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PREFACE 

A Space Shut t le  Technology  Conference  on Flow Fields ,  Heat Transfer, Aero- 

dynamics,  and Operational  Flight Mechanics was he ld   a t   t he  NASA  Ames Research 

Center on December 13 and 16, 1971. The objective of this  conference was t o  

review  the  broad  base  of  aerothermodynamics  technology  developed  for  the  space 

shut t le   during  the  per iod  of   the Phase B s tudies  and, thereby,  help  focus 

a t t en t ion  on the  technology  required  for  further  space  shuttle development. 

This  publication i s  a compilation of the  conference  papers. It has  been  divided 

i n t o  f0W VOlLrmeS,  One f o r  each  of the  sessions.  Five  papers which  were omitted 

from the  oral   Presentat ion  a t   the   conference  are   included  in   this   publ icat ion.  

Contributing  organizations  include U.S. Aerospace  Contractors,  Universities, 

CaJ"dian and  European  Space  Agencies, i n   add i t ion   t o  NASA Research  Centers. 
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ck
er
, 

LR
C;

 K
en
ne
th
 L
. 

Bl
ac
kw
el
l,
  
Jo
se
ph
 L.
 
Si
ms
, 

M
SF

C; 
R.

 
H.
 B
ur
t,
 W
. 

T.
 
St
ri
ke
, 
Jr
.,
 

AR
O;

 
C. 

Do
na
ld
 A

nd
re

w
s, 

L.
 R

ay
  
Ba
ke
r,
 Jr
.,
 
LM
SC
-H
un
ts
vi
ll
e;
 

Jo
hn

 M
. 

Ra
mp
y,
  
No
rt
hr
op
-H
un
ts
vi
ll
e 



Du
ri
ng
  
th
e 
 p
as
t 
 y
ea
r,
  
th
e 
 a
bo
rt
  
si
tu
at
io
n 
 a
s 
 a
pp
li
ed
  
to
  
th
e 
 P
ha
se
 

B 
sh
ut
tl
e 
 c
on
ce
pt
s 
 h
as
  
be
en
 

cl
az
if
ie
d 
 s
om
ew
ha
t.
 M

an
y 
su
b-
sy
st
em
s 
 w
er
e 
 b
ei
ng
  
de
si
gn
ed
  
to
  
ac
ce
pt
  
fa
il
ur
es
. 
 C
on
se
qu
en
tl
y,
  
th
re
e 

di
st
in
ct
  
fa
il
ur
e 
 m
od
es
, 
 c
at
as
tr
op
hi
c,
  
cr
it
ic
al
, 
 a
nd
  
no
n-
cr
it
ic
al
, 
 w
er
e 
 d
ef
in
ed
. 

In
 t
he
  
ca
se
  
of
 a 

ca
ta
st
ro
ph
ic
  
fa
il
ur
e,
  
bo
th
  
ve
hi
cl
es
  
wo
ul
d 
 b
e 
 l
os
t.
  
Po
ss
ib
ly
  
th
e 
 c
re
w 

of
 e
ac
h 
 v
eh
ic
le
  
wo
ul
d 
 b
e 

sa
ve
d 
 b
y 
 s
om
e 
 t
yp
e 
 o
f 
 a
n 
 e
sc
ap
e 
 s
ys
te
m.
 

Fo
r 
no
n-
cr
it
ic
al
  
fa
il
ur
es
, 
 t
he
  
ab
or
t 
 m
od
e 
 f
or
  
th
e 
 b
oo
st
er
 

wo
ul
d 
 b
e 
 t
o 
 d
ep
le
te
  
th
e 
 e
xc
es
s 
 p
ro
pe
ll
an
t 
 b
y 
 b
ur
ni
ng
  
th
e 
 m
ai
n 
 p
ro
pu
ls
io
n 
 e
ng
in
es
  
an
d 
 c
on
du
ct
in
g 

et
ag
in
g 
 o
pe
ra
ti
on
s 
 n
ea
r 
 n
om
in
al
  
co
nd
it
io
ns
. 
 T
he
  
bo
os
te
r 
 w
ou
ld
  
re
tu
rn
  
to
  
th
e 
 l
au
nc
h 
 s
it
e 
 a
ft
er
 

se
pa
ra
ti
on
  
wh
il
e 
 t
he
  
or
bi
te
r 
 w
ou
ld
  
ha
ve
 

a 
tr
aj
ec
to
ry
  
ta
il
or
ed
  
to
  
ab
or
t 
 o
nc
e 
 a
ro
un
d 
 a
nd
  
re
tu
rn
  
to
 

th
e 
 l
au
nc
h 
 s
it
e or
 a
 s
ui
ta
bl
e 
 d
ow
nr
an
ge
  
re
co
ve
ry
  
si
te
. 

P
 

Fo
r 
cr
it
ic
al
  
ab
or
ts
  
wh
en
  
ma
te
d 
 f
li
gh
t 
 w
ou
ld
  
no
t 
 b
e 
 p
os
si
bl
e 
 t
he
  
st
ag
es
  
wo
ul
d 
 h
av
e 
 t
o 
 s
ep
ar
at
e 

at
  
of
f 
 n
om
in
al
  
co
nd
it
io
ns
, 

th
at

 i
s,
  
pe
rf
or
m a
n 
ab
or
t 
 s
ep
ar
at
io
n 
 m
an
eu
ve
r 
 i
n 
 t
he
  
se
ns
ib
le
  
at
mo
sp
he
re
. 

Af
te
r 
 s
ep
ar
at
io
n 
 b
ot
h 
 t
he
  
or
bi
te
r 
 a
nd
  
bo
os
te
r 
 t
ra
je
ct
or
ie
s 
 w
ou
ld
  
be
  
ta
il
or
ed
 

so
 t
ha
t 
 b
ot
h 
 v
eh
ic
le
s 

co
ul
d 
 l
an
d 
 a
t a 
su
it
ab
le
  
si
te
. 
 T
he
  
qu
es
ti
on
  
he
re
  
is
, 
 c
an
  
th
e 
 v
eh
ic
le
s 
 s
af
el
y 
 p
er
fo
rm
 

an
 a
bo
rt
 

se
pa
ra
ti
on
  
ma
ne
uv
er
  
at
  
co
nd
it
io
ns
  
fr
om
  
li
ft
-o
ff
  
to
  
no
mi
na
l 
 s
ta
gi
ng
  
an
d 
 i
f 
 t
hi
s 
 i
s 
 f
ea
si
bl
e,
  
ho
w 

do
es
  
th
is
  
in
fl
ue
nc
e 
 t
he
  
ab
or
t 
 p
hi
lo
so
ph
y?
 

Th
e 
 a
bo
rt
  
se
pa
ra
ti
on
  
wo
rk
  
th
at
  
wi
ll
  
be
  
di
sc
us
se
d 
 i
n 
 t
hi
s 
 p
re
se
nt
at
io
n 
 h
as
  
be
en
 

an
 i
nt
er
ce
nt
er
, 

in
te
ra
ge
nc
y 
 a
nd
  
in
te
rg
ov
er
nm
en
ta
l 
 e
ff
or
t 
 a
nd
  
is
  
th
e 
 r
ea
so
n 

fo
r 
th
e 
 n
um
be
r 
 o
f 
 c
o-
au
th
or
s 
 o
n 
 t
he
  
pa
pe
r.
 

In
 t
hi
s 
 p
ap
er
  
th
e 
 o
ve
ra
ll
  
ef
fo
rt
  
an
d 
 w
ha
t 
 h
as
  
be
en
  
le
ar
ne
d 
 a
bo
ut
  
ab
or
t 
 s
ep
ar
at
io
n 
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f 
 t
he
  
sh
ut
tl
e 

wi
ll
  
be
  
di
sc
us
se
d.
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N
um

er
ou

s 
st
ag
in
g 
 s
tu
di
es
  
(r
ef
er
en
ce
8 1
 - 

17
) 
we
re
  
co
nd
uc
te
d i
n 
th
e 
 s
ix
ti
es
  
on
  
th
e 
 v
eh
ic
le
s 

sh
ow
n 
 i
n 
 t
hi
s 
 f
ig
ur
e.
  
Th
es
e 
 s
ta
gi
ng
  
st
ud
ie
s 
 w
er
e 
 p
re
li
mi
na
ry
  
an
d 
 c
on
se
qu
en
tl
y 

a 
cl
ea
r 
 a
ns
we
r 

to
  
th
e 
 q
ue
st
io
n 
 o
f 
 p
ar
al
le
l 
 s
ep
ar
at
io
n 
 o
f 
 t
wo
  
ve
hi
cl
es
  
of
  
si
mi
la
r 
 s
iz
e 
 w
as
  
no
t 
 o
bt
ai
ne
d.
 

In
 

fa
ct
, 
 s
ta
gi
ng
 in
 t
he
  
se
ns
ib
le
  
at
mo
sp
he
re
  
fo
r 
 m
os
t 
 o
f 
 t
he
se
  
ve
hi
cl
e 
 s
ys
te
ms
  
wa
s 
 g
en
er
al
ly
  
av
oi
de
d 

si
nc
e 
 s
om
e 
 o
f 
 t
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pr
el
im
in
ar
y 
 r
es
ul
ts
  
in
di
ca
te
d 
 t
ha
t 
 s
ta
gi
ng
 

in
 t
he
  
se
ns
ib
le
  
at
mo
sp
he
re
  
wo
ul
d 
 b
e 

di
ff
ic
ul
t.
 

Th
e 
 p
ar
al
le
l 
 s
ep
ar
at
io
n 
 o
f tw
o 
ve
hi
cl
es
  
of
  
si
mi
la
r 
 s
iz
e 
 i
s 

di
ff

er
en

t 
 t

ha
n 

 t
he

 

se
pa
ra
ti
on
  
pr
ob
le
m 
 f
or
 

an
y 
sy
st
em
  
de
si
gn
ed
  
up
  
to
  
th
e 
 p
re
se
nt
. 
 F
or
  
th
e 
 s
hu
tt
le
  
we
 

ar
e 
in
te
re
st
ed
 

in
  
th
e 
 i
nt
eg
ri
ty
  
of
  
bo
th
  
ve
hi
cl
es
  
at
  
se
pa
ra
ti
on
. 
 F
or
  
pr
ev
io
us
  
sy
st
em
s,
  
on
ly
  
th
e 
 i
nt
eg
ri
ty
 

of
 

th
e 
 u
pp
er
  
st
ag
e 
 w
as
  
in
vo
lv
ed
  
at
  
se
pa
ra
ti
on
. 
 F
ur
th
er
mo
re
, 
 t
he
  
se
pa
ra
ti
on
  
pr
ob
le
m 
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f 
 t
he
  
sh
ut
tl
e 

is
  
al
so
  
di
ff
er
en
t 
 t
ha
n 
 s
ep
ar
at
in
g 

an
 e
xt
er
na
l 
 s
to
re
  
fr
om
 

a 
pa
re
nt
  
ve
hi
cl
e 
 s
uc
h 
 a
s 
 t
he
 

X
-1
s 

fr
om
  
th
e B
-5
2.
 
In
 t
he
  
ca
se
  
of
  
th
e 
 s
ep
ar
at
io
n 
 o
f 

an
 e
xt
er
na
l 
 s
to
re
, 
 o
nl
y 
 t
he
  
ex
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al
  
st
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e 

ae
ro
dy
na
mi
c 
 c
ha
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ct
er
is
ti
cs
  
ar
e 
 d
is
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rb
ed
  
fr
om
  
no
mi
na
l 
 c
on
di
ti
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s.
  
Fo
r 
 t
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pa
ra
ll
el
  
se
pa
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ti
on
 

of
  
tw
o 
 v
eh
ic
le
s 
 o
f 
 s
im
il
ar
  
si
ze
, 
 b
ot
h 
 v
eh
ic
le
s'
  
ae
ro
dy
na
mi
c 
 c
ha
ra
ct
er
is
ti
cs
  
ar
e 
 d
is
tu
rb
ed
  
fr
om
 

no
mi
na
l 
 c
on
di
ti
on
s.
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Ma
ny
 d
is
ci
pl
in
es
  
mu
st
  
be
  
co
ns
id
er
ed
 

in
 a
n 
ab
or
t 
 a
na
ly
si
s 
 a
nd
  
ma
ny
  
it
er
at
io
ns
  
wi
ll
  
ta
ke
  
pl
ac
e 

be
tw
ee
n 
 t
he
  
di
sc
ip
li
ne
s 
 b
ef
or
e a 
wo
rk
ab
le
  
ab
or
t 
 p
ro
ce
du
re
  
is
  
co
mp
le
te
d.
  
Ho
we
ve
r,
  
it
  
is
  
no
t 
 n
ec
es
- 

sa
ry
  
to
  
cl
os
e 
 a
ll
  
th
es
e 
 l
oo
ps
  
to
  
ac
co
mp
li
sh
  
th
e 
 o
bj
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ti
ve
s 
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f 
 t
hi
s 

st
u

d
y 
wh
ic
h 
 w
er
e 
 t
o pe
rf

om
 a
 

se
ns
it
iv
it
y 
 a
na
ly
si
s 
 o
f 
 f
ac
to
rs
  
wh
ic
h 
 a
ff
ec
t 

a 
su
cc
es
sf
ul
  
ab
or
t 
 m
an
eu
ve
r 
 a
nd
  
to
  
pr
ov
id
e 
 g
ui
de
li
ne
s 

fo
r 
 f
ut
ur
e 
 s
tu
di
es
. 

Th
e 
 a
pp
ro
ac
h 
 w
as
  
to
  
co
nd
uc
t 
 w
in
d 
 t
un
ne
l 
 t
es
ts
 

u
si

n
g

 t
he
  
be
st
  
si
mu
la
ti
on
  
te
ch
ni
qu
es
  
an
d 
 d
at
a 

ac
qu
is
it
io
n-
an
al
ys
is
-d
is
se
mi
na
ti
on
  
pr
oc
ed
ur
es
  
th
at
  
we
re
  
av
ai
la
bl
e 
 w
it
hi
n 
 t
im
e 
 a
nd
  
fa
ci
li
ty
  
li
mi
ta
- 

ti
on
s.
  
St
at
ic
  
st
ab
il
it
y,
  
dy
na
mi
c 
 s
ta
bi
li
ty
  
an
d 
 l
oc
al
  
lo
ad
s 
 i
nv
es
ti
ga
ti
on
s 
 w
er
e 
 c
on
du
ct
ed
  
du
ri
ng
 

th
is
  
st
ud
y.
  
Th
es
e 
 r
es
ul
ts
  
we
re
  
ex
te
ns
iv
el
y 
 u
ti
li
ze
d 

in
 t
he
  
dy
na
mi
c 
 s
im
ul
at
io
n 
 c
om
pu
te
r 
 p
ro
gr
am
 

wh
ic
h 
 i
nt
eg
ra
te
s 
 t
he
  
eq
ua
ti
on
s 

of
 m
ot
io
n 

fo
r 
bo
th
  
ve
hi
cl
es
 (6
 d
eg
re
es
 o
f 
mo
ti
on
 f

o
r 
ea
ch
) 
 a
nd
  
ca
lc
u-
 

la
te
s 
 t
he
ir
  
re
la
ti
ve
  
po
si
ti
on
  
an
d 
 a
tt
it
ud
e.
 

