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SUMMARY 

A computer technique to  determine  the  mission  radius and maneuverability 
characterist ics of  combat a i rc raf t  has been developed. The technique has been 
used at   the Langley Research  Center to  determine critical  operational  require- 
ments and the  areas i n  which research programs would be expected to  yield  the 
most beneficial  results. I n  turn,  the  results of research  efforts have  been 
evaluated i n  terms of a i rc raf t  performance on selected mission segments and for 
complete mission profiles. The aircraft   characterist ics and f l i g h t  constraints 
are  represented i n  sufficient  detail   to permit real is t ic   sensi t ivi ty   s tudies  i n  
terms of either  configuration  modifications or changes i n  operational proce- 
dures. Sample calculations  are provided to   i l lus t ra te   the  wide variety of m i l i -  
tary mission profiles  that  may  be represented.  Extensive use of the  technique 
i n  evaluation  studies  indicates  that  the  calculated performance is essentially 
the same as  that  obtained by the  proprietary programs i n  use throughout the  air- 
c r a f t  industry. 

INTRODUCTION 

A computer technique to  determine  the  mission  radius and maneuverability 
characteristics of  combat aircraft   for a variety of military  profiles has  been 
developed. The technique has been  used a t  the Langley Research Center to  deter- 
mine cri t ical   operational requirements and the  areas i n  which research programs 
would  be expected to  yield  the most beneficial  results. I n  turn, the results 
of research  efforts have  been evaluated i n  terms of a i rc raf t  performance on 
selected mission segments and for complete mission profiles. The a i rc raf t  char- 
ac te r i s t ics  and f l i g h t  constraints  are  represented i n  sufficient  detail   to per- 
m i t  real is t ic   sensi t ivi ty   s tudies  of configuration  modifications and changes i n  
operational procedures. The technique has also been uti l ized i n  cooperative 
effor ts  w i t h  the Department of Defense to  evaluate  the performance capabili t ies 
of a proposed mili tary  aircraft  and  of configuration  concepts developed a t  
Langley Research Center. I n  a preliminary phase of the former effor t ,  the per- 
formance for  several mission profiles was determined by u s i n g  the  present  tech- 

for  the purpose of calibrating any differences i n  calculation technique. The 
results were i n  excellent agreement both i n  terms of overall mission capability 
and detailed mission segment performance. 

- " nique, and the  results were  compared w i t h  similar  calculations by the  contractor 

The  main text of t h i s  paper is a description of the  features and  assump- 
tions of the technique and  of the  associated  numerical computer  program. The 
mission profiles  are  described, and then  the  representation of each mission 
segment is discussed i n  detai l .  A s  each item is described, examples are 
included to   i l l u s t r a t e   a i r c ra f t  performance. Appendix A contains a description 
of the  input  data  required  to  define  the  aircraft  as  well  as  the  input  data 
concerned wi th  profile  selection and flight-path  control. Appendix B contains 
descriptions of the  output  data.  Options  to  control both the amount  and  form 
of the  output results  are  described, and sample output l i s t i n g s  are included 



t o   i l l u s t r a t e  t h e  effect  of these  options. The output  parameters  are  also 
defined i n  appendix B. 

The program requires 105 0008 words of central  core memory to  run on the  
Control Data CYBER 175 computer system operating under NOS 1 . 3  a t  the Langley 
computer  complex. The run time for a single mission profile is about  four  sec- 
onds; about 1 2  seconds are  required  for a series of five  different  profiles. 

SYMBOLS 

The u n i t s  used for  the  physical  quantities i n  the  figures and discussion i n  
t h i s  paper are given i n  the  International System  of Un i t s  (SI )  and parentheti- 
cally i n  the U.S. Customary U n i t s .  The tabulated  output  data  are i n  SI  u n i t s .  
Calculations were  made i n  U.S. Customary U n i t s .  Conversion factors  relating t h e  
two systems are  presented i n  reference 1. 
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V t r u e   v e l o c i t y  

W we i g h t  

Wf engine- fue l   weight  

w/s wing loading ,   g ross   weight   over  wing r e f e r e n c e  area 

X h o r i z o n t a l   d i s t a n c e  

c1 ang le   o f  at tack 

Y f l i g h t - p a t h   a n g l e  

6 t h r u s t   i n c l i n a t i o n   a n g l e ,   p o s i t i v e   n o z z l e  down 

A dot over a symbol deno tes  its time d e r i v a t i v e .  

RESULTS AND DISCUSSION 

GENERAL DESCRIPTION OF PROGRAM 

In  the  development  of  the  program a modular  concept was s e l e c t e d  as the  
most logica l   approach  to a multimission  program. The present   program is a com- 
b ina t ion   o f   f i ve   mi s s ion   modu les   wh ich   r ep resen t   mi s s ion   p ro f i l e s   cu r ren t ly   o f  
i n t e r e s t .  The mission  modules are l i s t e d  by number i d e n t i f i c a t i o n   i n   t a b l e  1 
w i t h   b r i e f   d e s c r i p t i o n s  to  i n d i c a t e   t h e   p r o f i l e   v a r i e t y   t h a t  is a v a i l a b l e .  Each 
mission module is designed to determine  the  combat   radius  or r a n g e   c a p a b i l i t y  
f o r  a s p e c i f i c   m i l i t a r y   m i s s i o n   w i t h  its assoc ia ted   g round rules and p r o f i l e  
de f in i t i ons .   Seve ra l   o f   t hese   mi s s ion   modu les   con ta in   op t iona l   p ro f i l e   s egmen t s  
which may be   de l e t ed  to r e p r e s e n t   a l t e r n a t e   m i s s i o n s .  The module concept   per-  
mits t h e   a d d i t i o n  of new modules, or the   mod i f i ca t ion   o f   ex i s t ing   modu les ,  to  
r e p r e s e n t  new or u n u s u a l   m i s s i o n   p r o f i l e   s p e c i f i c a t i o n s .  

Although  the  mission modules have   been   used   in   vehic le   s iz ing   s tud ies ,   the  
program is not   designed to i n t e r n a l l y   s y n t h e s i z e   c o n f i g u r a t i o n s  or to gene ra t e  
aerodynamic,   propuls ion,  or s t ruc tura l  c h a r a c t e r i s t i c s .  The c h a r a c t e r i s t i c s   o f  
t h e s e   v e h i c l e s  are predetermined by s p e c i a l i s t s   i n   e a c h   d i s c i p l i n e ,  and  they 
are i n p u t  to the  program as a d a t a   b a s e   f o r  a l l  c a l c u l a t i o n s .  The representa-  
t i o n   o f   t h e   a i r c r a f t   d a t a   ( a p p e n d i x  A) is ex tens ive  and inc ludes  realist ic 
limits o n   e n g i n e   a n d   a i r c r a f t   o p e r a t i o n a l   b o u n d a r i e s  and  on maximum a t t a i n a b l e  
l i f t   c o e f f i c i e n t s .  

Each mis s ion   modu le   con t ro l s   t he   ca l cu la t ion  of the  mission-segment  data 
( t ake -o f f ,  climb, c r u i s e ,  combat, etc.) required by t h e   p r o f i l e   d e f i n i t i o n  and 
u t i l i ze s   app ropr i a t e   s egmen t   modu les .  The p r o f i l e  logic wi th in   t he   mi s s ion  
module is then  used to calculate t h e   o v e r a l l   r a n g e  or r a d i u s   c a p a b i l i t y   w i t h  
balanced  outbound  and  inbound  radii   and  with  the  required combat fue l   a l l owance .  
If a low- leve l   pene t r a t ion ,  or dash, is i n c l u d e d   i n   t h e   p r o f i l e   d e f i n i t i o n ,   t h e  
outbound  and  inbound  dash  radii  may also be  balanced.   Performance  for   missions 
w i t h   a l t e r n a t e   r a d i i   a n d  combat fue l   a l l owances  are also c a l c u l a t e d   f o r   u s e   i n  
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trade-off  studies. For each mission profile, an i terat ive procedure is used 
to  balance  the radii .   Init ially,   the outbound performance is calculated  to a 
desired mission radius. Then the fuel allowances a t  the combat station  are 
determined. Finally,  the remaining fuel is consumed to determine the inbound 
(return)  radius. Based  on the  difference i n  outbound and inbound radii ,  an 
estimate of the outbound radius is made,  and the  calculations  are  repeated 
u n t i l  the radii  are  equal. During each i teration some outbound segments, and 
a l l  inbound segments, must be recalculated because of t h e  sensit ivity of 
segment performance to  vehicle weight. Although most mission profiles  are bal- 
anced i n  several  iterations, t h i s  process  could  involve a large number  of cal- 
culations,  particularly  if  the inbound profile  includes a climb t o  a return 
cruise  condition. 

MISSION SEGMENT MODULES 

The present program was developed w i t h  t h e  assumption that  great emphasis 
would  be placed on balanced-radius profiles, and that  alternate  radius missions 
would  be  of interest  as  trade-off information. A technique was therefore 
developed that would produce accurate performance resul ts   for   a l l  mission seg- 
ments and  would minimize the  repetitive  calculations normally required  to  bal- 
ance radii  and develop radius  trades. When a segment  module is f i r s t   u t i l i zed  
to  compute performance for a particular mode  of f l ight  (for example, climb to  
cruise  altitude) which is known to be sensitive  to  vehicle weight, the  segment 
performance is automatically computed for a series of four i n i t i a l  weights. 
The results, i n  terms of quantities  appropriate  to  the  particular segment, are 
retained i n  data  arrays  as  functions of the  four i n i t i a l  weights. These data 
arrays  are  referred  to  as mission-segment data. The four i n i t i a l  weights are 
selected  (internally)  to cover the range of actual weights t h a t  would  be 
expected to occur  throughout  the  mission. Specific  details  of the segment data 
are  presented  as each segment  module is described i n  a subsequent section. 

After  the mission-segment data has been calculated  for a l l  segments i n  the 
mission definition,  the mission-module logic can determine  the balanced radii  
and alternate  radii missions  very eff ic ient ly  by interpolating  the segment data 
for  required  parameters a t  the  appropriate segment weight. 

After  the performance has  been determined for a given a i rc raf t  take-off 
gross weight (TOGW) and associated  operating weight empty (OWE), additional mis- 
sions may  be calculated  for  four  other combinations of TOGW and OWE. The 
results of these  optional  missions  indicate  the performance sensitivity  to  vari- 
ations i n  fuel load  or to  overall   aircraft  weight, depending on the  relationship 
of the two input  weights. More specifically, an increase i n  TOGW w i t h  no 1 
increase i n  OWE would represent an increase i n  fuel  load; an equal  increase i n  L 
both input  weights would represent an increase i n  the  vehicle OWE w i t h  the same 
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fuel  load; and  an increase i n  OWE w i t h  no increase i n  TOW would represent an 
increase i n  the  vehicle OWE w i t h  an equal  reduction i n  the  fuel  load. These 
sensit ivit ies  are of great  interest i n  the  early development stage of  an air- 
craf t  concept. They are  available  for  all mission modules as an optional  output 
and require very l i t t l e  computer effort  because they u t i l i z e  the mission-segment 
data  that was calculated  for  the  original  aircraft TOGW. 
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APPLICATION TO VEHICLE SIZING 

The  program may be   ope ra t ed   i n  a p r e l i m i n a r y   s i z i n g  mode, t h a t  is, to pro- 
v ide  an indicat ion  of   which  combinat ions  of  TOGW, wing-loading W/S, and  thrust-  
l oad ing  T/W would p rov ide   t he   bes t   pe r fo rmance   fo r  a given  mission  requirement .  
For t h i s  mode o f   o p e r a t i o n ,   t h e  OWE should be i n p u t  as a func t ion   o f  TOGW, W/S, 
and T/W t o  r e p r e s e n t  real is t ic  w e i g h t   v a r i a t i o n s   w i t h   t h e   s i z e  of t h e   a i r c r a f t ,  
t h e  wing area, and  the  engines .  The segment   da ta   for   each   input  TOGW is 
recomputed for each  combination  of W/S and T/W t h a t  resul ts  i n  a new wing area, 
or eng ine   s i z ing   f ac to r   (ESF) ,  so t ha t   t he   s egmen t   pe r fo rmance   r e f l ec t s   t hese  
changes. The p r o p u l s i o n   d a t a  are s c a l e d  to correspond to t h e   d e s i r e d   e n g i n e  
s i z e ,  and  the  aerodynamic l i f t  and  drag are s c a l e d  t o  t h e   d e s i r e d  wing area, bu t  
t h e   b a s i c   a e r o d y n a m i c   c h a r a c t e r i s t i c s  are n o t   i n t e r n a l l y   m o d i f i e d  t o  ref lect  t h e  
actual wing or engine   conf igura t ion   changes .   Caut ion  mus t  be used i f  T/W and 
W/S are v a r i e d   f a r   f r o m   t h e   o r i g i n a l   i n p u t   c o n c e p t .  The resul ts  of  such a 
s i z i n g   s t u d y   s e r v e  as u s e f u l   g u i d e l i n e s   f o r   r e s i z i n g   t h e   a i r c r a f t  by conf igura-  
t i o n  specialists. The   aerodynamic   charac te r i s t ics   o f   the   res ized   conf igura t ion  
are then   es t imated   and  are resubmi t ted  to  the  program to e v a l u a t e   t h e  resul ts  i n  
terms of mission  performance.  This process has  been used success fu l ly   fo r   s ev -  
e ra l  a i r c r a f t   c o n c e p t s   s t u d i e d  a t  the  Langley  Research  Center .  

DESCRIPTION OF SEGMENT MODULES 

The s u b s e q u e n t   s e c t i o n s   d e s c r i b e   ( i n   c h r o n o l o g i c a l  order f o r  a typical m i s -  
s i o n   p r o f i l e )  how each  mission  segment is c a l c u l a t e d .  The d e s c r i p t i o n s   i n c l u d e  
the  techniques  and  assumptions  employed  and  present  sample resul ts .  The  sample 
cases rep resen t   an   a i r c ra f t   concep t   deve loped  a t  the  Langley  Research  Center .  
I t  is r e p r e s e n t a t i v e   o f  an   advanced   f i gh te r - type   a i r c ra f t   w i th   supe r son ic   c ru i se  
c a p a b i l i t y .  The concept is powered  by t w o  advanced   tu rbofan   engines .   For   the  
purposes of t h e   p r e s e n t   p a p e r ,   t h e   a i r c r a f t  is s i zed  wi th  a b a s i c  TOGW of 
196 kN ( 4 4  000 l b f ) ,  a W/S of  2.93 kPa (61 .2   lb / f t2) ,   and  a T/W of  1.04.  For 
m i s s i o n   p r o f i l e s  which s p e c i f y   e x t e r n a l   f u e l   t a n k s ,   t h e  a i rcraf t  carries an 
add i t iona l   we igh t  of 23.5  (5290 l b f ) ,  wi th  a r e s u l t i n g  TOGW of 21 9 kN 
(49 290 l b f )  . 

Take-of f Segment 
.. 

The take-off  segment  of  the  mission is cons ide red   on ly  t o  t h e   e x t e n t   t h a t  
it a f fec t s   t he   mi s s ion   pe r fo rmance .  N o  estimate of   take-off   dis tance is made, 
but  increments  of  range  and time to  t h e   i n i t i a l   c l i m b   p o i n t  may be determined 
e x t e r n a l l y   a n d   i n p u t  to  the  program. The primary o u t p u t  of t h i s  module is a 
fue l   a l lowance  to  s i m u l a t e  the  take-off .   There are two i n p u t   o p t i o n s   a v a i l a b l e  
f o r   t h e   f u e l   a l l o w a n c e .   T h e   f i r s t  is e i t h e r  a f ixed   we igh t   o f   fue l  or a f i x e d  
p e r c e n t a g e   o f   t h e   a i r c r a f t  TOGW. The second  op t ion  is t h e   f u e l  required f o r  
the  combinat ion  of  a number of   minutes   of   engine  operat ion a t  normal   ra ted  
t h r u s t  p l u s  a number of  minutes a t  maximum t h r u s t .   F o r   t h i s   o p t i o n ,   t h e  t o t a l  
fue l   a l l owance  is c a l c u l a t e d  a t  s e a - l e v e l - s t a t i c  (SLS) c o n d i t i o n s   f o r   t h e  
appropriate number and s i ze   o f   eng ines .   Fo r   t he  sample a i r c r a f t ,   o n e   m i n u t e  a t  
normal r a t ed   t h rus t   p lus   one -ha l f   minu te  a t  maximum power consumes  498 kg 
(1 097 lbm)  of   fuel .  
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Climb and  Acceleration  Segment ~~ . 

