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SUMMARY 

A s tudy  has been conducted t o  assess t h e  impact o f  variable-sweep-wing 

techno logy  w i t h  r e l a x e d  s t a t i c  s t a b i l i t y  requ i rements  on a superson ic -c ru i se  execu- 

t i v e  j e t  w i t h  t r a n s a t l a n t i c  range. The base1 i n e  concept  u t i 1  i z e s  s u p e r p l a s t i c  

f o r m e d / d i f f u s i o n  bonded t i t a n i u m  s t r u c t u r a l  concepts and mod i f i ed  c u r r e n t  tech-  

no logy  engines and meets the  superson ic -c ru ise  b c h  nunber requi rements w h i l e  

p r o v i d i n g  e x c e l l e n t  low-speed c h a r a c t e r i s t i c s .  Advanced composite s t r u c t u r a l  

coilceijis an8 a l t e r n a t e  engines were d i s o  evaluated a s  were d i t e r n d t e  i i i g h ' c  

p r o f i l e s  f o r  reduced sonic-boom overpressures d u r i n g  ove r land  f l i g h t .  

The base l i ne  concept has a ramp weight  o f  64,500 pounds w i t h  a crew o f  two and 

e i g h t  passengers. I t s  Mach 2.0 c r u i s e  range i s  n e a r l y  3,500 n a u t i c a l  m i l e s ,  and 

i t s  thch  0.9 c r u i s e  range i s  over  5,000 n a u t i c a l  mi les.  Takeoff, l and ing ,  and 

balanced f i e l d  l e n g t h  requ i rements  were c a l c u l a t e d  fo r  a composite v a r i a n t  and a r e  

a l l  l e s s  than 5,000 feet. 



INTRODUCTION 

Variable-sweep w i n g s  have been proposed f o r  use on supersonic-cruise c iv i l  
a i r c r a f t  due t o  conf l ic t ing  requirements a t  low a n d  h i g h  speeds. A t  low speeds, 
wings w i t h  low sweep a n d  high span provide performance compatible w i t h  a i rpo r t  
requirements; wings w i t h  h i g h  sweep a n d  long 1 i f t i n g  surfaces  have good e f f ic iency  
for  the supersonic c ru ise  conditions.  Early variable-sweep, c i v i l  designs ( r e f .  1 
t h r o u g h  4 )  were adversely a f fec ted  by the need t o  maintain s t a t i c  longitudinal 
s t a b i l i t y  t h r o u g h o u t  the operating envelope. This s t a b i l i t y  reached high leve ls  a t  L 

cruise  due t o  rearward s h i f t s  in the aerodynamic center  w i t h  increases in b o t h  wing 
sweep a n d  k c h  number. Although the adverse e f f e c t s  of wing sweep were reduced by 
the introduction of outboard w i n g  hinges, the large wing gloves associated w i t h  

these hinges tend t o  produce severe low-speed nonl i n e a r i t i e s  i n  pitch character-  
i s t i c s .  This problem required the l i nea r i z ing  e f f e c t s  of  a low horizontal t a i l .  
The hos t i l e  acoustical  a n d  thermal environment for  the low ta i l ,  due t o  the presence 
o f  the j e t  exhausts, led t o  the introduction of  the compound wing/horizontal- ta i l  
concept with the tail-mounted engines. This l a s t  concept, however, had  severe 
aeroel a s t  i c i  t y  probl ems. 

The appl icat ion o f  variable-sweep concepts t o  supersonic-cruise c i v i l  a i r c r a f t  

now appears more feas ib le  due t o  developments i n  s t a b i l i t y  and control technology. 
Relaxed s t a t i c  longitudinal s t a b i l i t y  i s  u t i l i zed  on several high-speed a i r c r a f t ,  
even in vehicles with l imited longitudinal control power (such as the Concorde). 
This paper reports  on the appl icat ion of such technologies t o  the conceptual 
development of a supersonic executive j e t .  Mission requirements a re  for  a vehicle 
t o  carry eight  passengers a t  n o t  l e s s  t h a n  Mach 2.0 with a t r a n s a t l a n t i c  range. 
References 5 and 6 report  the r e s u l t s  of s tudies  of fixed-wing concepts designed t o  
meet simi 1 ar requirements. 
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Subscripts:  

aerodynamic center 
cross-section area 

mean geometric chord 
center-o f-grav i t y  1 oca t ion 
drag coe f f i c i en t ,  (Dra ) 3 
drag coe f f i c i en t  increment for  landing gear 

l i f t  coe f f i c i en t  ( L i f t )  ss 
pi tch i n g-moment coe f f i c i  en t  (pi  tch i ng-momen t ) 

zero-1 i f t  pi tching-moment coe f f i c i en t  

q SE 

longitudinal s t a b i l i t y  parameter, percent c' 

a l t i t u d e  
cal ibrated airspeed in knots 
l i f t - d r a g  r a t i o  ( C , / C D )  

Mach number 
sonic-boom overpressure 
freestream dynamic pressure 
w i n g  reference area 
a i r c r a f t  weight 
Cartesian coordinates  
angle of a t t ack  
def lect ion angle o f  movable surface,  normal t o  hinge l i n e  
wing sweep angle 

. 

L 

f f r i c t i o n  
F wing f l a p  
H horizontal t a i l  
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PART I. - CONCEPT DEVELOPMENT 

~ A.  W .  Robins 

The f i r s t  s tep i n  t h e  e v o l u t i o n  o f  t h e  concept c o n f i g u r a t i o n  was the 

d e f i n i t i o n  o f  a r e p r e s e n t a t i v e  geometry and the  c a l c u l a t i o n  o f  t h e  a s s o c i a t e d  

s t a b i l i t y  and t r i m  c h a r a c t e r i s t i c s .  

subsequent ly developed w i t h  emphasis on aerodynamic performance a t  h i g h  speed. 
A e r o e l a s t i c  e f f e c t s ,  a l t hough  very i m p o r t a n t  t o  a f u l l - f l e d g e d  des ign e f f o r t ,  a r e  

n o t  l i k e l y  t o  a l t e r  f e a s i b i l i t y  and a r e  beyond t h e  scope o f  t h i s  study. 

A more d e t a i l e d  c o n f i g u r a t i o n  d e f i n i t i o n  was 

S t a b i l i t y  and Tr im Cons ide ra t i ons  

The p r imary  o b j e c t i v e  o f  t h e  concept development was f o r  t h e  a i r c r a f t  t o  be 

e s s e n t i a l l y  s e l  f - t r i m m i n g  throughout  most o f  i t s  o p e r a t i n g  envelope, u s i n g  o n l y  

wing sweep and wing t r a i l i n g - e d g e  f l aps .  H o r i z o n t a l - t a i l  d e f l e c t i o n  i s  t he reby  

rese rved  l a r g e l y  f o r  l o n g i t u d i n a l  c o n t r o l ,  p a r t i c u l a r l y  a t  t h e  h e a v i e r  we igh t  

c o n d i t i o n s .  

. 

