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The Study of Aircraft in Intraurban Transportation Systems was
conducted under MSA Ames Research Center Contract NAS2-5989. This .final
report, consisting of four volumes, is submitted in compliance with the re-
quirements of Article IV, Paragraph B-5.0 and presents all of the work
accomplished by the Lockheed-California Company during the two-phase study
program. This program was initiated in June 1970 and completed in May 1971•

This report is prepared within the framework of the Preliminary
Final Report Outline submitted to NASA by Lockheed's letter LAC/01695, dated
26 June 1970} with minor revisions. The report contains an organized and
edited version of the work reported in the previously submitted nine Monthly
Progress Reports (LR 23820-1 through LR 23820-9) and the formal Phase I Oral
Presentation held on 3 December 1970 at the NASA Ames Research Center facility.

This final report is subdivided into four volumes for ease in
handling by the reader. Phase I - Aircraft Concepts Selection is contained in
Volumes 1 and 2 (CR 11̂ 3̂ 0 and CR ll̂ SUl). Phase II - Aircraft Concepts
Evaluation is presented in Volume 3 (CR 11̂ 3̂ 2). All backup data leading to
the summarized conclusions within the main body of the report are to be found
in Volume h (CR 11̂ 3̂ 3) Appendix. Each figure and table in Volume k is
identified by the number of the section in the main body of the report that
utilizes the basic data. The summary and introduction are presented in Volume
1 and the reference list is shown in Volume 3-

This study was accomplished by the Advanced Design Division, Science
and Engineering Branch of the Lockheed-California Company, under the direction
of the Engineering Study Manager, E.G. Stout. The principal investigators
were P. H. Kesling, H. C. Matteson, D. E. Sherwood, W. R. Tuck, Jr., and
L. A. Vaughn.

The work reported herein was administered under the direction of
George C. Kenyon, Advanced Concepts and Missions Division, Office of Advanced
Research and Technology, NASA Ames Research Center, who was designated the
Technical Monitor for the contract.

Submitted by
/ # • / , • (/

E. G. STOUT
Engineering Study Manager

APPROVED

D. L. Kelly, Dept. .Engineer
Advanced Systems Design
Science and Engineering
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G. L. Arnold, Acting Division Engineer
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Science and Engineering
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Figure Al.1-3 Required Fuel/Weight, - Tilt Wing VTOL
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Figure Al.l-U Required Fuel/Weight, - Deflected Slipstream, 1975 IOC
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Figure Al.1-5 Required Fuel/Weight, - Deflected Slipstream, 1985 IOC

A-5
LOCKHEED



CR

CI.IMW* JTA 2000

Figure Al.1-6 Required Fuel/Weight, - Augmentor Wing STOL, 1985 IOC

LOCKHEED A-6



CR 11U3U3

ST. O (AMD, LANDINGS
'250.

*0

.12

. 10

I '-":
* .06

<** -*4o
WIN6 LOAOIKIO, PSP

\OO

Figure Al.1-7 Required Fuel/Weight, - Prop Powered CTOL, 1975 IOC

LOCKHEED
CALIFORNIA COMPANY

A-7



CR 11U3U3

.10

I
tO

i

\L

• f t

<ra;

.14

.10

Z Mt>USZS FL.IGUT 71IAV

S Xo. /4NO LANDINGS.

T/W

,4.

.-?

1.0

TIME TO
CLIMB

. 5. MlN.

3

2

TIMC TO
. C.RUICE .

83MIH.

85

Qtt

\MIKM LOADING
O psp

Figure Al.1-8 Required Fuel/Weight, - Fan Powered CTOL, 1985 IOC

LOCKHEED A-8



CR

7000 r

6000

I
5

5000

4000

iZ 3000

uu

2000

1000

100 .3

80

WING LOADING ~ PSF

60

20

40

4 THRUST/WEIGHT
CLIMB GRADIENT
y = .03

.5

.8
.9

Figure Al.1-9 Takeoff Field Length, 1975 Propeller Powered
Deflected Slipstream STOL