In
 t
he
  
pr
es
en
t 
 e
ff
or
t 
 o
nl
y 
 t
he
  
lo
ng
it
ud
in
al
  
mo
ti
on
 

wa
s 
 s
tu
di
ed
 in
 d
ep
th
. 
 C
lo
se
  
co
or
di
na
ti
on
  
wa
s 
 m
ai
nt
ai
ne
d in
 p
la
nn
in
g 
 a
nd
  
co
nd
uc
ti
ng
  
of
  
th
es
e 

te
st
s 
 t
o 
 a
ss
ur
e 
 t
ha
t 
 d
at
a 
 r
eq
ui
re
d 
 f
or
  
ca
lc
ul
at
in
g 
 s
ep
ar
at
io
n 
 t
ra
je
ct
or
ie
s 
 w
ou
ld
  
be
  
av
ai
la
bl
e 

in
 

an
  
op
ti
mu
m 
 f
or
ma
t 
 a
nd
  
on
 

a 
ti
me
ly
  
sc
he
du
le
. 
 I
nf
or
ma
ti
on
  
fr
om
  
ot
he
r 
 d
is
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pl
in
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su
ch
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ma
ss
 c
ha
r-
 

ac
te
ri
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op
ul
si
on
  
ch
ar
ac
te
ri
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s,
  
me
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an
is
m 
 k
in
em
at
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s,
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ce
nt
  
co
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it
io
ns
, 
 a
nd
  
th
ru
st
  
ve
ct
or
 

co
nt
ro
l 
 a
ut
ho
ri
ty
  
we
re
  
ob
ta
in
ed
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op
en
  
lo
op
  
in
pu
ts
 

fr
om
 p
ha
se
 B
 s
tu
di
es
  
wh
il
e 
 t
he
 

ae
ro
 c
on
tr
ol
 

au
th
or
it
y 

w
as

 
lo
ok
ed
  
at
  
du
ri
ng
  
th
e 
 w
in
d 
 t
un
ne
l 
 t
es
ts
. 
 T
he
  
un
de
rl
in
ed
  
it
em
s 
 t
he
re
fo
re
  
ar
e 
 t
he
 

ite
m

s 

th
at
  
we
re
  
co
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id
er
ed
  
in
  
th
e 

dy
na

m
ic

 s
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at
io
n 

pr
og

ra
m

. 
Th
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 o
th
er
  
it
em
s 
 h
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e 
 b
ee
n 
 l
oo
ke
d 
 a
t 
 t
o 

va
ri
ou
s 
 d
eg
re
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 by
 o
th
er
  
re
se
ax
ch
er
s.
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B 

sh
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 c
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F

or
 t

h
e  s

ta
ti
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ta

b
il
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y

  te
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  b

o
th

  st
ag

es
 

w
er

e 

in
st

ru
m

en
te

d
  w

it
h

  st
ra

in
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ge

 b
al
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ce

s 
to

 m
ea
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re

 t
h

e 
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an
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om
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th

a
t 
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 p
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F
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 t

h
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 m
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 t
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 p
ro
ba
bl
y 
 d
ue
  
to
  
th
e 
 c
om
bi
ne
d 
 w
ak
es
  
of
  
th
e 
 o
rb
it
er
  
an
d 
 b
oo
st
er
 

in
te
ra
ct
in
g 
 w
it
h 
 t
he
  
or
bi
te
r 
 p
lu
me
  
an
d 
 c
au
si
ng
  
th
e 
 p
lu
me
  
in
du
ce
d 
 i
mp
in
ge
me
nt
  
pr
es
su
re
  
di
st
ri
bu
ti
on
 

to
  
ex
pa
nd
  
fu
rt
he
r 
 i
n 
 t
he
  
ya
w 
 p
la
ne
  
wh
en
  
th
e 
 e
xt
er
na
l 
 M
ac
h 
 n
um
be
r 

5 
st
re
am
  
is
  
pr
es
en
t.
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W
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ig
ur
e 
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An
 i
mp
or
ta
nt
  
fe
at
ur
e 
 l
ea
rn
ed
  
ab
ou
t 
 t
he
  
us
e 
 o
f 
 s
im
ul
at
ed
  
en
gi
ne
  
pr
op
ul
si
on
 

in
 c
on
ju
nc
ti
on
 

wi
th
  
ab
or
t 
 s
ta
gi
ng
  
wi
nd
  
tu
nn
el
  
te
st
s 
 w
as
  
th
at
  
in
cr
em
en
ts
 

in
 a
er
od
yn
ar
ni
c 
 c
oe
ff
ic
ie
nt
s 
 f
or
  
th
e 

bo
os
te
r 
 a
s a
 f
un

ct
io

n 
of
 
or
bi
te
r 
 e
ng
in
e 
 p
ow
er
  
le
ve
l 
 w
er
e 
 l
in
ea
r 
 o
ve
r 
 l
ar
ge
  
po
rt
io
ns
  
of
  
th
e 
 o
rb
i-
 

te
r 
 p
ow
er
  
ra
ng
e.
  
!C
hi
s 
 i
s 
 i
ll
us
tr
at
ed
  
in
  
th
is
  
fi
gu
re
  
wh
er
e 
 t
he
  
in
cr
em
en
ts
  
on
  
th
e 
 b
oo
st
er
  
ae
ro
- 

dy
na
mi
c 
 c
oe
ff
ic
ie
nt
s 
 f
or
 

a 
re
pr
es
en
ta
ti
ve
  
po
si
ti
on
  
an
d 
 a
tt
it
ud
e 
 o
f 
 t
he
  
or
bi
te
r 

a
re

 s
ho
wn
 a
s 

a 
fu
nc
ti
on
  
of
  
or
bi
te
r 
 p
ow
er
  
se
tt
in
g.
  
Th
e 
 l
in
ea
ri
za
ti
on
  
of
  
th
e 
 c
ur
ve
s 
 i
s 
 s
ig
ni
fi
ca
nt
  
wh
en
  
co
n-
 

si
de
ri
ng
  
ap
pl
ic
at
io
n 
 o
f 
 t
he
  
da
ta
  
to
 

a 
fl
ig
ht
  
dy
na
mi
c 
 s
im
ul
at
io
n 
 p
ro
gr
am
  
wh
er
e 
 p
ow
er
  
tr
an
si
en
ts
 

mu
st
  
be
  
co
ns
id
er
ed
. 
 D
at
a 
 r
eq
ui
re
d 
 f
or
  
ba
si
c 
 a
tt
it
ud
e 
 a
nd
  
po
si
ti
on
  
va
ri
at
io
ns
  
fo
r 
 t
he
  
se
pa
ra
ti
on
 

en
ve
lo
pe
  
ar
e 
 a
lr
ea
dy
  
vo
lu
mi
no
us
 

so
 
th
e 
 a
dd
it
io
n 
 o
f 
 a
no
th
er
  
ma
jo
r 
 v
ar
ia
bl
e 
 r
eq
ui
ri
ng
  
de
ta
il
ed
 

de
fi
ni
ti
on
  
wo
ul
d 
 o
nl
y 
 c
om
pl
ic
at
e 
 t
he
  
st
ud
y 
 o
f 
 a
bo
rt
  
st
ag
in
g 
 a
nd
  
in
cr
ea
se
  
co
st
li
ne
ss
  
of
  
da
ta
 

ac
qu
is
it
io
n.
  
Fr
om
  
wh
at
 ha
s 
be
en
  
le
ar
ne
d 
 d
ur
in
g 
 t
hi
s 
 i
nv
es
ti
ga
ti
on
  
it
  
is
  
en
vi
si
on
ed
  
th
at
  
fo
r 

fi
na
l 
 d
es
ig
n 
 d
at
a 
 o
nl
y 

a 
fe
w 

(3
, 
4)
 p
ow
er
  
se
tt
in
gs
  
wo
ul
d 
 b
e 
 r
eq
ui
re
d 

to
 b
e 
 t
es
te
d 
 f
or
  
ea
ch
 

of
 

th
e 
 o
th
er
  
te
st
  
co
nd
it
io
n 
 v
ar
ia
bl
es
. 
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LO
CU

S 
OF
 M

EA
SU

RE
D 
IN
TE
RF
ER
EN
CE
 E
FF
EC
TS
 

(F
ig
ur
e 
11
) 

Th
e 
 l
oc
us
 of
 m
ea
su
re
di
nt
er
fe
re
nc
e 
 e
ff
ec
ts
  
as
 

a
 f
un
ct
io
n 
of
 t
he
  
po
si
ti
on
  
pa
ra
me
te
rs
 

(f
ig
ur
e 

5)
 o
n 
th
e 
 o
rb
it
er
  
an
d 
 b
oo
st
er
  
du
e 
 t
o 
 t
he
  
pr
ox
im
it
y 

of
 t
he
  
ot
he
r 
 v
eh
ic
le
  
is
  
il
lu
st
ra
te
d 

in
 t
hi
s 

fi
gu
re
  
at
  
Ma
ch
  
nu
mb
er
s 

of
 2

, 
3,

 a
nd
 5

. 
Th
e 
 t
hr
ee
  
in
te
rf
er
en
ce
  
co
nd
it
io
ns
  
sh
ow
n 
 a
re
 

an
 i
nt
er
- 

fe
re
nc
e 
 f
re
e 
 c
on
di
ti
on
, an
 a
er
od
yn
am
ic
  
in
te
rf
er
en
ce
  
co
nd
it
io
n 
 w
he
re
  
th
e 
 i
nt
er
fe
re
nc
es
  
ar
e 
 d
ue
 

to
  
mu
tu
al
  
sh
oc
k 
 i
mp
in
ge
me
nt
 

on
 e
ac
h 
 v
eh
ic
le
, 
 a
nd
 

a 
pr
op
ul
si
ve
  
in
te
rf
er
en
ce
  
co
nd
it
io
n 
 d
ue
  
to
  
th
e 

im
pi
ng
em
en
t 
of
 t
he
  
ro
ck
et
  
ex
ha
us
t 
 p
lu
me
s.
 

As
  
th
e 
 M
ac
h 
 n
um
be
r 
 i
s 
 i
nc
re
as
ed
, 
 t
he
  
re
gi
on
  
wh
er
e 
 t
he
  
or
bi
te
r 
 i
s 
 a
t 
 i
nt
er
fe
re
nc
e 
 f
re
e 

co
nd
it
io
ns
  
be
co
me
s l
ar
ge
r 
du
e 
 t
o 
 t
he
  
bo
w 
 s
ho
ck
 

of
 t
he
  
bo
os
te
r 
 b
en
di
ng
  
fl
mt
he
r 
 t
ow
ar
ds
  
th
e 
 b
oo
st
er
 

bo
dy
, 
 A
t 
 t
he
  
sa
me
  
ti
me
  
th
e 
 r
eg
io
n 
 w
he
re
  
th
e 
 r
oc
ke
t 
 e
xh
au
st
 

fr
om

't
he

 bo
os
te
r 
 i
mp
in
ge
s o
n 
th
e 

or
bi
te
r 
 b
ec
om
es
  
la
rg
er
  
si
nc
e 
 t
he
  
pl
um
e 

of
 t
he
  
bo
os
te
r 
 b
ec
om
es
  
la
rg
er
. 
 S
im
il
ar
  
tr
en
ds
 

a
m
 al

so
 

sh
ow
n 
 f
or
  
th
e 
 b
oo
st
er
  
ex
ce
pt
  
th
at
  
th
e 
 r
eg
io
ns
  
ar
e 
 r
ev
er
se
d 
 a
s 
 w
ou
ld
  
be
  
ex
pe
ct
ed
. 
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(F
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Th
e 

co
m

pl
ex

it
y 

of
 t

he
 f

lo
w

 f
ie

ld
s 

 is
  i

ll
u

st
ra

te
d

  i
n

  t
h

is
  f

ig
u

re
 

w
he

re
 t

he
  c

en
te

rl
in

e  
pr

es
su

re
 

d
is

tr
ib

u
ti

o
n

s 
on

 t
h

e 
 o

rb
it

er
 

an
d 

bo
os

te
r  a

re
 s

ho
w

n 
as

 a
 f

un
ct

io
n 

of
 d

is
ta

nc
e 

fr
om

 t
he

 n
os

e 
of

 

ea
ch

  ve
hi

cl
e.

 
Tw

o 
cu

rv
es

 a
re

  il
lu

st
ra

te
d

, 
O

ne
 
is

 t
he

  in
te

rf
er

en
ce

  fr
ee

 
cu

rv
e 

fo
r  t

h
e  o

rb
it

er
 

an
d 

bo
os

te
r 

an
d 

th
e 

 o
th

er
 i

s
 f

o
r 

th
e 

 o
rb

it
er

  i
n

 
pr

ox
im

it
y 

to
  th

e 
 b

oo
st

er
 

an
d 

w
it

h 
 th

e 
 o

rb
it

er
 

po
w

er
 

le
ve
l 

a
t 
10
% 

an
d 

th
e  b

oo
st

er
 

po
w

er
 l

ev
el

 a
t 

5%
. 

Th
e 

in
cr

ea
se

 i
n
 c

en
te

rl
in

e  
st

at
ic

  p
re

ss
ur

es
 

on
 t

h
e 

 o
rb

it
er

 
is

 d
ue

 t
o 

 th
e 

 b
oo

st
er

 
bo

w
  w
av

e 
im

pi
ng

em
en

t 
an

d 
th

e  
ca

na
rd

 
bo

w
  w
av

e 
im

pi
ng

em
en

t. 

No
 p

lu
m

e  i
m

pi
ng

em
en

t 
is

 s
ho

w
n  o

n 
th

e 
 o

rb
it

er
  s

in
ce

  fo
r 

th
is

 c
as

e 
 th

e 
 o

rb
it

er
 
is
 f

or
w

ar
d  o

f 
th
e 

bo
os

te
r  b

as
e.

 
Fo

r 
th

e  b
oo

st
er

  th
e  i

nc
re

as
e 

in
 c

en
te

rl
in

e  
st

at
ic

  p
re

ss
ur

es
 

is
 d

ue
 t

o
  th

e 
 o

rb
it

er
 

bo
w

  w
av

e 
im

pi
ng

em
en

t, 
th

e 
 lo

ca
ti

on
 

of
 

th
e  

bo
os

te
r 

oa
na

rd
, 

an
d 

th
e 

 o
rb

it
er

 
pl

um
e  i

m
pi

ng
em

en
t. 

Th
e 

im
po

rt
an

t 
fa

ct
 o

n 
th

is
 f

ig
ur

e 
is

 t
he

  in
fl

ue
nc

e 
of

 t
he

  bo
os

te
r  c

an
ar

d 
on

 t
he

  lo
ad

in
gs

 
of

 

bo
th

  th
e 

 o
rb

it
er

 
an

d 
bo

os
te

r 
an

d 
th

e 
 o
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er
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m

e 
ef

fe
ct
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CA
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(F
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e 
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) 

Th
e 
 e
ff
ec
t o
f 
th
e 
 b
oo
st
er
  
ca
na
rd
  
on
  
th
e 
 p
ro
xi
mi
ty
  
ae
ro
dy
na
mi
cs
  
is
  
sh
ow
n 

in
 t
hi
s 
 f
ig
ur
e 
 a
t 

a 
 M
ac
h 
 n
um
be
r of
 3

. 
Th
e 
 t
wo
  
cu
rv
es
  
il
lu
st
ra
te
d 
 a
re
  
fo
r 
 t
he
  
ca
na
rd
 

on
 a
nd

ca
na

rd
of

f 
an
d 
 i
t i
s 

se
en
  
th
at
  
th
e 
 c
an
ar
d 
 s
ig
ni
fi
ca
nt
ly
  
ch
an
ge
s 
 t
he
  
fo
rc
es
  
an
d 
 m
om
en
ts
 

on
 b
ot
h 
 v
eh
ic
le
s,
  
th
us
  
co
nf
iz
rm
in
g 

th
at
  

th
e p

x
im

iQ
 a
mm

Qm
mi

c 
da
ta
 i
s 

 n
ot
  

on
ly
  

de
pe
nd
en
t 

on
  

Ma
ch
  

nu
mb
er
, 

 r
oc
ke
t 

 e
xh
au
st
  

im
pi
ng
em
en
t,
 

an
d 
 r
el
at
iv
e 
 p
os
it
io
n 
 a
nd
  
at
ti
tu
de
s 

of
 t
he
  
st
ag
es
, 
 b
ut
  
al
so
  
de
pe
nd
en
t 

on
 c
on
fi
gu
ra
ti
on
. 
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F
i
w
e
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To
 i
ll
us
tr
at
e 
 t
he
  
im
po
rt
an
ce
  
of
  
th
e 
 i
nt
er
fe
re
nc
e 
 a
er
od
yn
am
ic
s 
 t
yp
ic
al
  
dy
na
mi
c 
 s
im
ul
at
io
n 
 o
ut
pu
ts
 

at
  
Ma
ch
  
nu
mb
er
  
of
 

2 
ar
e 
 p
re
se
nt
ed
  
in
  
th
is
  
fi
gu
re
. 
 T
he
  
tr
aj
ec
to
ry
  
da
ta
  
sh
ow
n 
 i
s 
 w
it
h 
 t
he
  
or
bi
te
r 

po
we
r 
 a
t 1
0%
 
an
d 
 t
he
  
bo
os
te
r 
 p
ow
er
  
at
 

5%
 a
t 
 r
el
ea
se
. 
 '
Ph
is
  
wo
ul
d 
 r
eq
ui
re
  
th
e 
 t
hr
ot
tl
in
g 

of
 t
he
 

12
 b
oo
st
er
  
en
gi
ne
s t
o 

5%
. 

Th
e 
 d
at
a 
 o
n 
 t
he
  
le
ft
  
is
 

a 
tr
aj
ec
to
ry
  
ge
ne
ra
te
d 
 u
si
ng
  
th
e 
 i
nt
er
fe
re
nc
e 

ae
ro
dy
na
mi
cs
  
wi
th
  
pl
um
e 
 s
im
ul
at
io
n 

in
 t
he
 d

yn
am

ic
 s
im
ul
at
io
n 
 p
ro
gr
am
. 
Th
e 
va
ri
ou
s 
pi
ct
ur
es
 a

m
 s
ho
wn
 

at
 1
 s
ec
on
d 
 i
nt
er
va
ls
  
fr
om
 

a 
re
le
as
e 
 c
on
di
ti
on
. 
 T
he
  
an
gl
e 
 o
f 
 a
tt
ac
k 
 a
nd
  
in
ci
de
nc
e 

an
gl
e 
at
  
re
le
as
e 

we
re
 0

" 
an
d 
 a
ft
er
 6 
se
co
nd
s 
 t
he
  
tw
o 
 v
eh
ic
le
s 

ar
e 
se
pa
ra
ti
ng
  
fr
om
  
ea
ch
  
ot
he
r.
  
Th
e 
 d
at
a 
 o
n 
 t
he
  
ri
gh
t 

is
 f
or
 a
 t
ra
je
ct
or
y 
 g
en
er
at
ed
  
us
in
g 
 j
us
t 
 i
nt
er
fe
re
nc
e 
 f
re
e 
 a
er
od
yn
am
ic
  
da
ta
  
wi
th
 

pl
um
e 
si
mu
la
ti
on
 

in
 
th
e 
dy
na
mi
c 
si
mu
la
ti
on
  
pr
og
ra
m 
 a
nd
  
fo
r 
 t
he
  
sa
me
  
in
it
ia
l 
 c
on
di
ti
on
s.
  