The o p e r a t i o n a l  concept o f  t he  s tudy a i r c r a f t  depends upon t h e  v a r i a b l e -  

s t a b i l i t y  n a t u r e  o f  v a r i a b l e  sweep as p o r t r a y e d  i n  f i g u r e  1-1, which shows t h e  

e f f e c t s  o f  wing sweep and Mach number on r i g i d - a i r c r a f t ,  s t a t i c  l o n g i t u d i n a l  

s t a b i l i t y .  The subsonic and t r a n s o n i c  va lues shown were ob ta ined  u s i n g  t h e  methods 

o f  r e f e r e n c e s  1-1 and 1-2 a d j u s t e d  a c c o r d i n g  t o  t h e  data o f  re fe rences  3 and 4 o f  

t h e  I n t r o d u c t i o n .  Supersonic va lues were ob ta ined  us ing t h e  method o f  re ferences 

1-3, 1-4, 1-5, and 1-6. The moment c e n t e r  f o r  t h i s  f i g u r e  corresponds t o  t h e  
c e n t e r  o f  g r a v i t y  o f  t he  a i r c r a f t  a t  maximum t a k e o f f  gross weight.  

t i o n  i s  seen t o  be s t a t i c a l l y  uns tab le  l o n g i t u d i n a l l y  a t  t h e  l ower  angles o f  wing 
sweep -- a design c o n d i t i o n  n o t  p e r m i t t e d  d u r i n g  t h e  development o f  t h e  v a r i a b l e  

sweep concepts o f  t h e  N a t i o n a l  Supersonic T ranspor t  program. Th is  s t a t i c  

i n s t a b i l i t y  permi ts  t r i m m i n g  the  a i r c r a f t  w i t h  downward f l a p  d e f l e c t i o n .  Z e r o - l i f t  L 

pitching-moment increments a t  20 and 30 degrees o f  sweep and f o r  v a r i o u s  f l a p  

d e f l e c t i o n s  were c a l c u l a t e d  by the  method o f  r e f e r e n c e  1-7, and c o r r e c t e d  t o  

r e f l e c t  t h e  t a i l - o n  c o n d i t i o n  and t h e  n o n l i n e a r i t i e s  seen a t  t h e  h i g h e r  f l a p  

d e f l e c t i o n s  i n  the exper imenta l  data o f  r e f e r e n c e  3 o f  t he  I n t r o d u c t i o n .  The 

supersonic  va lues were ob ta ined  by t h e  method o f  r e f e r e n c e s  1-3 through 1-6. 

F i g u r e  1-2 shows some values taken from f i g u r e  1-1 p l o t t e d  as t h e  pitching-moment 
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curves corresponding t o  takeof f  a t  maximum gross weight ,  l a n d i n g  a t  maximum l a n d i n g  

weight,  and t h e  beg in -c ru i se  c o n d i t i o n .  

r a t i o n  i s  tr immed a t  zero t a i l  d e f l e c t i o n  and a t  a c e n t e r - o f - g r a v i t y  l o c a t i o n  

co r respond ing  t o  t h a t  f o r  t a k e o f f  a t  maximum gross weight.  

15O, 40°, -lo, and wing sweep angles o f  27.3', 20°, and 68" a r e  r e q u i r e d  f o r  t h e  

t a k e o f f ,  l a n d i n g ,  and beg in -c ru i se  c o n d i t i o n s ,  r e s p e c t i v e l y .  

I n  each o f  these t h r e e  cases t h e  c o n f i g u -  

F lap d e f l e c t i o n s  o f  

I n  c o n t r a s t  t o  t h e  f i x e d  c e n t e r - o f - g r a v i t y  cases shown t o  t h i s  p o i n t ,  

o p t i m i z i n g  t h e  o v e r a l l  w i n g / t a i l  geometry f o r  a g i ven  f l i g h t  c o n d i t i o n  w i l l  r e q u i r e  

use o f  t h e  v a r i a b l e  c e n t e r - o f - g r a v i t y  f e a t u r e  (programmed f u e l  u t i 1  i z a t i o n )  o f  t h e  

a i r c r a f t .  F i g u r e  1-3 shows t h e  cen te r -o f -g rav i  ty  envelopes and t h e  r i g i d - a i r c r a f t  

aerodynamic c e n t e r s  f o r  t h e  t h r e e  c o n d i t i o n s  c a l l e d  o u t  i n  f i g u r e  1-2. The t h r e e  

p o i n t s  denote those cons tan t  c e n t e r - o f - g r a v i t y  c o n d i t i o n s  f o r  t a k e o f f ,  landing,  and 

supersonic  c r u i s e  p r e v i o u s l y  shown. A t  t h e  l i g h t e s t  l a n d i n g  weights ,  even a t  t h e  

most a f t  c e n t e r - o f - g r a v i t y  c o n d i t i o n ,  t h e  a i r c r a f t  w i l l  be n e u t r a l l y  o r  p o s i t i v e l y  

s tab le ,  r e q u i r i n g  some h o r i z o n t a l - t a i l  d e f l e c t i o n  f o r  t r i m .  A t  t h e  supersonic-  

c r u i s e  c o n d i t i o n ,  t h e  a i r c r a f t  i s  seen t o  be s t a t i c a l l y  s t a b l e  a t  a l l  weights. To 
o p t i m i z e  c o n f i g u r a t i o n  geometry f o r  t h i s  c r i t i c a l  c o n d i t i o n ,  a f t  movement o f  t h e  

c e n t e r - o f - g r a v i t y  i s  necessary. When done i n  c o n j u n c t i o n  w i t h  a w i n g - f l a p  d e f l e c -  

t i o n  o f  -4.25 degrees (which p rov ides  both improved t r imming  moment and what w i l l  

subsequent ly  be shown t o  be lower  drag),  t h i s  w i l l  p e r m i t  t r imming  t h e  a i r c r a f t  a t  

a drag-reducing t a i l - d e f l e c t i o n  o f  t2.0 degrees (see s e c t i o n  V o f  r e f e r e n c e  5 o f  

t h e  I n t r o d u c t i o n ) .  F igu re  1-4 shows p i t c h i n g  moment versus l i f t  c o e f f i c i e n t  a t  

t h i s  r e d u c e d - s t a b i l i t y  c o n d i t i o n  and shows t h e  e f f e c t s  o f  bo th  f l a p  and t a i l  

d e f l e c t i o n s .  These and t h e  supersonic drag-due-to-1 i ft values ( t o  be subsequent ly 

shown) were c a l c u l a t e d  u s i n g  t h e  method o f  re fe rences  1-3 t h rough  1-6. 

Wing Camber and Tw is t  Cons ide ra t i ons  

Subsonic performance c o n s i d e r a t i o n s  l e d  t o  t h e  cho ice  o f  d e r i v a t i v e s  o f  t h e  

r e f i n e d  NASA s u p e r c r i t i c a l  a i r f o i l s  o f  re fe rences  1-8 and 1-9 a t  20 degrees o f  

sweep. A t  68 degrees sweep, decambering of t h e  r e s u l t i n g  a i r f o i l  s e c t i o n s  by 

upward d e f l e c t i o n  o f  t h e  wing f l a p s  r e s u l t e d  i n  improvements i n  induced drag as 

seen i n  f i g u r e  1-5. 