LOCKHEED
A-9



CR liU3U3

6000 r

5000

u_

I 4000
xi—oz
LU

Q 3000
_i
LU

9 2000
LU

1000

100 .3

90

WING LOADING
PSF

20

THRUST /WEIGHT

Figure Al.1-10 Takeoff Field Length, 1985 Propeller Powered
Deflected Slipstream STOL

LOCKHEED
A-10



CR

VJ

^
.̂

Q

Figure Al.1-11 Landing Field Length, 1975, 1985 Propeller
Powered Deflected Slipstream STOL

LOCKHEED A-ll



CR

Figure Al.1-12 Takeoff Field Length, 1985 Augmentor Wing STOL
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Figure Al.1-13 Landing Field Length - Augmentor Wing
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Figure Al.1-16 Takeoff Field Length, CTOL Aircraft
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Figure Al.1-20 Installed Part Power Specific Fuel Consumption - Sea Level
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Ĥ

(M

H

K
ft

^ *>

I*

-1

N -

(N -

1

-J !

rHH
H

•It

! l-H if

IZ

R
«-iK!8!>U' IS

1u. CO 00 00

°r
00
CiQ

CO
:!̂ !̂

Illl'-i
s Klk

^
I 5

*.•H"

Ul

&

T
O

T
A

L
.

LOCKHEED A-95



CR

§

oi

(S . 04
I

H
F/

CO

I
W

<f)

5
O•̂ si

IN -!r4

NICS

~

-l-|fO

s r-!-

Nn~i
-

oi

(N ff\

N

i H- N

CQ
EH

H

B
S

^
5 !o
Uj (^
Q o

CO 1 — N —

- i ! H
H

i- H-M ! N H
••<• '-I i IN

(O
<o

5 •t! : —

u
5?-4

Jj—

•

1

iol|— jV/ljIV)!,

I '
__ rs<

i i
! t^i"

; J

-
/Z

ir\
fe
H

CO

3 I

M i i ! i Mil
* »NC «o ' S

_

0

-*

I

-|N

I i

g
«« IK!

O
ft:
M.

CO|00|GO 00

S^fS*:.

^•J^S.c
lOlU'SlPJ

••*!• T
O

T
A

L
.

LOCKHEED
A-96



CR

«0

§

-J J r«J j r^: _i ! (r
i l l , : ' ' •

' • i l i i ' ' ' i ' i . I i ' i ' i l i 1 i • '
r-'^.cx CM'-WV cV-- I- Hlrt V)l CM ff) . .-I _l CN!-si Id : ^rsl~ H C*\~'—'fN -TW-'H-

owJJJ C^ l-^^*^ ^L-JJ L -L|J ' jJ-'m-!X' 'J

t. ' h 'N • ' 't^J • I ' '.L. ' ' J : 1

vS

,vt-;« J ~. ̂  t\l

10>o
5

M Oo N

•o
">5

c1*«~4 I I 1 H
H~j- N -JiN

H-- N -:i ! ^! i

^
5 io
ju 3

•,' N CM
I !

N t":

-j r- M I olU

8*. iNJTrJMJ.^ H :^~i

v\
<O

5

fc -ki- — fNi — J-lNU-V

H
§54 Vr»|t 2 NI Nĵ i r
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ĈM

G

<

|

U
O

i

CO

R
CM

Ix'
O
CM

CO

•Q

CM

8
10

r*.

CO

CM

GO

10

IX

s

-
c>
"*

J

U
to
h-

ct

R
NT

-.

IX

10

00
CO

"*

R
^̂

CO
CM

IX

_

u"!

•o
<o

1

U.

2

IXo

IXo

R

R

R

!$

K

IX

z
i.
8
Z
UJ
</•>
u.
0

o'
C£ ii i
UJ 0£

o

IO
CM

CM

CM

JQ
_̂*

CV

"~~

"0
CM
_

CM
_̂

ĈN
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Compound Engines - 1975 - 1985 Time Period
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c5a < A u u u u

LOCKHEED A-192



CR

Z

^
u.

(/>

or
O ff> C< CJ O — •

dJ
Z
u
<

U. UJ
u c

X
li. I/)
(D OC
Z I-§1
«l 4
< a
^
u
K

1̂

*• O O O O O O O O O O O O O C O C O O O O O C i

^ u.
LJ
o.