Climb  Profile 

In the  climb  and  acceleration  segment,  the  performance 
any  desired  climb  profile  described  in  terms of Mach number 
Either of two  engine  power  settings  may  be  selected at each 
profile. The  climb  profile and  engine  power  setting  may  be 

is  computed  along 
and  altitude. 
point  along  the 
selected by the - - - 

user in  an  effort to maximize  the  performance  within  any  operational  constraints 
peculiar  to  the  vehicle,  the  flight  envelope  restrictions,  or  the  mission- 
profile  ground  rules.  Accessory  programs  that  determine  minimum-time-to-climb 
or  minimum-fuel  profiles  based on specific  energy  techniques  may  be  used  to 
select the climb  profile.  An  excellent  discussion of the  energy  approach  to 
aircraft  performance  problems  can  be  found  in  reference 2. An  alternate 
approach  is  to select a  nominal  climb  profile  and  then  compute  a  series  of  mis- 
sions,  each  with  the  nominal  profile  perturbed  slightly. The climb  profile 
used  for  the sample  aircraft  is  shown  in  figure 1. 

Method  of  Calculations 

The performance  along  the  climb  profile  is  determined by a  numerical inte- 
gration  of  the  following  equations  of  motion: 

y = - [ T ~  sin - g  
vw (a + 6) + L - w cos y ]  

x = v cos y 

w = -wf 

The first  input  Mach  number  and  altitude  of  the  profile  are  assumed to be  the 
conditions  that  exist  after  the  take-off  segment  and  are  the  initial  conditions 
for  the  climb. An  iterative  procedure  is  utilized  to  determine  the  fuel,  range, 
and  time  increments  from  point  to  point  along  the  climb  profile.  For  each  step, 
a  weight  change  is  assumed,  and  the  equations  of  motion  are  utilized  to  deter- 
mine  the  instantaneous  rates  of  climb,  acceleration,  and  fuel  flow at  the  end 
point.  The  initial  and  end-point  rates  for  each step  are averaged  and  then  used 
to  compute  the  time  interval  and  actual  fuel  usage  for  the  step.  This  process 
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.. 

is c o n t i n u e d   u n t i l   t h e  assumed  weight  change  for  the step equals t h e   c a l c u l a t e d  
fuel   consumption.  The s t e p   r a n g e  is then   computed ,   and   the   in i t ia l   po in t   va lues  
of a l l  var iab les   (weight ,   range ,  time, etc. ) are incremented by t h e  computed 
step changes.   This   procedure is repea ted   f rom  poin t  to po in t   a long   t he   c l imb  
p r o f i l e   u n t i l   t h e   d e s i r e d   c r u i s e  Mach number is reached .   In   t he   even t  a speci- 
f i ed   r a t e -o f -c l imb  limit is reached   dur ing   the   c l imb  and   acce lera t ion   before  
t h e  cruise Mach number is reached, an estimate is made o f   t h e   c l i m b   c e i l i n g   f o r  
t h e   a i r c r a f t   a n d   t h e   m i s s i o n   c a l c u l a t i o n s  are terminated.  When t h e   c r u i s e  Mach 
number is reached,   the  same stepwise technique is used to  cl imb a t  the  cruise 
Mach number, b u t   a d d i t i o n a l  calculations d e s c r i b e d   i n   t h e   n e x t   s e c t i o n  are made 
a f t e r   t he   c l imb   pe r fo rmance  t o  each   a l t i tude   has   been   de te rmined .  

Termination of  Climb 

The cl imb a t  c r u i s e  Mach number con t inues   un t i l   one   o f   t he   fo l lowing   cond i -  
t i o n s  is met: (1)  I f   t h e  l a s t  i n p u t   p r o f i l e   a l t i t u d e  is reached,   the  cruise 
segment is begun a t  t h a t   a l t i t u d e .  (2)  I f   t h e  rate of  cl imb a t  any a l t i t u d e  
f a l l s  b e l o w   t h e   s p e c i f i e d   l e v e l ,   a n   i t e r a t i v e   t e c h n i q u e  is u t i l i z e d  to determine 
t h e   a l t i t u d e   c e i l i n g  ( t o  w i t h i n  15 m (50 f t ) )  a t  which t h e  minimum rate of  cl imb 
can  be met, and the   c ru i se   s egmen t  is begun a t  t h a t   a l t i t u d e .  ( 3 )  I f   n e i t h e r  of 
t h e s e   e v e n t s  occurs, the  climb c o n t i n u e s   u n t i l   t h e   a l t i t u d e   f o r  most e f f i c i e n t  
cruise is loca ted .  

Determinat ion of S t a r t  of C r u i s e  

The range   dur ing  cruise is determined by us ing   the   Breguet   range   equat ion .  
The equat ion ,  which is deve loped   i n   r e f e rence  3 ,  is as fol lows:  

When t h e   f i r s t  term i n   p a r e n t h e s e s   ( r e f e r r e d   t o  as the   Bregue t   f ac to r )  is maxi- 
mized ,   the   range   for  a given cruise weight r a t io  is also maximized. The va lues  
of L/D and SFC are determined,   for  a given Mach number and a l t i t u d e ,  by t h e  
s o l u t i o n   o f   t h e   e q u a t i o n s   o f   m o t i o n   f o r   t h e   l i f t   c o e f f i c i e n t   a n d   t h e   e n g i n e  
t h r u s t   s e t t i n g   r e q u i r e d  to s u s t a i n   s t e a d y   l e v e l   f l i g h t .  The s t a r t - o f - c r u i s e  
a l t i t u d e  is selected, n o t   o n   t h e   b a s i s  of t h e   b e s t   B r e g u e t   f a c t o r  a t  t h e   i n i t i a l  
cruise cond i t ion ,   bu t  on t h e   b a s i s  of  the lowest total  f u e l  consumed from  the 
s ta r t  of  cl imb to end  of a cruise to  a des i red   range .  The s e l e c t i o n  is made 
by computing, a t  e a c h   c l i m b   a l t i t u d e ,  a s ing le-s tep   Breguet  cruise segment to  
the   des i red   ou tbound cruise r a n g e ,   a n d   t h e n   c h o o s i n g   t h e   a l t i t u d e   r e s u l t i n g   i n  
t h e   h e a v i e s t   a i r c r a f t   w e i g h t  a t  the  end  of  cruise. For  long-range  missions,  
where  the  cruise  segment  consumes a major p o r t i o n  of t h e   m i s s i o n   f u e l ,   t h e  a l t i -  
tude   s e l ec t ed   fo r   t he   beg inn ing   o f   t he  cruise by t h i s   p r o c e d u r e  is also t h e  
a l t i t u d e  which  develops  the  best  cruise Breguet   fac tor .   For   shor t - range  m i s -  
s i o n s ,  typical o€ f i g h t e r   a i r c r a f t ,   u s i n g   t h e   p r e s e n t   p r o c e d u r e  results i n  a 
cruise segment a t  a l t i t u d e s  lower than  would  be i n d i c a t e d  by t h e   i n i t i a l   B r e g u e t  
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factor .   Short-range  missions  do  not   expend  the  addi t ional  climb f u e l   t h a t  
would be required to r e a c h   h i g h e r   a l t i t u d e s   i n  order to a t t a i n   t h e   b e s t  cruise 
e f f i c i e n c y .  The i n i t i a l   c l i m b   s t e p s  a t  t h e   c r u i s e  Mach number are n o r m a l l y   i n  
i n t e r v a l s  of 610 m (2000 f t ) ,  and   an   i t e r a t ion   p rocedure   i n   t he   s ea rch - fo r -  
c r u i s e - a l t i t u d e   l o g i c   d e t e r m i n e s   t h e  start-of-cruise a l t i t u d e  to  w i t h i n  15 m 
(50 f t )  o f   t he  optimum. 

Sample I n i t i a l  C l i m b  C a l c u l a t i o n  

The climb performance to t h e  s t a r t  of cruise, ca l cu la t ed   a long   t he  pro- 
f i l e  o f   f i g u r e  1 a n d   u t i l i z i n g  maximum e n g i n e   t h r u s t ,  is p r e s e n t e d   i n   f i g u r e  2 
f o r   t h e   s a m p l e   a i r c r a f t   w i t h   a n   i n i t i a l  climb weight  of 214 kN (48 193 l b f ) .  
This  weight  corresponds to  a take-off   weight   with  external   tanks  of  219 kN 
(49 290 l b f )  less the   t ake -o f f   fue l   a l l owance .  C l i m b  to  t h e   s t a r t - o f - c r u i s e  
a l t i t u d e  consumes 1.70 Mg (3747 lbm) o f   f u e l  and a t t a i n s  a range  of 78.5 km 
(42.4 n. m i . )  i n   o n l y  3.5 minutes.  A s  would be  expected  with  the  high T/W 
(0.93), no rate-of-cl imb limits are encountered,   and  the cruise a l t i t u d e   o f  
15.4 km (50 650 f t )  is determined  on  the basis of  optimum cruise performance. 
The cruise Breguet   fac tor  is 72.7 km-N/g (4005 n. m i . )  f o r   t h e   a i r c r a f t   w i t h  
t h e   e x t e r n a l  f u e l  tanks  and weapons aboard. The cruise e f f i c i e n c y   f o r   o t h e r  
s tore  combinations is d i s c u s s e d   i n  a subsequent   sec t ion .  

E f f e c t   o f   I n i t i a l  C l i m b  Weight 

The v a r i a t i o n   o f   t h e   f i n a l   v a l u e s   o f   t h e  major climb performance param- 
eters w i t h   i n i t i a l  climb weight  is p r e s e n t e d   i n   f i g u r e  3. These are t h e  climb- 
segment  parameters used by the   mi s s ion  modules to d e t e r m i n e   t h e   s t a r t - o f - c r u i s e  
weight,  range,  and a l t i t u d e  f o r   a n y   i n i t i a l   c l i m b   w e i g h t .  The va lues  a t  t h e  
h e a v i e s t   i n i t i a l   w e i g h t  are the  same performance  data  shown i n   f i g u r e  2. A l l  
t h e   d a t a  shown i n   f i g u r e  3 are f o r   t h e  same a i r c r a f t   s i z e   ( t h a t  is, t h e  wing 
area and   t he   eng ine   s i ze   a r e   f i xed ) ;   t he re fo re ,   t he  data represent   performance 
v a r i a t i o n s  as weight is reduced   ( fue l  is expended).  As mentioned  previously,  
t h e   i n i t i a l   w e i g h t s  are selected to cover   the   range   of   weights   tha t  are l i k e l y  
to  occur th roughou t   t he   mi s s ion   p ro f i l e .  

Inbound C l i m b  

I f   t he   i nbound   ( r e tu rn )  climb of a p a r t i c u l a r   m i s s i o n   p r o f i l e  does no t  
begin a t  t h e  same Mach and a l t i t u d e   c o n d i t i o n s  as the  outbound climb, the  seg- 
ment data for   the   ou tbound  c l imb  cannot  be used d i r e c t l y  to  r e p r e s e n t   t h e  
return-climb  performance. As the  climb c a l c u l a t i o n s  are made f o r   e a c h   i n i t i a l  
a i r c ra f t   we igh t ,   i nc remen t s   i n   t he   we igh t ,   r ange ,  and time required to  cl imb t o  
an   ene rgy   l eve l   r ep resen t ing   t he   r e tu rn  start-of-climb cond i t ions  are r e t a i n e d  
as p a r t  of the  segment data. By subt rac t ing   these   increments   f rom  the   appro-  
pr ia te  in i t ia l -c l imb-segment   quant i ty ,  a second set  of climb data is developed, 
which   represents   the   per formance   f rom  the   re turn   s ta r t -of -c l imb  condi t ions  t o  
t h e   r e t u r n   s t a r t - o f - c r u i s e   c o n d i t i o n s .  
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Assumptions 

There are two assumptions inherent i n  the use  of the climb-segment data. 
The f i r s t  assumption is that  the climb Mach-number-altitude profile and the 
cruise Mach  number m u s t  be the same for  the outbound and  inbound mission seg- 
ments. T h i s  is not considered to  be a significant assumption, because most 
military  profiles  are  defined i n  t h i s  manner.  The second assumption is that  
the  aircraft  external  configuration is the same for  the outbound and inbound 
climbs. T h i s  is not  the  case  for many mission definitions i n  which external 
fuel tanks  are dropped when empty, or i n  which large  external weapons are 
dropped a t  the combat (or radius)  station. The effect  of the second assump 
tion on overall mission performance is described i n  de ta i l  i n  the  discussion 
of the air   superiority mission profile. Sample calculations show the  effect 
t o  be small, and a procedure to  evaluate t h i s  assumption is b u i l t  into  the 
program. 

Cruise Segment 

The a i rc raf t  weight and al t i tude and the  associated Breguet cruise  factor 
are determined during  the climb calculations  previously  discussed. The cruise- 
segment data  represent  the  variation of the Breguet factor w i t h  a i rc raf t  weight. 
The cruise segments of a l l  mission profiles  are  calculated  as  single-step 
Breguet cruises. For profiles which  have relatively short-range  cruise  require- 
ments, the Breguet factor  at  the  start-of-cruise weight is used to  compute the 
performance. For the long-range cruise of  module 5, an average of the  ini t ia l  
and f ina l  Breguet factors is used to  calculate  the range. 

Loiter Segment 

The loi ter  or  holding  operation is a steady  (nonaccelerating) f l i g h t  condi- 
t ion  at  a fixed  altitude  for a given period of time. The performance parameter 
of primary interest  is the  fuel flow rate. For a given Mach  number and alt i tude,  
an i terat ive procedure is used to  solve  the  equations of motion for  the l i f t  
coefficient and engine throttle  setting  required  to  sustain  steady  level  flight. 
The fuel flow rate  associated w i t h  the  thrott le  sett ing is the  required  loiter 
fuel flow. These calculations  are made at   three Mach numbers, and the  lowest 
fuel flow is used. Figure 4 presents  the  results of the  loiter  calculations  for 
four  values of a i rc raf t  weight. Note that  the  loiter  fuel flow is sensitive  to 
a i rc raf t  weight. When the mission-module logic  interpolates  these  data,  the 
average of the  actual mission  weights  before and af te r   lo i te r  is used to  deter- 
mine the mission lo i te r   fue l  flow. 

Dash  Segment 

The dash or low-level penetration is essentially a cruise   a t  a constant 
altitude. The mission specifications  usually  define b o t h  the f l i g h t  al t i tude 
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and the Mach  number.  For t h i s  mode  of f l i g h t ,  the  performance  parameter of 
interest  is the  specific-range  factor, which is defined  as  the  aircraft  velocity 
divided by the  fuel-flow  rate. The specific-range  factor is an instantaneous 
cruise  efficiency,  as it is a measure of the  distance  that can  be traveled  for 
a  given amount  of fuel. An i terative  solution of the  equations of motion is 
employed to  obtain  the  required  fuel-flow  rate. The results of the dash-segment 
calculations  are  presented i n  figure 5 for  four  values of a i rc raf t  weight. Per- 
formance is shown for  the  aircraft wi th  and without external weapons. A s  was 
the  case w i t h  the  loiter-segment  data,  the  specific-range  factor is a strong 
function of a i rcraf t  weight. When these  data  are  interpolated by the mission 
module, an average dash-segment weight is used for  the independent variable. 

Combat  Segment 

Combat  Weight Specifications 

T h i s  segment calculates  the  fuel allowance required  to perform the combat 
operations  specified i n  each mission definition. Because of the wide variety 
of  combat definitions, t h i s  segment module contains a number  of optional calcu- 
lations  that may  be selected  to  represent many fuel-allowance  specifications. 
The reference  aircraft weight (combat weight) a t  which the combat fuel allow- 
ances are  to be calculated is an important  consideration. Some mission  speci- 
fications  identify  the combat weight i n  terms of a percent of the  fuel  capacity 
of the aircraft  (e.g., weight w i t h  50 percent of internal  fuel). Other m i s -  
sions  specify  that  the combat weight be the  actual weight of the  aircraft when 
it reaches  the combat station  (overall mission radius). The former specifica- 
tion  results i n  combat fuel allowances that  are independent of the  other seg- 
ments of the  mission definition (i. e.,  the  calculated combat fuel allowance is 
the same for a l l  mission radius  trade-offs). The la ter  combat weight definition 
results i n  a variable combat fuel allowance w i t h  changes i n  mission  radius. 

The options  available w i t h i n  the program for  the  reference combat weight 
are the aircraf t  OWE w i t h  a fraction of the internal  fuel remaining,  the air- 
c ra f t  TOGW w i t h  a fraction of the  total  fuel  (internal  plus  external) removed, 
or  the actual weight of the aircraf t   a t  the combat radius. The third combat 
weight option is a calculation of the combat fuel allowance for a series of four 
weights. Thus,  the combat fuel  for  the  actual  aircraft weight can  be interpo- 
lated  during  the  mission-balancing  logic. 

Combat Fuel-Allowance Options 

A t  the  present time there  are  four combat fuel-allowance  specifications 
available i n  the combat-segment  module. Additional  requirements may  be inserted 
as  desired  to  represent new specifications. 