I n  deve lop ing  t h e  c r u i s e  shape o f  t h e  wing, w ing  t w i s t  was e x e r c i s e d  u s i n g  t h e  

method o f  re fe rences  1-3 through 1-6. With the  reduced s t a b i l i t y  (and an a t t e n d a n t  
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reduced trimmi ng-moment requirement) a n d  w i t h  the blunt leading edges swept we1 1 
behind the Mach l i n e ,  a mild twist d i s t r ibu t ion  (a wash-out of just over 3 degrees)  
was selected.  Figure 1-5 shows, however, t h a t  the selected geometry very nearly 
achieves the ideal of fu l l  leading-edge thrust, combining the d i s t r ibu ted  t h r u s t  
a r i s i n g  from camber and twist with s ign i f i can t  amounts o f  leading-edge th rus t  (see 
ref .  1-10). 

Wave Drag Optimization 

Once the l i f t i n g  system was defined, the remaining components were assembled 

t o  re ta in  the drag-due-to-lif t  cha rac t e r i s t i c s  of the l i f t i n g  system while 
subs t an t i a l ly  reducing configuration wave d rag .  The largest-vol ume i tern, t he  
fuselage,  was integrated i n  the supersonic l i f t i n g  system by providing t h a t  i t s  
r a t e  of change of cross-section area above a n d  below the wing camber surface be 
equal (see refs .  1-11 a n d  1-12). I n  the optimization of supersonic wave d r a g ,  a 
f a r - f i e ld  ana lys i s  method described in reference 1-13 was u t i l i zed .  A feature  o f  

the program i s  an a b i l i t y  to define a least-drag fuselage a rea-d is t r ibu t ion  t h r o u g h  
a s e t  of constraining fuselage s t a t ions  i n  a given assemblage of components a n d  for  
a given Mach number. This feature  was u t i l i zed  a f t e r  careful t a i l o r i n g  was 
employed t o  a l l e v i a t e  sharp local changes in area development such as a t  the junc- 
t i o n  o f  the thick upper elements of the ver t ica l  t a i l  a n d  the horizontal  t a i l  or a t  
the  empennagelbody juncture.  The empennage pod a n d  dorsal f i n s  a r e  r e s u l t s  of such 
t a i lo r ing .  The f inal  fuselage area d i s t r ibu t ion  w i t h  the  specif ied cons t ra in t  
stations is shown i n  f igure 1-6. The Mach-2.0 average-equivalent-body area d i s t r i -  
bution, with the contr ibut ions of the various configuration components indicated,  
i s  shown in f igure 1-7. The numerical model of the complete configuration in the 
format of reference 1-14 i s  shown i n  t ab le  1-1. A computer drawing of t h i s  
modeling i s  shown as figure 1-8. 

1-10 

1-2. 
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PART 11. - CONFIGURATION DESCRIPTION 

E. E. Swanson 

The var iable-sweep-wing concept has the  same payload accommodations as those 

concepts s t u d i e d  i n  re fe rences  5 and 6 o f  t h e  I n t r o d u c t i o n .  Payload c o n s i s t s  o f  8 

passengers and baggage w i t h  a f l i g h t  crew o f  2. Design range was t a r g e t e d  f o r  

app rox ima te l y  3,500 n a u t i c a l  m i l e s  a t  a c r u i s e  speed o f  Mach 2.0. The passenger 
compartment cross s e c t i o n  i s  s i m i l a r  i n  s i z e  t o  t h e  Cessna C i t a t i o n  111. The 

arrangement, shown i n  f i g u r e  11-1, has 2 th ree -p lace ,  d i van - t ype  sea ts  f a c i n g  t h e  

a i r c r a f t  c e n t e r l i n e  w i t h  2 s i n g l e  seats  f a c i n g  forward. The arrangement shown was 

s e l e c t e d  t o  p r o v i d e  a minimum-length passenger compartment. E i g h t  s ing le-passenger  

sea ts  c o u l d  a l s o  be i n s t a l l e d  w i t h  reduced l e g  room based on l i g h t - w e i g h t  a i r l i n e  

t y p e  seats. A l a v a t o r y  and a baggage area a r e  p rov ided  a f t  o f  t h e  passenger 

compartment. Approximately 50 cub ic  feet  o f  space i s  a l l o c a t e d  f o r  passenger and 

crew baggage. 

Weather r a d a r  and a s s o c i a t e d  equipment i s  l o c a t e d  i n  t h e  nose s e c t i o n  o f  t h e  

fuselage. Space a l l o c a t i o n  f o r  t h e  remain ing subsystems, h y d r a u l i c s ,  e l e c t r i c a l  , 
envi ronmenta l  c o n t r o l ,  and engine accessor ies,  i s  p r o v i d e d  a f t  o f  t h e  baggage a rea  

a s  shown on f i g u r e  11-1. S i x  f u e l  tanks a r e  p rov ided  i n  t h e  fuselage p l u s  f u e l  i n  

t h e  wing box ca r ry - th rough  
tank  forward o f  t h e  wing p 

between t h e  f r o n t  and r e a r  

A general  arrangement 

s t r u c t u r e .  \ding f u e l  c o n s i s t s  o f  a t r i a n g u l a r  shaped 

v o t  and o u t e r  wing f u e l  from t h e  wing p i v o t  t o  t h e  t i p  

spar. 

and geometr ic  c h a r a c t e r i s t i c s  o f  t h e  s tudy  concept a r e  

presented i n  f i g u r e  11-2 and t a b l e  11-1, r e s p e c t i v e l y .  The fuselage i s  107 fee t  

l o n g  and t h e  a i r c r a f t  o v e r a l l  l e n g t h  i s  114.42 feet .  \ding span i s  68.58 f e e t  w i t h  

t h e  wings i n  t h e  f u l l  f o rward  sweep p o s i t i o n  and 40.39 f e e t  i n  t h e  f u l l  a f t  sweep 

p o s i t i o n .  A spanwise p l o t  o f  streamwise t h i c k n e s s  t o  cho rd  r a t i o  w i t h  t h e  wing i n  

t h e  f u l l  a f t  sweep p o s i t i o n  i s  shown i n  f i g u r e  11-3. Camber and t h i c k n e s s  

o r d i n a t e s  and planform d e t a i l s  may be found i n  t a b l e  1-1. 

The engine used i n  t h i s  s tudy  i s  a m o d i f i e d  v e r s i o n  o f  a low bypass t u r b o f a n  

engine. N a c e l l e  geometry i s  shown i n  f i g u r e  11-4. The n a c e l l e s  a r e  mounted on 

s t r u t s  c a n t i l e v e r e d  o f f  o f  t h e  fuselage below t h e  wing. These same s t r u t s  p r o v i d e  
f o r  mount ing o f  t h e  s i n g l e  s t r u t  dual wheel main l a n d i n g  gear which r e t r a c t s  i n t o  

20 
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c 

t h e  fuselage. 

and r e t r a c t s  fo rward  o f  t h e  crew compartment i n t o  t h e  a i r c r a f t  nose, a f t  o f  t h e  

r a  da r equ i pme n t . 
The nose l a n d i n g  gear i s  a s i n g l e  wheel, s i n g l e  s t r u t  arrangement 

In t h e  p rev ious  supersonic  business j e t  s tud ies ,  a drooped v i s o r  nose was used 

t o  p r o v i d e  inc reased p i l o t  v i s i o n  d u r i n g  t a k e o f f  and land ing .  

concept, t h e  nose camber o f  t h e  fuselage was developed so t h a t  app rox ima te l y  6 

degrees o f  fo rward  down v i s i o n  a r e  prov ided a t  t h e  c e n t e r l i n e  o f  t h e  p i l o t s  s t a t i o n  

w i t h  t h e  a i r c r a f t  a t  t h e  s t a t i c  qround cond i t i on .  In a d d i t i o n ,  d u r i n g  t h e  l a n d i n g  

approach c o n d i t i o n ,  t h e  a i r c r a f t  a t t i t u d e  i s  approx imate ly  6 degrees nose down f rom 

t h e  normal c r u i s e  1.0 g. f l i g h t  cond i t ion .  Wi th  these cons ide ra t i ons ,  i t  was 

assumed t h a t  p i l o t  v i s i o n  would be adequate t o  s a f e l y  ope ra te  t h e  a i r c r a f t .  