-; a
a <
•H Ujl^ O O ' ^ » ^ < N ; f V J ^ J ^ J f " ' * l < T ' ^ ^ - J ' l A ^ * O ' O r * C O ' ' C O *
H- Z -£
< 00
u < ac
o LU
-j a

2
£ wi
a; u. a?
< U u J • « • • • • • * • * . . . * « * *

CO <%
*. Wl
*i a.

•i- LU

UJ
X

h—

i: i i i r r y i

u. a.2. z. a, »- a a, a.

LOCKHEED A-193



CR 11U3U3

o
o

x
o

m m m m m

— o o o o o o o o o c o o o o o o o o o o o e

a\
C\J

si a. o < i
< U uj
a -J o
o
* g

ae z
UJ UJ
a >"

O (C

3§
U- Z

a. a.

LOCKHEED



CR

• <f in (o * m

OJ
<j
2 -Ni
UJ O'
oo o^

U

ON

OJ

3

3 U <

* z z2
i- < a 3
u. u <I a
< O u;
0£ -J O
u

« O UJ
I- O
VI « Z

o o o o o o o o c o o o o o o

ui-<->i_ ;ujo,-x:2zc;ujzu
O z z za « _i z z a. a> o ec _i z z
^ a u u w x u u «

a xa . x

-.eo
uz

LOCKHEED
A-195



CR

X
> 0

z x
UJ O

o a
< -J

X O ^ - f r U ^ ^ ^ - f " - *

aj O
o O

< <
-̂ a.
u

O O O O O O O O O O t T O l T . Q i A O O O O O O

<
o
O

LOCKHEED A-196



CR

S in 4 in o <f o<* co m o tn o

>•
of.
<

i
3
V)

X
UJ
1-
VI>
VI

oo
o o
• •

o o
O CO
Q

CM

>•
)-

lut-«
0 0.

S «u
mi

•
O V)
mi VI

UJ <
» a
u.

H-
t- U.
at <
O a
a. u
a o£
« <

OP,o •»
g o

S ac
CJ

xt5<
o u.
K
UJ
x a
55
X _l

K X
Z =
UJ X
u —
ac z
UJ «—
& X

£
o
J
^
X

1

I/)
h-
VI
0
u
X

H
V)
>•
V)

^
<
^o»-

u
<
^a

£

0
0l-t

t
VI
h-
I/I
o
u

mi
1-
<
UJ
a
o
h-
O
UJ

*

i

y
X.

>
X
*
o
o
m4

1

V)
K
VI
O
u

z
H
<
a
UJ
a.
o
K
u
UJ
ac
o

MM v o <e o o
i« in CM of*

C? rA co ao K «0
in «M -o •* -*o
m •* -< o~ m t»
,0 h- <• -<f- ^
«0 in o M

m M

V) • •
ui -i a •

u a — — -J
5 ^ O 3 ^*a < o u
U. V) u. UJ O <
O < U.

u, u. u>
ft°00ofe
O »• K K

O O O VI V)uj u u u o o
V) U U
< • 1 t
X . X X X • •
c) u o o a oe
Of OL CL OC UJ UJ
535 So. a
o. o. a. o. oo

^ M ̂  ^ ^M U^ O
r» * r* o <** <f» o
<r ^ ^> *H o* ^ o

IM N m o
F4

? O 0» •* <£ O
^ p4 (T) ^ 00

*r * tA o -tf-m
j> m N co <* f-
* 0<NI * ̂ft »-t ^H

•• 0
a ac
& 2
Uj 00 •
O uj ac

W fc b= Q-Z Z 5 UJ
irt LU M M O
uj ̂ j a < <
M in x Z z: •
I>M JC UJ ^

•- Z • * O
_j B a -J -juj
M*4A UJ M M
o a r u u •
«t u-'h- « < a
U. IX U LL U. O

<j> r* u^ •-» O- o
irv o <NJ NO •* o
r- *t * ff- rw o

^ NO O

^«

gusbit
O (T •»•-•*

o co o <r in
M in o> oo o
<-< <M 9

-1 Z
3* M O UJ
uj o •» u
CC UJ H Z

"Issi
5 B UJt-

_i 5 a z
*•* uj vi a. i—
J3ZUJ <

*in

K
VI
O
u

2

UI
H-
VI
>
V)