Af
te
r 
 a
bo
ut
 

3 
se
co
nd
s 

fo
r 

th
is
 t
ra
je
ct
or
y 
 t
he
 tw
o 
ve
hi
cl
es
  
ha
ve
  
cc
ll
id
ed
. 
 C
on
se
qu
en
tl
y,
  
no
t 
 o
nl
y 
 i
s 
 i
t 
 i
mp
or
ta
nt
  
th
at
  
th
e 

pr
op
er
  
ae
ro
dy
na
mi
c 
 i
nt
er
fe
re
nc
e 
 d
at
a 

be
 u
se
d 
 i
n a
n 
ab
or
t 
 s
ep
ar
at
io
n 
 d
yn
am
ic
  
pr
og
ra
m 

to
 o
bt
ai
n 
 m
ea
ni
ng
- 

fu
l 
re
su
lt
s,
  
bu
t 
 a
ls
o 
 t
he
  
in
te
rf
er
en
ce
  
ae
ro
dy
na
mi
cs
  
at
  
th
es
e 
 c
on
di
ti
on
s 
 c
au
se
d 
 t
he
  
tw
o 
 v
eh
ic
le
s 

to
 

se
pa
ra
te
. 



I"
 

I"
 

w
 

w
 

EF
FE

CT
 O

F 
IN

TE
RF

ER
EN

CE
  A

ER
O

DY
NA

M
IC

S 
M

 
2; 

a 
- 0'; 

ai
 - Oo 

OR
BI

TE
R 

PO
W

ER
 

10
0%

; B
OO

ST
ER

  PO
W

ER
 

50
% 

L
7

 

IN
TE

RF
ER

EN
CE

  A
ER

@
 

W
IT

H 
"
9
 

PL
UM

E 
S I

M
UL

AT
I 

IN
TE

RF
ER

EN
CE

 FR
EE

 A
ER

O 
W

IT
H 

PL
UM

E 
SI

 M
UL

AT
l O

N 

I 

. 
/ 

RE
LE

AS
E 

-1
 

RE
LE

AS
E 

Fi
gu

re
 1

4 



Fi
gu
re
 1
1 
ha
d 
 s
ho
wn
  
th
at
 

a 
la
rg
e 
 r
eg
io
n 
 o
f 
 i
nt
er
fe
re
nc
e 
 w
as
  
ca
us
ed
  
by
  
th
e 
 r
oc
ke
t 
 e
xh
au
st
 

of
  
th
e 
 o
rb
it
er
  
on
  
th
e 
 b
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at
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ra
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 l
ef
t 
 w
as
  
ob
ta
in
ed
  
us
in
g 
 a
er
od
yn
am
ic
  
wi
nd
  
tu
nn
el
  
da
ta
  
wi
th
ou
t 
 t
he
  
pl
um
e 
 s
im
ul
at
io
n 
 i
n 

th
e 
 d
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 d
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at
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 c
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at
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 c
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 b
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 p
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at
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 f
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Th
e 
 u
se
  
of
  
th
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l 
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n 
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in
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 t
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ra
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d 
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n 
 t
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s 
 f
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ur
e.
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 a
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h 
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um
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n 
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it
h 
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r 
 p
ow
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l 
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t 
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d 
 b
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r 
 l
ev
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r 
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 b
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 o
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 t
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 b
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 b
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ra
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e 
 o
rb
it
er
  
en
gi
ne
s o
r 
fo
r 
 u
si
ng
  
th
e 
 r
ea
ct
io
n 
 c
on
tr
ol
  
sy
st
em
  
on
  
bo
th
  
th
e 
 o
rb
it
er
  
an
d 
 b
oo
st
er
, 

th
es
e 
 c
on
tr
ol
  
de
vi
ce
s 
 w
ou
ld
  
al
so
  
be
  
us
ef
ul
 

in
 s
ep
ar
at
in
g 
 t
he
  
ve
hi
cl
es
. 



EF
FE

CT
 O
F 

TH
RU

ST
  V

EC
TO

R 
 C

O
NT

RO
L  O

N 
 BO

O
ST

ER
 

M
 

5; 
a 

= 
0'; 

a. 
= 

5' 

OR
BI

TE
R 

PO
W

ER
 

10
0%

: B
OO

ST
ER

  PO
W

ER
 

m
 25

% 
I 

BO
OS

TE
R 

GI
M

BA
L A

NG
LE

 * 
0' f
l 

7
 

t =
 4

 se
c 

7
'
 

T
t

'
=

 2 
se

c 

-7
 

t 8
 
0 

se
c 

RE
LE

AS
E 

f
l
 

s
t

 
=

3 s
ec

 
/
 

v
 
7
.
 

BO
OS

TE
R 

GI
M

BA
L A

NG
LE

 =
 2.

5' 
,
 

7
 t 0

 se
c 

RE
LE

AS
E 

Fi
gu

re
 20

 



PI
TC
HI
NG
 M

OM
EN

T 
EQ
UA
TI
ON
 

(F
ig
ur
e 
21
) 

Wh
en
  
co
ns
id
er
in
g 
 t
he
  
mo
ti
on
  
of
 

a 
ve
hi
cl
e 
 i
t 
 i
s 
 i
mp
or
ta
nt
  
to
  
ac
co
un
t 
 f
or
  
al
l 
 f
ac
to
rs
  
wh
ic
h 

ma
y 
 i
nf
lu
en
ce
  
th
e 
 m
ot
io
n.
  
Th
e 
 t
ot
al
  
pi
tc
hi
ng
  
mo
me
nt
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ti
ng
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 v
eh
ic
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 i
s 
co
mp
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m 
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th
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 d
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st
  
te
rm
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un
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fo
r 
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f 
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 c
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r 
 o
f 
 g
ra
vi
ty
  
an
d 
 o
nc
e 
 t
he
  
th
ru
st
  
le
ve
l 
 i
s 

lm
ow

n,
 
th
e 
 c
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ng
  
mo
me
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 c
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at
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at
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 p
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it
y 
 i
nf
lu
en
ce
  
on
  
th
e 
 t
ot
al
  
mo
me
nt
. 
 B
ec
au
se
  
of
 

a 
hi
gh
  
de
gr
ee
  
of
  
un
ce
r-
 

ta
in
ty
  
wi
th
  
th
e 
 d
yn
am
ic
  
da
mp
in
g 
 c
on
tr
ib
ut
io
n,
  
in
ve
st
ig
at
io
ns
  
we
re
  
in
it
ia
te
d 
 t
o 
 d
et
er
mi
ne
  
if
 

th
e 
 d
yn
am
ic
 da

m
pi

ng
 t
er
m 
 o
f 
 e
it
he
r 
 t
he
  
or
bi
te
r 

o
r 
bo
os
te
r 
 c
ha
ng
ed
  
si
gn
if
ic
an
tl
y 
 w
he
n 
 i
n 
 p
ro
xi
mi
ty
 

to
  
th
e 
 o
th
er
  
ve
hi
cl
e.
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Th
es
e 
 d
yn
am
ic
  
st
ab
il
it
y 
 i
nv
es
ti
ga
ti
on
s,
  
de
sc
ri
be
d 

in
 m
or
e 
 d
et
ai
l 
 i
n 
 p
ap
er
  
no
. 31

 b
y 
K.
 
J.
 
G

rli
k
- 

Ri
ic
ke
ma
nn
, 
J.
 
G.
 
La
Be
rg
e,
  
an
d 
E.
 S
. 
Hm

ff
, 
ar
e 
 i
ll
us
tr
at
ed
  
in
  
th
is
  
fi
gu
re
. 
 T
es
ts
  
we
re
  
co
nd
uc
te
d 
 a
t 

th
e 
 A
rn
ol
d 
 E
ng
in
ee
ri
ng
  
De
ve
lo
pm
en
t 
 C
en
te
r 
 a
t 

M 
=

 
2
 o
n 
 t
he
  
No
rt
h 
 A
me
ri
ca
n 
 R
oc
kw
el
l/
Ge
ne
ra
l 

D
yn

am
ic

s 

Ph
as
e 
B 
de
lt
a 
 w
in
g 
 s
pa
ce
  
sh
ut
tl
e 
 c
on
ce
pt
, 
 r
ef
er
en
ce
 

23
, 
at
  
th
e 
 N
at
io
na
l 
 A
er
on
au
ti
ca
l 
 E
st
ab
li
sh
me
nt
, 

Ca
na
da
  
at
 M 

=
 1
.8
 o

n 
th
e 
 '
No
rt
h 
 A
me
ri
ca
n 
 R
oc
kw
el
l/
Ge
ne
ra
l 
 D
yn
am
ic
s 
 s
tr
ai
gh
t 

wi
ng
 s
pa
ce
  
sh
ut
tl
e 

co
nc
ep
t,
  
re
fe
re
nc
e 2
4,
 a
nd
  
at
  
th
e 
 N
at
io
na
l 
 A
er
on
au
ti
ca
l 
 E
st
ab
li
sh
me
nt
 

at
 M
 =

 1
.8
 o

n 
th
e 
 M
cD
on
ne
ll
- 

Do
ug
la
s 
 P
ha
se
 3 
sp
ac
e 
 s
hu
tt
le
  
co
nc
ep
t,
  
re
fe
re
nc
es
 

25
 
an
d 
26
. 

In
 t
he
  
ea
rl
y 
 p
or
ti
on
 of
 t
he
se
  
te
st
s 

ei
th
er
  
th
e 
 o
rb
it
er
 

or
 b
oo
st
er
  

wo
ul
d 
 b
e 
 f
ix
ed
  

an
d 
 t
he
  

ot
he
r 
 v
eh
ic
le
  

wo
ul
d 
 b
e 
 o
sc
il
la
te
d 
 t
o 
 o
bt
ai
n 

th
e 
 d
am
pi
ng
-i
n-
pi
tc
h 
 d
er
iv
at
iv
e.
  
Co
nd
uc
ti
ng
  
th
e 
 e
xp
er
im
en
t 

in
 t
hi
s 
 f
as
hi
on
  
in
di
ca
te
d 
 t
ha
t 
 t
he
 

in
te
rf
er
en
ce
  
ef
fe
ct
s o
n 
th
e 
 d
am
pi
ng
-i
n-
pi
tc
h 
 d
er
iv
at
iv
e of
 e
it
he
r 
 t
he
  
or
bi
te
r or
 b
oo
st
er
  
du
e 
 t
o 

th
e 
 s
ta
ti
on
ar
y 
 p
re
se
nc
e of
 t
he
  
ot
he
r 
 v
eh
ic
le
  
we
re
  
re
la
ti
ve
ly
  
sm
al
l.
  
Ho
we
ve
r,
  
wh
en
  
bo
th
  
ve
hi
cl
es
 

we
re
  
os
ci
ll
at
ed
  
th
e 
 d
am
pi
ng
-i
n-
pi
tc
h 
 d
er
iv
at
iv
e 
 c
ha
ng
ed
  
si
gn
if
ic
an
tl
y 
 w
he
n 

a 
ph
as
e 
 s
hi
ft
  
oc
cu
rr
ed
 

be
tw
ee
n 
 t
he
  
or
bi
te
r 
 a
nd
  
bo
os
te
r.
  
Th
e 
 l
ar
ge
st
  
in
cr
ea
se
  
an
d 
 l
ar
ge
st
  
de
cr
ea
se
 

in
 t

he
  
da
mp
in
g-
in
- 

pi
tc
h 
 p
ar
am
et
er
  

oc
cu
rr
ed
  

wh
en
  

th
e 
 o
rb
it
er
  

an
d 
 b
oo
st
er
  

we
re
  

ou
t 

of
 p
ha
se
  

wi
th
  

ea
ch
  

ot
he
r 

by
 9

0"
 

an
d 

27
0"

 
re
sp
ec
ti
ve
ly
. 
 M
os
t 
of

 t
he
  
se
pa
ra
ti
on
  
tr
aj
ec
to
ri
es
  
ob
ta
in
ed
  
du
ri
ng
  
th
e 
 p
re
se
nt
  
st
ud
y 

sh
ow
ed
  
th
at
  
bo
th
  
th
e 
 o
rb
it
er
  
an
d 
 b
oo
st
er
  
we
re
  
al
mo
st
 

in
 p
ha
se
  
wi
th
  
ea
ch
  
ot
he
r 
 a
nd
  
os
ci
ll
at
in
g 

wi
th
  
th
e 
 s
am
e 
 f
re
qu
en
cy
. 



D
YN

A
M

IC
 S

TA
B

IL
IT

Y  T
ES

TS
 

Fi
gu

re
 22

 



m
e
 im

pl
ic
at
io
n 
 o
f 
 t
he
  
ch
an
ge
 

in
 m
ag
ni
tu
de
 o
f 
th
e 
 d
am
pi
ng
-i
n-
pi
tc
h 
 d
er
iv
at
iv
e is
 i
ll
us
tr
at
ed
 

in
 t
hi
s 
 f
ig
ur
e.
  
Th
e 
 r
es
ul
ts
  
il
lu
st
ra
te
d 
 a
re
  
at
 

a 
Ma
ch
  
nu
mb
er
 of
 2
 a
nd
  
wi
th
  
th
e 
 o
rb
it
er
  
po
we
r 

at
 1
0%
 

an
d 
th
e 
 b
oo
st
er
  
po
we
r 
 a
t 5%
 a

t 
 r
el
ea
se
. 
 T
he
  
tr
aj
ec
to
ry
 on
 t
he
  
le
ft
 is
 w
it
h 
 t
he
  
co
nt
ro
ls
 

sc
t 
 a
t 0

" 
de
fl
ec
ti
on
  
an
d 
 w
it
h 
 n
om
in
al
  
va
lu
es
 

of
 t
he
  
da
mp
in
g i
n 
pi
tc
h 
 p
ar
am
et
er
 fo

r 
bo
th
  
th
e 
 o
rb
i-
 

te
r 
 a
nd
 bo
os
te
r.
  
As
  
ca
n b
e 
se
en
, 
 t
he
  
ve
hi
cl
es
  
ar
e 
 s
ep
ar
at
in
g 
 f
ro
m 
 e
ac
h 
 o
th
er
  
af
te
r 
 a
bo
ut
 

10
 

se
co
nd
s.
  
Th
e 
 t
ra
je
ct
or
y i
n 
th
e 
ce

nt
er

 i
s 
ag
ai
n 
 w
it
h 
 t
he
  
co
nt
ro
ls
 

on
 t
he
  
bo
os
te
r 
 a
nd
  
or
bi
te
r 

se
t 
 a
t O
o 
bu
t 
 w
it
h 
 t
he
  
da
mp
in
g 

in
 p
it
ch
  
pa
ra
me
te
rs
 fo

r 
bo
th
  
th
e 
 o
rb
it
er
 

zn
d 
bo
os
te
r 
 i
nc
re
as
ed
 

to
 -
bO
/r
ad
. 

It
 i
s 
 s
ee
n 
 h
er
e 
 t
ha
t 
 t
he
  
ve
hi
cl
es
  
co
ll
id
e 
 a
ft
er
 

5 
se
co
nd
s.
 
Th
e 
fa
ct
  
th
at
  
th
e 

da
mp
in
g-
in
-p
it
ch
  
pa
ra
me
te
r 
 c
an
  
be
  
in
cr
ea
se
d 
 d
oe
s 
 n
ot
  
me
an
  
th
at
  
th
e 
 v
eh
ic
le
s 
 c
an
no
t 

be
 s
af
el
y 

se
pa
ra
te
d.
  
In
st
ea
d 
 t
hi
s i
s 
a 
fa
ct
 f
or
 w
hi
ch
 a
 w
or
ka
bl
e 
 a
bo
rt
  
so
lu
ti
on
 

ma
y 
 h
av
e 
 t
o 
 b
e 
 d
es
ig
ne
d 

T
o
 i
ll

us
tr

at
e 

th
is

, 
th

e 
ab

or
t 

tr
aj

ec
to

ry
 o
n 
th
e 
 r
ig
ht
 is
 f
or
 t
he
  
da
mp
in
g i
n 
pi
tc
h 
 p
ar
am
et
er
s 

fo
r 
th
e 
 o
rb
it
er
  
an
d 
 b
oo
st
er
  
st
il
l 
 i
nc
re
as
ed
  
to
  
-b
O/
ra
d.
 

To
 s
af
el
y 
 s
ep
ar
at
e 
 t
he
  
ve
hi
cl
es
, 
 h
ow
ev
er
, 

th
e 
 o
rb
it
er
  
co
nt
ro
ls
  
ar
e 
 s
et
  
to
 

-2
0"
 a
nd
  
th
e 
 b
oo
st
er
  
co
nt
ro
ls
 

to
 +

20
°.