E l i m i n a t i n g  t h e  v i s o r  nose saved approx imate ly  250 - 300 pounds o f  s t r u c t u r a l  and 

o p e r a t i n g  mechanism weight. 

t o  f u l l y  eva lua te  t h e  f e a s i b i l i t y  o f  t h i s  concept. 

For t h i s  s tudy  

F u r t h e r  des ign and s i m u l a t o r  s t u d i e s  would be r e q u i r e d  

21 



T A B L E  11-1. - GEOMETRIC CHARACTERISTICS.  
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Figure  11-4. - N a c e l l e  geometry. 
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PART 111. - AERODYNAMICS 

F. L. Beissner,  Jr. 

A. W .  Robins 

Low - S pe e d Ae r o dy na m i c s 

The untrimmed l i f t  curves and drag p o l a r s  f o r  t h e  t a k e o f f  and l a n d i n g  

c o n f i g u r a t i o n s  were p r e d i c t e d  u s i n g  t h e  method o f  r e f e r e n c e  111-1 and a re  shown i n  

f i g u r e s  111-1 and 111-2. These p r e d i c t i o n s  a re  based on f u l l - s p a n  leading-edge 

s l a t s  and 85 percent span s i n g l e - s l o t t e d ,  t r a i l i n g - e d g e  f l aps .  The t a k e o f f  and 

l a n d i n g  c o n f i g u r a t i o n  leading-edge sweep was s e l e c t e d  on t h e  b a s i s  o f  s t a b i l i t y  

c o n s i d e r a t i o n s  covered i n  P a r t  I. Approp r ia te  f l a p  d e f l e c t i o n s  were chosen t o  

o b t a i n  t h e  c h a r a c t e r i s t i c  l i f t  and drag curves. 

H i  gh-Speed Aerodynamics 

Much o f  t h e  methodology used t o  generate t h e  high-speed aerodynamics o f  t h e  

c o n f i g u r a t i o n  was d iscussed i n  P a r t  I, which covered concept development. Drag 

i t ems  n o t  discussed were s k i n  f r i c t i o n ,  form, and roughness. S k i n - f r i c t i o n  d rag  

va lues  were found by the  Sommer and Shor t  T '  method o f  r e f e r e n c e  111-2. Form drag 

i s  found by a p p l i c a t i o n  o f  geometry-dependent f a c t o r s  o f  r e f e r e n c e  111-1 t o  t h e  

b a s i c  s k i n - f r i c t i o n  values. 

e m p i r i c a l  data. Figure 111-3 prov ides  a sample o f  these elements a t  t h e  beg inn ing  

o f  t h e  t ropopause ( a t  h = 36,100 f e e t )  as w e l l  as t h e  wave-drag c o n t r i b u t i o n  

(d i scussed  i n  P a r t  I )  t o  t h e  b u i l d u p  o f  z e r o - l i f t  drag. 

Roughness drag was es t ima ted  from p rev ious l y -deve loped  

Drag due t o  l i f t  was computed f o r  t h e  subsonic c o n d i t i o n s  by t h e  methods o f  

r e f e r e n c e  1-7 and r e f e r e n c e  111-3, and by t h e  methods o f  re fe rences  1-3 through 1-6 
f o r  t h e  supersonic c o n d i t i o n s .  F igu re  111-4 shows drag p o l a r s  o f  t h e  complete 

c o n f i g u r a t i o n  a t  Mach numbers o f  0.9 and 0.6 a t  wing sweeps o f  35 and 20 degrees, 

r e s p e c t i v e l y .  Supersonic p o l a r s  a t  k c h  numbers o f  2.0, 1.6, and 1.2 a r e  shown i n  

f i g u r e  111-5 f o r  the complete c o n f i g u r a t i o n  a t  a wing sweep o f  68 degrees. 

.. 

Maximum a t t a i n a b l e  and o p e r a t i n g  l i f t - d r a g  r a t i o s  a r e  shown i n  f i g u r e  111-6. 
These va lues a r e  f o r  t h e  c l i m b / c r u i s e  path o f  t h e  des ign m i s s i o n  (see f i g u r e  VI-1, 
P a r t  VI). 



Sonic Boom 

Sonic-boom overpressures  were es t imated  u s i n g  t h e  simp1 i f i e d  process descr ibed 

i n  re fe rence  111-4. Rather than  use the s imp le  shape- factor  c h a r t s ,  however, 

e q u i v a l e n t  c r o s s - s e c t i o n  areas due t o  both volume and l i f t  were combined f o r  s i x  

f l i g h t  c o n d i t i o n s  t o  p r o v i d e  the  c h a r a c t e r i s t i c  shape f a c t o r  f o r  t h i s  s p e c i f i c  

s tudy  c o n f i g u r a t i o n .  The r e s u l t s  a r e  shown i n  f i g u r e  111-7, i n  which sonic-boom 

overpressures  a r e  p l o t t e d  as a f u n c t i o n  o f  a l t i t u d e  and a i r c r a f t  we igh t  f o r  k c h  

bo th  son ic  boom and range a r e  shown i n  t h e  s e c t i o n  c o v e r i n g  a i r c r a f t  performance. 

,iiim;e,.s of  1 .c  0 aiiu --A r) L.u. n %Z e f f ~ c t ~  o f   ariau us b ~ ~ f i - a ! ! e ~ i a t i ~ n  f l i g h t  p ~ f i ! ~ ~  ~n 
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PART 1V. - PROPULSION 

W. A. Love11 

. 

C 
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The engine used i n  t h i s  s tudy i s  a m o d i f i e d  cur ren t - techno logy  engine and was 

assumed t o  have an upper ope ra t i ona l  l i m i t  o f  Mach 2.4 a t  an a l t i t u d e  o f  70000 f e e t  

a t  s tandard  day atmospher ic cond i t ions .  The cur ren t - techno logy  engine data were 

m o d i f i e d  based on a n t i c i p a t e d  technology advances and t h e  p o t e n t i a l  f o r  i n c r e a s i n g  

t h e  supersonic  p r o p u l s i v e  e f f i c i e n c y  by m o d i f i c a t i o n  o f  the  fan and low pressure 

tu rb ine .  These m o d i f i c a t i o n s  were es t imated  t o  have the  p o t e n t i a l  t o  reduce t h e  

superson ic  s p e c i f i c  fue l  consumption by about 20 percent  and t h e  engine we igh t  by 

about 3 percent .  Engine performance has been a d j u s t e d  f o r  t h e  e f fec ts  o f  M i l i t a r y  

s p e c i f i c a t i o n  i n l e t  pressure recovery bu t  n o t  f o r  i n s t a l l a t i o n  drag, power ex t rac -  

t i o n  o r  s e r v i c e  a i r b l e e d .  

o p t i m i s t i c .  