<
K
o
H

aj aj
mff
W —• •
O fH
r-
'f

~
o
< ••
V U
ac <
>• V
V UJ
M _)

O X
0 V.
0 <•
1̂

** *^
u u
oo

**f" ^o o»- K

^ o»
•* m
ff> sO
• •

CO fTt

^P

V*

*M

<

V. M

06 O

i$
<* UJ

_J
O *M

o r
o-^
-> *

2%
00

1̂- H-
oo
>-K

-* -* •#
f- r- <*>
<o -o in
« -0
M *H

«t

VI
z
o
_J

<• J
V) X
z
O 1 V)
•" CC

_IUJ -J
^^ H J
x a o

a fi

' - '
UJ h- UJ

fesig
a o a.

a o o
— 00
o o om * <•

4- IM
o o
^ £
h- CD
a a

VI
iu
w

X _J
<

1 UI H
U 0

O <
^ t- a
« V) UJ
er M u

O 2
0. "ui
^~ UJ »"•a _i vi
" x2
UJ
U -1 -1
< « «I
ot 3 D
If Z Z> Z Z
< < <

* o- in
* •* o « u o in
* « o o o o o

m

*

• • • •
^ -> «! -J

«• C X X X

V> t 1 1 1z
O — K1-1 -i vi z
U < UJ UJ CC
-J K M X O
•" O t- 0. -I K

ue w ^ ^ ac <
< I M UJ UJ U.
U. V) U > Z

uj < ui uj a
UJ UJ •- U. O O <
Z 3 O O
••« z •"• • • • *J
J UJ Vt V) I/) V»
et > oc CD on OD >
** UJ 3 2 3 J3 Ui
< a v) vi v> v> a

O CM O >0
0*00-

O O CM *
^ M in
M IH
O CM
O1

M

VI h- VI
H- UJ fit

5 U1 X

-1M U. _J

-la <
t- •« z

u. o ^
0 < 1- «

u. u.
or « i
uj o a;
a ~ w r
x c3 a o
3 -I- ,-
Z ^ h"

u/ <
ml O U. ^

§ <t O —
a: -i

z yj • (•«
Z > U H
< « z r>

LOCKHEED A-197



CR

o
o
o

K CO Z _j
r o •- c:t- <_> o

c*
0s

r- o •* o
QO en ^ o

o
o
o

•-* ^- o co

< a x of
_J UJ C 3-j a •-« c

IT o o er-
a er m »-t
r^ f-i c o O1

O C C O p*

ir\ tr
er cc

•«• o
in rsj

o -a -T

o ~* m

o
»
•0

c
o
c

o
o
O

-j a »— >•
C _io
C U.

lf"i CO
n •£

'. (̂  iTi

CO
a

o
2

I Z-
uj a^ 5 (/)
«r a uj
r xo < to
v* z a a r
_) <<COUJ
•«* UJ I-
*^ K O O V>

ui u j o < * / >

.
c c
ec tc

oc u a:
J U j O U '

<
X
_)<t-
a

2

«.
r

LOCKHEED A-198



CR 111+3U3

OO O *« ** < ••*

I * f*- O t* 4
* »r c «*• o

i M O O O M
1 tf\ ff & O C^

ir> «r o ce «o o IPf - a o i r f ^ o o f \ i c c i
«t "* -O »H »"H <*"! m

*•*** 4 M
* o o
o o
MM

i 5

on
• T

• ^* O t
-l H « t-
« c xa C- C C

< i- X
UJ O UJ
o o *-

V) Vi
e ijj u >
z u -jm

10 r
*- «i

a? r «
UlgH

I
>- J X h- V. <J 1^
V l U J U ' i O 2 > - U J U

F U J ^ v ^ - ^ r y
z >- a. uj o "> »' *- ^i_ c. c. a x c a-iuc.