 
Co
ns
eq
ue
nt
ly
, 
it
 i
s 

im
po
rt
an
t 
 t
o h

o
w
 t
he
  
in
te
rf
er
en
ce
  
ef
fe
ct
s o
n 
th
e 
 d
am
pi
ng
-i
n-
pi
tc
h 
 d
er
iv
at
iv
es
. 
 H
ow
ev
er
, a
s 

wa
s 
il
lu
st
ra
te
d 
 i
n 
 t
hi
s 
 f
ig
ur
e,
 

a 
sa
fe
  
ab
or
t 
 s
ep
ar
at
io
n ca
n 
 b
e o
bt
ai
ne
d 
by

 p
ro
pe
rl
y 
us
in
g 
co
n-
 

tr
ol
s 
 a
lr
ea
dy
  
en
vi
si
on
ed
 

fo
r 
th
e 
 v
eh
ic
le
s.
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m

i) 
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-3
/ 

ra
d 

-4
0/
 ra

d 
-4

0/
 r

ad
 

(C
m4
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= 
-1

/ 
ra
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-4

0/
 

ra
d 
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 ra

d 
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 o s
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se
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Th
e 
 p
ot
en
ti
al
  
ef
fe
ct
  
of
  
de
si
gn
in
g 

a 
se
pa
ra
ti
on
  
me
ch
an
is
m 
 t
o 
 i
mp
ar
t 
 c
er
ta
in
  
ro
ta
ti
on
al
  
mo
ti
on
s 

to
  
th
e 
 v
eh
ic
le
s 
 a
t 
 r
el
ea
se
  
is
  
il
lu
st
ra
te
d 
 i
n 
 t
hi
s 
 f
ig
ur
e.
  
Th
e 
 t
ra
je
ct
or
y 
 d
at
a 
 o
n 
 t
he
  
le
ft
  
is
 

fo
r 
 n
o 
 p
it
ch
  
ro
ta
ti
on
  
im
pa
rt
ed
  
to
  
th
e 
 v
eh
ic
le
s 
 a
t 
 r
el
ea
se
 

an
d 
it
  
is
  
se
en
  
th
at
  
th
e 
 t
wo
  
ve
hi
cl
es
 

co
ll
id
e 
 a
ft
er
  
ab
ou
t 4 
se
co
nd
s.
  
Th
e 
 t
ra
je
ct
or
y 
 d
at
a 
 o
n 
 t
he
  
ri
gh
t 
 i
s 

fo
r 
a 
co
nd
it
io
n 
 w
he
re
  
th
e 

se
pa
ra
ti
on
  
me
ch
an
is
m ha

s 
im
pa
rt
ed
 a
 n
os
e 

up
 p
it
ch
  
ro
ta
ti
on
  
to
  
th
e 
 o
rb
it
er
  
of
 

6 
de
g/
se
c 

an
d 
a 

no
se
 d

ow
n 
pi
tc
h 
 r
ot
at
io
n 
 t
o 
 t
he
  
bo
os
te
r 
 o
f 

-6
 d
eg
/s
ec
. 

It
 i
s 
 s
ee
n 
 t
ha
t a 
sa
fe
  
se
pa
ra
ti
on
 

tr
aj
ec
to
ry
  
is
  
ob
ta
in
ed
. 
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e
 

T
he

 d
ep

en
de

nc
y 

of
 a

b
o

rt
  s

ep
ar

at
io

n
  tr

aj
ec

to
ri

es
 

on
 t

h
e 

 lo
ca

ti
o

n
 

of
 t

h
e 

 o
rb

it
er

 o
n 

th
e 

b
o

o
st

er
 

is
 s

ho
w

n 
in

 t
h

is
 f

ig
u

re
 a

t 
M 

=
 2

. 
O

ne
 t

ra
je

ct
o

ry
 i

s 
fo
r 

th
e 

no
m

in
al

 l
au

nc
h 

 p
os

it
io

n 
 an

d 
 th

e  o
th

er
 

is
 f

o
r 

a 
p

ar
al

le
l  b

u
rn

  la
u

n
ch

  p
o

si
ti

o
n

. 
A 

sa
fe

 a
b

o
rt

  se
p

ar
at

io
n

 
is

 o
bt

ai
ne

d 
w

he
n 

th
e 

ve
hi

cl
es

 

ar
e  

se
p

ar
at

ed
 

fr
om

 t
h

e 
no

m
in

al
  la

un
ch

 
p

o
si

ti
o

n
 a

nd
 t

h
e 

 v
eh

ic
le

s  c
o

ll
id

e 
w

he
n 

th
ey

  ar
e  s

ep
ar

at
ed

 

fr
om

 t
h

e  p
ar

al
le

l  b
u

rn
  la

u
n

ch
  p

o
si

ti
o

n
. 

T
hi

s 
do

es
 n

ot
 i

m
pl

y 
th

at
  th

e 
no

m
in

al
 p

o
si

ti
o

n
  is

 
a 

b
et

te
r  p

o
si

ti
o

n
  th

an
  th

e 
 p

ar
al

le
l  b

u
rn

  p
o

si
ti

o
n

  s
in

ce
  s

af
e 

 se
p

as
at

io
n

  tr
aj

ec
to

ri
es

 
ha

ve
  be

en
 

ob
ta

in
ed

 f
ro

m
 t

h
is

  p
o

si
ti

o
n

 
al

so
. 

In
st

ea
d

 i
t 

in
d

ic
at

es
  th

at
  se

p
ar

at
io

n
  is

 
a 

fu
n

ct
io

n
 o

f 

p
o

si
ti

o
n

 o
f 

th
e 

 o
rb

it
er

 
on

 t
h

e  
b

o
o

st
er

. 
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As
 a
 r
es
ul
t 
of
 t
he
  
st
ud
y 
 t
o 
 d
at
e,
  
so
me
  
ob
se
rv
at
io
ns
  
pe
rt
in
en
t 
 t
o 
 f
ut
ur
e 
 s
tu
di
es
  
ar
e 
 m
ad
e.
 

Ap
pr
oa
ch
  
to
  
St
ud
y 
 A
bo
rt
  
St
ag
in
g 

Cl
os
e 
 C
oo
rd
in
at
io
n 
 B
et
we
en
  
Te
ch
ni
ca
l 
 D
is
ci
pl
in
es
.-
  
Ae
ro
dy
na
mi
c 
 s
ta
gi
ng
  
te
st
in
g 
 c
ou
ld
  
be
 

ex
tr
em
el
y 
 c
os
tl
y 
 i
f 
 t
he
  
pr
oj
ec
t 
 i
s 
 n
ot
  
we
ll
  
or
ga
ni
ze
d 
 d
ue
  
to
  
th
e 
 c
om
pl
ex
it
y 

of
 t
es
ti
ng
  
an
d 
 t
he
 

da
ta
  
vo
lu
me
  
re
qu
ir
ed
. I
t 
is
  
im
pe
ra
ti
ve
  
th
at
  
cl
os
e 
 c
oo
rd
in
at
io
n 

be
 m
ai
nt
ai
ne
d 
 b
et
we
en
  
th
e 

va
ri
ou
s 
 t
ec
hn
ic
al
  
di
sc
ip
li
ne
s 
 d
ur
in
g 
 p
la
nn
in
g 
 a
nd
  
co
nd
uc
ti
ng
  
th
e 
 t
es
t 
 a
nd
  
du
ri
ng
  
da
ta
  
an
al
ys
is
 

to
  
re
du
ce
  
th
e 
 c
os
t 
 a
nd
  
to
  
in
su
re
  
th
at
  
op
ti
mu
m 
 u
se
 

of
 t
he
  
da
ta
  
is
  
ob
ta
in
ed
. 

Si
nc
e 
 t
he
  
pr
op
ul
si
on
  
si
mu
la
ti
on
  
re
qu
ir
es
  
ma
tc
hi
ng
 

of
  
Ma
ch
  
nu
mb
er
  
an
d 
 a
lt
it
ud
e 

(s
o

 t
ha
t 
 t
he
 

pr
op
er
  
pl
um
e 
 s
iz
e 
 a
nd
  
sh
ap
e 
 i
s 
 o
bt
ai
ne
d)
  
th
e 
 n
om
in
al
  
tr
aj
ec
to
ry
  
fo
r 
 t
he
  
sy
st
em
  
to
  
be
  
in
ve
st
i-
 

ga
te
d 
 s
ho
ul
d 
 b
e 
 w
el
l 
 e
st
ab
li
sh
ed
. If
 e
xc
ur
si
on
s 
 f
ro
m 
 t
he
  
no
mi
na
l 
 t
ra
je
ct
or
y 
 a
re
  
ex
pe
ct
ed
  
to
  
be
 

la
rg
e 
 t
he
n 
 a
dd
it
io
na
l 
 t
es
ts
  
wo
ul
d 
 b
e 
 r
eq
ui
re
d 
 t
o 
 d
et
er
mi
ne
  
al
ti
tu
de
  
ef
fe
ct
. 

Ob
ta
in
  
Da
ta
 by
 G
ri
d 
 M
et
ho
d.
- I
n 
or
de
r 
 t
o g
ai
n 
ma
xi
mu
m 
 u
ti
li
za
ti
on
  
fr
om
  
th
e 
 d
at
a,
  
th
e 
 m
et
ho
d 

of
 o
bt
ai
ni
ng
  
ae
ro
dy
na
mi
c 
 c
oe
ff
ic
ie
nt
s 
 a
s 

a 
fu
nc
ti
on
 o
f 
a 
gr
id
  
po
si
ti
on
  
an
d 
 a
tt
it
ud
e 

is
 p
re
fe
rr
ed
. 

Th
e 
 c
ap
ti
ve
  
tr
aj
ec
to
ry
  
ap
pr
oa
ch
  
mi
gh
t 
 b
e 
 d
es
ir
ab
le
  
af
te
r 
 v
eh
ic
le
  
de
si
gn
  
is
  
fi
rm
ed
, 
 b
ut
  
du
ri
ng
 

th
e 
 d
es
ig
n 
 p
ha
se
, 
 t
hi
s 
 a
pp
ro
ac
h 
 l
im
it
s 
 d
at
a 
 u
sa
bi
li
ty
  
si
nc
e 
 o
nl
y 
 o
ne
  
un
iq
ue
  
tr
aj
ec
to
ry
 

ca
n

 b
e 

ob
ta
in
ed
 o

r 
at
  
le
as
t a
 l
im
it
ed
  
nu
mb
er
  
fi
xe
d 
 t
o 
 c
er
ta
in
  
tr
aj
ec
to
ry
  
an
d 
 m
as
s 
 c
on
di
ti
on
s.
 

In
 o
rd
er
  
to
  
mi
ni
mi
ze
  
am
ou
nt
 

of
 t
es
ti
ng
  
an
d 
 t
o as

sw
e 
th
at
  
mo
st
  
in
po
rt
an
t 
 i
nt
er
fe
re
nc
e 
 r
eg
io
ns
 

ar
e 
 i
nc
lu
de
d,
  
de
ta
il
ed
  
la
yo
ut
s 

of
 t
he
  
mo
de
ls
  
an
d 
 t
he
ir
  
es
ti
ma
te
d 
 s
ho
ck
  
an
d 
 p
lu
me
  
bo
un
da
zi
es
  
sh
ou
ld
 

be
  
ma
de
. 
 G
ri
d 
 d
en
si
ti
es
  
wi
ll
  
th
en
  
be
 

a 
fu
nc
ti
on
 o
f 
Ma
ch
  
nu
mb
er
  
an
d 
 r
el
at
iv
e 
 l
oc
at
io
n 

of
 t
he
  
ve
hi
cl
e 

co
mp
on
en
ts
  
su
ch
  
as
  
no
se
, 
 w
in
g,
  
ca
na
rd
, 
 e
tc
. 

Au
to
ma
te
d 
 D
at
a 
 A
cq
ui
si
ti
on
.-
  
Co
mp
le
te
ly
  
au
to
ma
te
d 
 d
at
a 
 a
cq
ui
si
ti
on
  
eq
ui
pm
en
t 
 w
hi
ch
  
ge
ts
  
th
e 

ma
n 
 o
ut
 of
 t
he
  
lo
op
  
is
  
ne
ce
ss
ar
y 
 t
o 
 i
ns
ur
e 
 t
ha
t 
 t
he
  
qu
an
ti
ti
es
 

of
 d
at
a 
 r
eq
ui
re
d 
 f
or
  
ab
or
t 
 a
na
ly
si
s 

ca
n 
 b
e 
 o
bt
ai
ne
d 
 q
ui
ck
ly
, 
 e
ff
ic
ie
nt
ly
, 
 a
nd
  
ec
on
om
ic
al
ly
. 
 T
he
  
sy
st
em
  
sh
ou
ld
  
be
  
ca
pa
bl
e 

of
 a
ut
om
at
ic
al
ly
 

po
si
ti
on
in
g 
 t
he
  
mo
de
ls
  
at
 

as
 m
an
y 
 g
ri
d 
 p
oi
nt
s 
 a
s 
 p
os
si
bl
e 
 a
t 

a 
gi
ve
n 
 s
et
 of
 t
un
ne
l 
 c
on
di
ti
on
s.
 

An
ot
he
r 
 f
ac
et
 of
 d
at
a 
 a
cq
ui
si
ti
on
  
is
  
th
e 
 i
mp
or
ta
nc
e 

of
 r
ed
uc
in
g 
 t
he
  
da
ta
  
to
  
or
de
rl
y 

ar
ra

p 
th
at
  
ar
e 
 a
me
na
bl
e 
 t
o 
 b
ei
ng
  
us
ed
 

in
 f
li
gh
t 
 m
ec
ha
ni
c 
 p
ro
gr
am
s,
  
pl
ot
ti
ng
  
pr
og
ra
ms
, 

an
d 
ot
he
r 
pr

og
ra

ms
 

wh
ic
h 
 m
ay
  
be
  
ne
ce
ss
ar
y 

fo
r 
us
e 
 i
n 
 a
na
ly
si
s o

r 
ap
pl
ic
at
io
n 
of
 s
ca
li
ng
  
pa
ra
me
te
rs
. 
 T
he
  
vo
lu
me
 of
 

da
ta
  
ob
ta
in
ed
  
fr
om
  
th
es
e 
 t
yp
e 
 t
es
ts
  
is
 

so
 m
as
si
ve
  
th
at
  
it
  
is
  
pr
oh
ib
it
iv
e 
 t
o 
 t
ak
e 

a
 m
an
ua
l 
 a
pp
ro
ac
h 

o
r 
fr
ag
me
nt
ed
  
co
mp
ut
er
iz
ed
  
ap
pr
oa
ch
 

in
 a
na
ly
si
s 
a
d
 di
ss
em
in
at
io
n 
of

 t
es
t 
 r
es
ul
ts
. 
 A
s m

u
c
u
s
 

po
ss
ib
le
, 
 d
at
a h
ad

li
ng

 a
na
ly
si
s 
 a
nd
  
di
ss
em
in
at
io
n 
 s
ho
ul
d 
 b
e 
 d
on
e 
 w
it
h 
 c
om
pu
te
rs
  
th
ro
ug
h 

a 
to
ta
ll
y 

in
te
gr
at
ed
  

ap
pr
oa
ch
. 

Fl
ow
  
Vi
su
al
iz
at
io
n.
- 
 B
ec
au
se
 

of
 t
he
  
co
mp
le
x 
 f
lo
w 
 f
ie
ld
s 
 c
au
se
d 

by
 s
ho
ck
  
in
te
ra
ct
io
n 
 a
nd
  
en
gi
ne
 

pl
um
e 
 i
nt
er
fe
re
nc
e,
  
an
al
ys
is
  
an
d 
 u
nd
er
st
an
di
ng
 

of
 r
es
ul
ti
ng
  
fo
rc
e 
 a
nd
  
mo
me
nt
  
da
ta
  
re
qu
ir
es
  
th
e 

w
e
 

of
 
ex
te
ns
iv
e 
 f
lo
w 
 v
is
ua
li
za
ti
on
. 
 S
ch
li
er
en
s,
  
sh
ad
ow
gr
ap
hs
 

o
r 
in
te
rf
er
og
ra
ms
  
sh
ou
ld
 be
 o
bt
ai
ne
d 

fo
r 
 a
s 
 m
an
y 
 c
on
di
ti
on
s 
 a
s 
 p
ra
ct
ic
al
. 



Te
ch
no
lo
gy
  

Co
nc
er
ns
 

I 

Pl
um
e 
 S
im
ul
at
io
n.
- 
 T
he
  
me
th
od
  
us
ed
  
to
  
si
mu
la
te
  
th
e 
 r
oc
ke
t 
 e
xh
au
st
 

of
 t
he
  
or
bi
te
r 
 a
nd
  
bo
os
te
r 

in
 t
he
  
pr
es
en
t 
 s
tu
dy
  
ap
pe
ar
s 
 t
o 
 b
e 
 a
de
qu
at
e.
  
Ho
we
ve
r,
  
th
er
e 
 a
re
  
ce
rt
ai
n 
 g
ra
y 
 a
re
as
  
wh
ic
h 
 n
ee
d 

cl
ar
if
ic
at
io
n 
 t
o 
 a
sc
er
ta
in
  
th
e 
 d
eg
re
e 
 o
f 
 s
op
hi
st
ic
at
io
n 
 r
eq
ui
re
d 

in
 t
he
  
si
mu
la
ti
on
. 
 T
es
ts
 ax
e 

ne
ed
ed
  
to
  
ev
al
ua
te
  
th
e 
 e
ff
ec
t 
 o
f 
 h
ot
  
fl
ow
, 
 m
om
en
tu
m 
 m
at
ch
  
an
d 
 m
ul
ti
pl
e 
 n
oz
zl
e 
 a
rr
an
ge
me
nt
s.
 

Wi
nd
  
Tu
nn
el
  
Fa
ci
li
ti
es
.-
  
Fo
r 

a 
sh
ut
tl
e 
 s
ys
te
m 
 s
uc
h 
 a
s 
 c
on
si
de
re
d 
 d
ur
in
g 
 t
he
  
pr
es
en
t 
 i
nv
es
ti
- 

ga
ti
on
, 
 c
er
ta
in
  
fa
ci
li
ty
  
im
pr
ov
em
en
ts
  
wo
ul
d 
 b
e 
 n
ee
de
d 
 t
o 
 p
ro
vi
de
  
fi
na
l 
 d
es
ig
n 
 a
er
od
yn
am
ic
  
da
ta
. 