The data used i n  t h i s  s tudy i s ,  t he re fo re ,  somewhat 

Base1 i ne Engine 

The b a s e l i n e  ( cu r ren t - techno logy )  engine i s  a two-spool, low-bypass- ra t io ,  

augmented t u r b o f a n  engine. It has a 3-stage low compressor, 1-stage l o w  r o t o r ,  

10-stage compressor, and a E-stage- turb ine h i g h  r o t o r .  A f u l l  annu lar  duct  

surrounds the  bas ic  gas generator  and supp l i es  c o o l i n g  a i r  t o  the  augmentor and 

nozzle.  The i n l e t  guide vanes, l oca ted  ahead of  t he  low compressor, have a movable 

t r a i l i n g  edge t o  achieve v a r i a b l e  a i r f o i l  camber. Th is  improves the  i n l e t  d i s t o r -  

t i o n  t o l e r a n c e ,  low compressor e f f i c i e n c y  and enhances the  engine a c c e l e r a t i o n  

c h a r a c t e r i s t i c s .  The h igh  compressor has v a r i a b l e  s t a t o r s  t o  improve s t a r t i n g  and 

h i g h  Mach number c h a r a c t e r i s t i c s .  

The e n g i n e ' s  exhaust nozz le  i s  a v a r i a b l e  t h r o a t  area, balanced f l a p ,  

convergent -d ivergent  design. Nozzle area r a t i o  v a r i e s  as a f u n c t i o n  o f  nozz le  

t h r o a t  area, so t h a t  both the  t h r o a t  and e x i t  areas a r e  s imu l taneous ly  near optimum 

t h r o u g h o u t  the  o p e r a t i n g  range. 

B a s e l i n e  engine performance i s  based on the  1962 U. S. Standard Atmosphere and 

M i l i t a r y  s p e c i f i c a t i o n  i n l e t  recovery  (MIL-E-5008C). 

e f f e c t s  were considered, t he  performance used i n  t h i s  s tudy i s  o p t i m i s t i c .  

Since no o t h e r  i n s t a l l a t i o n  
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Base l i ne  (as designed) engine c h a r a c t e r i s t i c s  a t  maximum power ( w i t h  augmen- 

t a t i o n ) ,  sea- level  s t a t i c  and standard-day atmospher ic  c o n d i t i o n s  a r e  t a b u l a t e d  

b e l  ow : 

To ta l -eng ine  c o r r e c t e d  a i r f l o w  r a t e  

Fuel 1 ower-hea t i ng V a l  ue 

Net t h r u s t  

Net s p e c i f i c  f u e l  consumption 

Bypass r a t i o  

Weight ( i n c l u d i n g  nozz le  b u t  no t h r u s t  r e v e r s e r )  

Maximum envelope d iameter  

Length o f  engine p l u s  nozz le  

STUDY ENGINE 

178 lbm/sec 

18,400 B t u / l  bm 

21,000 l b f  

1.82 1 bm/hr/ l  b f  

0.155 

2,840 l b f  

38.5 i n  

161.8 i n  

To e s t i m a t e  the p o t e n t i a l  o f  t h e  s tudy a i r c r a f t  w i t h  an advanced engine, t h e  

b a s e l i n e  engine was mod i f i ed .  

i nc reased  by 20 percent  a t  Mach number 1.4 and above w i t h  no change i n  fuel  f low 

r a t e .  Engine weight  ( i n c l u d i n g  nozz le  b u t  no t h r u s t  r e v e r s e r )  has been reduced by 

3 pe rcen t  w i t h  no change i n  t h e  e x t e r i o r  engine geometry. These changes would 

n e c e s s i t a t e  a m o d i f i c a t i o n  t o  t h e  low-pressure spool o f  t h e  engine. That i s ,  one 

o f  t h e  t h r e e  stages o f  t h e  low-pressure compressor would be e l i m i n a t e d  and t h e  

rema in ing  two stages reduced i n  d iameter  t o  reduce t h e  bypass r a t i o .  Assoc ia ted  

w i t h  these m o d i f i c a t i o n s  would be t h e  requi rement  t o  mod i f y  t h e  low-pressure 

t u r b i n e  so as t o  achieve t h e  proper  work balance between t h e  t u r b i n e  and 

com p r e  s so r . 

Net t h r u s t  (gross t h r u s t  minus ram drag)  l e v e l s  were 

Subsonic performance o f  t he  engine would a l s o  be a f f e c t e d  by t h i s  m o d i f i -  

c a t i o n ;  however, i t  has been assumed ( o p t i m i s t i c a l l y )  t h a t  subsonic performance 

decrements c o u l d  be o f f s e t  by i n c o r p o r a t i n g  a t u r b i n e  bypass i n  t h e  engine. 

On t h e  b a s i s  o f  these m o d i f i c a t i o n s ,  t h e  b a s e l i n e  engine we igh t  o f  2,840 l b f  

i s  reduced t o  2,755 l b f .  Each o f  these we igh ts  i n c l u d e  t h e  b a s i c  engine and 

nozz le ;  however, they do n o t  i n c l u d e  a t h r u s t  reve rse r .  
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To e s t i m a t e  t h e  n a c e l l e  drag and weight  o f  a n a c e l l e  f o r  t h e  study engine, t h e  

engine was f i t t e d  w i t h  a NASA/Ames 88P88 i n l e t  s i z e d  t o  match t h e  engine. Th is  i n l e t  

i s  a t y p i c a l  ax isymmet r ic  mixed compression des ign  w i t h  a t r a n s l a t i n g  center-body 

s i z e d  f o r  supersonic  c r u i s e  cond i t i ons .  

eng ine  i n c o r p o r a t i n g  a NASA/Ames *Pr i n l e t  and a v a r i a b l e  t h r o a t  area balanced f l a p  

convergent -d ivergent  nozz le  i s  shown in F igu re  11-4. 

A n a c e l l e  concept  l a y o u t  t o  house t h e  

Es t imated standard-day engine performance, adequate f o r  p r e l  im ina ry  a i r c r a f t  

missinn performance a n a l y s i s ,  i s  provided. These data a r e  presented on f i g u r e s  

I V - 1  t h rough  IV-5 f o r  maximum augmented power, maximum non-augmented power, and 

maximum and p a r t  power r a t i n g s .  
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Figure  I V - 1 .  - I n s t a l l e d  ne t  engine maximum t h r u s t .  
Standard-day c o n d i t i o n s .  
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Standard-day c o n d i t i o n s .  
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F igure  IV -4 .  - Engine f u e l - f l o w  r a t e  a t  i n t e r m e d i a t e  t h r u s t .  
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PART V. - MASS PROPERTIES 

E. E. Swanson 

L 

.b 

c 

The mass p r o p e r t i e s  a n a l y s i s  f o r  t h i s  c o n f i g u r a t i o n  was performed u s i n g  the  

we igh t  module o f  t h e  F1 i g h t  Op t im iza t i on  System (FLOPS) computer program developed 

by Kentron Technica l  Center. 

c a p a b i l i t i e s  i s  descr ibed i n  the  appendix o f  re fe rence 6 o f  t h e  I n t r o d u c t i o n .  