O
7

X u.
r o

'

5'U."x ! j fc i£ jL§u8""

o •
VI O

UJ C* ? «

Uj C tt U.
* f • Z ^ ut O: « K c u. <
j »• U. M X -J O
jU H a u. tx •- -J u,

< < l i - l _ U J < — Cl.

15
"^ _J
WO U

o £

c <
o -j aa vE
L. « o
X o. o

>•
I-a
a.

&
C

• _J -J
. U UJ

Z 1
o a I
u. < I C UJ

2 ^

I < < K m u. t- •
j J U> O t/1 l1^ •
JUJOLUC7 Dl^H-O
v v. r a Z • n ct j 2
>3 — l ^« -OIC .*» -

U . X < X Z K I > X

r r •
>>• K
(."Cr r
IL- UJ
-t -I

c. o
-J _>u_ u-
t- "
u. li

UU.

S U.
C

D u.'

C OL
_l U

o -Jz ui
•- 3

• X U.

LOCKHEED A-199



CR

* o
»* o

o
•o

•o <o N
rt O -I

«a
-o •»
tn o

in r-
ir in

o o
0-

eo o o «~t co *
w O u> -c ro

o o o o o o o o

_J
ca. &

§i
0°
2 H

_) >• OC

< c «"
1- <D ju.

<C 0

rg

?
z c.

£ t
1/i J D

u!S ~ "
< Z"
?• uj <

<r o- c ^•

O

wi I
C •-

z S & S

> VI K

_J Ct "- UJ

r> H z £
U, 00 UJ iL

^ M £C

€0 O i-i

IP

O
* V)

a d-
z o

a > j -i

*^ u> a c
Z ffi O ̂ ~
x D oc
uj _j a

v O
*: Z

<r z
a. O

Z 0 < ̂  Z M Z
UJ •— O Z "-1 C* «—
z _» •- c x z u
QC < 1- *- •"• O
*- a. w o Z •-1

w o uj u. a. o >- r?
zx- j -J^ — za
»-XUJU,'U.*<<

z
c
K

u.
1-

^
</>
>

l-
c

u
Z

X
*-

u
_•

c
f-

o t-
U- 2

— ZO *
z i- e
u; < z

»— < c~

< IT • •
1- J- O (_-
t/i O C *^
3 UJ u. '—
to i- o. y

lit

cf
r

a u.1 > u.
UJ (_> H- >
C. Z Z. > UJ
a <r < K c
C & a Z *- H

i: < «. u, L:
i > E " x u ̂ ' a. c.1

* ^ Q . z o . 3 ? Z Z u <r
• _ J U . * - « U « ~ » - C.U-U'

O ^ t t ' O t i W O ^ C L V l

O

_J
u
G
I
t-

o

c ^r

-3 Ct

1^

u. w

-J a.

I- LJ L
C e

u i_

A
N

D
 

"U
R

C
E

N
 

"A
l

M
T

 
R

IJ
B

D
E

N
 
*
A

1
N

'
IA

L
 

'•
'A

! N
T

.

or < c.
C u

_l Oi X

j ~" a

ex 7 C*
E U. •" U
u a. O a.

«/>

L
 

M
A
 I
 'I
T

.

IN
C

L
U

D
IN

G
 

5P
A

R
I

a J ?

< ̂  IUK
»• C; y <

i. li. U-
— _ 3 ut
o uj in a
Z -• 2 Hi

M
IL

F
O

P
E

R
A

T
IN

G
 

C
O

S
T

u.
O _l
L- u.

-1 -1

K t-
c c
1- >-

LOCKHEED A-200



CR

»* rg •« nj »* <o »* tvj »* (MJ r̂

I
LJ

U, UJ

ct
UJ l/l

< 0.

LTN " .

OJ - K. 3
* ^ u.

«i *
W 2 — X^ C C ^ C T C ' - ' t J O O ^ J C O O O O O O O O C O C O O O O O O O O O O O O ^ J O O O O O O O O O O - ^ - * - * - - ^ — — (NJ<V<NJfMrM(\ j r \ ln

g i- < S =
E^ < 3 u

o: -i o
•w)
» •:
"* ^ - î
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