A 
fu
ll
y 
 a
ut
om
at
ic
  
tw
el
ve
  
de
gr
ee
 

of
 f
re
ed
om
  
sy
st
em
  
wo
ul
d 
 b
e 
 d
es
ir
ab
le
; 
 h
ow
ev
er
, 

a 
sy
st
em
  
wh
ic
h 
 o
nl
y 

ha
s 
 m
ix
ed
  
au
to
ma
ti
c-
ma
nu
al
  
ca
pa
bi
li
ty
  
wo
ul
d 
 b
e 
 a
cc
ep
ta
bl
e 
 f
or
  
op
er
at
io
n 
 u
nd
er
 

a 
gr
id
  

da
ta
  

ac
qu
is
i-
 

ti
on
  
mo
de
. 
 A
lt
ho
ug
h 
 o
nl
y 
 t
he
  
lo
ng
it
ud
in
al
  
mo
ti
on
  
wa
s 
 s
tu
di
ed
  
in
-d
ep
th
 

in
 t
he
  
pr
es
en
t s
tu

dy
, 

a 
ca
pt
iv
e 
 t
ra
je
ct
or
y 
 s
ys
te
m 
 w
hi
ch
  
ha
s 
 e
le
ve
n 

or
 t
we
lv
e 
 d
eg
re
es
 of
 m
ot
io
n 
 w
ou
ld
  
be
  
de
si
ra
bl
e 

in
 e
va
lu
at
in
g 
 t
he
  
ou
t-
of
-p
la
ne
  
fo
rc
es
  
an
d 
 m
om
en
ts
  
as
  
th
ey
  
in
fl
ue
nc
e 
 t
he
  
se
pa
ra
ti
on
  
tr
aj
ec
to
ri
es
. 

De
fi
ni
te
ly
  
mo
re
  
de
gr
ee
s 
 o
f 
 m
ot
io
n 

ne
ed

 t
o 
 b
e 
 s
im
ul
at
ed
 

in
 f
ut
ur
e 
 t
es
ti
ng
. 

Su
pp
or
t 
 h
ar
dw
ar
e 
 i
s 
 n
ee
de
d 
 t
o 
 m
in
im
iz
e 
 s
tr
ut
  
an
d 
 s
ti
ng
  
in
te
rf
er
en
ce
  
ef
fe
ct
s.
 

Fo
r 
in
st
an
ce
 

ii
 
ce
il
in
g 

o
r 
fl
oo
r-
mo
un
te
d 
 m
ec
ha
ni
sm
  
mi
gh
t 
 b
e 
 r
eq
ui
re
d 
 f
or
  
ex
tr
em
e 
 f
or
wa
rd
  
or
bi
te
r 
 t
o 
 b
oo
st
er
 

po
si
ti
on
s 
 w
hi
le
  
co
nv
en
ti
on
al
  
st
in
g 
 m
ou
nt
s 
 m
ig
ht
  
be
  
ac
ce
pt
ab
le
  
fo
r 
 o
th
er
  
po
si
ti
on
s.
 

Re
yn
ol
ds
  
Nu
mb
er
  
Sc
al
in
g.
- 
 W
he
n 
 c
on
du
ct
in
g 
 w
in
d 
 t
un
ne
l 
 t
es
ts
  
wh
er
e 
 t
he
  
ro
ck
et
  
ex
ha
us
t 

is
 

si
mu
la
te
d,
  
tu
nn
el
  
op
er
at
in
g 
 p
re
ss
ur
es
  
ar
e 
 l
ow
  
to
  
pr
ov
id
e 
 t
he
  
ba
ck
  
pr
es
su
re
  
ne
ce
ss
ar
y 
 f
or
  
th
e 

pr
op
er
  
pl
um
e 
 s
im
ul
at
io
n.
  
Th
is
  
ca
n 
 b
e 
 m
in
im
iz
ed
 

by
 u

s
in

g
 h
ig
h 
 e
ng
in
e 
 m
od
el
  
ch
am
be
r 
 p
re
ss
ur
es
 

bu
t 
 o
nl
y 
 w
it
hi
n 
 l
im
it
s 
 o
f 
 s
tr
uc
tu
ra
l 
 i
nt
eg
ri
ty
  
an
d 
 s
im
ul
at
ed
  
ga
s 
 s
up
pl
y 
 p
re
ss
ur
es
. 

Lo
w 
tu
nn
el
 

pr
es
su
re
, 
 h
ow
ev
er
, 
 i
s 
 o
pp
os
it
e 
 t
o 
 t
ha
t 
 d
es
ir
ed
  
wh
en
  
co
ns
id
er
in
g 
 R
ey
no
ld
s 
 n
um
be
r 
 s
ca
li
ng
. 
 T
hi
s 

ca
n 
 r
es
ul
t i
n 
la
mi
na
r 
 b
ou
nd
ar
y 
 l
ay
er
s 
 o
n 
 t
he
  
mo
de
l 

in
 a
re
as
  
wh
er
e 
 s
ho
ck
s of
 o
ne
  
ve
hi
cl
e 
 i
nt
er
- 

se
ct
  
an
ot
he
r.
 

Al
th
ou
gh
du
ri
ng
  
th
is
  
in
ve
st
ig
at
io
n 
 w
e 
 s
aw
  
no
  
ad
ve
rs
e 
 e
ff
ec
ts
  
su
ch
 

as
 m
aj
or
  
fl
ow
  
se
pa
ra
ti
on
, 

th
er
e 
 h
av
e 
 b
ee
n 
 o
th
er
  
in
ve
st
ig
at
io
ns
  
wh
er
e 
 t
hi
s 
 d
id
  
oc
cu
r,
  
re
fe
re
nc
es
 

27
 -

 3
0.
 

Al
so

, 
th
e 
 m
ag
ni
- 

tu
de
 o
f 
th
e 
 e
ff
ec
t 
 o
f 
 s
ho
ck
s 
 i
nt
er
se
ct
in
g 

a 
la
mi
na
r 
 b
ou
nd
ar
y 
 l
ay
er
  
is
 

un
kn

ow
n.

 
Th
e 
 s
en
si
ti
vi
ty
 

of
 t
he
se
  
ef
fe
ct
s,
  
on
ce
  
ob
ta
in
ed
, 
 n
ee
ds
 

to
 b
e 
 a
ss
es
se
d 
 a
s 
 t
he
y 
 i
nf
lu
en
ce
  
th
e 
 a
bo
rt
  
se
pa
ra
ti
on
 

tr
aj
ec
to
ri
es
. 
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CO
NC
LU
DI
NG
 €

LE
NA

RK
S 

P
 

cn
 

P
 

0
 

Ab
or
t 
 s
ep
ar
at
io
n 
 i
nv
es
ti
ga
ti
on
s 
 h
av
e 
 b
ee
n 
 c
on
du
ct
ed
  
at
  
Ma
ch
  
nu
mb
er
s 
 f
ro
m 

2 
to
 6

 a
nd
  
at
  
bo
th
 

hi
gh
  
an
d 
 l
ow
  
dy
na
mi
c 
 p
re
ss
ur
es
. 
 T
he
  
in
ve
st
ig
at
io
ns
  
ha
ve
  
in
cl
ud
ed
  
st
at
ic
  
st
ab
il
it
y,
 

&n
am
ic
 

st
ab
il
it
y,
  
an
d 
 p
re
ss
ur
e 
 d
is
tr
ib
ut
io
n 
 t
es
ts
. 
 B
ot
h 
 t
he
  
st
at
ic
  
st
ab
il
it
y 
 a
nd
  
pr
es
su
re
  
di
st
ri
bu
ti
on
 

te
st
s 
 w
er
e 
 c
on
du
ct
ed
  
si
mu
la
ti
ng
  
th
e 
 r
oc
ke
t 
 e
xh
au
st
  
fr
om
  
bo
th
  
th
e 
 o
rb
it
er
  
an
d 
 b
oo
st
er
. 
 T
he
  
da
ta
 

fr
om
  
th
es
e 
 i
nv
es
ti
ga
ti
on
s 
 h
av
e 
 b
ee
n 
 u
ti
li
ze
d 

in
 a
 d
yn
am
ic
  
si
mu
la
ti
on
  
pr
og
ra
m 
 w
hi
ch
  
ca
lc
ul
at
es
 

th
e 
 m
ot
io
n 
 o
f 
 t
he
  
ve
hi
cl
es
  
du
ri
ng
 

an
 a
bo
rt
  
se
pa
ra
ti
on
  
ma
ne
uv
er
. 
 W
it
hi
n 
 t
he
  
sc
op
e 
 o
f 
 t
hi
s 
 s
tu
dy
, 

pa
ra
ll
el
  
ab
or
t 
 s
ep
ar
at
io
n 
 a
pp
ea
rs
  
po
ss
ib
le
  
at
  
bo
th
  
hi
gh
  
an
d 
 l
ow
  
dy
na
mi
c 
 p
re
ss
ur
es
. 

In
 t
hi
s 
 s
tu
dy
 

o
n

ly
 r
ig
id
  
bo
dy
  
ae
ro
dy
na
mi
c 
 d
at
a 
 w
as
  
ob
ta
in
ed
  
an
d 
 c
on
se
qu
en
tl
y 

s
m
h
 t
hi
ng
s 
as
 s
ca
le
  
ef
fe
ct
s 
 a
nd
 

ae
ro
el
as
ti
c 
 e
ff
ec
ts
  
ne
ed
  
to
  
be
  
co
ns
id
er
ed
. 

Bo
th
  
ae
ro
dy
na
mi
c 
 a
nd
  
th
ru
st
  
ve
ct
or
  
co
nt
ro
l 
 h
av
e 
 b
ee
n 
 s
ho
wn
  
to
  
be
  
us
ef
ul
  
as
  
an
  
ai
d 
 i
n 
 t
he
 

se
pa
ra
ti
on
  
of
  
th
e 
 t
wo
  
st
ag
es
. 
 O
th
er
  
ty
pe
s 
 o
f 
 c
on
tr
ol
  
de
vi
ce
s 
 s
uc
h 
 a
s 
 t
he
  
re
ac
ti
on
  
oo
nt
ro
l 
 s
ys
te
m 

fo
r 
 t
he
  
or
bi
te
r 
 a
nd
  
bo
os
te
r,
  
al
th
ou
gh
  
no
t 
 c
on
si
de
re
d 

in
 t
he
  
pr
es
en
t 
 s
tu
dy
, 
 s
ho
ul
d 
 a
ls
o 
 b
e 
 u
se
fu
l 

to
  
se
pa
ra
te
  
th
e 
 v
eh
ic
le
s.
  
Co
ns
eq
ue
nt
ly
, 
 t
he
  
fl
ig
ht
  
co
nt
ro
l 
 s
ys
te
ms
  
pr
es
en
tl
y 
 e
nv
is
io
ne
d 
 f
or
 

th
e 
 s
hu
tt
le
  
ve
hi
cl
es
  
ap
pe
ar
  
ad
eq
ua
te
  
to
  
se
pa
ra
te
  
th
e 
 v
eh
ic
le
s 
 d
ur
in
g 
 a
bo
rt
  
co
nd
it
io
ns
. 

Th
e 
 r
es
ul
ts
  
of
  
th
is
  
st
ud
y 
 c
on
fi
rm
  
th
at
  
ab
or
t 
 s
ep
ar
at
io
n 
 i
s 
 d
ep
en
de
nt
  
on
  
co
nf
ig
ur
at
io
n,
  
Ma
ch
 

nu
mb
er
, 
 r
oc
ke
t 
 e
xh
au
st
  
im
pi
ng
em
en
t,
  
an
d 
 r
el
at
iv
e 
 p
os
it
io
n 
 a
nd
  
at
ti
tu
de
  
of
  
th
e 
 s
ta
ge
s.
  
Fu
rt
he
r-
 

mo
re
, 
 a
bo
rt
  
se
pa
ra
ti
on
  
pr
oc
ed
ur
es
  
wi
ll
  
no
t 
 j
us
t 
 d
ep
en
d 
 o
n 
 t
he
  
co
nf
ig
ur
at
io
n 
 s
el
ec
te
d 
 b
ut
  
al
so
 

th
e 
 c
on
ce
pt
  
se
le
ct
ed
. 

Ma
ny
  
di
ff
er
en
t 
 c
on
ce
pt
s 
 a
re
  
pr
es
en
tl
y 
 b
ei
ng
  
co
ns
id
er
ed
  
fo
r 
 t
he
  
sh
ut
tl
e 
 s
ys
te
m.
  
Ho
we
ve
r,
 

th
e 
 t
es
ti
ng
  
te
ch
no
lo
gy
  
de
ve
lo
pe
d 
 d
ur
in
g 
 t
hi
s 
 s
tu
dy
  
as
  
we
ll
  
as
  
th
e 
 d
yn
am
ic
  
si
mu
la
ti
on
  
pr
og
ra
m 

is
 a
pp
li
ca
bl
e 
 t
o 
 t
he
  
se
pa
ra
ti
on
  
pr
ob
le
ms
  
fo
r 

an
y 
of
  
th
es
e 
 c
on
ce
pt
s - 
fo
r 
 e
xa
mp
le
, 
 t
he
  
se
pa
ra
- 

ti
on
  
of
  
th
e 
 e
xt
er
na
l 

HO
 
ta
nk
  
fr
om
  
th
e 
 o
rb
it
er
  
an
d 
 e
ve
n 
 t
he
 

HO
 
ta
nk
-o
rb
it
er
  
co
mb
in
at
io
n 
 f
ro
m 

%h
e 
 b
oo
st
er
. 
 C
on
se
qu
en
tl
y,
  
th
e 
 a
bo
rt
  
se
pa
za
ti
on
  
me
th
od
ol
og
y 
 d
ev
el
op
ed
  
du
ri
ng
  
th
is
  
st
ud
y 
 i
s 

ap
pl
ic
ab
le
  
to
  
cu
rr
en
t 
 s
hu
tt
le
  
co
nc
ep
ts
. 
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em
  c

o
n

si
d

er
ed

  h
er

e 
u

ti
li

z
e

s 
a 

fi
rs

t-
st

ag
e 

w
in

ge
d 

b
o

o
st

er
  to

  p
ro

p
el

 
a 

se
co

nd
-s

ta
ge

  w
in

ge
d 

 o
rb

it
er

 
to

  p
ar

t  o
f 

it
s

 r
eq

u
ir

ed
  m

is
si

o
n

  v
el

o
ci

ty
.  F

o
ll

o
w

in
g

  st
ag

in
g

,  th
e  b

o
o

st
er

 
en

te
rs

  th
e  a

tm
o

sp
h

er
e 

an
d 

d
ec

el
er

at
es

 a
nd

 t
ur

ns
  ae

ro
dy

na
m

ic
al

ly
  to

w
ar

d 
a 

la
n

d
in

g
 s

it
e

 (
u

su
al

ly
  at

  th
e  l

au
n

ch
  lo

ca
ti

o
n

).
 

T
he

n,
  po

w
er

ed
 

by
 

tu
rb

o
je

t 
en

gi
ne

s,
 
it

 c
ru

is
es

  to
  th

e  
la

n
d

in
g

  si
te

  a
s 

a 
su

b
so

n
ic

  ai
rp

la
n

e 
an

d  l
an

ds
 

h
o

ri
zo

n
ta

ll
y

. 
Th

e 
b

o
o

st
er

  al
so

  h
as

  ab
o

rt
  an

d
  fe

rr
y

  ca
p

ab
il

it
ie

s.
 

Th
e 

sy
st

em
 i

s
 c

on
fi

gu
re

d  a
nd

  si
ze

d 
on

 t
h

e 
 b

as
is

  o
f  e

ff
ic

ie
n

tl
y

  d
el

iv
er

in
g

 
sp

ec
if

ie
d

  p
ay

lo
ad

s  t
o

  sp
ec

if
ie

d
 

lo
w

 e
ar

th
 o
rb
it
s,
 a

nd
 r

et
ri

ev
in

g
  p

ay
lo

ad
s 

fro
m

 
th

es
e  o

rb
it

s.
 

T
he

se
  re

qu
ir

em
en

ts
  co

up
le

d  w
it

h  t
he

  m
is

si
on

  co
nc

ep
t 

il
lu

st
ra

te
d

  in
  th

e
 

o
p

p
o

si
n

g
  fi

g
u

re
  d

ef
in

e  d
iv

er
se

, 
co

m
pl

ex
 f

li
g

h
t 

m
ec

ha
ni

cs
/ 

pe
rf

or
m

an
ce

  co
ns

id
er

at
io

ns
  w

hi
ch

 
in

  tu
rn

  d
ri

v
e  t

h
e  s

y
st

em
  sy

n
th

es
is

  p
ro

ce
ss

. 

Th
e 

pr
ob

le
m

  of
  sy

nt
he

si
zi

ng
 

a 
"g

oo
d"

 
(h

o
p

ef
u

ll
y

  "b
es

t"
  in

 
so

m
e 

se
ns

e)
 

co
n

fi
g

u
ra

ti
o

n
  fo

r  t
h

e  b
o

o
st

er
  ca

n
n

o
t,

  o
f  c

o
u

rs
e,

  b
e  c

o
n

si
d

er
ed

  o
u

t  o
f  t

h
e 

co
nt

ex
t  o

f  th
e  c

om
pl

et
e  s

ys
te

m
 

- i
.e

.,
  b

o
o

st
er

  p
lu

s  o
rb

it
er

. 
A 

to
ta

l-
sy

st
em

 
sy

n
th

es
is

  fu
n

ct
io

n
 

is
 o

b
v

io
u

sl
y

  re
q

u
ir

ed
. 