Specific power.-  The f i r s t  combat fuel-allowance  option is specified  as the 
fuel  required  to  increase  the  specific-energy  level of the  aircraft. The spe- 
c i f   i c  energy E, is the to ta l  energy of the a i rc raf t  per u n i t  of a i rcraf t  
weight. The time required  to accomplish the  increase i n  E, is determined by 
the energy rate, or specific power a t  a  given f l i g h t  condition. The fuel allow- 
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ance is the  product of the  fuel flow a t  the  flight  condition and the  resulting 
time interval.  Specific power Ps is the  instantaneous  excess power per u n i t  
of a i rc raf t  weight and is expressed i n  m/s  (ft/sec)  as 

Ps = [ Tg cos (a + 6 )  - Dr - D]V/W 

Specific power is calculated  for a specified Mach  number, alt i tude,  load factor, 
and throt t le   set t ing.  The a i rc raf t  drag D i n  the  preceding  equation is asso- 
ciated w i t h  the l i f t  and angle of attack  that  are  obtained from an i terat ive 
solution of the  expression  for  load  factor, which is 

n = [ L  + Tg s i n  (a + 6)l/W 

Figure 6 presents,  as a function of a i rc raf t  weight, the  specific power  and  com- 
bat  fuel allowance based on a specific energy increase of 43.9 km (144 000 f t )  
and typical combat specifications. 

Specified Mach number, alt i tude,  and thrott le  sett ing.-  The second combat 
fuel-allowance  option is calculated  as  the  fuel  required  to f i g h t  for a given 
time interval  at  a specified Mach  number, alt i tude,  and thrott le  sett ing.  The 
fuel  required is independent of a i rc raf t  weight and aerodynamic characteristics. 
I t  is calculated  as  the product of the time interval and the  engine  fuel flow 
for  the given f l i g h t  conditions. For the sample a i rc raf t ,  combat for 2 minutes 
a t  M = 1 . 2  and h = 9144 m (30  000 f t )  a t  maximum augmented thro t t le  would 
require 973 kg (21  44 lbm) of fuel. 

Acceleration ~~ to  combat.-  The third combat fuel-allowance  option is similar 
to  the  previous  option  except  that it requires a constant  altitude  acceleration 
before combat begins. The acceleration is calculated i n  a stepwise  fashion 
similar  to  that  described  for  the climb segment. The fuel expended during  the 
acceleration is a function of both the weight and the aerodynamic characteris- 
t i c s  of the  aircraft ,  so these  calculations  are  repeated  for  four  representative 
combat weights. The individual  fuel requirements for  acceleration and  combat 
are shown i n  figure 7 for a typical  set  of  combat specifications. 

Accelerate and maneuver.- The fourth combat fuel-allowance  option is speci- 
f ied  as t h e  sum of three  fuel requirements. The f i r s t  requirement is an accel- 
eration  at  constant  altitude, which is calculated  as  described i n  the  third 
option.  After  the  acceleration, two se ts  of sustained  turn maneuvers are 
required. Each  maneuver is calculated  at a given Mach number, alt i tude,  and 
throt t le   set t ing  for  a given number  of turns, and a t   t he  maximum load  factor  for 
sustained  flight. T h i s  load  factor is found by a technique which involves  cal- 
culation of the  variation of Ps w i t h  load  factor  to determine  the  load  factor 
for which Ps is zero. The variation of Ps w i t h  load  factor is shown i n  f ig-  
ure 8 for a typical  set  of  combat specifications and a combat weight of 160 k~ 
(36 000 l b f ) .  The  maximum sustained  load  factor is 3.09  a t  M = 0.90 and 4.47 
a t  M = 1.20. Turns a t  load factors  less than the maximum sustained  load  factor 
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( w i t h   p o s i t i v e  Ps) would g a i n   a l t i t u d e  or speed;   tu rns  a t  h igher  load f a c t o r s  
(wi th   nega t ive  Ps) would lose a l t i t u d e  or speed. 

The f u e l   r e q u i r e d   f o r   e a c h   t u r n  maneuver is the   p roduc t  of t h e  number of 
t u r n s   s p e c i f i e d ,   t h e  time required fo r   each   t u rn ,   and   t he   fue l - f low rate. The 
r e l a t i o n s h i p   o f   t u r n  ra te  ( i n   d e g r e e s  per second)  to  t h e   l o a d   f a c t o r  is g iven  
by 

180g \ F 1  
TURN RAW = 

V 

The i n d i v i d u a l   f u e l   r e q u i r e m e n t s   f o r   t h e   a c c e l e r a t i o n   a n d   t h e  t w o  se ts  of sus-  
t a i n e a   t u r n s  are p r e s e n t e d   i n   f i g u r e  9 as a f u n c t i o n   o f   a i r c r a f t   w e i g h t .  The 
f u e l  required fo r   t he   t u rn   maneuver s  is f o r  a s i n g l e  360° tu rn   and  is based on 
the   i n s t an taneous   t u rn  ra te  c a l c u l a t e d   f o r   t h e   w e i g h t  a t  the   beginning   of   the  
tu rn .  When t h i s  combat-segment data is u t i l i z e d   i n   t h e   m i s s i o n  module to cal- 
culate t h e  t o t a l  f u e l   a l l o w a n c e   f o r   t h e   a c c e l e r a t i o n   a n d   t h e   s p e c i f i e d  number 
of   tu rns ,  t w o  o p t i o n a l  summing techniques  are a v a i l a b l e .  A l l  t h e   i n d i v i d u a l  
combat components  can  be  determined  on  the basis of a s i n g l e   f i x e d  (i. e., t h e  
combat we igh t ) ,  or t h e  component f u e l s   c a n  be assembled o n   t h e   b a s i s   o f   t h e  
actual  c h r o n o l o g i c a l   w e i g h t   t h a t   e x i s t s  a t  t h e  s t a r t  of  each  maneuver. For 
t h e  l a t t e r  o p t i o n ,   a n   i t e r a t i v e   p r o c e d u r e  is used to accoun t   fo r   t he   we igh t   o f  
fue l   burned   dur ing   each  set of  turn  maneuvers. 

A l l  c a l cu la t ions   o f  combat fue l   a l l owances  assume t h a t   t h e   e x t e r n a l   t a n k s ,  
i f  car r ied   dur ing   the   ou tbound  segments   o f   the   miss ion   prof i le ,   have   been  
dropped;   thus ,   the   t ank   drag-coef f ic ien t   increments  are n o t   i n c l u d e d   i n   t h e  
a i r c r a f t   d r a g .   I n   a d d i t i o n ,   w i t h   t h e   e x c e p t i o n   o f   t h e   s u s t a i n e d   t u r n   m a n e u v e r s  
of   the las t  combat o p t i o n ,   c a l c u l a t i o n s   o f  Ps do  no t   inc lude   the   d rag-  
c o e f f i c i e n t   i n c r e m e n t s   f o r   t h e   e x t e r n a l  weapons.  The values   of  P, r e p r e s e n t  
t he   ene rgy-maneuverab i l i t y   cha rac t e r i s t i c s   o f  a " c l e a n "   a i r c r a f t   c o n f i g u r a t i o n .  
I f  a n y   m i s s i o n - p r o f i l e   s p e c i f i c a t i o n  requires tha t   t he   s to re -d rag   i nc remen t s  be 
i n c l u d e d   i n   t h e  Ps c a l c u l a t i o n s ,   t h i s   c a n  be a c c o m p l i s h e d   e a s i l y   f o r  selected 
p r o f i l e s .  

Descent  Segment 

The descent   and   dece lera t ion   segments   o f  most m i l i t a r y  profiles are spec i -  
f i e d  as "non-segments"  with no c r e d i t   f o r   r a n g e   g a i n e d  or fue l   expended .  The 
p resen t   p rog ram  r ep resen t s   t he   f i na l   descen t   w i th   i nc remen t s   i n   r ange ,  time, 
and fue l   burned .  The increments  mus t  be estimated e x t e r n a l l y .  The fuel-burned 
increment may be i n p u t  as a percentage  of  the  weight a t  the  end  of   the  descent ,  
so t h a t  i t  i n c r e a s e s   p r o p o r t i o n a l l y   w i t h   i n c r e a s e s   i n   t h e   l a n d i n g   w e i g h t  of t h e  
a i r c r a f t .   I n   t h e   m i s s i o n  modules ,  any   descen t s   o the r   t han   t he   f i na l   descen t  are 
non-segments  with no range, time, or f u e l  credits. An excep t ion  is the   p re-  
t a r g e t   d e s c e n t   i n   m i s s i o n  m o d u l e  4. The outbound  descent   increments   of   fuel   and 
range are sca l ed   f rom  the   f i na l   descen t   i nc remen t s ,   based   on  a ra t io  of   the a i r -  
c r a f t   w e i g h t s .  
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Reserve  Segment 

The   r e se rve   fue l   a l l owance   fo r  a m i l i t a r y   m i s s i o n  is g e n e r a l l y   s p e c i f i e d  
i n  terms of a pe rcen tage   o f   fue l   capac i ty ;  or a g iven  number of  minutes  of 
eng ine   ope ra t ion  a t  s e a - l e v e l - s t a t i c   f u e l  f l o w ,  or some combinat ion  of   these or 
similar modes. Because o f   t h e   v a r i e t y   o f   r e s e r v e   f u e l   d e f i n i t i o n s  among t h e  
mi l i t a ry   s e rv i ces   and   t he   mi s s ions ,   t he   r e se rve - segmen t  module c o n t a i n s   s i x  
o p t i o n a l   c a l c u l a t i o n s  which may be selected  to r e p r e s e n t  many f u e l   s p e c i f i c a -  
t i o n s .  The o p t i o n s  may b e   s e l e c t e d   i n d i v i d u a l l y  or in   combina t ion   in   any  
sequence. The o p e r a t i o n a l   r e s e r v e  modes are l i s t e d   i n   t a b l e  2. They v a r y   i n  
complexity  from a simple fuel-weight   increment  t o  t h e   c a l c u l a t i o n   o f   t h e   f u e l  
r e q u i r e d  to  hold  or loi ter  f o r  a g iven  period of  time. The r e se rve   desc r ip -  
t i o n s   o f   t a b l e  2 are s e l f   e x p l a n a t o r y   w i t h   t h e   e x c e p t i o n   o f  mode 5. I f   d e s i r e d ,  
t h e   h o l d   c a l c u l a t i o n s  of mode 5 may be  performed a t  f i v e  Mach numbers,  and t h e  
Mach number w i t h   t h e  lowest f u e l   f l o w  would  be se l ec t ed .   The   fue l   f l ow is 
de te rmined   f rom  the   eng ine   t h ro t t l e   s e t t i ng  required to ma in ta in  a s t e a d y   l e v e l  
f l i g h t   c o n d i t i o n  a t  each par t icular  Mach number a t  a g i v e n   a l t i t u d e .  The weight  
b a s i s   f o r   t h e s e   c a l c u l a t i o n s  is the   l and ing   we igh t   o f   t he   a i r c ra f t   fo r   t he  par- 
t icular mission. The a i r c r a f t   d r a g  is c a l c u l a t e d   f o r   t h e   e x i s t i n g   e x t e r n a l  
store c o n f i g u r a t i o n  a t  the  end  of   the  mission.  For t h e  sample a i r c r a f t ,   w i t h  a 
weight  of  107 kN (24 000 l b f )  , a lo-minute  hold a t  an a l t i t u d e   o f  1.52 km 
(5000 f t )  , conducted a t  a Mach number of 0.40, requires 401 kg (883 lbm)  of 
r e s e r v e   f u e l .   S i n c e   t h e   r e s e r v e   f u e l   a l l o w a n c e  is n o t   a f f e c t e d  by the  mission-  
r a d i u s   t r a d e s ,   t h e   r e s e r v e s  are ca lcu la ted   on ly   once   for   each   miss ion .  I f  addi- 
t i o n a l   c a l c u l a t i o n s  are d e s i r e d ,   e i t h e r  €or a c h a n g e   i n   a i r c r a f t  OWE or for a 
change i n   s i z i n g  (T/W or W/S) o f   t h e   a i r c r a f t ,   t h e   r e s e r v e   f u e l  is r e c a l c u l a t e d  
as r e q u i r e d  cor each  mission.  

Conf i2u ra t ion  - - Changes 

Types  of  Changes 

Conf igura t ion   changes   occur  when any e x t e r n a l l y  mounted store is expended 
du r ing  t h e  mis s ion .   Each   mi s s ion   de f in i t i on   spec i f i e s   t he  stores ( f u e l  t a n k s  
and  weapons) t o  be carr ied  and  whether   they are   to  be r e t a i n e d  or dropped dur- 
i ng   t he   mi s s ion .  Each e x t e r n a l  store is rep resen ted  as an  incremental   weight  
and   an   i nc remen ta l   d rag   coe f f i c ine t  as a f u n c t i o n   o f  Mach number. I n t e r n a l  

I f  the user wishes to  r e t a i n   t h e   e x t e r n a l   t a n k s  for a miss ion   module   tha t  is 
designed to d r o p   t h e   t a n k s ,   t h e r e  is s u f f i c i e n t   i n p u t   f l e x i b i l i t y  t o  r e p r e s e n t  
r e t e n t i o n   o f   t h e   t a n k s .   I n   g e n e r a l ,  a l l  mi s s ion   p ro f i l e s   have   t he   capab i l i t y  to 
r e t a i n  or to d r o p   t h e   e x t e r n a l  weapons a t  the  combat (or r a d i u s )   s t a t i o n .  As 
i n d i c a t e d   i n  table 1 ,  three o f   t h e   f i v e   p r o f i l e s   h a v e   e x t e r n a l - t a n k   c a p a b i l i t y ,  
b u t   t h e   l o g i c   f o r   r e t a i n i n g  or dropping   these  stores v a r i e s   w i t h   e a c h   p r o f i l e .  
T h e s e   d e t a i l s  are p resen ted   i n   t he   subsequen t   d i scuss ions   o f   t he   i nd iv idua l  m i s -  
s ions  modules.  

. weapons may be   represented  by a weight  increment  and a d rag   coe f f i c i en t   o f   ze ro .  
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Acceleration and C l i m b  

I n  the acceleration-and-climb-segment module, the performance is calcu- 
lated on the  assumption that the external  stores  are  to be retained until the 
end-of-climb (start-of-cruise) p o i n t  is reached. T h i s  is a reasonable  assump 
tion because  the external  fuel load is usually  selected  to accomplish both  the 
climb and a portion (sometimes a l l )  of the outbound cruise segment. For pro- 
f i l e s  which specify  that  the  stores be dropped during  the  mission,  the inbound 
(return) climb  performance is conservative because it is interpolated from the 
climb-segment data, which include  the effect  of the  store-drag  increments. The 
amount  of conservatism depends on  many factors, such as  the  aircraft s i z i n g  
(excess  thrust  capability), the  climb profile, and, of course,  the magnitude of 
the combined store-drag  increments w i t h  respect  to  the drag of the  clean  air- 
craft .  The overall  effect i n  terms of mission radius is discussed  for  the sam- 
ple  aircraft  i n  a  subsequent section. 

Cruise 

The search  for  the  best  start-of-cruise  altitude is also based on the  air- 
c ra f t  w i t h  the  store-drag  increments  included. I f  the profile  definition 
specifies  that  either  the  fuel  tanks or  the weapons are  to be dropped, the  cal- 
culations  for  the  cruise Breguet factor  are  repeated  for  the  appropriate 
aircraft-store  configurations. The Breguet factors  for  these  alternate config- 
urations  are  retained  as  part of the segment data  for use i n  determining  the 
cruise performance after  the  stores  are expended. The variation of the Breguet 
factor w i t h  a i rc raf t  weight for  the sample aircraf t ,  wi th  and without external 
stores, is presented i n  figure 1 0  for a cruise Mach  number  of 1.60. The lower 
curve of figure 10 ,  for  the ai rcraf t  w i t h  external tanks and  weapons,  would be 
used i n  the mission module for  the outbound cruise. Mission definitions which 
permit  the  tanks  to be dropped when they are empty  would use  the  middle 
curve (which excludes the tank-drag  increment) to continue  the outbound cruise 
af ter  the  tanks  are dropped. The upper curve, which represents the  clean  air- 
craf t ,  would  be used for  the  return (inbound) cruise  if  the weapons are expended 
a t  the combat station. 

I t  should be noted that  the two  upper curves  are  calculated  at  the  alti- 
tudes which  were selected  for  cruise w i t h  the  external  stores. A s  an indication 
of the  effect of t h i s  assumption, the  cruise Breguet factors  for a clean  air- 
c ra f t  have  been calculated, and the  results  are shown as symbols i n  figure 10. 
These latter  calculations were  made a t  the altitudes  for  the  best  cruise  perfor- 
mance  of the aircraf t  w i t h  no external  stores. The  upper curve is i n  good 
agreement w i t h  the  actual  clean-aircraft  efficiency. The present procedure is 
about 2 percent  conservative  at lower a i rc raf t  weights, which are  representative 
of the  return  cruise  conditions. 

Loiter 

The lo i te r  fuel-flow  calculations  are made for  the  aircraft w i t h  the  exter- j 

nal weapons aboard. A t  the  present time, no other  aircraft  configurations  are 
'I 
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included i n  the  calculations, because no mission definitions w i t h  other  store 
specifications have  been encountered. 