Structural weight  es t imates  a r e  based on u t i 1  i z i n g  1980 technology s u p e r p l a s t i c  

f o r m e d / d i f f u s i o n  bonded (SPF/DB) t i t a n i u m  throughout  a l l  p r imary  and secondary 

a i r f r a m e  s t ruc tu re .  App ly ing  t h i s  l e v e l  o f  technology t o  the  1971 l e v e l  o f  

t i t a n i u m  s t r u c t u r e  r e s u l t s  i n  t h e  f o l l o w i n g  a n t i c i p a t e d  we igh t  sav ing:  

A d e s c r i p t i o n  o f  the  progam and i t s  o p e r a t i n g  

Wing, empennage, e tc .  -7% 
Fusel age -22% 
Nacel le ,  i n l e t ,  c o w l i n g  -19% 

I n  a d d i t i o n  t o  the  SPF/DB l e v e l  o f  technology a p p l i c a t i o n ,  an a l l  composi te 

s t r u c t u r a l  concept was evaluated.  Previous s tud ies  have i n d i c a t e d  t h a t  the  a p p l i -  

c a t i o n  o f  composites t o  the  fuse lage pressure s h e l l  r e s u l t s  i n  l i t t l e  o r  no we igh t  

r e d u c t i o n  when compared t o  SPF/DB. It was assumed t h a t  t he  b e n e f i t s  o f  composites 

would, t h e r e f o r e ,  be assessed t o  t h e  remain ing s t r u c t u r e  and l a n d i n g  gear only.  

The f o l l o w i n g  we igh t  reduc t i ons  were used for  composites and were a p p l i e d  t o  the  

base l i ne  concept i n s t e a d  o f  those l i s t e d  above. 

\ding, empennage, e tc .  -15% 
Sur face  c o n t r o l s  -12% 
Nacel le ,  i n l e t ,  c o w l i n g  -25% 
Landing gear -40% 
Fuselage (SPF/DB) -22% 

A d e t a i l e d  s t r u c t u r a l  des ign and a n a l y s i s  o f  the  wing p i v o t  area was n o t  

per formed d u r i n g  t h i s  study. Weight data from the  F-111, F-14, and prev ious  

va r i a b l  e- swee p-w i ng su person i c- t r a  ns po r  t s t u d i  es were ana 1 yzed and a d j us t e d  t o  

r e f l e c t  technology improvement i n  the p i v o t  bear ings and r e l a t e d  s t r u c t u r e .  

r e s u l t i n g  p e n a l t y  o f  17.5 percent  f o r  t h e  p i v o t  was a p p l i e d  t o  t h e  wing weight.  A 

t h r e e -  t o  f i ve -pe rcen t  pena l t y  was assessed t o  the  we igh t  o f  t he  h y d r a u l i c s  and 

The 
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c o n t r o l s  systems t o  account f o r  t h e  wing-sweep mechanism. The r e s u l t i n g  we igh t  

breakdown f o r  the SPF/DB and composi te a i r c r a f t  a r e  shown i n  t a b l e s  V-1 and V - 2 ,  

r e s p e c t i v e l y .  

The c e n t e r - o f - g r a v i t y  envelope f o r  t h e  wing i n  t h r e e  sweep c o n d i t i o n s  i s  shown 

i n  f i g u r e  1-3. A i r p l a n e  i n e r t i a s  were n o t  c a l c u l a t e d  d u r i n g  t h i s  study. 
~ 
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T A B L E  V-I .  - GROUP WEIGHT SUMMARY 

(SPF/DB T i t a n i u m )  

WING 
HORIZONTAL T A I L  
V E R T I C A L  T A I L  
V E R T I C A L  F I N  
r u3CLnuL 

LANDING GEAR 
NACELLE 

r i t r r i  m f i r  

STRUCTURE TOTAL 

ENGINES 
MISCELLANEOUS SYSTEMS 
FUEL SYSTEM-TANKS AND PLUMBING 

PROPULSION TOTAL 

SURFACE CONTROLS 
INSTRUMENTS 
HYDRAULICS 
E L E C T R I C A L  
A V I O N I C S  
FURNISHINGS AND EQUIPMENT 
A I R  C O N D I T I O N I N G  

SYSTEMS AND EQUIPMENT TOTAL 
A N T I - I C I N G  

WEIGHT EMPTY 

CREW AND BAGGAGE - FLIGHT,  2 
UNUSABLE FUEL 
ENGINE O I L  
PASSENGER SERVICE 

OPE RAT I N G W E I GHT 

PASSENGERS, 8 
PASSENGER BAGGAGE 

ZERO FUEL WEIGHT 

M I S S I O N  FUEL 

TAKE-OFF GROSS WEIGHT 

6,647. 
427. 
308. 

1,009. 
4,651. 
1,669. 
1,890. 

( 16,600. ) 

5,510. 
388. 
842. 

( 6,740. ) 

1,626. 
150. 
516. 

1,440. 
500. 
98 0. 
649. 
111. 

( 5,972. ) 

29,312. 

450. 
32 1. 
131. 
103. 

30,317. 

1,320. 
352. 

31,989. 

32,511. 

64,500. 
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T A B L E  V-11. - GROUP WEIGHT SUMMARY 

( A l l  C o m p o s i t e )  

WING 
HORIZONTAL T A I L  
V E R T I C A L  T A I L  
V E R T I C A L  F I N  
FUSE LAG E 
LANDING GEAR 
NACELLE 

STRUCTURE TOTAL 

ENGINES 
MISCELLANEOUS SYSTEMS 
FUEL SYSTEM-TANKS AND PLUMBING 

PROPULSION TOTAL 

SURFACE CONTROLS 
INSTRUMENTS 
HYDRAULICS 
E L E C T R I C A L  
A V I  ON ICs 
FURNISHINGS AND EQUIPMENT 
A I R  C O N D I T I O N I N G  

SYSTEMS AND EQUIPMENT TOTAL 
A N T I - I C I N G  

WEIGHT EMPTY 

CREW AND BAGGAGE - F L I G H T ,  2 
UNUSABLE FUEL 
ENGINE O I L  
PASSENGER S E R V I C E  

OPERATING WEIGHT 

PASSENGERS, 8 
PASSENGER BAGGAGE 

ZERO FUEL WEIGHT 

M I S S I O N  FUEL 

TAKE-OFF GROSS U E I G H T  

l b f  

4,637. 
359. 
259. 
807. 

4,651. 
1,012. 
1,512. 

- 

( 13,237.) 

5,510. 
388. 
842. 

( 6,740. ) 

1,406. 
150. 
516. 

1,440. 
500. 
98 0. 
649. 
111. 

( 5,752. ) 

25,729. 

450. 
32  1. 
131. 
103. 

26,734. 

1,320. 
352. 

28,406. 

32,519. 

60,925. 