H
ow

ev
er

, 
a 

se
p

ar
at

e  (
b

u
t  c

lo
se

ly
 

co
o

rd
in

at
ed

)  d
et

ai
le

d
  b

o
o

st
er

  sy
n

th
es

is
  p

ro
ce

ss
  ca

n
  b

e  e
ff

ec
ti

v
el

y
  u

se
d

  to
 

co
m

pl
im

en
t 

a 
le

ss
-d

et
ai

le
d

  o
v

er
al

l  s
y

n
th

es
is

  ef
fo

rt
. 

M
or

eo
ve

r,
 

fo
r 

m
an

y 
p

u
rp

o
se

s,
  sy

n
th

es
is

 
of

 
th

o
se

  b
o

o
st

er
 

co
m

po
ne

nt
s  w

hi
ch

 
re

la
te

  to
  th

e 
 fl

y
b

ac
k

 
(p

o
st

-s
ta

g
in

g
)  a

sp
ec

ts
  o

f  t
h

e  m
is

si
o

n
  ca

n
,  i

f  p
ro

p
er

ly
  co

o
rd

in
at

ed
,  b

e  h
an

d
le

d
 

se
p

ar
at

el
y

  to
 

go
od

 a
dv

an
ta

ge
.  T

he
se

  co
m

po
ne

nt
s 

- w
in

g  a
nd

 
ot

he
r  a

er
od

yn
am

ic
 

su
rf

ac
es

,  a
ir

-b
re

at
h

in
g

  p
ro

p
u

ls
io

n
,  a

n
d

  la
n

d
in

g
  g

ea
r  -

'a
re

  te
rm

ed
  th

e  f
ly

b
ac

k
 

sy
st

em
. C
o

n
fi

g
u

ra
ti

o
n

  sy
n

th
es

is
  o

f  t
h

e  b
o

o
st

er
  fl

y
-b

ac
k

  sy
st

em
  (i

n
  co

m
b

in
at

ta
n

 
w

it
h

  g
iv

en
  b

o
o

st
er

  b
o

d
ie

s)
 

is
 t

he
  pr

ob
le

m
  w

hi
ch

 
is

 c
on

si
de

re
d  h

er
e.

 



TH
E  B

OO
ST

ER
  AF

TE
R 

ST
AG

IN
G 

&
r

 Ph
as

in
g  

O
rb

it 

@
pi

GG
Xl

 
Of

f &
 A

sc
en

t 
I' ti

tu
de

 
on

 
Bo

os
te

r  F
er

ry
  (H

or
iz

- 
on

ta
l T

ak
e-

Of
f 

& 

- @)
 

Bo
os

te
r  C

ru
ise

-  B
ac

k '
 

& 
Ho

riz
on

ta
l  L

an
di

ng
 

~~
~ 

Fi
gu

re
 1

 



A 
TY

PI
CA

L 
D

ES
IG

N
 

(F
ig
ur
e 

2
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Th
e 

o
p

p
o

si
n

g
  fi

g
u

re
  il

lu
st

ra
te

s  t
h

e  f
ly

-b
ac

k
 

sy
st

em
 c

om
po

ne
nt

s 
fo

r 
a 

ty
p

ic
al

  b
o

o
st

er
  d
es

ig
n
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N

ot
e 

th
at

  th
e 

1
2

 a
ir

-b
re

at
h

in
g

  en
g

in
es

  ar
e  s

to
w

ed
 

in
  th

e 
w

in
g  d

ur
in

g  e
nt

ry
,  a

nd
  de

pl
oy

ed
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  th

e 
 b

eg
in

n
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g
  o

f  c
ru
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P
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PR
OB
LE
M 
 V
AR
IA
BL
ES
, 
 P
AR
AM
ET
ER
S,
 

AN
D 
OP
TI
ON
S 

Th
e 
 b
as
ic
  
sy
nt
he
si
s 
 p
ro
bl
em
  
is
  
co
nf
ig
ur
at
io
n 
 d
ef
in
it
io
n 
 c
or
re
sp
on
di
ng
 

to
  
mi
ni
mu
m 
 f
ly
-b
ac
k 
 s
ys
te
m 
 w
ei
gh
t 
 o
r 
 c
os
t 
 o
r 
 s
om
e 
 c
om
bi
na
ti
on
 

of
  
we
ig
ht
  
an
d 

co
st
 -

 w
hi
ch
  
in
  
tu
rn
  
te
nd
s 
 t
o 
 m
in
im
iz
e 
 t
he
  
to
ta
l 
 c
os
t 

of
 t
he
  
ov
er
al
l 
 s
pa
ce
 

tr
an
sp
or
ta
ti
on
  
sy
st
em
. 

In
 a
dd
it
io
n,
  
th
er
e 
 a
re
  
re
la
te
d 
 p
ro
bl
em
s 
 i
nv
ol
vi
ng
 

si
zi
ng
 (
e.
g.
, 
 i
n 

re
sp
on
se
  
to
  
ch
an
ge
s 
 i
n 
 p
ay
lo
ad
  
re
qu
ir
em
en
ts
);
  
se
ns
it
iv
it
ie
s 

(e
.g
.,
 
re
qu
ir
ed
  
we
ig
ht
  
wi
th
  
re
sp
ec
t 
 t
o 
 a
ir
-b
re
at
hi
ng
  
pr
op
ul
si
on
  
sp
ec
if
ic
 

fu
el
  
co
ns
um
pt
io
n)
; 
 v
ar
io
us
  
tr
ad
es
  
an
d 
 s
pe
ci
al
  
st
ud
ie
s 
 (
e.
g.
, 
 c
os
t 
 e
ff
ec
ti
ve
ne
ss
 

an
d 
 r
is
k 
 s
tu
di
es
);
  
an
d 
 f
li
gh
t me

ch
an

ic
s/

pe
rf

or
ma

nc
e/

mi
ss

io
n 
an
al
ys
is
  
st
ud
ie
s 

(f
or
  
fi
xe
d 
 v
eh
ic
le
s)
. 

(F
ig

m
e 

3)
 

Th
e 
 o
pp
os
in
g 
 f
ig
ur
e 
 p
re
se
nt
s 
 t
he
  
in
de
pe
nd
en
t 
 c
on
fi
gu
ra
ti
on
  
va
ri
ab
le
s 

wh
ic
h 
 w
er
e 
 s
el
ec
te
d 
 t
o 
 b
e 
 v
ar
ie
d 
 a
rb
it
ra
ri
ly
  
in
  
th
e 
 p
ro
ce
ss
  
of
  
co
nf
ig
ur
at
io
n 

op
ti
mi
za
ti
on
. 

In
  
ad
di
ti
on
, 
 c
an
ar
d 
 a
re
a,
  
ve
rt
ic
al
  
ta
il
  
ar
ea
, 
 a
nd
  
fo
re
-a
nd
-a
ft
 

wi
ng
  
lo
ca
ti
on
  
we
re
  
de
si
gn
at
ed
  
co
nf
ig
ur
at
io
n 
 v
ar
ia
bl
es
bu
ta
re
  
de
fi
ne
d 
 b
y 
 s
ta
bi
li
ty
 

an
d 
 c
on
tr
ol
  
re
qu
ir
em
en
ts
, 
 r
at
he
r 
 t
ha
n 
 a
va
il
ab
le
  
fo
r 
 a
rb
it
ra
ry
  
va
ri
at
io
n.
 

Th
e 
 f
ig
ur
e 
 a
ls
o 
 l
is
ts
  
so
me
 

of
 t
he
  
co
nf
ig
ur
at
io
n 
 p
ar
am
et
er
s 
 a
nd
  
op
ti
on
s 

wh
ic
h 
 w
er
e 
 s
el
ec
te
d 
 t
o ac
co

mo
da

te
 t
he
  
tr
ea
tm
en
t 
 o
f 
 v
ar
io
us
  
ty
pe
s 

of
 d
es
ig
ns
. 

So
me
 o
f 
th
e 
 f
li
gh
t m

ec
ha

ni
cs

/p
er

fo
rm

an
ce

/m
is

si
on

 a
na
ly
si
s 
 o
pt
io
ns
  
wh
ic
h 
 w
er
e 

se
le
ct
ed
  
to
  
pe
rm
it
  
ha
nd
li
ng
  
of
  
es
se
nt
ia
ll
y 
 a
ll
  
ty
pe
s 

of
 s
it
ua
ti
on
s 
 i
n 
 t
hi
s 

ar
ea
  
ar
e 
 a
ls
o 
 g
iv
en
. 
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OV
ER
AL
L 
AP
PR
OA
CH
 

(F
ig

ur
e 
4)
 

Th
e 
 n
ee
d 
 t
o 
 c
on
si
de
r a 
la
rg
e 
 n
um
be
r 
 o
f 
 c
on
fi
gu
ra
ti
on
  
va
ri
at
io
ns
, 
 c
ou
pl
ed
 

wi
th
  
th
e 
 c
om
pl
ex
it
y 
 o
f 
 t
hi
s 
 s
ys
te
m,
  
ma
ke
s 

a 
co
mp
ut
er
iz
ed
  
sy
nt
he
si
s 
 a
pp
ro
ac
h 

ve
ry
  
de
si
ra
bl
e,
  
if
  
no
t 
 m
an
da
to
ry
. 
 I
n 
 r
es
po
ns
e 
 t
o 
 t
hi
s 
 n
ee
d,
 

a 
bo
os
te
r 
 f
ly
ba
ck
 

sy
st
em
  
sy
nt
he
si
s 
 c
om
pu
te
r 
 p
ro
ce
du
re
  
ha
s 
 b
ee
n 
 d
ev
el
op
ed
. 

, I 

Th
e 
 t
wo
  
ba
si
c 
 t
yp
es
 

of
 s
yn
th
es
is
  
ta
sk
s 
 w
hi
ch
  
ar
e 
 a
cc
om
mo
da
te
d 
 b
y 
 t
hi
s 

pr
oc
ed
ur
e 
 a
re
 (
1)
 s
iz
in
g 
 (
sc
al
in
g a

 f
ix
ed
-s
ha
pe
  
co
nf
ig
ur
at
io
n 
 i
n 
 r
es
po
ns
e 
 t
o 

ch
an
ge
s 
 i
n 
 m
is
si
on
/p
ay
lo
ad
  
re
qu
ir
em
en
ts
, 
 s
tr
uc
tu
ra
l 
 w
ei
gh
t 
 e
st
im
at
es
, 
 e
tc
.)
; 

an
d 

(2
) 
sy
nt
he
si
s 
 p
er
 s
e,
 i
nv
ol
vi
ng
  
ch
an
ge
s 
 i
n 
 b
ot
h 
 s
iz
e 
 a
nd
  
sh
ap
e 
 (
e.
g.
, 
 w
in
g 

sw
ee
p,
  
wi
ng
  
th
ic
kn
es
s 
 r
at
io
, 
 e
ng
in
e 
 t
hr
us
t 
 l
ev
el
, 

et
c.
).
 

In
  
ad
di
ti
on
, 
 t
he
 

pr
oc
ed
ur
e 
 c
an
  
be
  
us
ed
  
to
  
ev
al
ua
te
  
th
e 
 f
li
gh
t 
 m
ec
ha
ni
cs
/p
er
fo
rm
an
ce
  
mi
ss
io
n 

an
al
ys
is
  
ca
pa
bi
li
ti
es
  
an
d 
 c
ha
ra
ct
er
is
ti
cs
  
of
  
fi
xe
d-
co
nf
ig
ur
at
io
n 
 v
eh
ic
le
s.
 

Th
e 
 o
ve
ra
ll
  
ap
pr
oa
ch
  
to
  
th
e 
 b
oo
st
er
  
fl
yb
ac
k 
 s
ys
te
m 
 s
yn
th
es
is
  
co
mp
ut
er
 

pr
oc
ed
ur
e 
 i
s 
 s
um
ma
ri
ze
d 
 i
n 
 t
he
  
fi
gu
re
. 

An
  
ar
bi
tr
ar
y 
 c
on
fi
gu
ra
ti
on
  
is
  
se
t 
 b
y 
 s
pe
ci
fi
ca
ti
on
 

of
 (

I)
 t
he
  
in
de
pe
nd
en
t 

co
nf
ig
ur
at
io
n 
 v
ar
ia
bl
es
  
fo
r 
 t
he
  
fl
yb
ac
k 
 s
ys
te
m 
 a
nd
 

(2
) 
fi
xe
d 
 b
oo
st
er
  
bo
dy
. 

Th
e 
 p
ro
ce
du
re
  
th
en
  
lo
ca
te
s 
 t
he
  
wi
ng
  
in
 

a 
fo
re
-a
nd
-a
ft
  
di
re
ct
io
n,
  
an
d 
 s
iz
es
 

th
e 
 c
an
ar
d 
 a
nd
  
ve
rt
ic
al
  
ta
il
 

- o
n 
 t
he
  
ba
si
s of

 s
ta
bi
li
ty
  
an
d 
 c
on
tr
ol
  
co
ns
id
er
a-
 

ti
on
s.
 

At
 t
hi
s 
 p
oi
nt
, 
 t
he
  
co
nf
ig
ur
at
io
n 
 i
s 
 c
om
pl
et
el
y 
 s
pe
ci
fi
ed
, 
 a
nd
  
th
e 
 f
or
ce
- 

ty
pe
  
da
ta
  
(a
er
od
yn
am
ic
  
fo
rc
es
, 
 a
ir
-b
re
at
hi
ng
  
pr
op
ul
si
on
  
da
ta
, 
 a
nd
  
ma
ss
  
pr
op
er
- 

ti
es
) 
 a
re
  
de
te
rm
in
ed
. 
 T
he
  
pe
rf
or
ma
nc
e 
 o
f 
 t
he
  
ve
hi
cl
e 
 i
s 
 t
he
n 
 e
va
lu
at
ed
  
th
ro
ug
h 

th
e 
 e
nt
ry
  
an
d 
 c
ru
is
e-
ba
ck
  
ph
as
es
 

of
 t
he
  
mi
ss
io
n,
  
wi
th
  
ae
ro
dy
na
mi
c 
 h
ea
ti
ng
 

co
mp
ut
at
io
ns
  
be
in
g 
 c
ar
ri
ed
  
ou
t 
 d
ur
in
g 
 e
nt
ry
. 
 T
he
  
cr
ui
se
-b
ac
k 
 c
ap
ab
il
it
y 
 o
f 

th
e 
 b
oo
st
er
  
is
  
co
mp
ar
ed
  
wi
th
  
th
e 
 r
an
ge
  
to
  
th
e 
 d
es
ir
ed
  
la
nd
in
g 
 s
it
e 
 a
t 
 t
he
  
en
d 

of
 e
nt
ry
, 
 a
nd
  
if
  
it
  
do
es
 

no
t 
ag
re
e,
 a
 n
ew
  
fu
el
  
we
ig
ht
  
is
  
es
ti
ma
te
d 
 b
y 
 t
he
 

pr
oc
ed
ur
e.
  
Th
is
  
re
qu
ir
es
  
re
co
mp
ut
at
io
n 
 o
f 
 t
he
  
st
ru
ct
ur
al
  
we
ig
ht
s 
 a
nd
  
st
ab
il
it
y 

an
d 
 c
on
tr
ol
  
co
ns
id
er
at
io
ns
. 

Wh
en
  
th
e 
 l
an
di
ng
-l
oc
at
io
n (o
r 
ra
ng
e)
  
cr
it
er
io
n 
 i
s 
 s
at
is
fi
ed
  
in
  
th
is
  
we
ig
ht
- 

si
zi
ng
  
it
er
at
io
n,
  
ad
di
ti
on
al
  
pe
rf
or
ma
nc
e 
 i
s 
 c
om
pu
te
d 
 a
s 
 d
es
ir
ed
. 
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, 
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ur
e 
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s 
 c
on
ce
rn
ed
  
wi
th
  
tw
o 
 p
ri
ma
ry
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ig

m
e 

5
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fu
nc
ti
on
s,
  
te
ch
no
lo
gy
  
da
ta
  
ge
ne
ra
ti
on
  
an
d 
 f
li
gh
t 
 m
ec
ha
ni
cs
/p
er
fo
rm
an
ce
  
ev
al
ua
- 

ti
on
, 
 a
nd
 tw

o
 
se
co
nd
ar
y 
 f
un
ct
io
ns
, 
 g
eo
me
tr
y 
 a
nd
  
pr
oc
ed
ur
e 
 c
on
tr
ol
. 
 T
he
se
  
ar
e 

ca
ns
id
er
ed
  
se
co
nd
ar
y 
 f
ro
m 
 t
he
  
st
an
dp
oi
nt
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co
mp
ut
at
io
na
l 
 c
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pl
ex
it
y.
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e 
 t
ec
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ol
og
y 
 c
on
si
de
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s 
 w
hi
ch
  
ar
e 
 i
nv
ol
ve
d 
 i
n 
 t
hi
s 
 p
ro
bl
em
  
co
ve
r 

al
l 
 o
f 
 t
he
  
ba
si
c 
 t
ec
hn
ol
og
y 
 a
re
as
  
an
d 
 a
ll
  
fl
ig
ht
  
re
gi
me
s.
 