Dash 

The dash specific range factors  are  calculated on the assumption that  the 
external  fuel tanks are dropped before  the dash segment begins; therefore, the 
external tank-drag  increments are not considered. If  the mission specifies  that 
the weapons are  to be expended, the dash calculations  are made w i t h  and without 
the weapon-drag increments. Both sets  of range factors  are  retained  as segment 
data  for use i n  determining  the outbound and  inbound dash performance. 

Reserves 

A s  mentioned previously,  the  reserve  fuel allowance for  holding is cal- 
culated  for  the  external-store  configuration  that  exists  at  the end  of the 
mission. 

MISSION-PROFILE MODULES 

Gener-a1 Considerations 

A s  discussed briefly i n  preceding sections of t h i s  paper, there  are  five 
mission modules i n  the program (table 1 ) .  Each  of these modules is  designed t o  
determine  the performance for a specific  military mission w i t h  its associated 
ground rules and profile  definitions. The mission module controls the  calcu- 
lation of the  required mission-segment performance w i t h  appropriate  store con- 
figurations. The segment data is then utilized  to  calculate  the  overall 
mission performance w i t h  balanced outbound and  inbound radi i  and w i t h  the spec- 
i f ied combat fuel allowance. Alternate mission profiles,  w i t h  different  radii  
and  combat fuel allowances,  are  also  calculated u s i n g  the segment data. Subse- 
quent sections of t h i s  paper describe each mission profile and present examples 
of performance results  appropriate  to each. For the sample cases,  the  aircraft 
s i z i n g  and store combinations, as well  as  the  choice of f l i g h t  conditions 
for  cruise, dash, and holding operations,  are  not  intended to  represent  best or 
optimum conditions. They are  selected  solely  to  i l lustrate  the  available fea- 
tures of each module. Special  features or options  peculiar  to each  mission prc- 
f i l e   a r e  described and, i n  most cases,  illustrated w i t h  typical  results. 

Mission Profile 1 - Air-Superiority 

Mission Description 

The f i r s t  mission module represents an air-superiority  profile w i t h  a low- 
level  penetration  to  the combat.  The Hi-Lo-Lo-Hi profile is shown schematically 
i n  table 3 with  a general  description of each  mission segment. The items 
listed  as  inputs  for each  segment are  the major inputs which are used to  define 
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t h e   m i s s i o n   i n   g r e a t e r  detail.  The word "opt ions"  appears for miss ion  segments 
which  have two or more op t iona l   ca l cu la t ions ,   and   r ep resen t s   t he   s egmen t   w i th  a 
f u e l  allowance. These  segments are t h e  take-off, combat, a n d   r e s e r v e   f u e l  
a l lowances .   The   inputs   for   each   op t ion  are described i n   t h e   i n d i v i d u a l  segment 
d i s c u s s i o n s .  The climb Mach-number-alt i tude  schedule  and  the  cruise Mach num- 
ber de f ine   t he   c l imb   and   t he   ou tbound   c ru i se   s egmen t s   wh ich  are i n t i a l l y  calcu- 
la ted for t h e  desired c r u i s e   r a d i u s .  The dash  segments are d e f i n e d  by a dash  
Mach number, a dash a l t i t ude ,  and a d e s i r e d   d a s h  radius. The  inbound  dash is 
assumed to  be e q u a l  to the  outbound  dash  radius ,   unless   the  inbound  dash  radius  
is s p e c i f i c a l l y   i n p u t  as a ze ro   d i s t ance .   Fo r   such  a case, t h e   r e t u r n  climb to 
p r o f i l e  p o i n t  13  would  begin  immediately after t h e  combat wi th  no r e t u r n   d a s h ,  
and   t he  result  would be a Hi-Lo-Hi p r o f i l e .   T h e  weapon is r e t a i n e d  t o  the   end  
of   the  mission i f  t h e  weapon weight is i n p u t   w i t h  a p o s i t i v e   s i g n .  A negat ive  
s i g n   c a u s e s   t h e  weapon weight to  drop before   the  combat .  

Ex te rna l   t anks  

I f   e x t e r n a l   t a n k s  are carried, t h e y  are dropped when empty d u r i n g   t h e   o u t -  
bound c r u i s e ,  as i n d i c a t e d   i n   t a b l e  3. Two r e s t r i c t i o n s  are imposed  on t h i s  
l o g i c ;   f i r s t ,   i f   t h e   t a n k s  are empt ied   dur ing   the  climb t o  t h e  s t a r t  of c r u i s e ,  
they  are dropped a t  p r o f i l e   p o i n t  3; secondly,   tanks are n o t  carried beyond pro- 
f i l e  po in t   6 .  Even i f  t h e y   c o n t a i n  f u e l ,  t he   t anks   and   any   r ema in ing   ex te rna l  
f u e l  are dropped when t h e   a i r c r a f t   r e a c h e s   t h e   c r u i s e   r a d i u s   ( p o i n t   6 ) .   I n  an 
e a r l y   d e f i n i t i o n   o f   t h e   a i r - s u p e r i o r i t y   m i s s i o n ,   t h e   t a n k s  were a lways   r e t a ined  
t o  p r o f i l e   p o i n t  6 and  then  dropped j u s t  as the   descen t   began .   Th i s   t ank   l og ic  
is s t i l l  ava i l ab le ,   and  when it is selected it o v e r r i d e s  a l l  other   tank-drop 
l o g i c .  

Sample C a l c u l a t i o n s  

R e s u l t s   o f   c a l c u l a t i o n s  for mission prof i le  1 are p r e s e n t e d  i n  f i g u r e  11 
for t h e  a i rc raf t  wi th   ex te rna l   t anks   and  a TOGW of 219 kN (49  290 l b f ) .  The 
r e su l t i ng   t ake -o f f  T/W is 0.93 and W/S is 3.28 kPa (68 .5   l b / f t2 ) .  The air-  
c r a f t   w e i g h t   a n d   f l i g h t   a l t i t u d e  are shown as f u n c t i o n s   o f   t h e   m i s s i o n   r a d i u s .  
S t r a i g h t  l i n e s  are used to c o n n e c t   t h e   a c t u a l   p r o f i l e - p o i n t   d a t a .  The  follow- 
i n g   s p e c i f i c   g r o u n d   r u l e s  were used to d e f i n e   t h e   m i s s i o n :   T h e   t a k e o f f   f u e l  
allowance selected is the   op t ion   which   involves   engine   opera t ion .   This   op t ion  
consumes  498 kg (1097  lbm)  of  fuel. The cl imb is ca lcu la t ed   a long   t he   s ched-  
u l e  shown i n  f i g u r e  1 u s i n g  maximum power. F o r   t h i s   m i s s i o n   o p t i o n ,   t h e   e x t e r -  
n a l   f u e l  is burned  during  the  take-off  and  climb  segments,  and t h e   t a n k s  are 
dropped a t  the   end   of   the   c l imb.  The h i g h - a l t i t u d e   c r u i s e  is a t  a Mach 
number of 1.60 wi th  a d e s i r e d  cruise range of 1111 h (600 n. m i . ) .  The low- 
l e v e l   p e n e t r a t i o n  is conducted a t  a Mach number of 0.80 a t  a n   a l t i t u d e   o f  
61 0 m (2000 f t )  , with  a desired rad ius   o f   185  )an (1 00 n. m i .  ) . The combat f u e l  
allowance selected is t h e   o p t i o n   r e q u i r i n g   a n   i n c r e a s e   i n   t h e   s p e c i f i c - e n e r g y  
E, l e v e l  of t h e  a i rc raf t .  The a v a i l a b l e  specific power P, is c a l c u l a t e d ,  for 
a f ixed   r e fe rence   we igh t ,  a t  a Mach number of 1.20   and   an   a l t i tude  of 1524 m j 
(5000 f t ) .   F o r  E, = 43.9 km (144 000 f t ) ,  t h e   f u e l  allowance r e q u i r e d  for com- 
b a t  is 1571 kg (3463  lbm) . The r e s e r v e   f u e l   a l l o w a n c e  is c a l c u l a t e d  as t h e   f u e l  i 

r e q u i r e d  t o  loi ter  a t  an a l t i t ude  of 1524 m (5000 f t )  for 10  minutes.   The E 
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loi ter  is conducted a t  a Mach  number  of 0.40 and requires 401 kg (883 lbm) of 
fuel. The primary mission resul ts  shown i n  figure 11 indicate  that w i t h  the 
desired  cruise  radius of 1111 km (600 n. m i . )  and w i t h  the  specified combat 
allowance, the  dash-radius  capability is 298 km (1  61 n. m i .  1 .  

Sample Alternate Mission Calculations 

Two additional  mission  options  are  calculated  for t h i s  profile, w i t h  a l ter-  
nate  radii. With one option, a desired 1111 km (600 n. m i . )  cruise  radius and  a 
185 )an (1 00 n. m i .  ) dash radius is assumed,  and t h e  fuel  available  for combat is 
calculated  to be 72 percent  greater  than  the  specified allowance. With the  other 
option, t h e  desired-radius and t h e  specified combat allowance are assumed,  and  a 
cruise  radius of 1496 km (808 n. m i . )  is calculated. These three  sets of m i s -  
sion  results  are  calculated’each time t h i s  mission module is selected. A sample 
of the summary output  l ist ing  for t h i s  module is presented i n  table 4. (Defini- 
tions of the  output  parameters  are given i n  appendix B ) .  These three  missions 
are  referred  to  as  options 1, 2,  and 3, respectively. The weight, range and 
alt i tude  are  l isted  for each profile  point. Note that  t h e  combat fuel allowance 
is t h e  same for  options 1 and 3 because the  selected combat option is indepen- 
dent of the  actual combat weight. 

Additional Performance Quantities 

Two additional performance quantities  are computed using t h i s  mission mod- 
ule. The f i r s t  is a level  acceleration  for a given Mach  number schedule. The 
second is concerned w i t h  the  energy-maneuverability characterist ics of the  air- 
craft .  The calculations  are independent of the  mission-profile  results,  except 
that  they  are based  on the   in i t ia l  combat weight of the option-1  mission. For 
the sample a i rc raf t ,  an acceleration from Mach = 0.80 t o  Mach = 1.30 a t  an 
al t i tude of 10.7 km (35 000 f t )  requires 35 seconds. The acceleration  perfor- 
mance is computed without  the  external  tanks. The second calculation determines 
the  instantaneous  specific power  and turn-rate  capability  for 1 2  .preselected 
f l i g h t  conditions. The specified  conditions  are Mach number, alt i tude,  load 
factor, and engine power setting.  Results of these  calculations may  be compared 
w i t h  results  previously determined  for a l ternate   a i rcraf t   s izes  or w i t h  a s e t  of 
energy-maneuverability  requirements which might represent an  enemy aircraf t .  
The performance is computed for  the  clean-aircraft  configuration w i t h  no exter- 
nal  stores. These calculations  are performed without the  mission-profile  calcu- 
lations i f  the outbound cruise radius is input  as  zero. 

Effect of Stor e-Dr ag  Assumptions 

This  mission prof i le  is used to  indicate  the  effect of the assumption that,  
even though the  external  tanks and  weapons are dropped before  the  return climb 
begins,  the  external  store-drag  increments may be included i n  t h e  return climb 
performance. Two steps  are  required  to determine the  effect  of the  store drag 
on the  return climb. The f i r s t  step is a separate run,  without the  store-drag 
increments, to  generate  the climb-segment data  for  the  clean  aircraft. The 
second s tep is to  recalculate t h e  mission wi th  t h e  external  stores, b u t  w i t h  the  
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new clean-segment data superimposed in   the   miss ion-module  logic f o r   t h e   r e t u r n -  
climb and cruise segments.  The results of the   second step r e p r e s e n t   t h e  
exact   mission  performance,   and  the profile p o i n t s   t h a t  are a f f e c t e d  are plotted 
wi th  square symbols i n   f i g u r e  11.  The o v e r a l l   m i s s i o n  radius is 1420 km 
(767 n. mi.), with  a dash   rad ius   o f  309 km (167 n. m i . ) .  The e f f e c t  of  the 
store-drag  assumption  on  dash rad ius  i n   t h e   o r i g i n a l   c a l c u l a t i o n s  is s h o r t  (con- 
s e r v a t i v e )  by 11 km ( 6  n. m i . ) .  The range  decrement is be l i eved  to  be t y p i c a l  
f o r  a m i s s i o n   o f   t h i s   t y p e  and could be cons idered  as a t o l e r a n c e   o n   s u p e r s o n i c  
cruise mis s ions   employ ing   r e l a t ive ly   l a rge   ex te rna l  stores which are dropped 
du r ing   t he   mi s s ion .  The decrement  would be less for a miss ion   wi th  a subsonic  
cruise segment,  and is, of course, dependen t   on   a i r c ra f t   con f igu ra t ion ,   t he  rel- 
a t ive   magn i tude   o f   t he  store d r a g ,   a n d   t h e   s p e c i f i c   m i s s i o n   p r o f i l e .  The radius 
increments   tha t   might  be c a l c u l a t e d   f o r   v a r i a t i o n s   i n   a i r c r a f t  TOGW or OWE would 
be realist ic s e n s i t i v i t i e s ,   e v e n   t h o u g h   t h e  absolute r a d i i  would b e   s l i g h t l y  
underest imated.  For m i s s i o n   p r o f i l e s  which do not   involve  store c o n f i g u r a t i o n  
changes, or which  do  not  have a return-climb-segment,   the  performance results 
are n o t   a f f e c t e d  by the   p resent   assumpt ion .  

A s  an a id  t o  t h e   u s e r  who wishes to determine  the  exact   performance  capa-  
b i l i t y   o f  a p a r t i c u l a r   a i r c r a f t  and mission-profile  combination  (which  would be 
a f f e c t e d  by the   r e tu rn -c l imb   dec remen t ) ,   an   op t iona l  mode o f   ca l cu la t ion  is 
a v a i l a b l e .  I t  would be used t o  de te rmine   t he   exac t   r ange   capab i l i t y   fo r  a mis- 
s i o n   p r o f i l e   w i t h  a r e t u r n  climb and  involving a configurat ion  change.   The 
o p t i o n a l  mode l o g i c   c o r r e c t l y   a c c o u n t s  for the   conf igu ra t ion   change   i n   t he  cal- 
c u l a t i o n  of the  re turn-cl imb  performance:   thus,   the   mission results are exac t .  
A s  oomputed us ing   the  two-step p rocedure ,   t he   op t iona l  mode for   the  example air-  
c r a f t  and  mission  prof i le   ment ioned  previously resul ts  i n  a dash radius of 
309 km (167 n. m i . ) .  The o p t i o n a l  m o d e  can be used  for   only  one  combinat ion of 
TQGW and OWE a t  a time. The s e n s i t i v i t y  of rad ius  to  v a r i a t i o n s   o f   t h e s e  t w o  
weights  would  have to  be calculated with a series of   input  cases. The o p t i o n  
would not  be used (or required) i n   i n i t i a l   e x p l o r a t o r y   r u n s  to  s i z e  a new con- 
f i g u r a t i o n  or to determine,  for  example,   the best cruise and  dash Mach numbers. 

