supersonic dash For the  v e r t i c a l  
landing, the main engine maximum d ry  t h r u s t  i s  
d i rec ted  downward a t  a 90° angle wi th the  
tu rbo  compressor operat ing a t  maximum a f t e r -  
burn ing power 

The various operat ional  modes o f  t he  
TBE/(TC--STOVL & c ru i se )  are depicted i n  f i g u r e  
4 Since the turbo-compressor i s  used a t  a l l  
t imes, the bypass a i r  i s  "ont1 a t  a l l  t imes t o  
power the  turbo-compressor During the  t a k e o f f  
r o l l ,  ( 1 ) .  the TEE engines are a t  maximum power 
and the  turbo-compressor t h r u s t  i s  d i rec ted  a f t  
a t  maxjmum a f te rbu rn ing  power A t  l i f t - o f f  ,(2), 
the main engine nozzle i s  d i rec ted  a t  a downward 
angle The tu rbo  compressors are s t i l l  a t  maxi 
mum a f te rbu rn ing  power and the t h r u s t  i s  d i v e r t e d  
downward by a ven t ra l  nozzle A t  subsonic 
c ru i se ,  ( 3 ) .  the TEE engines and the turbo-  
compressors are t h r o t t l e d  back During c l i m b  
and combat, the main engines and the  turbo. 
compressors are a t  maximum power For v e r t i c a l  
landing, (5). the main engine maximum d r y  t h r u s t  
I s  d i ve r ted  downward and the turbo-  compressor 
maximum a f te rbu rn ing  t h r u s t  i s  d i rec ted  downward 
by the ven t ra l  nozzle 

METHOD OF ANALYSIS 

The study r e f l e c t s  d i f ferences i n  engine 
t h r u s t  and SFC, and nace l l e  and engine weights 
Mission performance ca l cu la t i ons  were made t o  
determine mission rad ius and combat t ime f o r  a 
f i xed  takeof f  weight and payload 

The mission i s  f o r  a deck launched I n t e r c e p t  
type a i r c r a f t  w i t h  a Mach 2 supersonic dash 
c a p a b i l i t y  

The mission p r o f i l e  i s  shown i n  f i g u r e  5 

The t o t a l  rad ius ca l cu la ted  i s  t he  t o t a l  o f  
c l imb/accelerat ion,  c r u i s e  and letdown ranges 
Fuel reserves i nc lude  an enroute contingency o f  
5 percent o f  the miss ion fue l  and p rov i s ion  f o r  
a 10 minute l o i t e r  

The a i rp lane  used i n  the study I s  a twin 
boom f i g h t e r  design from NASA Langley Two 
versions o f  the a i rp lane  were s tud ied I n  f i g u r e  
6 ,  t he  a i rp lane  i s  equipped w i t h  t h e  
TBE/(TC STOVL on ly)  engines i n  which the  turbo. 
compressors are uscd f o r  l i f t  only  As shown i n  
the  f i gu re ,  the t w o  turbo-compressors a re  located 
between the t w o  TEE engines w i t h  i n l e t  doors on 
the top  of the fuselage and exhaust doors on the  
fuselage underside The a i rp lane  used f o r  t he  
TF/RALS i s  the same as shown i n  f i g u r e  6 wi th 
the  TBE/(TC-STOVL only)  engines replaced by the  
TFIRALS system The nace l l e  weight and volume 
were adjusted t o  accommodate d i f ferences i n  
engine s i ze  I n  f i g u r e  7 the a i r p l a n e  i s  
equipped w i t h  the  TBE/(TC STOVL & cru ise)  engines 
i n  which the turbo-compressors are operated f o r  
the e n t i r e  mission As shown i n  the f i g u r e ,  t h e  
tu rbo  compressors a re  located outboard o f  t he  
main TEE engines i n  separate compartments The 
nace l l e  weight and volume were adjusted f o r  t he  
TEE engines and the added volume and weight f o r  
t he  tu rbo  compressors These weight pena l t i es  
were charged t o  the  propuls ion system. 
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Engine cyc le  and s i z i n g  op t im iza t l on  s tud ies 
have, as yet ,  no t  been completed For the pur-  
poses o f  t h i s  p re l lm ina ry  study cyc le  parameters 
were selected t h a t  would r e s u l t  i n  representat ive 
engines f o r  t h i s  a p p l i c a t i o n  The englnes were 
sized f o r  a t h r u s t  l oad ing  (F/WG) o f  1 1 which 
I s  considered t o  be a reasonable value o f  t h r u s t  
f o r  t h i s  mission The engine c h a r a c t e r i s t l c s  
a re  shown i n  Table I 