In
 a
dd
it
io
n,
  
th
e 

co
mp
le
x 
 i
nt
er
ac
ti
on
s 
 r
es
ul
ti
ng
  
fr
om
  
th
es
e 
 t
ec
hn
ol
og
y 
 c
on
si
de
ra
ti
on
s,
  
su
pe
r-
 

im
po
se
d 
on
 t
he
  
fl
ig
ht
  
me
ch
an
ic
s/
pe
rf
or
ma
nc
e 
 f
ra
me
wo
rk
  
of
  
th
e 
 f
ly
ba
ck
  
mi
ss
io
n,
 

re
su
lt
  
in
  
a 
 v
er
y 
 i
nv
ol
ve
d 
 c
on
fi
gu
ra
ti
on
  
sy
nt
he
si
s 
 p
ro
ce
ss
. 

Th
e 
 f
ol
lo
wi
ng
  
fi
gu
re
s 
 s
um
ma
ri
ze
  
ea
ch
 

of
 t
he
  
fi
ve
  
te
ch
no
lo
gy
  
ar
ea
s,
  
fl
ig
ht
 

me
ch
an
ic
s/
pe
rf
or
ma
nc
e,
  
an
d 
 g
eo
me
tr
y.
  
Pr
oc
ed
ur
e 
 c
on
tr
ol
  
is
  
no
t 
 d
is
cu
ss
ed
 

pe
r 
se
, 
bu
t 
 i
s 
 i
mp
li
ed
  
in
  
th
e 
 o
th
er
  
di
sc
us
si
on
s.
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Th
e 
 k
ey
  
el
em
en
t 
 o
f 
 a
  
co
cf
ig
ur
at
io
n 
 s
yn
th
es
is
  
co
mp
ut
er
  
pr
oc
ed
ur
e 
 i
s 
 t
he
 

te
ch
no
lo
gy
  
da
ta
  
ge
ne
ra
ti
on
 fm
ct

io
n.

 
Th
e 
 o
ve
ra
ll
  
us
ef
ul
ne
ss
  
of
  
th
e 
 p
ro
ce
du
re
 

is
  
la
rg
el
y 
 d
et
er
mi
ne
d 
 b
y 
 h
ow
  
we
ll
  
th
is
  
fu
nc
ti
on
  
is
  
co
nc
ei
ve
d 
 a
nd
  
im
pl
em
en
te
d.
 

Th
e 
 f
ig
ur
e 
 s
um
ma
ri
ze
s 
 t
he
  
te
ch
no
lo
gy
  
da
ta
  
ap
pr
oa
ch
  
wh
ic
h 
 i
s 
 u
se
d.
 

It
 i
s 

pa
rt
ic
ul
ar
ly
  
we
ll
  
su
it
ed
  
to
  
th
e 
 h
an
dl
in
g 
 o
f 
 s
yn
th
es
is
  
st
ud
ie
s 
 f
or
  
ve
hi
cl
es
, 

wh
ic
h 
 a
re
 at

 a
  
st
ag
e 
 o
f 
 t
he
ir
  
de
ve
lo
pm
en
t 
 s
uc
h 
 t
ha
t 
 t
he
y 
 a
re
  
re
ce
iv
in
g 
 i
nt
en
si
ve
 

tr
ea
tm
en
t 
 b
y 
 t
he
  
va
ri
ou
s 
 f
un
ct
io
na
l 
 a
re
as
  
of
  
th
e 
 e
ng
in
ee
ri
ng
  
or
ga
ni
za
ti
on
  
(e
.g
.,
 

ae
ro
dy
na
mi
c 
 a
na
ly
se
s 
 a
nd
  
wi
nd
  
tu
nn
el
  
te
st
s,
  
de
si
gn
  
la
yo
ut
s,
  
st
ab
il
it
y 
 a
nd
  
co
nt
ro
l 

ev
al
ua
ti
on
s,
 e
tc
.)
. 

Pr
ov
is
io
n 
 i
s 
 m
ad
e 
 f
or
  
st
or
in
g 
 a
  
re
fe
re
nc
e 
 c
on
fi
gu
ra
ti
on
  
de
f-
 

in
it
io
n 
 (
us
ua
ll
y 
 t
he
  
cu
rr
en
t 
 b
as
el
in
e 
 d
es
ig
n)
  
an
d 
 i
ts
  
co
rr
es
po
nd
in
g 
 t
ec
hn
ol
og
y 

da
ta
  
(a
er
od
yn
am
ic
  
fo
rc
e 
 d
at
a,
  
pr
op
ul
si
on
  
da
ta
, et
c.
).
 

In
  
ad
di
ti
on
, 
 p
ro
vi
si
on
  
is
 

ma
de
  
fo
r 
 s
to
ri
ng
  
te
ch
no
lo
gy
  
pe
rt
ur
ba
ti
on
  
da
ta
  
(e
.g
.,
  
li
ft
  
an
d 
 d
ra
g 
 v
ar
ia
ti
on
s 

as
 

fu
nc
ti
on
s 
 o
f 
 t
he
  
in
de
pe
nd
en
t 
 c
on
fi
gu
ra
ti
on
  
va
ri
ab
le
s)
. 

Wh
en
  
va
lu
es
  
of
  
th
e 
 i
nd
ep
en
de
nt
  
co
nf
ig
ur
at
io
n 
 v
ar
ia
bl
es
  
ar
e 
 s
pe
ci
fi
ed
  
wh
ic
h 

di
ff
er
  
fr
om
  
th
e 
 s
to
re
d 
 r
ef
er
en
ce
  
se
t,
  
th
e 
 t
ec
hn
ol
og
y 
 d
at
a 
 a
re
  
de
te
rm
in
ed
  
by
  
pe
r-
 

tu
rb
in
g 
 o
ff
  
of
  
th
e 
 s
to
re
d 
 s
et
  
of
  
re
fe
re
nc
e 
 c
on
fi
gu
ra
ti
on
  
da
ta
, 
 t
hu
s 
 f
or
ci
ng
  
th
e 

sy
nt
he
si
s 
 p
ro
ce
du
re
  
to
  
ag
re
e 
 w
it
h 
 t
he
  
de
ta
il
ed
  
ex
te
rn
al
  
ev
al
ua
ti
on
  
pr
ov
id
ed
  
fo
r 

th
e 
 r
ef
er
en
ce
  
(b
as
el
in
e)
  
co
nf
ig
ur
at
io
n.
  
In
  
th
e 
 f
ig
ur
e,
  
th
e Y

's
 r
ep
re
se
nt
  
mi
ss
io
n 

an
d 
 o
pe
ra
ti
on
-t
yp
e 
 v
ar
ia
bl
es
, (e
.g
.,
  
Ma
ch
  
nu
mb
er
, 
 a
ng
le
 o
f 
at
ta
ck
, 
 f
la
p 
 p
os
it
io
n.
 

Th
e 

X'
s 

re
pr
es
en
t 
 t
he
  
in
de
pe
nd
en
t 
 c
on
fi
gu
ra
ti
on
  
va
ri
ab
le
s 

(e
.g
.,
  
as
pe
ct
  
ra
ti
o,
 

sw
ee
p)
. 
 A
n 
 a
st
er
is
k 
 d
en
ot
es
  
re
fe
re
nc
e 
 c
on
di
ti
on
s,
  
an
d 
 a
  
ti
ld
e 
 d
en
ot
es
  
pe
rt
ur
ba
- 

ti
on
  
da
ta
. 

Th
e 
 r
ef
er
en
ce
  
co
nf
ig
ur
at
io
n 
 l
ib
ra
ry
  
ca
n 

be
 c
ha
ng
ed
  
wh
en
ev
er
  
it
  
is
  
th
ou
gh
t 
 t
o 

be
  
ne
ce
ss
ar
y 
 (
e.
g.
, 
 f
ol
lo
wi
ng
 a 
ba
se
li
ne
  
co
nf
ig
ur
at
io
n 
 c
ha
ng
e 
 o
r 
 a
  
wi
nd
  
tu
nn
el
 

te
st
).
  
Si
mi
la
rl
y,
  
th
e 
 p
er
tu
rb
at
io
n 
 l
ib
ra
ri
es
  
(e
-g
.,
  
ma
ss
  
pr
op
er
ti
es
) 
 c
an
  
be
 

ch
an
ge
d 
 a
s 
 i
s 
 d
ee
me
d 
 a
pp
ro
pr
ia
te
, 
 (
al
th
ou
gh
  
th
is
  
wi
ll
  
pr
ob
ab
ly
  
no
t 
 b
e 
 n
ec
es
sa
ry
 

wi
th
  
ev
er
y 
 r
ef
er
en
ce
  
li
br
ar
y 
 c
ha
ng
e)
. It
 i
s 
 i
mp
or
ta
nt
  
to
  
em
ph
as
iz
e 
 t
ha
t 
 t
he
  
re
f-
 

er
en
ce
  
an
d 
 p
er
tu
rb
at
io
n 
 l
ib
ra
ry
  
da
ta
  
ar
e 
 g
en
er
at
ed
  
ex
te
rn
al
  
to
  
an
d 
 i
nd
ep
en
de
nt
 

of
  
th
e 
 s
yn
th
es
is
  
pr
oc
ed
ur
e 
 u
si
ng
  
wh
at
ev
er
  
le
ve
l 
 o
f 
 d
et
ai
l 
 i
s 
 a
va
il
ab
le
  
an
d 
 a
pp
ro
pr
i-
 

at
e 
 (
an
al
ys
is
  
an
d/
or
  
te
st
  
da
ta
  
of
  
an
y 
 o
ri
gi
n)
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p
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a
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Th
e 
 o
pp
os
in
g 
 f
ig
ur
e 
 p
re
se
nt
s 
 t
he
  
ap
pr
oa
ch
  
us
ed
  
in
  
th
e 
 p
ro
ce
du
re
  
fo
r 

ge
ne
ra
ti
ng
  
li
ft
  
an
d 
 d
ra
g 
 d
at
a 
 o
f 

an
 a
rb
it
ra
ry
  
fl
y-
ba
ck
  
sy
st
em
  
co
nf
ig
ur
at
io
n 

de
fi
ni
ti
on
. 

A
s 
sh
ow
n 
 i
n 
 t
he
  
up
pe
r 
 p
ar
t 
 o
f 
 t
he
  
fi
gu
re
, 
 r
ef
er
en
ce
  
li
ft
  
an
d 

dr
ag
  
da
ta
  
ar
e 
 s
to
re
d 
 i
n 
 t
he
  
ae
ro
dy
na
mi
c 
 f
or
ce
s 
 p
or
ti
on
  
of
  
th
e 
 r
ef
er
en
ce
  
co
n-
 

fi
gu
ra
ti
on
  
li
br
ar
y.
  
No
te
  
th
e 
 p
ro
vi
si
on
  
fo
r 
 s
ep
ar
at
e 
 l
ow
  
sp
ee
d/
hi
gh
  
li
ft
  
da
ta
 

an
d 
 f
or
  
en
gi
ne
  
st
ow
ag
e 
 a
nd
  
d&
pl
oy
me
nt
  
in
  
te
rm
s 
 o
f 
 n
ac
el
le
  
dr
ag
. 
 D
ra
g 
 i
nc
re
- 

me
nt
s 
 a
re
 a

ls
o

 p
ro
vi
de
d 
 f
or
  
ge
ar
  
de
pl
oy
me
nt
, 
 d
ra
g 
 c
hu
te
  
de
pl
oy
me
nt
, 
 e
tc
. 

Pe
rt
ur
ba
ti
on
  
da
ta
, o
f 
th
e 
 t
yp
e 
 s
ho
wn
  
in
  
th
e 
 l
ow
er
  
pa
rt
  
of
  
th
e 
 f
ig
ur
e,
  
ar
e 

us
ed
  
to
  
pe
rt
ur
b 
 t
he
  
re
fe
re
nc
e 
 l
if
t 
 a
nd
  
dr
ag
  
da
ta
  
wh
en
 

a 
co
nf
ig
ur
at
io
n 
 w
hi
ch
 

di
ff
er
s 
 f
ro
m 
 t
he
  
re
fe
re
nc
e 
 c
on
fi
gu
ra
ti
on
  
is
  
ca
ll
ed
  
fo
r.
 

Fo
r 
 e
xa
mp
le
, 
 a
n 
 a
sp
ec
t 
 r
at
io
 

of
 3
.0
 
is
  
sp
ec
if
ie
d 
 w
he
n 
 t
he
  
re
fe
re
nc
e 

co
nf
ig
ur
at
io
n 
 a
sp
ec
t 
 r
at
io
  
is
 

2.
5.
 

In
  
th
is
  
ca
se
, 
 t
he
  
pe
rt
ur
ba
ti
on
  
da
ta
  
ac
co
un
t 

fo
r 
 a
ll
  
th
e 
 c
ha
ng
es
  
in
  
th
e 
 r
ef
er
en
ce
  
da
ta
  
du
e 
 t
o 

a 
ch
an
ge
  
on
ly
  
in
  
as
pe
ct
  
ra
ti
o.
 

If
  
se
ve
ra
l 
 c
on
fi
gu
ra
ti
on
  
va
ri
ab
le
s (e
.g
.,
 
as
pe
ct
  
ra
ti
o,
  
sw
ee
p,
  
an
d 
 e
ng
in
e 
 t
hr
us
t 

li
ft
  
an
d 
 d
ra
g 
 p
er
tu
rb
at
io
n 
 d
at
a 
 c
or
re
sp
on
di
ng
  
to
  
th
e 
 c
om
bi
ne
d 
 e
ff
ec
t 
 w
ou
ld
  
be
 

ge
ne
ra
te
d.
  
No
te
  
th
e 
 p
ro
vi
si
on
  
fo
r 
 d
if
fe
re
nt
  
se
ts
  
of
  
li
ft
  
an
d 
 d
ra
g 
 i
nc
re
me
nt
s 

fo
r 
 e
ac
h 
 f
lo
w 
 r
eg
im
e:
 low

 
sp
ee
d/
hi
gh
  
li
ft
, 
 s
ub
so
ni
c,
  
su
pe
rs
on
ic
, 
 a
nd
  
hy
pe
r-
 

so
ni
c . 

P
 

-I
=
 

P
 

I\
) 

le
ve
l)
  w
er
e 
 s
pe
ci
fi
ed
  d
if
fe
re
nt
  f
ro
m 
 t
he
ir
  r
ef
er
en
ce
  c
on
fi
gu
ra
ti
on
  v
al
ue
s,
  t
he
n 

Th
e 
 b
as
is
  
of
  
th
e 
 p
er
tu
rb
at
io
n 
 p
ro
ce
ss
  
fo
r 
 t
he
  
ae
ro
dy
na
mi
c 
 d
at
a 
 i
s 
 t
he
  
us
e 

of
 a
 l
in
ea
r 
 l
if
t 
 c
ur
ve
  
an
d a 
pa
ra
bo
li
c 
 d
ra
g 
 p
ol
ar
. 
 T
he
  
pa
ra
me
te
rs
  
wh
ic
h 

de
fi
ne
  
th
es
e 
 f
am
il
ia
r 
 r
ep
re
se
nt
at
io
ns
 (a

!~
o

, C
L
~
,
 A
C

L,
 

C
~

I
N

, K
, 
et
c.
) 
 a
re
 

ex
te
rn
al
ly
-g
en
er
at
ed
  
da
ta
  
wh
ic
h 
 a
re
  
st
or
ed
  
in
  
th
e 
 a
er
od
yn
am
ic
  
fo
rc
es
  
pe
r-
 

tu
rb
at
io
n 
 l
ib
ra
ry
. 

As
 i
s 
 i
nd
ic
at
ed
  
in
  
th
e 
 f
ig
ur
e,
  
th
e 
 p
ar
am
et
er
s 
 a
re
  
st
or
ed
 

a
s

 f
un
ct
io
ns
  
of
 (
1)
 t
he
  
in
de
pe
nd
en
t 
 c
on
fi
gu
ra
ti
on
  
va
ri
ab
le
s 
 a
nd
 

(2
) 
ot
he
r 
 c
on
- 

fi
gu
ra
ti
on
  
va
ri
ab
le
s 
 (
e.
g.
, 
 c
an
ar
d 
 a
re
a)
. 
 I
n 
 a
dd
it
io
n 
 t
o 
 t
he
  
co
nf
ig
ur
at
io
n 

va
ri
ab
le
s 
 (
wh
ic
h 
 a
re
  
un
de
rl
in
ed
  
in
  
th
e 
 f
ig
ur
e)
, 
 s
om
e 
 o
th
er
  
in
te
rn
al
ly
-g
en
er
at
ed
 

va
ri
ab
le
s 
 a
ls
o 
 a
pp
ea
r 
 (
e.
g.
, 

C
L

~
,

 e,
 e
tc
.)
. 

Th
e 
 d
ou
bl
e 
 a
st
er
is
ks
  
de
no
te
  
su
b-
 

so
ni
c 
 d
at
a 
 w
hi
ch
  
ar
e 

a
ls

o
 u
se
d 
 f
or
 lo
w 
sp
ee
d/
hi
gh
  
li
ft
. 
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er
od

yn
am

ic
  he

at
in

g  p
ar

am
et

er
s.