Second  Sample  Calculation 

As an i n d i c a t i o n   o f   t h e   f l e x i b i l i t y   o f   t h i s   m o d u l e   i n   t h e   r e p r e s e n t a t i o n  
of o t h e r   p r o f i l e s ,  a second  example is p r e s e n t e d   f o r   t h e  same a i r c r a f t   c o n f i g -  
u ra t ion .  The miss ion  is a H i - L e H i  p r o f i l e   w i t h  a p e n e t r a t i o n  t o  t h e  combat 
s t a t i o n ,  b u t  without  a r e tu rn   dash .  The fo l lowing   spec i f i c   g round  rules 
def ine   the   miss ion .  The take-of f   and   reserve   fue l   a l lowances  are t h e  same as 
i n   t h e   f i r s t  sample c a l c u l a t i o n s .  The  outbound cruise is conducted a t  a Mach 
number of  1.60, as in   the   p rev ious   example ,   wi th  a des i r ed   r ange   o f  11  11 km 
(600 n. m i .  ) . The p e n e t r a t i o n  is a t  a Mach number of  0.90  and  an a l t i tude  of 
91 44 m (30 000 f t )  . The combat fue l   a l l owance  is the   op t ion  which requires an 
a c c e l e r a t i o n  and two sets of sus ta ined   tu rn   maneuvers .  The a c c e l e r a t i o n  is 
from Mach 0.90 t o  1.20,  and is followed by t h r e e   s u s t a i n e d   t u r n s  a t  Mach 0.90 
and  one  turn a t  Mach 1.20. A l l  combat maneuvers are calculated a t  an a l t i t u d e  
of  91 44 m (30 000 f t )  and are based  on a f i x e d  combat  weight. The total  com- 
bat fue l   a l l owance  is t h e  sum of the   ind iv idua l   components  a t  t h e   a c t u a l  mis- 
s i o n  combat weight. The inbound  dash-radius  requirement is i n p u t  as zero,  so 
t h e   r e t u r n  climb beg ins   immedia t e ly   a f t e r  combat. 
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The pr imary  mission resul ts  shown i n   f i g u r e  12 i n d i c a t e   t h a t ,   w i t h   t h e  
d e s i r e d  cruise rad ius   o f  11  11 km (600 n. m i . )  and   t he   spec i f i ed  combat al low 
ance ,   t he   dash   capab i l i t y  is 912 km (493 n. m i . )  f o r  a total  miss ion   rad ius  of 
2024 km (1   093  n. m i .  ) . The total  combat fue l   a l l owance  is 1552 kg (3422 lbm) 
and is t h e   d i r e c t  sum of  the  components shown i n   f i g u r e  9 f o r  a combat  weight 
of 153 kN (34  304 l b f ) .  The o u t p u t   l i s t i n g   f o r   t h i s   m i s s i o n   p r o f i l e  is pre- 
s e n t e d   i n  table 5. Two a d d i t i o n a l   m i s s i o n s  are c a l c u l a t e d   f o r   t h i s   p r o f i l e .  
F o r   t h e   f i r s t   a d d i t i o n a l   m i s s i o n   ( o p t i o n  2 i n   t a b l e  5 (b)  ) , t h e   d e s i r e d  cruise 
and  dash rad i i  are assumed,  and it is c a l c u l a t e d   t h a t   t h e   f u e l   a v a i l a b l e   f o r  
combat  would  be 1 4 2 - p e r c e n t   g r e a t e r   t h a n   t h e   s p e c i f i e d   a l l o w a n c e .   F o r   t h e  s e e  
ond   add i t iona l   mi s s ion   (op t ion  3 i n   t a b l e   5 ( b ) )   t h e   d e s i r e d   d a s h   r a d i u s   a n d  
t h e   s p e c i f i e d  combat are assumed,  and it is c a l c u a l t e d   t h a t   t h e   o u t b o u n d  cruise 
radius is 2045 km (1  104 n. m i .  ) . Note t h a t   t h e  combat f u e l   a l l o w a n c e   f o r  
o p t i o n  3 is g r e a t e r   t h a n   t h a t  of o p t i o n  1. This  is because  the  a l lowance is 
based   on   the   ac tua l   weight  a t  t h e  s t a r t  of  the  combat,  which i s  g r e a t e r   i n  
o p t i o n  3. 

M i s s i o n   P r o f i l e  2 - Figh te r  Escort 

Miss ion   Descr ip t ion  

The second  mission  module  represents  a f i g h t e r - e s c o r t   p r o f i l e .  The Hi-Lo- 
H i  p r o f i l e  is shown s c h e m a t i c a l l y   i n  table 6 along w i t h  a g e n e r a l   d e s c r i p t i o n  
of each mission  segment.  The climb  and cruise segments   o f   the   p rof i le  are 
de f ined   w i th   t he  same i n p u t s  as f o r   m i s s i o n   p r o f i l e  1. There are no l o w l e v e l  
dash   segments   in   th i s   miss ion .  The descent  is made t o  t h e   a l t i t u d e   s p e c i f i e d  
i n   t h e   p a r t i c u l a r  combat o p t i o n   s e l e c t e d .  As with a l l  p r o f i l e s ,   t h e  weapon is 
r e t a i n e d  to  the  end of t h e   m i s s i o n   i f  t h e  weapon weight is inpu t   w i th  a posi- 
t i v e   s i g n .  A n e g a t i v e   s i g n  causes t h e  weapon to  be dropped  before   the combat. 
The m i s s i o n   l o g i c   c o n t a i n s  no p rov i s ion  for d ropp ing   t he   t anks .   I f   t anks  are 
i n s t a l l e d  a t  t a k e o f f ,   t h e y  are re ta ined   th roughout   the   miss ion .  

Sample   Calcu la t ions  

R e s u l t s  of c a l c u l a t i o n s  for m i s s i o n   p r o f i l e  2 are p r e s e n t e d   i n   f i g u r e  1 3  
f o r   t h e   s a m p l e   a i r c r a f t   w i t h   a n d  w i t h o u t  ex te rna l   t anks .  The circular symbols 
r e p r e s e n t   t h e   a i r c r a f t   w i t h o u t   e x t e r n a l   t a n k s   w i t h  TOGW = 196 kN (44 000 l b f ) .  
The square s y m b o l s   r e p r e s e n t   t h e   a i r c r a f t   w i t h   t a n k s  and TOGW = 219 kN 
(49   290  l b f ) .  The fo l lowing   spec i f i c   g round  rules were used to  d e f i n e   t h e  mis- 
s ion .  The take-of f   fue l   a l lowance  selected is t h e   o p t i o n   i n v o l v i n g   e n g i n e  
o p e r a t i o n  and  consumes 498 kg (1   097  lbm)  of f u e l .  The cruise is a t  a Mach  num- 
ber of 0.85 and   t he   c l imb   s chedu le   o f   f i gu re  1 is u s e d   u n t i l   t h e  cruise speed 
is reached. The desired cruise r a d i u s  is 11  11 km (600 n. m i . )  w i t h o u t   e x t e r n a l  
tanks  and is 1296 km (700 n. mi.) w i t h   t h e   e x t e r n a l   f u e l .  The  combat f u e l  
a l lowance   s e l ec t ed  is t h e   o p t i o n   r e q u i r i n g  2 minutes  of  combat a t  f u l l  power 
a t  a Mach number of 1.0 and  an a l t i t u d e  of 3048 m ( 1  0 000 f t)  . T h i s   o p t i o n  is 
independent of t he   a i r c ra f t   we igh t   and   ae rodynamic   e f f i c i ency   and  requires 
1662 kg (3664 lbm) of f u e l .  The r e s e r v e   f u e l   a l l a w a n c e  selected is the  same as 
fo r   t he   p rev ious   mi s s ion   w i th  a fue l   requi rement   o f  393 kg (866 lbm) f o r   t h e  
c l e a n   a i r c r a f t  and 402 kg (887 l b m )  f o r   t h e   a i r c r a f t   w i t h   t h e   e x t e r n a l   t a n k s .  
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The mission results  indicate  that w i t h  the  full  specified combat allow- 
ance, the  radius  without  tanks is 1165 km (629 n. m i . ) ,  and it can be increased 
t o  1406 km (759 n. m i . )  when tanks  are  carried. The alternate mission for t h i s  
profile is to  cruise  to  the  desired  radius and calculate  the  available combat 
allowance. With a design  radius of 1 1  1 1  km (600 n. m i .  ) , the  basic  aircraft 
without  tanks can fight  for 2.3 minutes or 1 1  4 .percent of the  specification COP 
bat time. A t  a radius of 1296 km (700 n. m i . ) ,  the a i r c ra f t  w i t h  tanks can com- 
bat  for 2.7 minutes  or 133 percent of the  required combat time. 

T h i s  mission module also determines  the  time and fuel  required  for an 
acceleration from Mach = 0.80 t o  Mach 1.00 a t  an al t i tude of 3048 (10 000 f t ) .  
The acceleration is independent of the  mission profile and is calculated w i t h  
the tank  drag  excluded, even if  the mission specifies  external  tanks. For a 
weight of 160 kN (36 000 l b f  ) , the  acceleration is  completed i n  7 seconds and 
consumes 86 kg (1 90 lbm) of fuel.  A sample of the summary output l i s t i n g  for 
t h i s  mission is presented i n  table 7 for  the  mission w i t h  external tanks. 

Mission Profile 3 - Combat Air Patrol 

Mission Description 

The third mission module represents a Combat-Air-Patrol profile. The H i -  
H i  profile is shown schematically i n  table 8 along w i t h  the segment descrip- 
tions. The distinquishing segment  of t h i s  mission is the  loi ter   a t   the  combat 
station.  Typically, a lo i te r  time is required and the Mach  number  and al t i tude 
are  defined. T h i s  profile  specifies  that  the  external  tanks, i f  carried,  are 
dropped a t  the end  of cruise, even if the external  fuel is completely burned 
a t  a shorter  radius. A special  feature  regarding  the tank  drop is that, i f  any 
external  fuel is i n  the  tanks a t  the end of cruise, it is  retained. I n  t h i s  
event,  the  mission summary indicates  that t h i s  has occurred by l i s t i n g  the 
amount  of external  fuel  that is retained. 

Sample Calculations 

Results of calculated performance for  mission prof i le  3 are  presented i n  
figure 14 for  the sample a i rc raf t  w i t h  and without external  tanks. The air- 
c r a f t  is the same as  that  described i n  the  previous  mission  profiles. The  same 
mission specifications were also used for t h i s  profile,  b u t  w i t h  the  following 
modifications: The desired  cruise  radius is  556 km (300 n. m i . )  for  the  clean 
a i rc raf t  and 741 km (400 n. m i . )  for  the  aircraft w i t h  external  tanks. The 
required  loiter time a t  the combat radius  station is 2 hours a t  a Mach num- 
ber of 0.70 and an a l t i tude of 9144 m (30 000 f t )  . The  combat fuel allowance 
selected is the  option  requiring a level  acceleration  at 91 44 m (30 000 f t) 
al t i tude from the  loi ter  Mach  number to  a Mach  number  of 1.0. Two minutes of 
combat a t  f u l l  power a t  the f ina l  Mach  number and altitude  are  also  required. 
The acceleration  portion of t h i s  combat option is dependent on the  aircraft  
weight and the aerodynamic efficiency, b u t  the f ina l  combat for 2 minutes is 
only a function of the  fuel-flow  rate  at  the  specified  conditions. When 
calculated on the  basis of a fixed combat weight of 133 kN (30 000 l b f )  , the 
required  acceleration  fuel is 106 kg (233 lbm) without  tanks and 124 kg 
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(273 lbm) , with  tanks.  The  two-minute  combat  allowance is t h e  same f o r   b o t h  
c o n f i g u r a t i o n s   a n d   r e q u i r e s  798 kg (1   759 lbm) o f   f u e l .  

The mission  performance shown i n   f i g u r e  14 i n d i c a t e s   t h a t ,   w i t h   t h e   f u l l  
two-hour loiter a t  t h e  combat s t a t i o n ,   t h e   r a d i u s   a c h i e v e d   w i t h o u t   t a n k s  is 
468 km (253 n. m i . ) .  T h i s   r a d i u s   c a n  be increased  to  796 km (430 n. m i . )  when 
e x t e r n a l   f u e l  is c a r r i e d .  The a l t e r n a t e   m i s s i o n   f o r   t h i s   p r o f i l e  is to c r u i s e  
t o  t h e  desired rad ius   and   de t e rmine   t he  lo i te r  time w i t h   t h e   f u l l  combat f u e l  
a l lowance .   Wi th   no   ex te rna l   fue l   t he  a i rc raf t  can loiter for 1.8 hours a t  a 
r a d i u s  of 556 km (300 n. m i . ) .  The a i r c r a f t   w i t h   e x t e r n a l   f u e l   c a n  loi ter  a t  
a r ad ius   o f  741 km ( 4 0 0  n. m i . )  for 2.1 hours. A sample of t h e  summary o u t p u t  
l i s t i n g  for t h i s  module is p r e s e n t e d   i n  table  9 for t h e   m i s s i o n   w i t h   e x t e r n a l  
tanks.  Note t h a t   t h e   r e t a i n e d   e x t e r n a l   f u e l  is l isted as zero ,   which   ind ica te  
t h a t  no  tank  fuel   remained aboard when t h e   t a n k s  were dropped. 

Mission Profile 4 - Lons-Ranse P e n e t r a t i o n  

Miss ion   Descr ip t ion  

The four th   miss ion   module  represents a long-range-penetrat ion  prof i le .   The 
Hi-Lo-Lo-Hi p r o f i l e  is shown s c h e m a t i c a l l y   i n   t a b l e  10  a long   wi th   the   segment  
desc r ip t ions .   A l though  a radius- type  mission  can be r e p r e s e n t e d  by t h i s  module, 
t h e   p r o f i l e  is depicted as a long-range  mission composed of   four   range  incre-  
ments (A t o  D ) ,  each  of  which may have a spec i f i ed   va lue .  The  outbound (pre- 
t a r g e t )   p e n e t r a t i o n   a n d   t h e   i n b o u n d   ( p o s t - t a r g e t )   d a s h  may be  conducted a t  
d i f f e r e n t   s p e e d s   a n d  a l t i tudes .  The outbound  descent   increments   o f   fue l   and  
range are sca l ed   f rom  the   f i na l   descen t   i nc remen t s   based   on  a r a t io  of   the  air-  
c r a f t   w e i g h t s .  The module d o e s   n o t   c o n t a i n   t h e   l o g i c  to d r o p   e x t e r n a l  f u e l  
t anks ;   t he re fo re ,  i f  they  are carried, they  are r e t a ined   t h roughou t   t he  profile. 
The  weapon is dropped a t  the   end  of the   ou tbound   pene t r a t ion  i f  given a n e g a t i v e  
s ign.  

Air-to-Air Refue l ing  

The a i r c ra f t  can  be  refueled  during  the  outbound cruise i f  t h e   c r u i s e   s p e e d  
is compatible  w i t h  t h e   t a n k e r   c a p a b i l i t y .  The  optimum f u e l - t r a n s f e r   r a n g e  is 
determined by i n t e r n a l  logic, so t h a t   t h e   r e c e i v e r   a i r c r a f t   c a n  be  " topped  off"  
to  a s p e c i f i e d   g r o s s   w e i g h t  a t  t h e  maximum poss ib l e   r ange .   Th i s   t echn ique  is  
i l l u s t r a t e d   i n   f i g u r e  15 for a r e f u e l i n g  Mach number of 0.75.  The tanker  capa- 
b i l i t y  is r e p r e s e n t e d  by the  change,   with  range,  of t h e   w e i g h t   o f   f u e l   a v a i l a b l e  
for t r a n s f e r .  The a v a i l a b l e   f u e l  is dependent upon t h e   g r o u n d   r u l e s   t h a t  may be 
s p e c i f i e d  for t h e   t a n k e r ,   s u c h  as t h e   p o i n t  of o r i g i n  of the  tanker   and  whether  
it must   re turn  to t h e  same or an a l t e r n a t e   b a s e   a f t e r   t h e   r e f u e l i n g   o p e r a t i o n .  
This   curve   mus t  be deve loped   ex te rna l ly ,  for t h e   s p e c i f i c   t a n k e r   r u l e s ,   a n d  i t  
is i n p u t  to  the  present   program.  For   convenience,   the   range scale is referenced  
t o  t h e   r e c e i v e r  a i rc raf t ,  and it is i n  terms of t h e  range a t  the   conclus ion   of  
t h e   r e f u e l i n g   o p e r a t i o n .  The c u r v e   f o r   t h e   r e c e i v e r  a i rcraf t  r e p r e s e n t s   t h e  
weight of f u e l  to  top o f f  to a g iven   gross   weight  as a f u n c t i o n  of range a t  t h e  
end of r e fue l ing .   Th i s   cu rve  is c a l c u l a t e d   i n t e r n a l l y   a n d   c o n s i d e r s   t h e  climb- 
a n d - c r u i s e   f u e l   p l u s   t h e   f u e l   b u r n e d   d u r i n g  "hook-up'' a n d   r e f u e l i n g   o p e r a t i o n s .  
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The f u e l  flow for t h e   r e c e i v e r  a i rc raf t  d u r i n g   r e f u e l i n g  is based   on   c ru i se  a t  
t h e   a p p r o p r i a t e  Mach number and   a l t i t ude   and   t he   ave rage   r e fue l ing   we igh t .  N o  
c o n s i d e r a t i o n  is given to  p o s s i b l e   i n t e r f e r e n c e  due to t h e  proximity of t h e  
tanker (or o t h e r  a i rcraf t  i n   t h e  case of a m u l t i a i r c r a f t   r e f u e l i n g ) .  

The i n t e r s e c t i o n  of t h e  two curves  i n  f i g u r e   1 5   r e p r e s e n t s   t h e  p o i n t  where, 
a t  the   end  of r e f u e l i n g ,   t h e  receiver a i r c ra f t  is a t  t h e  desired gross   weight .  
The tanker mus t   have   su f f i c i en t   fue l   r ema in ing  to r e t u r n  to i ts  spec i f i ed   base .  
The  range  of   the receiver a t  t h i s  point  is t h e  maximum t h a t   c a n   b e   a t t a i n e d  
wi th   t he   spec i f i ed   t anke r   ru l e s .  