The i n s t a l l e d  engine performance f o r  the 
th ree  systems was computed w i t h  the  engine cyc le  
computer code o f  reference 7 which performs 
cyc le  ca l cu la t i ons ,  design, and o f f - d e s l g n  on a 
component by component bas is  I n s t a l l a t i o n  
losses inc lude i n l e t  and nozzle drags 

Baseline englne weights f o r  t he  tu rb ine  
bypass engines, t he  mixed f l ow  turbofan and the 
turbo.-compressor were obtained from t h e  study 
repor ted i n  reference 3 The f i n a l  repo r t  o f  
t h i s  study w i l l  be a v a i l a b l e  i n  the near f u t u r e  
The base l i n e  engine weights and dimensions were 
scaled f o r  the engine sizes computed i n  t h i s  
study 

RESULTS AN0 DISCUSSION 

Engine Performance and Weight - A s  mentioned 
prev ious ly ,  a l l  o f  t he  engines are sized f o r  a 
sea l e v e l  s t a t i c  t h r u s t  t o  a i ro lane  qross weiqht 
r a t i o  o f  1 1 (51700 l b f )  The r e s u l t i n g  ;ea 
l e v e l  s t a t i c  engine a i r f l o w s  are shown i n  Table 
I A comparison o f  the performance o f  these 
engines a t  Mach 0 8 I s  shown i n  f i g u r e  8 For 
the combat maneuver, mlnimum SFC a t  maxqmum 
t h r u s t  i s  a c r i t i c a l  element i n  terms o f  combat 
t ime As shown i n  the f i gu re ,  a l l  t h ree  engine 
have about the same maxlmum t h r u s t  a t  t h i s  f l i g h t  
cond i t i on  I t  should be emphasized t h a t  f o r  the 
TBE/TC-STOVL & c ru i se )  system, the TBE engines 
are d ry  and the turbo compressors are a t  maximum 
a f te rbu rn  The turbofan and the  TBE maln engines 
f o r  the TF/RALS and the  TBE/(TC-STOVL only)  
systems are a t  maximum a f te rbu rn ing  power The 
maxlmum power SFC o f  the turbofan I s  about 25 
percent h igher  than t h a t  o f  t he  TBE/(TC-STOVL 
only)  and about 35 percent h igher  than t h a t  o f  
the TBE/(TC--STOVL & c ru i se )  system As w i l l  be 
shown l a t e r ,  t h i s  has a l a r g e  impact on the 
combat t ime c a p a b i l i t i e s  o f  these a l rp lanes  As 
mentioned I n  the  In t roduc t i on ,  one o f  t he  a t t r a c -  
t i v e  features of the TEE 1s i t s  e f f i c i e n t  per- 
formance f o r  wide v a r i a t i o n s  I n  power se t t i ngs  
As seen I n  f i g u r e  8, t he  TBE engines a re  oper- 
a t i n g  a t  25 percent o f  maximum d ry  power f o r  
c r u i s e  and the turbofan operates a t  about 38 
percent o f  maximum d r y  power The SFC's o f  t he  
th ree  systems a re  about the  same a t  t h i s  oper- 
a t i n g  cond i t i on  The TBE/(TC-STOVL & c ru i se )  
system SFC I s  about 3 percent hlgher than t h a t  
o f  the TBE/TC-STOVL only)  systems and about 5 
percent h igher  than the  TF/RALS system 

Ftgure 9 shows the Mach 2 engine performance 
o f  the three systems The TF/RALS achieves the 
h ighest  maximum t h r u s t ,  but  i t s  SFC I s  20 per 
cent higher than the  TBE systems A t  t he  c r u i s e  
power se t t i ng ,  the SFC o f  the TBE/(TC-STOVL & 
c ru i se )  system i s  about 2 percent h igher  than 
t h a t  o f  the TBE/(TC-STOVL only)  system and 4 
percent lower than t h a t  o f  the TF/RALS system 

A s  a l s o  mentioned i n  the In t roduc t i on ,  
another mo t i va t l on  i n  exp lo r i ng  the TBE/TC sys- 
tems i s  the poss-tb1.l ity o f  reducing the  o v e r a l l  
propuls lon system weight This i s  accomplished 
by reducing the s i z e  and weight o f  the main 
engines having a F/Wen % 8 and ob ta in ing  the  
a d d i t i o n a l  requi red t i f r u s t  from the turbo-  
compressor having a F/Wen % 18 AS seen i n  
Table I, the sea l e v e l  sva t i c  a i r f l o w  o f  t he  
TBE/(TC-STOVL & c ru i se )  (Wa = 190 lbm/sec) i s  
t he  smallest of the three systems Inves t l ga ted  
The reduct ion I n  t h e  o v e r a l l  propuls ion system 
welght i s  shown i n  f l g u r e  10 I n  t h i s  f i gu re ,  a 
comparison o f  the a i r c r a f t  weight breakdown i s  
shown f o r  the th ree  engine systems The 
TBE/(TC- STOVL & c ru i se )  propuls ion system weight 
i s  t he  lowest o f  the three systems I t  I s  about 
24 percent l ess  than the weight o f  t he  TF/RALS 
and about 40 percent less than the TBE/(TC STOVL 
on ly )  system Slnce the takeo f f  gross weight 1s 
t he  same f o r  a l l  t h ree  a i rp lanes,  t he  
TBE/(TC STOVL & c ru i se )  a i rp lane  can ca r ry  11 
percent more f u e l  than the  TF/RALS a i rp lane  and 
20 percent more fue l  than the TBE/(TC- STOVL 
only)  a i rp lane  