PART V I .  - PERFORMANCE 

F. L. Beissner,  Jr. 
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B r i n g i n g  t o g e t h e r  r e c e n t  advances i n  seve ra l  d i s c i p l i n e s  i n  a var iable-sweep, 

superson ic -c ru i se  e x e c u t i v e  j e t  has r e s u l t e d  i n  an a i r c r a f t  w i t h  impress i ve  p e r f o r -  

mance and o p e r a t i o n a l  f l e x i b i l i t y .  The s tudy  o b j e c t i v e  was t o  u t i l i z e  these 

advances t o  des ign a minimun s i z e  eight-passenger a i r c r a f t  capable o f  mee t ing  t h e  

des ign goal o f  sui;ei-sonic t r a n s a t l a n t i c  range, 

The design a i r c r a f t  w i t h  f u l l  i n t e r n a l  fuel  i s  capable o f  a supersonic  m i s s i o n  

o f  3,477 n.mi. w i t h  32,511 l b f  fuel  a t  a f u l l  up ramp we igh t  o f  64,500 l b f .  Table 

V I - I  and f i g u r e  V I - 1  show t h e  m i s s i o n  performance summary and p r o f i l e .  C ru i se  i s  

a t  M = 2.0 w i t h  f u l l  payload o f  8 passengers and a crew o f  2. The b a s e l i n e  

superplastic-formed/diffusion bonded (SPF/DB) t i t a n i u m  a i r c r a f t  can be f u r t h e r  

improved by u s i n g  advanced composi tes on t h e  same geometr ic c o n f i g u r a t i o n  t o  

ach ieve  a range o f  3,737 n.mi. a t  a f u l l  up ramp we igh t  o f  60,925 l b f .  

improvement i s  a l l  due t o  we igh t  improvement. Th is  m i s s i o n  i s  shown i n  t a b l e  

V I - X I .  

T h i s  range 

M i s s i o n  performance i s  c a l c u l a t e d  f o r  a main segment and a rese rve  segment. 

The main segment i n c l u d e s  t a x i - o u t  and t a k e o f f  a l lowances (10 minutes f u e l  f l ow  a t  

i d l e  power s e t t i n g  and 1 minu te  fue l  f l ow  a t  t akeo f f  power s e t t i n g ) ,  FAA c l i m b  ( V  < 
250 KCAS up t o  10,000 ft a l t i t u d e ) ,  c l i m b  and a c c e l e r a t e  t o  s t a r t  o f  c r u i s e ,  c r u i s e  

c l i m b  a t  c r u i s e  b c h  number, and descent t o  d e s t i n a t i o n .  Reserves a r e  i n c l u d e d  

which p r o v i d e  f o r  f l i g h t  c o n t i n u a t i o n  t o  an a l t e r n a t e  a i r p o r t  i n c l u d i n g  missed- 

approach al lowance (1 minu te  f u e l  f l o w  a t  t akeo f f  power s e t t i n g ) ,  c l imb,  subsonic 

c r u i s e  a t  30,000 ft, h o l d  f o r  30 minutes,  and descent t o  t h e  a l t e r n a t e  a i r p o r t .  

The a l t e r n a t e  i s  l o c a t e d  250 n.mi. from t h e  d e s t i n a t i o n .  A l l  performance i s  f o r  

s tandard  day, no wind c o n d i t i o n s  w i t h  no a d d i t i o n a l  conservat ism inc luded.  The 

performance i s  c a l c u l a t e d  by t h e  F1 i g h t  O p t i m i z a t i o n  System (FLOPS) computer 

program desc r ibed  i n  r e f e r e n c e  6 o f  t he  I n t r o d u c t i o n .  

- 

Performance was c a l c u l a t e d  f o r  a subsonic c r u i s e  Mach number o f  0.9. Us ing  

t h e  same bas ic  m i s s i o n  r u l e s ,  t he  maximum range for  t h e  composite a i r c r a f t  i s  5,584 

n.mi. a t  60,925 l b f  ramp weight.  The SPF/DB a i r p l a n e  achieves 5,161 n.mi. These 
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miss ions  a r e  summarized i n  t a b l e s  V I - I 1 1  and VI-IV. Th is  o f f -des ign  range 

c a p a b i l i t y  demonstrates t h e  m i s s i o n  f l e x i b i l i t y  o f  t h e  a i r c r a f t .  

Emergency l oss  o f  an engine presents  no range problem fo r  t h i s  a i r c r a f t .  

Opera t ion  would be r e s t r i c t e d  t o  subsonic speeds, but  t h e  M = 0.9, engine-out  range 

c a p a b i l i t y  i s  nea r l y  as good as t h e  M = 0.9, two-engine range (and cons ide rab ly  - 
b e t t e r  than t h e  supersonic range). The wors t  poss ib le  case would be t h e  l o s s  o f  an 

engine a t  mid-mission on t h e  maximum-range, subsonic miss ion .  

would r e q u i r e  emergency use o f  a smal l  p o r t i o n  o f  t he  planned reserves  t o  reach the  

d e s t i n a t i o n .  

Th is  wors t  case 
5 

A l t e r n a t e  miss ions  f o r  t he  composite a i r c r a f t  i n c l u d e  t h e  New York t o  Los 
Angeles r o u t e  o f  2,130 n.mi. Th i s  m iss ion  r e q u i r e s  a minimum o f  19,333 l b f  o f  f u e l  

f o r  a ramp we igh t  o f  47,739 l b f  as shown i n  t a b l e  VI-V. The sonic-boom overpres-  

sure d u r i n g  a c c e l e r a t i o n  fo r  t h i s  case i s  1.26 psf ,  a va lue  which cou ld  be 

cons idered o b j e c t i o n a b l e  f o r  normal ove r land  o p e r a t i o n  o f  c i v i l  a i r c r a f t .  

Some sonic-boom a t t e n u a t i o n  can be ob ta ined  by o p e r a t i n g  a t  h i g h e r  a l t i t u d e s  

than  normal. For t h e  s tudy a i r c r a f t ,  by c l i m b i n g  ( a t  subsonic speeds) t o  a 

h igher- than-normal  a1 t i  tude be fo re  a c c e l e r a t i n g  th rough t h e  t r a n s o n i c  speed zone, 

t h e  overpressure  can be reduced from 1.26 t o  1.04 psf. Th i s  change i n  c l imb /  

a c c e l e r a t i o n  schedule inc reases  t h e  f u e l  r e q u i r e d  f o r  t h e  m iss ion  by about  550 

pounds and m iss ion  f l i g h t  t ime i s  inc reased from 120 t o  128 minutes  due t o  

s u b s t a n t i a l l y  longer  o p e r a t i n g  t ime  a t  lower  speeds d u r i n g  a much l o n g e r  c l imb.  

Table VI-VI summarizes t h e  sonic-boom a t t e n u a t i o n  s tudy  as a p p l i e d  t o  t h e  New York 

t o  Los Angeles route.  

Sonic boom i s  l e s s  o f  a problem f o r  t h i s  a i r c r a f t  a t  c r u i s e  c o n d i t i o n s  t h a n  

d u r i n g  acce le ra t i on .  For example, i n  t h e  normal and boom a t t e n t u a t e d  c l i m b  

schedules, t h e  overpressures a t  t h e  beg inn ing  o f  c r u i s e  a r e  1.02 and .99, 
r e s p e c t i v e l y ,  and d im in i sh  as the  f l i g h t  cont inues.  Th is  i n f o r m a t i o n  i s  i nc luded  

i n  t a b l e  VI-VI. C a l c u l a t i o n  o f  t h e  son ic  boom c h a r a c t e r i s t i c s  f o r  t h e  s tudy  

a i r c r a f t  i s  covered i n  Par t  I 1 1  o f  t h i s  repo r t .  