Sample C a l c u l a t i o n s  

R e s u l t s   o f   c a l c u l a t i o n s   f o r   m i s s i o n   p r o f i l e  4 are p r e s e n t e d  i n  f i g u r e   1 6  
f o r   t h e  sample a i r c r a f t   w i t h  a TOGW of 198 kN (44  600 l b f ) .  The  fol lowing spe- 
c i f i c  r u l e s  were used to  de f ine   t he   mi s s ion .  The take-of f   fue l   a l lowance ,   the  
descent   increments ,   and   the   reserve   a l lowance  are t h e  same as for mission pro- 
f i l e  3. C r u i s e  is a t  a  Mach number of 0.75 and   t he  climb schedule  of f i g u r e  1 
is u s e d   u n t i l   t h e   c r u i s e  speed is reached .   Pre- ta rge t   pene t ra t ion  is conducted 
a t  a Mach number of 0.80 and an   a l t i t ude   o f   152  m (500 f t )  for a range of 370 m 
(200 n. m i . ) .  The  weapon weight  of 4.5 kN (1000 l b f )  is dropped a t  t h e   t a r g e t  
station. The post-target dash is f o r  185 km (100 n. m i . )  a t  a Mach number of 
0.55  and  an a l t i t u d e  of 152 m (500 f t )  . The d e s i r e d   r a n g e   f o r   t h e   r e t u r n   c l i m b ,  
c r u i s e ,  and the   descen t  is 926 km (500 n. m i . ) .  F i g u r e   1 6   i n d i c a t e s   t h a t   t h e  
outbound cruise r a d i u s  is 1.99 Mm (1076 n. m i . )  w i th   an   ove ra l l   m i s s ion   r ange  of 
3.53 Mm (1907 n. mi.). The a i r c r a f t  was r e f u e l e d  to  t h e   o r i g i n a l  TOGW a t  a 
range  of 1.16 Mm (625 n. m i .  ) . A sample summary o u t p u t   l i s t i n g  of t h i s   m i s s i o n  
i s  p r e s e n t e d   i n  t ab le  11.  The r e f u e l i n g  detai ls  f o r   t h i s  miss ion  are t h o s e  
i n d i c a t e d  i n  f i g u r e   1 5 ,   w h i c h   d e s c r i b e   t h e   r e f u e l i n g   l o g i c .  N o  o p t i o n a l  mis- 
s i o n s  are c a l c u l a t e d   f o r   t h i s   p r o f i l e .  

The  mission  performance  without   refuel ing is also shown i n   f i g u r e   1 6 .   T h e  
overall  range is 2.04 Mm (1102 n. m i . ) ,  a n d   t h e   e f f e c t   o f   r e f u e l i n g  is to  
increase the   r ange  by 1.49 Mm (805 n. m i .  ) . 

M i s s i o n   P r o f i l e  " 5 - Long-Range C r u i s e  

Mission D e s c r i p t i o n  

The f i f t h  mission module represents the  long-range-cruise   ( ferry-mission)  
p r o f i l e .  The p r o f i l e  is shown s c h e m a t i c a l l y   i n   t a b l e   1 2   a l o n g   w i t h  a g e n e r a l  
d e s c r i p t i o n  of each mission segment. The segments are t h e  same as i n  prev ious  
missions. I f   e x t e r n a l   t a n k s  are c a r r i e d ,   t h e y  are dropped d u r i n g  cruise when 
they  are empty. 

Sample   Calcu la t ions  

R e s u l t s  of c a l c u l a t i o n s  for mission profile 5 are presented  i n  f i g u r e   1 7  
f o r   t h e  sample a i rc raf t  wi th   ex te rna l   t anks   and  a TOW of 219 kN (49  290 l b f )  . 
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The fue l - a l lowance   spec i f i ca t ions   fo r   t he   t ake -o f f ,   descen t ,   and   r e se rves  are 
t h e  same as fo r   mi s s ion  profile 4. The c r u i s e  Mach number is 0.85, and t h e  
range is 3.87 Mm (2089 n. mi.). The f l i g h t  time f o r  a long-range  mission is 
impor tan t  f r m   t h e   s t a n d p o i n t  of crew f a t i g u e .   F o r   t h i s   p r o f i l e ,   t h e  t o t a l  
miss ion  time is 4.4 hours.  

O p t i o n a l   C a l c u l a t i o n s  

An o p t i o n a l   c a l c u l a t i o n   f o r   t h i s  module  can be used to  de te rmine   t he  
r a d i u s   c a p a b i l i t y   w i t h  a g iven  number o f   s u s t a i n e d   t u r n s  a t  the  midrange sta- 
t i o n .  The t u r n s  are c a l c u l a t e d  a t  cruise c o n d i t i o n s  (Mach number, a l t i t u d e ,  
a n d   w e i g h t )   t h a t   e x i s t  a t  t h e   r a d i u s   ( m i d r a n g e )   s t a t i o n .  The  weapon may be 
expended  before   the   tu rns  are i n i t i a t e d ,   a n d ,   i f   t h i s  occurs, t h e   t u r n - r a t e  
c a l c u l a t i o n s  are based  on  the  c lean  configurat ion.   For   the  present   example,  
t h e  weapon is r e t a i n e d ,  so t h a t   t h e   t u r n   p e r f o r m a n c e   i n c l u d e s   t h e   e f f e c t   o f  
t he   ex te rna l - s to re   d rag .   The   sus t a ined   t u rn  ra te  is c a l c u l a t e d  to be 
4.9 deg/sec  and a ha l f - tu rn  (180O) requires 171 kg (377 lbm)  of   fuel .  The 
miss ion   rad ius ,   which   does   no t   inc lude   the   rad ius  of the   tu rn   maneuver ,  is 
1.9  Mm (1025 n. mi.). The  summary o u t p u t  l i s t i n g   f o r   t h i s   m i s s i o n  is pre- 
s e n t e d   i n   t a b l e  13. 

The climb  performance for t h i s   m i s s i o n  was calculated by u s i n g   t h e  maximum 
t h r u s t  of the  engines ,   which is t h e   s t a n d a r d   o p e r a t i n g   p r o c e d u r e   f o r  most mili- 
t a r y   p r o f i l e s .  On the   o the r   hand ,   t he   f e r ry  mission is not   concerned   pr imar i ly  
wi th   r ap id  climb times; thus,   the   performance  has  also been  determined by using 
a reduced   leve l   o f   th rus t .  The r e s u l t i n g   r a n g e  is 4.0 Mm (2169 n. m i . )  w i t h  
a n   o v e r a l l  time of 4.6 hours. A t  t he   r educed   t h rus t   l eve l ,   t he   c l imb  to  s ta r t  
of cruise takes more time and  d i s tance ,   bu t   the   reduced   fue l - f low rates resul t  
i n  a r e d u c t i o n  i n  t h e  to ta l  fue l   r equ i r ed   fo r   c l imb .  The f u e l   s a v e d   d u r i n g  
the   c l imb is a v a i l a b l e   f o r  a more e f f i c i e n t   c r u i s e ,   t h u s   i n c r e a s i n g   r a n g e .  An 
a d d i t i o n a l   f u e l   s a v i n g s  is p o s s i b l e   i n   t h a t ,   s i n c e  it is no t  employed d u r i n g  
t h i s   m o d i f i e d   m i s s i o n ,   t h e  take-off allowance  (which also simulates the   engine  
warm-up) would  not  have t o   i n c l u d e   o p e r a t i o n   a t  f u l l  power. 

SUMMARY  OF SAMPLE MISSION PERFORMANCE 

The  pr imary  performance  for   the  f ive  mission prof i les  is summarizied i n  
t a b l e  14. S p e c i f i c  de t a i l s  f o r   t h e s e ,   a n d   t h e   a l t e r n a t e   m i s s i o n s ,  may be  found 
i n   t h e   t a b l e s   f o r   e a c h   p r o f i l e .  A s  d i s c u s s e d   i n   p r e v i o u s   s e c t i o n s ,   t h e   m i s s i o n s  
vary   in   complexi ty   f rom a long-range cruise miss ion  to  a multisegmented  combat- 
r ad ius   mi s s ion .  The s p e c i f i c   c r u i s e  and  dash Mach numbers  and t h e  combat f u e l  
allowances selected f o r   t h e  sample cases i l l u s t r a t e  t h e   f l e x i b i l i t y   o f   t h e  pro- 
gram i n   t h e   r e p r e s e n t a t i o n  of a wide v a r i e t y  of m i l i t a r y   m i s s i o n   p r o f i l e s .  

CONCLUDING REMARKS 

A computer technique  to de termine   the   miss ion   rad ius   and   maneuverabi l i ty  
c h a r a c t e r  istics of combat a i r c r a f t   h a s  been   deve loped .   The   a i rc raf t   charac te r -  
istics and f l i g h t   c o n s t r a i n t s  are r e p r e s e n t e d   i n   s u f f i c i e n t   d e t a i l  to permit 
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realistic  sensitivity  studies  in  terms  of  either  configuration  modifications or 
changes  in  operational  procedures.  Sample  performance  results  are  provided 
to illustrate  the  wide  variety of military  mission  profiles  that  may  be  repre- 
sented.  Extensive  use  of  the  technique  in  evaluation  studies  indicates  that 
the  calculated  performance  is  essentially  the  same as that  obtained  by  the 
proprietary  programs  in  use  throughout  the  aircraft  industry. 

Langley  Research  Center 
National  Aeronautics  and  Space  Administration 

February 6, 1981 
Hampton,  VA 23665 
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APPENDIX A 

DESCRIPTION OF PROGRAM  INPUTS 

This  appendix  contains  descriptions  of the  input  data  required  to  define 
the  aircraft  configuration  and  the  mission  requirements.  The  aircraft  descrip- 
tions  are  presented to give  the  reader  a feel for  the  degree  of  detail  available 
to  define  a  specific  aircraft  design. The inputs  related to mission  specifica- 
tions  illustrate  that  a  wide  variety of mission  profiles  and  combat fuel 
requirements  may be  represented. 

AIRCRAFT  INPUTS 

The description  of  the  aircraft  inputs  is  divided  into  three  major  sets. 
The  first and largest  set  deals  with  the  characteristics  of  the  propulsion  sys- 
tem. The second set  defines  the  aerodynamic  characteristics  of  the  aircraft 
and of  any  external  stores  that  may  be  carried.  The  third  set  deals  primarily 
with  the  weight  and  size  of  the  vehicle  and  its  components. 

The  propulsion  characteristics  are  precomputed,  usually  from  data  supplied 
by  an  engine  manufacturer.  All  engine  characteristics  are  given  for  a  single, 
full-size  engine. These values  are  multiplied  within  the  program  by  the  number 
of engines on the  aircraft  and  are  scaled  (sized)  to  the  proper  thrust  level as 
required by  the  vehicle  inputs. The  propulsion  data  are  considered  to  be 
installed  in  that  they  include  the  effects  of  inlet  pressure  recovery,  horse- 
power  and  bleed-air extraction, and nozzle  velocity  coefficient.  The  data  also 
include  all  engine-related  drags  (inlet  bleed,  bypass,  spillage,  and  boattail) 
except the nacelle  external  skin-friction  drag.  The  latter  drag  is  included  in 
the  aerodynamic  data,  and  the  change  in  external  nacelle  drag  with  engine  size 
is  represented by an  incremental  drag  input.  The  engine  characteristics 
required  for  performance  calculations  are  the  gross  thrust,  ram  drag,  and  fuel 
flow. These  data  are  input  in  two  groups. The  first  group  is for  climb  opera- 
tions  at  either  of  two  fixed  throttle  settings.  For  each  throttle  setting,  the 
data  are  input  as  a  function of flight  Mach  number  and  altitude.  The  program 
can  accept  data  for as many as 15 altitudes  at  each  of 15 Mach numbers. The 
second  group  is  for  cruise  and  loiter  operations  at  reduced  engine  throttle  set- 
tings. The ram-drag  and  fuel-flow  parameters  are  input as functions  of the 
thrust  level  for  up  to  ten  selected  Mach-number-altitude  combinations. The 
program  can  accept  data  for as many as 15 throttle  settings  at  each  flight  con- 
dition.  These  two  data groups can  be  interpolated to  determine  the  engine  char- 
acteristics  at  any  Mach  number,  altitude,  and  throttle-setting  combination. 
Independent  multipliers for  each  parameter  are  available  which  can  be  used  to 
simulate  another  engine  type or to represent, for  example, an improvement  in 
specific  fuel  consumption for  a  sensitivity  study. 

The  aerodynamic  characteristics  of a given  configuration  are  represented  in 
terms  of  lift and  drag  coefficients  as  functions of aircraft  angle  of  attack  and 
flight  Mach number. The  data  are input  for  full-scale  trimmed  conditions  for  a 
clean  configuration  (retracted  gear,  no  external  stores). The data are based on 
a  given  reference  wing area. The program  can  accept as many as 15 angles  of 
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attack of each of 15 Mach  numbers. At each  Mach  number,  the  friction  drag  con- 
tribution  to  the  total  aircraft  drag  is  based on a  reference  flight  altitude. 
The reference  altitude  is  usually  coincident  with  the  nominal  climb  schedule, 
but  can  be  any  altitude. When  calculations  are  made  for  the  aircraft  drag at 
other  altitudes,  the  change  in  the  friction  drag  contribution  (due to  Reynolds 
number  effects)  can  be  accounted  for.  If  this option is  used,  the  rate  of 
change of the friction  drag  coefficient  with  altitude  must  be  predetermined  at 
each  Mach  number  and  input  along  with  the  basic  aerodynamic  characteristics. 

Three  separate  arrays  of  drag-coefficient  increments  are  available  to  mod- 
ify  the  basic  drag  data at any  Mach  number. The first  is a  general-purpose 
increment  that  may  be  used  to  represent  any  drag  increments  not  in  the  basic 
drag  data. This  increment is  useful  for  drag  sensitivity  studies or to  repre- 
sent store  racks  that  are  retained  when  the  stores  are  dropped. The other  two 
arrays  are  utilized  specifically  to  define  the  drag-coefficient  increments  of 
external  weapons  and  external  fuel  tanks. The application of these  two  incre- 
ments is  controlled  by  individual  mission-module logic so that  they are  not 
included  in  calculations  of  performance  in  mission  segments  occurring  after  the 
individual  stores  have  been  dropped. 

The  size  of the aircraft is  defined  in  terms  of  the  wing  area,  the  size  and 
number  of  engines,  and  the  take-off  gross  weight. The wing  area  and  engine  size 
may  be  defined  alternately  in  terms  of  wing  loading  and  thrust  loading.  Addi- 
tional  weight  items  are  required  to  define  the  aircraft.  They  are  the  operating 
weight  empty OWE and  the weight  of  external  stores.  If  external  fuel  is  to  be 
carried,  the  weight  of  both  the  fuel  and  the  tanks  must  be  defined. The OWE can 
be  input  in  several  ways.  For  preliminary  performance  studies,  the OWE is  input 
either as a  constant or as a  tabular  function  of  the  aircraft  TOGW. It may 
be  expressed  in  absolute  units or as  a  percentage of the TOW. In more  detailed 
studies,  particularly  those  involving  size  changes  of  the  aircraft  wing  and 
engines, OWE can  be  considered  as  the  sum  of  three  items. The  first  item  is  the 
weight  of  the  aircraft  minus  the  wing  and  propulsion-system  weights. The other 
two  items  would  be  the  wing  and  engine  weights  with  appropriate  scaling  fac- 
tors  applied.  This  method  does  not  recognize  the  interface  between  the  compo- 
nents.  For  example,  it  could  not  represent  the  possible  reduction  in  wing 
weight  as  the  engines  (if  wing  mounted)  were  reduced  in  size. A third  method  of 
representing OWE is  to  input  the  variation of OWE as  a  three-dimensional  func- 
tion  of  three  major  components;  TOGW,  wing  area,  and  engine  size. Data in this 
form,  which  would  be  calculated  externally,  would  include  the  integrated  effects 
on all  components  as  each  individual  component  was  changed.  The  effort  required 
to calculate  the  required  matrix  of  data  for  this  method of representing OWE is 
considered  excessive,  but  in  principle,  the  resulting OWE would  correctly 
reflect the  configuration  changes.  A  more direct  approach  would  be  to  incorpo- 
rate  the weight  equations  in  the  program  as  a  module. A compromise  would  be  to 
calculate the OWE for  selected  combinations  of  the  three  components  and to input 
the  results  using  the  first  option  described  in  this  paragraph. 

A caution  previously  noted is repeated  here. In aircraft  sizing  studies, 
the  weight  and  propulsion  characteristics  can  be  appropriately  modified  inter- 
nally  as  changes  in  both  wing  area  and  engine size  occur,  but  the  basic  aerody- 
namic  characteristics  are  not  altered  by  the  program  to  reflect such 
configuration  modifications.  Therefore,  caution  must  be  used  if  the T/W and 
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W/S are varied  far from  the  original  input  concept. The repetitive  technique 
described  in  the  section  entitled  "Application  to  Vehicle  Sizing"  is  recom- 
mended  as  a  practical  approach  to  large  excursions  from  the  original  aircraft 
concept. 

MISS  ION  INPUTS 

The major  mission  inputs  are  described  in  detail  in  the  main  text  and  are 
briefly  reviewed  in  this  section. The desired  mission  profile  is  selected by 
the mission  module  from  table 1. The schedule  of  climb  altitude  versus  Mach 
number  must  be  developed  with  consideration of all  operational  constraints  of 
the  vehicle  and  the  specific  mission  ground  rules. The desired  ranges  for  the 
mission  segments  must  be  input  along  with  the  definition of the  required  Mach 
number  and  altitude  for  any  dash or loiter  segment. The fuel allowance  options 
for  the  take-off,  combat  maneuvers,  and  the  reserve  segments  are  selected by 
input  controls,  and  the  associated  Mach  number,  altitude,  and  time  specifica- 
tions  required by each  selected  option  must  be  input.  For  a  given  set  of  input 
data  the  program  can  be  used  to  calculate  the  mission  results  along  with  the 
optional  radius  trade-off  data  for  each  value  of TOGW that  is  input  up to  five 
values. As described  in  the main text,  these  results  would  indicate  the  per- 
formance  sensitivity  to  the  variations  input  for  the  TOGW  and  the OWE. 