Mission Studies I t  was shown i n  f i gu res  8 
and 9 t h a t  the subsonic and supersonic SFC 's  a t  
the c ru i se  operat ing po in ts  are about the same 
f o r  a l l  t h ree  propuls ion systems The fue l  
consumed du r ing  the c ru i se  p a r t s  o f  the mlssion, 
therefore,  i s  about the same f o r  the three sys 
tems The d i f f e rences  between the three systems 
i n  terms o f  mission rad ius and combat t i m e  f o r  
t h i s  mission are the  d i f f e rences  i n  the amount 
o f  f u e l  a v a i l a b l e  f o r  combat and the  maxlmum 
power SFC Ftgure 11 shows the  combat f u e l  
allowance f o r  the th ree  propuls ion systems As 
mentloned before, f i g u r e  10 shows the  
TBE/(TC-STOVL & c ru i se )  propuls ion system wetght 
i s  much less  than the other t w o  systems This 
r e s u l t s  i n  a much hlgher combat f u e l  allowance 
as shown i n  f i g u r e  11 The combat fue l  a l l ow-  
ance f o r  TBE/(TC.-STOVL & c ru i se )  system I s  50 
percent h igher  than the other  two a t  a 100 N M I  
rad ius and 150 percent h igher  a t  a 300 N M i  
rad ius Even though the TFIRALS t o t a l  f ue l  load 
i s  somewhat h igher  than t h a t  o f  the TBE/(TC.-STOVL 
only)  a i rp lane  ( f i g u r e  10). the combat f u e l  
allowance i s  about the same because more cl imb/ 
acce le ra t i on  f u e l  i s  requi red f o r  the TF/RALS 
than f o r  the TEE/( TC. STOVL on ly)  

Figure 12 compares the combat t ime and mis 
s lon  rad lus o f  the three systems Since t h e  
TBE/(TC-STOVL & c ru l se )  system has a b e t t e r  
combat SFC ( f i g u r e  8) and much more f u e l  a v a i l  
ab le  ( f l g u r e  11) than the other  two systems, i t s  
combat t ime c a p a b l l l t y  i s  much longer I t s  
combat t ime I s  about 50 percent longer f o r  t he  
lower mission rad ius and 4 times longer a t  t he  
h igher  rad lus The TBE/(TC -STOVL only)  system 
has a 25 percent advantage over the TFIRALS I n  
terms o f  combat t ime This I s  because the  
TBE/(TC-STOVL only)  system has a b e t t e r  combat 
SFC ( f i g u r e  8) and the two a i rp lanes have the  
same combat f u e l  allowance ( f i g u r e  11) 

CONCLUDING REMARKS 

The misslon r e s u l t s  o f  t h i s  study show t h a t  
l a r g e  improvements I n  combat t ime (50 t o  400 
percent) can be achieved by the  TBE/turbo- 
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compressor i f  the  tdrbo.-compressor i s  used f o r  
both STOVL operations and t h r u s t  f o r  t he  r e s t  o f  
t he  misslon When the  turbo-compressor i s  used 
f o r  STOVL only, t he  TBE/turbo--compressor would 
Improve the  combat t ime  by about 25 percent 
compared t o  a TF/RALS system 

The englne performance stud ies show t h a t  t he  
TBE engines have b e t t e r  combat performance than 
a mixed f l o w  a f t e r b u r n i n g  turbofan They have 
about the same performance du r ing  subsontc and 
supersonic c r u i s e  I f  t h e  engines are s ized f o r  
h igh  t h r u s t  loading (F/WG) For low t h r u s t  
loadtng, the TBE engines would have b e t t e r  super- 
sonic c r u l s e  performance and about the  same 
subsonic c ru i se  performance as the  turbofan 