A i r f i e l d  performance i s  ou ts tand ing  w i t h  the  wing unswept and t h e  h i g h - l i f t  

dev ices de f l ec ted .  An i n t e r m e d i a t e  power s e t t i n g  i s  more than  ample w i t h  t h i s  

a i r c r a f t / e n g i n e  combination. C r i t i c a l  f i e l d  l e n g t h  fo r  t h e  f u l l y  fue led ,  composite 
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c 

a i r c r a f t  i s  4,600 ft w i t h  s l a t s  def lected,  t r a i l i n g - e d g e  f laps d e f l e c t e d  15' and 

wing sweep s e t  a t  27.3'. Normal, two-engine takeo f f  d i s t a n c e  i s  3,300 ft ove r  a 35 

ft obstac le.  
44,247 l b f  i s  4,315 ft w i t h  s l a t s ,  t r a i l i n g  edge f l a p s  d e f l e c t e d  40°, and w ing  

sweep o f  ZOO. 

c o n d i t i o n s  w i t h  no conservat ism included. 

Landing f i e l d  l e n g t h  over  a 50 ft o b s t a c l e  a t  a l a n d i n g  we igh t  o f  

These d i s tances  a r e  t h e  computed va lues a t  sea- level ,  standard-day 

Takeoff  and l a n d i n g  l i f t  curves and d r a g  

p o l a r s  a r e  shown i n  P a r t  111. 

I ,  

i i u i s e  afialyse; were nc t  perfnrmed i n  t h i s  p r e l i m i n a r y  design e f f o r t .  Low 

power s e t t i n g s ,  low speeds, h i g h  l i f t  c o e f f i c i e n t s ,  and h i g h  l i f t / d r a g  r a t i o s  

shou ld  p r o v i d e  a r e l a t i v e l y  benign a i r p o r t  no ise environment. C a l c u l a t i o n s  i n d i -  

c a t e  t h a t  t a k e o f f / c l  imb-out performance would achieve over  5,400 ft a l t i t u d e  a f t e r  

t r a v e l i n g  3 n.rni. from brake release. A i r f i e l d  performance i s  summarized i n  t a b l e  

V I - V I I ,  

A l t e r n a t e  p r o p u l s i o n  systems were eva lua ted  i n  an e a r l  j e r  phase o f  t h i s  

study. These were an advanced c y c l e  ( t u r b i n e  by-pass t u r b o j e t )  sca leab le  Boeing 

701s engine ( r e f .  V I - 1 )  and two f i x e d  s i z e  engines by General E l e c t r i c ,  t h e  GE F l O l  

DFE and t h e  GE F404 (data s u p l i e d  by NASA). A comparison was made of  m i s s i o n  range 

c a p a b i l i t y  a t  t h e  f u l l  f u e l  l o a d  f o r  the then  c u r r e n t  c o n f i g u r a t i o n  under 

c o n s i s t e n t  ground ru les .  Takeo f f  power was s e t  t o  achieve t h e  same approximate 

t h r u s t  l e v e l  f o r  comparable a i r f i e l d  performance. The advanced-cycle engine was 

s i z e d  t o  g i v e  maximum range w i t h  s u f f i c i e n t  t akeo f f  t h r u s t .  Compared t o  the  o t h e r  

engines, t h e  GE DFE was c o n s i d e r a b l y  heav ie r ,  and was a l s o  s i g n i f i c a n t l y  poorer  i n  

m i s s i o n  performance. No f u r t h e r  ad justments were at tempted s ince  the  GE DFE was 

judged t o  be i n f e r i o r  f o r  t h i s  p a r t i c u l a r  a p p l i c a t i o n .  

Table V I - V I 1 1  shows t h e  t a b u l a r  r e s u l t s  o f  t h e  comparison i n c l u d i n g  some 

s p e c i f i c  performance values. One o f  the candidate engines, t he  GE F404, had t o  be 
opera ted  a t  maximum t h r u s t  a t  t a k e o f f  t o  achieve t h e  d e s i r e d  t h r u s t  values. 

Examinat ion of  t a b l e  VI-VI11 shows t h a t  on t h e  bas i s  o f  supersonic m i s s i o n  range, 

t h e  p roper  engine cho ice  was t h e  engine desc r ibed  i n  P a r t  V o f  t h i s  r e p o r t .  
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TABLE V I - V I .  - SONIC BOOR STUDY SUMMARY 

COMPOSITE AIRCRAFT, NEW YORK TO LOS ANGELES ROUTE, M = 2.0 C R U I S E  

. P r o f i l e  

Ramp wejght, l b f  

Miss ion fue l ,  l b f  

A c c e l e r a t i o n  ( M = 1.2) 

A l t i t u d e ,  f t 

Weight, l b f  

Overpressure p s f  

S t a r t  c r u i s e  ( M  = 2.0) 

A l t i t u d e ,  ft 

Weight, l b f  

Overpressure, p s f  

Miminum Fuel 

47,739 

19,333 

41,000 

45,700 

1.26 

55,590 

44,625 

1.02 

Reduced Boom 

48,288 

19,882 

52,500 

44,700 

1.04 

56,140 

42,733 

.99 

t 

b 



TABLE V I - V I I .  - AIRFIELD PERFORMANCE AND NOISE CHARACTERISTICS SUMMARY 

COMPOSITE AIRCRAFT,  FULL INTERNAL FUEL 

 ti^ TO/Land, Degrees 

Landing, l b f  

F i e l d  Length (50 F t  Obs), ft 
Ground Ro l l ,  f t  
VK (Obs) 

Take O f f ,  L b f  

F i e l d  Length (35 F t  Obs), ft 
Ground R o l l  , ft 
V K  (Obs), Knots 

C r i t i c a l  (Balanced) F i e l d ,  ft 

Noise C r i t e r i a  

Take O f f  (3  
L/ D 
CL 

15/40 

44,247 

4,313 
3,201 
118.88 

60,925 

3,295 
2,411 
165.60 

4,582 

Mi les  From Brake Release) 
13.80 
.7951 

A l t i t u c t ? ,  ft 

Thrust ,  l b f *  
VK, Knots 

Approach (3" G l i d e  Slope)  
L/ D 
CL 
VK, kno ts  
Thrust ,  l b f  

*Th r u s t  a va i 1 a b l  e be f o r e  c u t  ba c k/a f t e r  c u t  ba c k . 

5,435 
173.97 
25,61518,830 

6.66 
1.3336 
118.88 
4,293 

NOTE: A l l  performance i s  a t  sea l e v e l ,  s tandard day c o n d i t i o n s ,  
w i t h  no conservat ism. 
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T A B L E  V I - V I I I .  - PROPULSION SYSTEM COMPARISON 

58 

PRELIMINARY CONFIGURATION, DESIGN MISSION,  SAME A I R P L A N E  
(AERODYNAMICS, WEIGHT AND FUEL)  

ENGINE DESIGNATION 

LNGINE S I Z E  FACTOR 

ENGINE WEIGHT, l b f ,  ea 

rAKEOFF THRUST, l b f  

)OWER S E T T I N G  FOR TAKEOFF 

r O T A L  RANGE, n.mi . 
\VERAGE CRUISE 

S P E C I F I C  RANGE, V/wf,  n m i / l b m  

S P E C I F I C  FUEL CONSUMPTION 1 b m / l  b f  
hr 

LIFT/ DRAG 

ALTITUDE,  f t  

WEIGHT, l b f  
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Figure VI -1 .  Design mission p r o f i l e ,  t i t an ium 
M~2.0 cruise, f u l l  i n t e r n a l  fue l .  
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