The additional  results  described  in  some  of  the  mission  modules,  such as 
the  accelerating  performance  and  energy-maneuverability  characteristics,  may  be 
calculated  without  the  mission-profile  performance  by  inputting  the  desired 
cruise  range  as  a  zero. 

The following optional  features  are  available  and  can  be  incorporated  in 
the  performance  calculations  with  control  inputs. They  are briefly  described  in 
order  of  their significance  to  the  mission  performance  results.  The  atmospheric 
model  utilized  was  the U.S. Standard  Atmosphere  of 1962. (See  ref. 4 . )  An 
atmospheric  model  with  a  nonstandard  temperature  can  be  represented by  inputing 
the  desired  temperature  increment  (which  is  the  same  for  all  altitudes).  The 
propulsion  data  must  be  based on the  same  atmospheric  model for  a  proper  repre- 
sentation  of the  hot-day  effects  on  mission  performance. The thrust-inclination 
terms  in  the  equations  of  motion  can  be  eliminated;  however,  these  terms  result 
in  beneficial  effects on performance,  particularly at the  high  angles  of  attack 
encountered  during  combat  maneuvers. The engine  nozzle  may  be  inclined  to 
increase  the  benefit,  and  the  input  angle  can  be  used to  simulate  thrust  vector- 
ing. It should  also  be  noted  that  it  is  the  gross  thrust  that  is  being 
inclined,  not  the  net  thrust. This is  significant  because  the  magnitude  of  the 
gross  thrust  is  two or more times  that  of  the  net  thrust.  Gravitational  accel- 
eration  can  be  held  constant  (usually  at  the  sea  level  value) or, more  realisti- 
cally,  can  be  allowed  to  vary  with  altitude  using the inverse-square  variation. 
The  effects  of  centrifugal  force  due  to  flight-path  curvature  and of the  contri- 
bution  of  the  Earth's  rotational  velocity  are  also  available  but  are  insignifi- 
cant for  the  missions  being  considered.  Indeed,  the  latter  effect  is  canceled 
on a  radius-type  mission. 
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DESCRIPTION OF PROGRAM OUTPUTS 

Th i s   append ix   con ta ins   desc r ip t ions  of t h e   o u t p u t   o p t i o n s   a n d   t h e  specific 
o u t p u t  parameters. Sample   t abula t ions  are p r e s e n t e d   w h i c h   i l l u s t r a t e   b o t h   t h e  
minimum summary o u t p u t   a n d   t h e   e x t e n s i v e   d e t a i l  of the  point-by-point   output .  

OUTPUT  OPTIONS 

The  amount o f   t a b u l a t e d   o u t p u t   r e s u l t i n g   f r o m  a g iven  set o f   c a l c u l a t i o n s  
is c o n t r o l l e d  by inputs .   The minimum o u t p u t  from t h e   c a l c u l a t i o n s  for a partic- 
u l a r   p r o f i l e  is i l l u s t r a t e d   f o r   e a c h   p r o f i l e .  A typ ica l   example  is shown i n  
table  4 f o r   p r o f i l e  1. (Def in i t i ons   o f   ou tpu t  parameters are given a t  the   end  
of th i s   append ix . )  The t a b u l a t e d   o u t p u t   f o r  a g iven  prof i le  can be progres- 
s i v e l y   i n c r e a s e d   u n t i l   e a c h   c a l c u l a t e d   f l i g h t   p o i n t   d u r i n g   t h e  climb is repre- 
sen ted .  A sample of   such a f l i g h t - p o i n t   t a b u l a t i o n  is p r e s e n t e d   i n  t ab le  15. 
T h i s   f l i g h t   p o i n t  is a t  t h e  end  of t h e  climb for t h e   a i r c r a f t   u s e d  to describe 
mission  1 .  The t a b u l a t i o n   i n c l u d e s  18 s t a t e  v a r i a b l e s   a n d   a c c e l e r a t i o n  rates. 
An a d d i t i o n a l   o p t i o n  is a v a i l a b l e   w h i c h   c o n t r o l s   t h e   p r i n t o u t  of i n t e r i m   r e s u l t s  
d u r i n g   t h e   i t e r a t i o n s   r e q u i r e d  to  ba lance   the   equat ions   o f   mot ion  a t  each   po in t  
a l o n g   t h e  climb p r o f i l e .  Such a l i s t i n g  is u s e f u l   i n   t h e   a n a l y s i s  of problems 
t h a t  may d e v e l o p   i n  some extreme cases. 

The per formance   for  many i n d i v i d u a l   a i r c r a f t  or mis s ion -p ro f i l e  combina- 
t i o n s  may be c a l c u l a t e d   i n  series (upper limit of 50) . For t h i s   t y p e  of produc- 
t i on   runn ing ,  it is convenient  t o  request t h e  minimum m i s s i o n - p r o f i l e   p r i n t o u t  
and to  have  the results summarized as i n d i c a t e d   i n  table  16.  The c a l c u l a t i o n s  
of a p a r t i c u l a r   p r o f i l e  are r ep resen ted  by a s i n g l e   l i n e   c o n t a i n i n g  selected 
parameters which i d e n t i f y   t h e   m i s s i o n   a n d   t h e   a i r c r a f t   a n d  show  key r e s u l t s .  
This   form  of   output   can be used to  s c a n   t h e   r e s u l t s   o f  many c a l c u l a t i o n s   i n  
order to  o b s e r v e   s i g n i f i c a n t   t r e n d s .  The e l even  cases shown i n  tab le  16 are 
f o r   t h e  sample miss ions  described i n   t h i s  report and are i n   t h e  same order as 
t h e   r e s u l t s   o f  table 14 ,   wi th   the   except ion   of   the   second case. The dash  radius 
of   the   second case is t h e   e x a c t   p e r f o r m a n c e   c a p a b i l i t y  for m i s s i o n   p r o f i l e  1 as 
referred to  i n   t h e  main t e x t  and i l l u s t r a t e d   i n   f i g u r e  11. 

DEFINITIONS OF OUTPUT PARAMETERS 

The  following is a l i s t  of t h e   a b b r e v i a t i o n s ,   a n d   t h e i r   d e f i n i t i o n s ,  for 
t h e  parameters u s e d   i n   t h e   t a b u l a r   o u t p u t s .  The parameters as i n d i c a t e d   o n   t h e  
t a b l e s ,  may b e   i n   e i t h e r   t h e  S I  or foot-pound-second  system  of  units. 

PARAMETER 

ACC FUEL A c c e l e r a t i o n   f u e l   w e i g h t  

ALPHA A i r c r a f t   a n g l e   o f  attack 
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PARAMETER 

AVCRH 

AVGAM 

AVG COMBAT PS 

AVG TR 

AVG TRAD 

AV STTRl 

AV STTR2 

BF 

CD 

CL 

COMFUELI 

CRM 

CR RD 

DASH RD 

DW1 

ES 

ESF 

FEXT 

FFML 

FFMX 

FINT 

H 

H1-H16 

LOD 

M 

APPENDIX B 

DEFINITION 

Average cruise  alt i tude 

Average flight-path  angle 

Average  combat specific power 

Average turn  rate 

Average turn  radius 

Average sustained  turn  rate,  first requirement 

Average sustained  turn  rate, second requirement 

Breguet cruise  factor 

Aircraft drag coefficient 

Aircraft l i f t  coefficient 

Combat fuel-allowance weight 

Flight  cruise Mach  number 

Cruise  radius 

Dash radius 

Take-off fuel weight 

Aircraft  specific energy 

Engine sizing  factor 

External  fuel weight 

Fuel flow at   mil i tary power 

Fuel flow a t  maximum  power 

Internal  fuel weight 

Flight  al t i tude 

Altitude a t   p ro f i l e  p o i n t s  1-16 

Aircraft   l if t-drag  ratio 

Flight Mach  number 
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PARAMF,TER 

MID CR WT 

MI ss 

OWE 

PER COMBAT 

PER LOITER 

Q 

RES 

mTFEXT 

RNG/KG 

ROC 

R1  -R16 

S 

T 

TFF 

TMD 

TM1 -TM16 

TOGW 

T O W  

TTNET 

TURN FUEL 

V 

W 

wos 

WTANKS 

WT1  -WT16 

APPENDIX B 

DEFINITION 

Aircraft weight a t  midrange 

M i s s i o n - p r o f i l e   i d e n t i f i c a t i o n  number 

Ai rc ra f t   ope ra t ing   we igh t   empty  

Pe rcen t   o f   spec i f i ed  combat fue l   we igh t  

Pe rcen t   o f   spec i f i ed  loi ter  time 

Fl ight   dynamic  pressure 

Reserve-f  uel   weight 

R e t a i n e d   e x t e r n a l   f u e l   w e i g h t  

Range loss per u n i t  f u e l  mass 

Rate of   c l imb 

R a d i u s   f o r   p r o f i l e  p o i n t s  1-16 

A i r c r a f t  wing area 

A i r c r a f t   t h r u s t  

Total f u e l   f l o w ,  a l l  engines  

Thrust   minus  drag 

Time a t  p r o f i l e   p o i n t s  1-16 

Aircraf t   t ake-of f   g ross   weight  

A i r c r a f t   t h r u s t - w e i g h t  ra t io  

T o t a l   e n g i n e   n e t   t h r u s t ,  a l l  engines  

Turn fue l   we igh t  

F l i g h t   v e l o c i t y  

Weight 

Wing loading,   weight  per area 

Weight   of   external   tanks 

Weight a t  p r o f i l e   p o i n t s  1-16 
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TABLE 1 . - MISSION MODULES 

1 Module Type 

Rad i u s  
Radius 
Radius 
Range 
Range 
" - . . - . ____ 

~ 

Profile  description 
. . . - - . . " . . - . " ~~ 

Hi-Lo-Lo-Hi: Air superiority 
Hi-Lo-Hi: Fighter  escort 
H i - H i ;  Combat a i r   patrol  
Hi-Lo-Lo-Hi: Long-range penetration 
H i :  Long-range cruise 

. - " " _____c 

TABLE 2.- RESERVE-FUEL MODES 

- .  

Tank-drop logic 

Yes 
N o  
Yes 
N o  
Yes 

. .. 

. ~- 

"" . "" " .  ~ 

Description 
~. . -~ - ..  . - . ." ~ .. ~" -~ 

Fixed fuel weight 

Fraction of internal  fuel 

Fraction of total   fuel  

Fraction of take-off  gross weight 

Loiter  at a given alt i tude  for time interval 

Time interval   a t  military-power fuel  flow plus 

" ". .. ". ~" 

. ~" 

" -~ ~ _ _ _ _ ~  " - .- - .. - 

." . ~ "" . ." . - ~- 

"" ~ .. "_ ___. .. 

time interval   a t  maximum-power fuel flow I 
I 

" - . . . " __ _ _ _ _  ___ . .J 
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TABLE 3.- MISSION  PROFILE 1: A I R  SUPERIORITY;  HI-LO-LO-HI 

P r o f i l e   p o i n t s  

1 - 2  

2 - 3  

3 - 4  

4 - 5  

5 - 6  

6 - 7  

7 - 8  

8 - 10 

10 - 11 

11 - 12 

12 - 13 

13 - 14 

14 - 15 

15  - 16 

." 

Descript ion 

rake-off f ue 1 allowance 

kce le ra t e  and c l imb to s t a r t  of c r u i s e  

3utbound c ru i se   (w i th   t anks ,   i f  carried) 

Drop t a n k s   ( i f  carried) 

Outbound cruise   (without   tanks)  

Descend,  no  range or f u e l  

Outbound dash 

Weapon expended 

Combat fue l   a l lowance  

Inbound dash 

Accelerate and climb to c r u i s e   a l t i t u d e  

Inbound c r u i s e  

Descend 

Reserve-fuel  allowance 
. . . ~ ~ . .  - ~ ~" 

Inpu t s  

3pt ions 

Climb schedule 

Cruise Mach number 

Tank weight 

Cruise   rad ius  

""""""""""" 

Mach numberl a l t i t u d e ,  
r ad ius  

Weapon weight 

Options 

Dash r a d i u s  

""""""""""~ 

""""""""""- 

Increment  weight, 
range time 

Options 
~.." 

I 

'Optional  tank  drop logic descr ibed   in   main  tex t .  
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TABLE 4 .- MISS ION DETAILS FOR PROFILE 1 

(a) Primary mission 

+**+* FOR TOGW= 219.25 T/w= .930 w/S= 3.?b *+*e+ 

++* TAKEOF6 FUEL‘ 4.8q *** 

*** TOTAL RESEQVES’ 3 .93  *** 

OPTION 1 CdUISE R A D I U S = l l l l . Z  A T  MACH=1.60 0 4 S Y  RADIUS=  298.9 AT MACH= . W O  
COM9AT FUEL W1.r 15.40 A V G  COMr3AT PS=  553.95 

UT1 = 21’3.25  UT2=  214.37  YT3=  197.71 WT4= 197.71 Y T 5 =  19S.57 uTb= 177.00 

wT13=  121.94  YT14=  111.13  WTlS= 11O.bR WT16= 106.76 
UT7 = 177.00 Y T Y =  161.93 UT’)= 161.93 WT10= 160.15 WT11=  144.75  UT12=  130.7b 

R1 = 0 . 0 0  R Z  = 18.52 R3 = 79.59 R4 = 79.59 95 = 7H.59 P6  =11]1.15 
R7 =llll.lH RH =1410.03 R9 =14ln.O:3 R10=1410.03  Rl l=1410.03  R12=11]1.19 
~ 1 3 = 1 0 7 1 . 0 8  RI*= 37.04 Rls= 0 . 0 0  ~ 1 6 =  0.00  

H1 = 0 .  H2 = 15. H3 = 15453. H4 = 15453. Y5 = 15453.  H6 = 16153. 
H7 = 610.  H8 = 610. H9 = 1524.  H10=  1524. till= 610,  H12=  610. 
H13= l U 5 l l .  H14=  19022.  H15= 15. H16= 0 .  
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TABLE 4.- Concluded 

(b) A l t e r n a t e   m i s s i o n s  

O P T I O N  P CPUISE  RADIUS=l l l l .P 
DASH R4UlUS=  185.2 COYdAT FUE.L= 26.43 PE? C3MbAT=171.59 

UT7 = 177.00 U T d =  167.65 UT9= 167.65 w T l o =  155.87 WTll= 139.44 WTl?= 130.78 
UT1 = 219.25 dT2= 214.37 U T 3 =  197.71 WT4= 197.71 uT5= 195.57 WTb= 177.00 

WT13= 121.94  UT14=  111.13  UT15=  110.68  UT16=  106.76 

R 1  = 0 . 0 0  R 2  = 1R.52 R 3  = 78.59 R 4  = 79.5Y RS = 7A.59 R 6  =1111.19 
R7 =1111.18 R 8  =1296.38 R 9  =1296.3A R10=1?Yh.jB R l l = 1 ? 9 5 . 3 8  R12=1111.18 
R13=1071.04  R14=  37.04 R 1 5 =  0 . 0 0  R l 6 =  0 .00  

H1 = 
H7 = 610. HB = 610. H9 = -1524.  H10=  1524. H l l =  610. H l i =  610. 

0 .  H2 = 15. H3 = 15453.  H4 = 15453. H5 = 15453. H b  = 16153. 

H13=  18511. H l 4 =  19022.  H15= 15. H l 6 =  0 .  

OPTION 3 O A S H  RADIUS=  185.2 
CRUISE  HAOIUS=1497.0 COHHAT FUEL= 15.40 
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TABLE 5 .- MISSION  DETAILS MIR P R O F I L E  1 WITH NO RETURN DASH 

( a )  Primary mission 
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TABLE 5 .- Concluded 

(b) A l t e r n a t e   m i s s i o n s  
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TABLE 6.- MISSION PROFILE 2: FIGHTER  ESCORT;  HI-LO-HI 

~ .~ 

P r o f i l e   p o i n t s  

1 - 2  

2 - 3  

3 - 6  

6 - 7  

7 - 10 

10 - 12 

12 - 13 

13 - 14 

14 - 15  

15 - 16 1 

D e s c r i p t i o n  
- 

Ta ke-of f fue l   a l l owance  
. .  

Accelerate and climb to  s t a r t  of c r u i s e  

Outbound  cruise1 

Descend,  no  range or f u e l  

Weapon expended 

Combat fue l   a l l owance  

Accelerate and  climb to  c r u .  