 
H

ow
ev

er
, 

fo
r 

si
m

- 
p

li
c

it
y

, 
it

 w
as

 
el

ec
te

d
  to

  tr
ea

t  t
h

is
  in

te
ra

ct
io

n
  ex

te
rn

al
  to

  th
e  p

ro
ce

d
u

re
. 

T
he

re
fo

re
,  t

he
  ae

ro
dy

na
m

ic
  he

at
in

g  d
at

a  a
re

  ge
ne

ra
te

d  f
or

  in
fo

rm
at

io
n  o

nl
y 

an
d 

ar
e  u

se
d

  ex
te

rn
al

ly
  to

 
(1

) 
v

er
if

y
,  o

r 
m

od
if

y 
if

  n
ec

es
sa

ry
,  t

h
e  r

ef
er

en
ce

 
co

n
fi

g
u

ra
ti

o
n

  w
ei

g
h

ts
 

an
d 

w
ei

g
h

t  p
er

tu
rb

at
io

n
  d

at
a,

 
an

d 
(2

) 
to

  p
ro

v
id

e  d
es

ig
n

 
gu

id
an

ce
 . 

A 
v

ar
ie

ty
  o

f  g
en

er
al

iz
ed

  la
m

in
ar

,  t
u

rb
u

le
n

t,
 

an
d  h

ig
h  a

ng
le

  of
  at

ta
ck

 
te

ch
n

iq
u

es
  ar

e  a
v

ai
la

b
le

  to
 

co
m

pu
te

 t
em

pe
ra

tu
re

s 
an

d 
h

ea
ti

n
g

  ra
te

s.
at

 
up

 t
o

 
tw

el
ve

  lo
ca

ti
on

s  o
ve

r  th
e  v

eh
ic

le
. 

Th
e 

ap
p

ro
p

ri
at

e 
m

et
ho

d 
is

 s
el

ec
te

d
  in

te
r-

 
. 

n
al

ly
 b

y 
th

e 
pr

og
ra

m
  ba

se
d 

on
 i

np
ut

  sw
it

ch
in

g  v
al

ue
s  o

f  R
ey

no
ld

's
 

N
um

be
r 

an
d 

an
g

le
 o

f 
at

ta
ck

.  E
it

h
er

 
a 

th
re

e-
no

de
  or

 
a 

on
e-

no
de

 m
od

el
 m

ay
 b

e  s
p

ec
if

ie
d

  at
 

a 
g

iv
en

  lo
ca

ti
o

n
. 

A 
ra

d
ia

ti
o

n
  eq

u
il

ib
ri

u
m

  ca
lc

u
la

ti
o

n
  ca

n
  b

e  i
n

cl
u

d
ed

  in
  ea

ch
 

m
od

el
 . A 

ty
p

ic
al

 p
ro

bl
em

 m
ay

 
in

cl
u

d
e 

(1
) 

st
ag

n
at

io
n

  h
ea

ti
n

g
  co

m
p

u
ta

ti
o

n
s  a

t 
se

le
ct

ed
  p

o
in

ts
 

on
 t

h
e  s

u
rf

ac
e  l

ea
d

in
g

  ed
g

es
  an

d
 

on
 t

he
  no

se
, 

(2
) 

su
rf

ac
e 

he
at

in
g  c

om
pu

ta
ti

on
s 

at
  re

p
re

se
n

ta
ti

v
e 

 p
o

in
ts

 
on

 t
h

e 
bo

dy
,  w

in
g  a

nd
 

ta
il

, 
an

d 
(3

) 
su

rf
ac

e  h
ea

ti
ng

  of
  th

e  u
pp

er
  an

d  l
ow

er
  su

rf
ac

es
 

a
t 

g
iv

en
  lo

ca
ti

o
n

s 
on

 t
h

e 
w

in
g  a

nd
  ca

na
rd

  us
in

g 
a 

th
re

e-
no

de
 

m
od

el
. 
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D 
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CH
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QU
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VA
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 A
LL

 O
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R  T
HE

 
VE

HI
CL

E 
1 -

 or
 3

 - N
od

e 
Th

er
m

al
  M

od
el

 
Ra

di
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io
n  E

qu
ili

br
iu

m
  M

od
el

 

.T
YP

IC
AL

 
LO
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ON
S 

0
 sta

g 
 n

at
io

n 
 L

i  
ne

/P
oi

 
nt

 

0
 Su

rfa
ce

  H
ea

tin
g 

0
 

Pr
im

ar
y  L

oc
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io
ns

 

0
 Upp

er
 s

 u r
 fa

ce
 

(C
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r) 

He
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U
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A
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A
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) 

D
u

ri
n

g
  ea

ch
  p

as
s  t

h
ro

u
g

h
  th

e  w
ei

g
h

t-
si

zi
n

g
  lo

o
p

,  t
h

e  f
ly

b
ac

k
  ca

p
ab

il
it

y
 

o
f  t

h
e  

v
eh

ic
le

 
is

 d
et

er
m

in
ed

 b
y 

in
te

g
ra

ti
o

n
  o

f  t
h

e 
 p

at
h

 
fr

om
 l

an
di

ng
  ba

ck
 

to
 

th
e  b

eg
in

ni
ng

 
of

 
cr

u
is

e.
 

Th
e 

re
q

u
ir

ed
  fl

y
b

ac
k

  ra
n

g
e 

is
 d

et
er

m
in

ed
 b

y 
in

te
g

ra
- 

ti
o

n
  o

f  t
h

e  e
n

tr
y

  p
at

h
 

fr
om

 s
ta

gi
ng

  to
  en

gi
ne

  de
pl

oy
m

en
t.

 

Th
e 

en
tr

y
  p

at
h

 
is

 i
n

te
g

ra
te

d
  w

it
h

 
a 

th
re

e-
tr

an
sl

at
io

n
al

-d
eg

re
e-

of
-f

re
ed

om
 

pr
oc

ed
ur

e  d
ev

el
op

ed
 

on
 a

n
o

th
er

  p
ro

je
ct

. 
It

 a
ss

um
es

 a
 s

p
h

er
ic

al
,  r

o
ta

ti
n

g
  ea

rt
h

 
an

d 
a 

w
in

d 
p

ro
fi

le
  th

at
  v

ar
ie

s  i
n

  sp
ee

d
 

an
d 

d
ir

ec
ti

o
n

  w
it

h
  a

lt
it

u
d

e.
 

Th
e 

pr
oc

ed
ur

e  i
nc

lu
de

s 
a 

se
t 

of
  tr

an
sf

or
m

at
io

ns
  w

hi
ch

  al
lo

w
  th

e  t
yp

e 
of

 e
n

tr
y

  p
at

h
 

to
 b

e 
sp

ec
if

ie
d

  a
s 

a 
se

ri
e
s 

of
  se

gm
en

ts
  w

it
h  v

ir
tu

al
ly

  an
y  t

yp
e 

of
 c

o
n

tr
o

ls
. 

Th
e 

cr
u

is
e  

ro
u

ti
n

es
  a

re
  b

as
ed

 
on

 q
u

as
i-

st
ea

d
y

-s
ta

te
  eq

u
at

io
n

s 
of

 m
ot

io
n 

in
 t

w
o 

de
gr

ee
s 

of
 

fr
ee

do
m

. 
A 

he
ad

-w
in

d 
p

ro
fi

le
 a

nd
  va

ri
ou

s  e
ng

in
e-

ou
t  o

pt
io

ns
 

ar
e  p

ro
v

id
ed

. 
T

he
 c

ru
is

e  p
at

h
s 

m
ay

 
b

e  i
n

te
rn

al
ly

  o
p

ti
m

iz
ed

 
on

 a
lt

it
u

d
e  a

n
d

/o
r 

sp
ee

d
  w

it
h

  c
ei

li
n

g
  c

o
n

tr
ai

n
ts

 
an

d 
cr

u
is

e-
cl

im
b

  co
rr

ec
ti

o
n

s  a
p

p
li

ed
. 

An
 

o
p

ti
o

n
al

  d
es

ce
n

t  p
at

h
  a

t  i
d

le
 

po
w

er
 m

ay
 

b
e 

 in
te

g
ra

te
d

  if
  ra

n
g

e 
 c

re
d

it
 

is
 a

ll
o

w
ed

.  L
an

d
in

g
  re

se
rv

es
  ar

e 
co

m
pu

te
d  f

ro
m

  an
y  c

om
bi

na
ti

on
 

o
f.

(l
) 

a 
fi

x
ed

 
fu

el
  al

lo
w

an
ce

, 
(2

) 
a 

p
er

ce
n

ta
g

e  o
f  t

o
ta

l  f
u

el
  av

ai
la

b
le

, 
an

d 
(3

) 
a 

sp
ec

if
ie

d
 

d
u

ra
ti

o
n

  a
t  c

o
n

st
an

t  a
lt

it
u

d
e 

an
d 

op
tim

um
 o

r  c
o

n
st

an
t  s

p
ee

d
. 

On
 

th
e  f

in
al

  p
as

s  t
h

ro
u

g
h

  th
e  s

iz
in

g
  it

er
at

io
n

, 
i.

e.
, 

w
he

n 
th

e  w
ei

gh
t 

at
  en

tr
y

  sa
ti

sf
ie

s  t
h

e  f
ly

b
ac

k
  re

q
u

ir
em

en
t,

  th
e  a

er
o

d
y

n
am

ic
  h

ea
ti

n
g

  eq
u

at
io

n
s 

ar
e  i

n
te

g
ra

te
d

  d
u

ri
n

g
  th

e  i
n

te
g

ra
ti

o
n

  o
f  t

h
e  e

n
tr

y
  p

at
h

.  O
th

er
  p

er
fo

rm
an

ce
 

ca
lc

u
la

ti
o

n
s  a

re
  al

so
 

m
ad

e 
a

t  t
h

is
  p

o
in

t.
 

T
he

se
 i

n
cl

u
d

e  t
ak

eo
ff

 
an

d 
la

n
d

in
g

 
si

m
u

la
ti

o
n

s 
to

 d
et

er
m

in
e 

ru
nw

ay
 

le
n

g
th

  re
q

u
ir

em
en

ts
  an

d
  in

te
g

ra
ti

o
n

 
of

 a
 

fe
rr

y
 

m
is

si
o

n
  to

  d
et

er
m

in
e  f

er
ry

  ra
n

g
e  c

ap
ab

il
it

y
. 
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W
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EX
AM

PL
E  GE

OM
ET

RY
 

V
A

R
IA

BL
ES

 
- P

LA
NF

OR
M 

(F
ig

u
re

 1
4)
 

Nu
me
ro
us
  
ge
om
et
ri
ca
l 
 v
ar
ia
bl
es
  
mu
st
 

be
 d
et
er
mi
ne
d 
 f
or
  
us
e 
 i
n 
 t
he
  
va
ri
ou
s 

te
ch
no
lo
gy
  
co
mp
ut
at
io
ns
 (e
.g
.,
 
re
fe
re
nc
e 
 a
re
as
  
fo
r 
 a
er
od
yn
am
ic
  
fo
rc
es
, 
 m
om
en
t 

ar
ms
  
fo
r 
 s
ta
bi
li
ty
  
an
d 
 c
on
tr
ol
, 

et
c.
) 
 a
nd
  
in
  
th
e 
 c
om
pu
te
r 
 g
ra
ph
ic
s 
 r
ou
ti
ne
s.
 

So
me
  
of
  
th
e 
 p
la
nf
or
m 
 v
ar
ia
bl
es
  
in
vo
lv
ed
  
in
  
th
is
  
pr
oc
es
s 
 a
re
  
il
lu
st
ra
te
d 
 i
n 

th
e 
 f
ig
ur
e.
  
Fo
r 
 e
xa
mp
le
, 
 s
ec
on
da
ry
  
wi
ng
  
pl
an
fo
rm
  
va
ri
ab
le
s 
 s
uc
h 
 a
s 
 e
xp
os
ed
 

an
d 
 t
he
or
et
ic
al
  
ro
ot
  
ch
or
ds
, 
 t
ip
  
ch
or
d,
  
ex
po
se
d 
 m
ea
n 
 a
er
od
yn
am
ic
  
ch
or
d,
  
et
c.
, 

ar
e 
 c
om
pu
te
d 
 f
ro
m 
 p
ri
ma
ry
  
co
nf
ig
ur
at
io
n 
 v
ar
ia
bl
es
  
su
ch
  
as
  
ex
po
se
d 
 w
in
g 
 a
re
a,
 

le
ad
in
g 
 e
dg
e 
 s
we
ep
, 
 a
sp
ec
t 
 r
at
io
, 
 a
nd
  
ta
pe
r 
 r
at
io
. 

Nu
me
ro
us
  
op
ti
on
s 
 a
re
  
av
ai
la
bl
e 
 t
o 
 a
cc
om
mo
da
te
  
a 
 w
id
e 
 v
ar
ie
ty
 

of
 c
on
fi
gu
r-
 

at
io
n 
 t
yp
es
. 
 T
he
se
  
op
ti
on
s 
 r
el
at
e 
 t
o 
 s
uc
h 
 t
hi
ng
s 
 a
s 
 t
he
  
lo
ca
ti
on
s 

of
 e
ng
in
es
, 

cr
ui
se
  
fu
el
  
ta
nk
s,
  
an
d 
 m
ai
n 
 l
an
di
ng
  
ge
ar
  
an
d 

ho
w 
ea
ch
  
mo
ve
s 
 a
s 
 t
he
  
pr
im
ar
y 

co
nf
ig
ur
at
io
n 
 v
ar
ia
bl
es
  
ar
e 
 p
er
tu
rb
ed
. 
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A
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e 
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In
  ad

d
it

io
n

  to
  th

e  p
la

n
fo

rm
  v

ar
ia

b
le

s  m
en

ti
o

n
ed

 
on

 t
he

  pr
ev

io
us

  pa
ge

, 
o

th
er

 g
eo

m
et

ry
 v

ar
ia

b
le

s  p
er

ta
in

in
g

  to
  th

e 
 v

eh
ic

le
  p

ro
fi

le
 

ar
e 

co
m

pu
te

d.
 

F
or

  ex
am

pl
e,

  gr
ou

nd
 

in
te

rf
er

en
ce

  an
g

le
s  f

o
r 

w
in

g 
tr

a
il

in
g

 e
dg

e 
ro

o
t 

an
d 

ti
p

 
ch

or
ds

  an
d  v

eh
ic

le
 

ta
il

 b
um

p 
ar

e 
co

m
pu

te
d 

fo
r  t

h
e  p

u
rp

o
se

 
of

 d
et

er
m

in
in

g  t
he

 
m

ax
im

um
 p

it
ch

  an
g

le
.  A

n
o

th
er

 
ex

am
pl

e 
is

 t
h

e  l
o

ca
ti

o
n

 
an

d 
o

ri
en

ta
ti

o
n

 o
f 

th
e 

re
su

lt
an

t  t
h

ru
st

  v
ec

to
r  w

it
h

  re
sp

ec
t  t

o
  th

e 
 v

eh
ic

le
  c

en
te

r 
of

 g
ra

v
it

y
 w

hi
ch

 
is

 p
ro

v
id

ed
  fo

r  u
se

  in
  st

ab
il

it
y

 
an

d 
co

nt
ro

l  c
om

pu
ta

ti
on

s.
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Th
e 
 c
om
pu
te
r 
 p
ro
ce
du
re
 

a 
 n
um
be
r 
 o
f 
 d
if
fe
re
nt
  
ty
pe
s 

ti
on
  
an
d 
 e
va
lu
at
io
n 
 f
or
  
th
e PR

OG
RA

M
 A

PP
LI

C
A

TI
O

N
S 

wh
ic
h 
 h
as
  
be
en
  
de
ve
lo
pe
d 
 i
s 

of
  
pr
ob
le
ms
  
as
so
ci
at
ed
  
wi
th
 

bo
os
te
r 
 f
ly
ba
ck
  
sy
st
em
  
of
  
a 

(F
ig

ur
e 
16
) 

or
bi
t 
 s
pa
ce
  
tr
an
sp
or
ta
ti
on
  
sy
st
em
. 

de
si
gn
ed
  
to
  
tr
ea
t 

co
nf
ig
ur
at
io
n 
 d
ef
in
i-
 

re
us
ab
le
  
ea
rt
h-
to
- 

Th
e 
 f
ig
ur
e 
 s
um
ma
ri
ze
s 
 t
he
  
pr
in
ci
pa
l 
 a
re
as
  
of
  
pr
oc
ed
ur
e 
 a
pp
li
ca
ti
on
  
an
d 

th
e 
 b
as
is
  
of
  
it
s 
 o
pe
ra
ti
on
. 
 F
or
  
sp
ec
if
ie
d 
 c
on
fi
gu
ra
ti
on
s,
  
th
e 
 p
ro
ce
du
re
  
ca
n 

be
  
us
ed
  
si
mp
ly
  
as
  
a 
 f
li
gh
t 

m
ec

ha
ni

cs
/p

er
fo

rm
an

ce
/a

er
od

yn
am

ic
-h

ea
ti

ng
 
ev
sl
ua
- 

ti
on
  
to
ol
  
of
  
co
ns
id
er
ab
le
  
de
ta
il
  
an
d 
 v
er
sa
ti
li
ty
. 
 H
ow
ev
er
, 
 i
ts
  
mo
st
  
po
we
r-
 

fu
l 
 u
ti
li
za
ti
on
  
is
 (1
) 
to
  
sc
al
e a
n 
ex
is
ti
ng
  
co
nf
ig
ur
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