The p re l im ina ry  nature o f  t h i s  study neces. 
s i t a t e d  the  use o f  approximate methods expec ta l l y  
I n  est imat lng the weIght o f  the turbo.-compressor 
and changes t o  the  a i r c r a f t  s t ruc tu re ,  weight, 
and aerodynamics which may be somewhat o p t i .  
m i s t i c  However, cons ider ing the l a r g e  b e n e f l t s  
promlsed by t h i s  system, i t  i s  be l ieved t h a t  
these bene f i t s  may be reduced somewhat i f  more 
exact methods a re  used, b u t  would s t i l l  be 
obta inable 

I n  a d d i t i o n  t o  the  technology advances pro- 
j ec ted  f o r  f u tu re  engines i n  mater ia ls ,  cool ing,  
con t ro l s ,  e tc  , two key technologies unlque t o  
the  TBE/(TC-STOVL fi c ru i se )  system are i n  the  
tu rb ine  bypass system and the turbo-compressor 
The e f f e c t  o f  va ry ing  a i r f l o w s  on combustor and 
tu rb ine  performance has t o  be s tud ied A turbo-  
compressor such as the  one used i n  t h i s  study 
would be a r e l a t i v e l y  new concept M o s t  o f  t he  
past  work on remote fans has been f o r  dedlcated 
l i f t  o r  a u x i l l i a r y  power I n  contrast ,  t h i s  
turbo.-compressor would be p a r t  o f  t he  main power 
p l a n t  operat ing over a wide range o f  f l i g h t  
condi t ions 

Future studies planned f o r  t he  TBE/turbo- 
compressor engines i nc lude  engine cyc le  opt lmi  
zatlon, TBE/(TC.-STOVL & c ru i se )  systems i n  which 
the TBE's are equipped w i t h  af terburners and 
TBE/(TC-STOVL & c ru i se )  systems i n  which the  
turbo-compressors a re  l i m i t e d  t o  subsonic f l i g h t  
condi t lons Add i t i ona l  s tud ies would a l s o  
inc lude d ry  turbo.-compressors f o r  a cool  foot -  
p r l n t  This would a l so  a l l e v i a t e  the Impact o f  
i n l e t  re inges t i on  on the engine operatton s lnce 
the  exhaust gas would be much cooler  compared t o  
an a f te rbu rn ing  l i f t  system o r  a dedicated l i f t 
engine 
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TABLE I - ENGINE CHARACTERISTICS 

Charac te r i s t i c  

BPR 
FPR 
OPR 
CET max, R 
TAUG max, R 
F/WENG 
F/WG 
Wa 

TBE/TC 
STOVL on ly  

0 30 

20 0 
3500 
3960 
a8 0 
C l  1 

-- - 

230 + 

TC 

2 0  
3 0  -- _- 
-- - 
3960 
18 0 
-- - 

80 

TF/RALS 

1 0  
3 5  
20 0 
3500 
3960 
a 8 < 0  
C l  1 
215 

TBE/TC 
STOYL & Cruise 

0 30 

20 0 
3500 

- -  

- -  
b l  1 
d l  1 

65- 190 

aMain engines af terburn ing,  turbo-compressors n o t  open 
bMain engines dry, turbo-compressors af terburn ing,  w i t h  

main engines a f te rbu rn ing  a l s o  F/WG=9 0 
%ax a x i a l  t h r u s t  o f  main engines 
dMax a x i a l  t h r u s t  o f  main engines and turbo-compressors 
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Figure 1. - Turbine bypass engine. 
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Figure 3. - TBElturbo-compressor l i f t  engine propulsion modes for super- 
sonic STOVL. 
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Figure 4. - TBElturbo-compressor l i f t  and  c ru ise  engine propulsion modes 
for supersonic STOVL 
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Figure 5. - Mission profile. 
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Figure 8. - Engine performance comparisons at  Mach 0.8; 
sea level static thrust l takeoff  gross weight, 1.1. Notes: 
1. main engine af terburn ing ; 2. main engine dry, 
turbo-compressor afterburning. 
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Figure 9. - Engine performance comparisons at  Mach 2 0; 
sea level static thrust l takeoff  gross weight, 1.1. Notes: 
1. main engine af terburning; 2. main engine dry, 
turbo-compressor afterburning. 
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Figure 10. - Ai rcraf t  weight breakdown comparisons; takeoff 
gross weight, 47 000 Ibm; sea level static thrust l takeoff  
gross weight, 1.1. 

10 000 

8000 
E s 
w- 
0 z 

6000 
9 
a 

z 4000 

2 
5 

--I 

--f 
w 

I- 

0 
2000 

0 

r TBE /(TC-STOVL AND CRUISE) 

,--TBE /(TC-STOVL ONLY) 

I 1 I I 
100 200 300 400 500 

MISSION RADIUS, n. mi. 
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Figure 12. - Combat time versus mission radius; Mach 0.8; 
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static thrustlgross weight, 1.1. 
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