Inbound  c ru ise  

Descend 

Reserve-fuel  al lowance 
" - " . . . . - - . 

ise a l t i t u d e  

L' 

Weapon weight  

Opt ions  

""""""""" 

""""""""" 

Increment  weight,  
range  , time 

Options 
~ 

I n p u t s  
- 

Opt ions  

C l i m b  schedu le  

C r u i s e  Mach number 
and   rad ius  

i 
I """"""""" 

'Tanks, i f  carried,  are r e t a ined   t h roughou t   mi s s ion .  
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T A B m  7 . -  MISSION  DETAILS FOR PROFILE 2 

**** U N I T S  FOR OUTPUT DATA **** 
SYSTEM ALTITUDE  DISTANCE FORCE T I M E  ANGLE PRESSURE VELOCITY FUEL FLOW 
SI M KM 
FP S 

KN 
FT  N M I  

M I V  OEG  KP M/ S KG I S  
L Q F   H I N  DEG PSF  FpS L e w n  

**IN TOFUELI  SLSFFMLZ 0 .0000  SLSFFHXz 0.0000 DU1=  4.A8 

**e TOTAL  RESESVESf  3.95 *** 
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TABLE 8.- MISSION  PROFILE 3: COMBAT AIR PATROL; H I - H I  

~- 

P r o f i l e   p o i n t s  
~ .-_ 

1 - 2  

2 - 3  

3 - 4  

4 - 6  

6 - 9  

9 - 10 

10 - 13 

1 3  - 14 

14 - 15 

15  - 16 

. . - - -. . -~.. . - ~ ~ . . .~ - . .  

D e s c r i p t i o n  
- ~ "- " ~" " - - 

Take-of f fue l   a l l owance  

Accelerate and  climb to  s t a r t  o f   c r u i s e  

Outbound c r u i s e   ( w i t h   t a n k s ,  i f  c a r r i e d )  

Drop t a n k s   ( i f   c a r r i e d ) l  

L o i t e r   f o r   g i v e n  time 

Weapon expended 

Combat fue l   a l l owance  

Inbound  c ru ise  

Descend 

Reserve-fuel allowance 
. . . . - - - - 

" - - ." - - " . . 

I n p u t s  
". . ". 

Options 

Climb  schedule  

C r u i s e  Mach number 
and   rad ius  

Tank weight 

Mach number, 
a l t i t u d e  

Weapon weight 

""""""""" 

""""""""" 

Increment  weight,  
range  , time 

Options 
" 

'Tanks  dropped a t  end of c r u i s e .  
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TABLE 9.- MISSION DETAILS FOR  PROFILE 3 

I 

+++ CASES  7.00 2003  MISSION SUMMARY TOGU= 219.25 O Y E Z  1 0 6 0 7 6  S =  66.81 €SF= 1.0000 
PAYLOADS -1.78  FINTI  87.19  FEXT=  21.40 UTANKSZ 2 - 1 4  

++++ UNITS F O R  OUTPUT  DATA ++++ 

SYSTEM ALTITUDE  DISTANCE FORCE TIME ANGLE  PRESSURE VELOCITY FUEL FLO* 
SI M KM 
FP S FT 

KN 
N M I  

WIN DEG K P A  
LBF M I Y  DEG PSF 

M I S  
FPS 

K G I S  
LPYIH 

+ + I N  TOFUEL9 SLSFFMLs 0 .0000  SLSFFYX= 0 . 0 0 0 0  O U l =  4.88 

+++ TOTAL RESERVES= 3.93 ++4 

+ OPTION 1 MISSION  RADIUS= 796.5 A T  MACH= .85 
LOITER  FUEL UT= 43.47 L O I T E R  !+?= 2.00 

U T 1  = 210.25  YTE=  214.37  uT3=  205.89  UT4=  180.86  UT5=  178.72 WT6= 176.72 
uT7 = 135.25  YT8f  134.05 UT9= 126.22 Y T 1 0 =  124.45 w T l l =  124.45  UT12=  124.45 
UT132  124.45  UT14r  111.13  WTlS=  110.68  UTl6=  106.76 

R 1  = 0.00 R 2  x 18.52 R3 2 33.59 R4 = 796.45 R 5  = 796.45  R6 = 796.45 
R7 2 796.45 R 8  796.45 R 9  = 796.45 R10= 796.08 R l l =  796.06  R12=  796.08 
R13' 796.08 R 1 4 ~  37.04 R 1 5 =  0.00 R16= 0.00 

H l  0 .  H 2  15. H3 = 7163. H4 8792. H5 = 8792. H 6  = R792. 
H7 = 9144. H8 = 9144. H9 = 9144. H10= 9144. H11=  9144.  H12=  9144. 
H13- 11948. H14= 12854. H15Z 15. H16= 0 .  

ACC. FUEL= 1.20 TOT.  COMBAT FUEL= 9.03 RE TF EX T= 0 . o o  

+ OPTION  2 
MISSION RADIUS'  740.8  LOITER  FUEL=  46.20 LOITER HR' 2.12 

UT1  219.25  UT2x  214.37 U T 3  205.89  UT4=  182.58 UT%  1A0.44 Y T 6 '  1P0.44 

UT13= 123.43 U T l 4 =  111.13 WTlSs 110.68 W116= 106.76 
UT7 = 134.24 UT8= 133.03 uT9= 125.21 w T l O =  123.43 U T 1 1 '  123.43  UTlZ= 123.43 

R 1  = 0 .00  R 2  = 18.52 R 3  = 33.59  R4 = 740.79 95 = 740.79  R6 = 740.79 
R7 740.79 R 8  f 740.79 R 9  740.79  R10=  740.79 R l l =  740.79  R12z  740.79 
R13=  740.79  R14= 37.04 R l 5 =  0 .00  R16= 0.00 

nl = 
H7 = 9144. H8 = 9144. H9 = 9144.  H10=  9144.  H11"  9144.  H12=  4144. 

0 .  H 2  = 15. H3 = 7163.  H4 = 8792. HS = 8792. H 6  = 8792. 

H13=  12917.  H143  12854.  H15=  15. H16"  0. 

PER LO1 TERr106.06 RE TF EX T= 0 .o 0 
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TABLE 10.- MISSION  PROFILE 4: LONGRANGE PENETRATION; HI-LO-LO-HI 

P r o f i l e   p o i n t s  

1 - 2  

2 - 3  

3 - 4  

4 - 5  

5 - 6  

6 - 7  

7 - 8  

8 - 11 

11 - 12 

12 - 13 

13 - 14 

14 - 15 

15 - 16 
" 

Description 
" 

Ta ke-of f fue l   a l lowance  

Accelerate and  climb to  s t a r t  of cruise 

Outbound cruise1 

Refuel 

Outbound c r u i s e  

Descend 

3utbound  dash 

Meapon expended 

Cnbound dash 

l c c e l e r a t e  and climb to cruise 

Cnbound cruise 

Iescend 

teser ve-f uel  al lowance 
~~~ - .  . . - - " . . - . . . 

Inputs  

Options 

C l i m b  schedule 

C r u i s e  Mach number 

Tanker  data 

Cruise  range2 

Scaled  increments 

Mach number, a 1  ti t u d e ,  
range 

Weapon weight 

!4ach number, 
a l t i tude ,  range 

""""""""""" 

3ange 

Cncrements 

Ip t ions  

loutbound  refers  to pre- target   events ,   inbound  refers  to pos t - ta rge t  

2A, B,  C, and D are   desired  range  increments .  
events .  

42 



TABLE 11 .- MISSION  DETAILS FOR PROFILE 4 

**I* U N I T S  FOR  OUTPUT  DATA *o** 

SYSTEM  ALTITUUE  OISTANCE  FOQCE T I M E  ANGLE  ,PRESSU'?E V t L O C I T Y  
SI M KM 
F P S  F T  

Khl 
r4 M I  

M I Y  OEG KPA 
L R F  W I N  DEG 

MI5 
PS F FD S 

*** TAKEOFF  FUEL= 4.RA *** 

*** TOTAL  RESERVES= 3.93 **a 
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TABLE 12.- MISSION  PROFILE 5: LONG-RANGE CRUISE 

r 
P r o f i l e   p o i n t s  

1 - 2  

2 - 3  

3 - 4  

4 - 5  

5 - 7  

7 - 13 

13 - 14 
14 - 15 

15 - 16 

D e s c r i p t i o n  
- 

Take-off f u e l  a l lowance 

Accelerate and climb to  s t a r t  of c r u i s e  

Outbound cruise (wi th   t anks ,  i f  carried: 

Drop t anks  ( i f  carried) 

Outbound c r u i s e   ( w i t h o u t   t a n k s )  

Midrange   s t a t ion  

Con t inued   c ru i se  

Descend 

Reserve-fuel   a l lowance 

b, 
I n p u t s  

Options 

Climb  schedul 

. " 

e 

C r u i s e  Mach number 

Tank weight  

""""""""" 

""""""""" 

C r u i s e  range 

Increment   weight ,  
range,  time 

3p t ions  

Tanks dropped when empty. 

4 4  



TABLE 13.- MISSION DETAILS FOR PROFILE 5 

WISSION R A D I U S =  1997.54 
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p r o f i l e  

1 - A i r   s u p e r i o r i t y  

Mission ' Cruise 

I 

2 - F i g h t e r  esmrt 

3 - Combat a i r  
p a t r o l  

Mach number 

1.60 

0.85 

0.85 

TABLE 14.- SUMMARY OF MISSION PROFILE RESULTS 

S e e   t a b l e s  1 to  13 f o r   a l t e r n a t e   p r o f i l e s   a n d   d e t a i l s  

4 - Long-range 
~. 

p e n e t r a t i o n  
___. 

5 - Long-range 1 0.85 
c r u i s e  

TOGW 
kN ( l b f )  

219  (49  290) 

196  (44  000) 
219  (49  290) 

219  (49  290) 
196  (44 000) 

198  (44 600) 
" 

219  (49  290) 

E x t e r n a l   f u e l   w e i g h t ,  
kN ( l b f )  

21.40 (4810) 

0 
21.40  (4810) 

0 
21.40  (4810) 

0 

. - . .  " 

. .  . 

21.40  (4810) 

h n b a t   f u e l   w e i g h t ,  
kN ( l b f )  

15.24  (3422) 
15.40  (3463) 

16.31  (3664) 
16.30  (3664) 

9.03  (2029) 
8.86  (1991) 

0 

. - -  

0 

Miss ion   d i s t ance1  
km (n. m i . )  

22023  (1093) 
1410  (761) 

1406  (759) 
1165  (629) 

796  (430) 
468  (253) 

33532  (1   907)  
2041  (1   102)  

3837  (2088) 
44017  (2169) 

". ~ " .  

Table 

4 
5 

_" 
7 

-9- 1 
--- 11 I 

2No r e t u r n   d a s h .  
lRadius  or r a n g e ,   s e e   p r o f i l e .  

3With r e f u e l .  
4Climb a t  reduced  power. 
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TABLE: 15.-  SAMPLE OF TABULATED RESULTS FOR  EACH FLIGHT  POINT 

C A S E  VTSS 

1.00 2001. 

2.00 2001. 

3.00 2001. 

4.00 7002. 

5.00 2002. 

0.00 2003. 

7.00 2003. 

' 3 . 0 0  2004. 

9.00 2004. 

10.00 2005. 

11 - 0 0  2005. 

2 lY .3  

219.3 

?13.3 

1 Y3.7 

2 19.3 

1 Y5.7 

2 19.3 

1 YY .4 

198.4 

219.3 

219.3 

3. ?8 

3.2a 

3.28 

2.93 

3. ,?8 

2. 93 

3. 28 

2.97 

2.97 

3.28 

3.28 

.93 

. q3 

.93 

1.04 

.93 

1. 04 

.93 

1. 03 

1.03 

.93 

.93 

10 6.76 

10 6.76 

10 6. 76 

10 5 .  74 

10 6.76 

16 6. 7b 

10 6. 76 

10 6. 7b 

106.74 

106.76 

10 6.76 

% U  

-1.73 

-1.7p 

-1.7X 

-1.7P 

- 1.7n 

- 1.7R 

- 1.7k 

-4.45 

-4.45 

1.7a 

1.7n 

F I N T   F E X T  
r(N K t y  

a7.1Y 2 1 - 4 0  

97.1Y 21.40 

97.13  21.40 

L(7.19  0.00 

87.19  21.40 

87 -1 3 0. fJ0 

67.19  21.40 

b3.6 5 21. 40 

43.65 21.40 

87.19 21.40 

87.19 21.40 

?ES CR O D  
K"1 K H  

3.93 1111.2 

3.93 111 1.2 

3.93 1111.2 

3 .WS 1164.6 

3.95 140 6. 0 

3.85 467.8 

3.93 796.5 

3.93  7046.Y 

3.93 3532.0 

4.01 3F367.3 

4.01 4017.4 

OATH 30 
KI(  

299.9 

30 3 . 5  

91 2. n 

0 . 0  

0 . 0  

0. 0 

0.0 

370.4 

370.4 

0.0 

0.0 

C n M F l J E L  
K'J 

15.40 

15 .  40 

19. zk 

16.3U 

I 6. 30 

9. Yh 

Q. 03 

0. no 

n. 00 

0. no 

n. on 

1 T O T A L  RANGL FOR MISSION PQOFILE 4 AND 5. 
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Ill I I 

0 
- . . . - . . . . 

.5 1 .o 1.5 
Mach number 

2.0 

I I, . .. 
I 

Figure 1.- C l i m b  Mach-number-altitude profile  for sample mission performance. 
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Range, n.mi. 
10  20 30 40 
I I I I 

2.0 

0 

20 

0 

220 

33 210 - 
5 
B 200 
B 

i 90 

l o  

20 30 40 50 60 70 80 

Range, km 

50 

48 

46 

4.4 

Figure  2.- Climb  performance to  s t a r t  o f   c ru i se .  
I n i t i a l   w e i g h t  = 21 4 kN (48   193 l b f )  . 
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Ipitial weight X lbf 
30 40 60 

I I i 

I 
20 - 

18 

16 

14 

80 

A 
80 

f 60 

60 

200 

120 

60 

60 

40 

46 l a  
I D4 

120 160 200 240 

Initial rei@& kN 

Figure 3.- Climb-segment data.  Variation of start-of-cruise  conditions w i t h  
i n i t i a l  climb  weight. 
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Aircraft weight X IO-’, lbf 
20 30 40 50 

3200 

2800 

2400 

2000 

1600 

1200 
100 

C / 

1 LO 180 220 
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Figure 4.- Loiter-segment data. M = 0.70; Altitude = 9144 m (30 000 ft). 
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F i g u r e  5.- Dash-segment  data. M = 0.90; A l t i t u d e  = 9144  m (30 000 f t ) .  
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Figure  6.- Combat segment data, o p t i o n  1 .  A change i n   s p e c i f i c   e n e r g y  of 
43.9 km (144 x 103 f t ) ,  a t  M = 1 . 2  and   A l t i t ude  = 1524 m (5000 f t ) .  
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Figure 7 .- Combat segment data,  option 3 .  
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Figure 8.- Determination of sustained maneuver load  factors   for  two Mach 
numbers at  an a l t i t u d e  of 91 44 m (30 000 f t )  . Aircraft   weight  is 
160 kN (36 000 l b f )  . 
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Figure 10.- Variation of cruise Breguet factor and alt i tude w i t h  
a i rc raf t  weight for  aircraft  w i t h  and without external  stores. 
M = 1.60. 
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Figure 11.- Results for mission profile 1 w i t h  external  tanks.  Cruise 
a t  M = 1.60: dash a t  M = 0.80; special  option  calculates  exact 
radius. 
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Figure  12.- R e s u l t s   f o r   m i s s i o n   p r o f i l e  1 w i t h   n o   r e t u r n   d a s h .   A i r c r a f t  
w i t h   e x t e r n a l   t a n k s ;   c r u i s e  a t  M = 1.60;  dash a t  M = 0.90 a t  
A l t i t u d e  = 91 4 4  m (30 000 f t )  . 
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Figure  13.- R e s u l t s  for m i s s i o n   p r o f i l e  2 with   and   wi thout   ex te rna l   t anks .  
C r u i s e  a t  M = 0.85. 

60 



Radius, n.mi. 
0 100 200 300 400 500 
I I I I I I 

-" 

" 

.. 

.cc 

200 

i 
i 
1 
-I- 
~ 

400 600 800 1000 

Radius, km 

Figure  14.- R e s u l t s  f o r   m i s s i o n   p r o f i l e  3 with   and   wi thout   ex te rna l   t anks .  
Cru i se  a t  M = 0.85; 2-hour loiter a t  combat s t a t i o n .  
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Figure 15.- Determination of  optimum fuel-transfer range.  Refuel a t  
M = 0.75 at an alt i tude of 7620 m (25 000 f t ) .  
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F i g u r e  16.- R e s u l t s   f o r   m i s s i o n  profile 4 with   and   wi thout   re fue l ing .  C r u i s e  
and r e f u e l  a t  M = 0.75. 
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Figure 17.- Results for mission profile 5 w i t h  external  tanks.  Cruise a t  
M = 0.85. 
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