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ALTERNATE~FUELED TRANSPORT
AIRCRAFT POSSIBILITIES

INTRODUCTION

The earliest relatively serious interest in liquid hydro-
gen as an energy source for aircraft was in the 1950's.
The National Advisory Committee for Aeronautics (NACA),
the predecessor of NASA, conducted studies of the applica-
tion of liquid hydrogen as a jet fuel for high-altitude
high-speed aircraft. The results of this work, some of
which were reported by Silverstein and Hall in reference 1,
were interesting in that 6,000 to 7,000 N.mi. radius
subsonic bomber and reconnaissance aircraft and 1500 N.mi.
radius M=2.0 bombers seemed feasible at that time pro-
viding substantial research and development activities
were undertaken. Sketches of these early concepts are
shown in Figure 1.

In this same time period, some actual hardware was tested
and a serious attempt was made to design a high speed
interceptor. These activities are outlined on Figure 2.
The NACA Lewis Research Center conducted flight tests of
a J~65 engine fueled by LH; on a B-57A aircraft. The tests
were successful in that no problems were encountered in
engine operation. In November 1956 Pratt and Whitney
corducted extensive ground tests of a J-57 engine fueled
by LHy (Figure 3) and about a year later had developed
and tested their Model 304-Hydrogen Expander Engine
{(Figure 4) which took advantage of the lower pressura
required for combustion of hydrogen resulting in lower
engine pressure ratios. Lockheed applied the Model 304
engine in the design of a high-altitude fighter (Figure 5)
in 1957. While the aircraft was never built, the fuel
tanks were designed and fabricated and ground simulation
environmental tests of the fuel system were carried out.

© The project was terminated because operational require-~

ments were unattainable and the LHy logistics problems

" were considered insurmountable.

With the termlnatlon of these programs, there has been
little serious U. S. activity on alternate energy sources
for aircraft for almost 20 years. It is not an interest

in high altitude aircraft which has revived NASA's interest

- in LH5 but the availability of domestic crude oil and in

the long run a concern over the depletion of world-wide

0il reserves. I believe it is unrealistic to suppose that
alternate fuel sources will be developed for domestic,
industrial and ground transportation use and the world's
petroleum reserves will be set aside for air transportation.
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Some aspects of altemate fuel considerations are noted

in Figure 6. Various energy sources must be weighed in
terms of availability, facility cost, production cost,
etc., as they may be applied to domestic and industrial
uses and aviation must eventually use fuels derived from
these alternative energy sources. The commonality eventually
must include distribution systems as well as source.
Alternate fuels applicable to aircraft include synthetic
Jet A, liquid hydrogen and liquid methane. Synthetic

Jet A will have the characteristics of present aircraft
fuels and poses no major problems to aircraft design. LHjp
and LCH, have major impacts on design and it is the purpose
of this paper to explore some of these impacts as apparent
from the studies conducted to date.

The paper is organized to describe NASA's cryogenlcally
fueled aircraft program; LH; subsonic and supersonic trans-
port design possibilities, the fuel system and ground side
problems associated with LH; distribution, then a compari-
son of LCHy with LH;, the design possibilities for LCH4
fueled aircraft, and finally a summary of where NASA's
cryogenically fueled programs are headed.

THE NASA PROGRAM

The WASA cryogenically fueled aircraft technology program

is illustrated in its major elements in Figure 7. Beginning
.in 1973, studies of the application of liquid hydrogen to
supersonic transport designs were initiated by Ames with

the Lockheed-California Company; these studies, reported

in reference 2, provided some background for the joint

study by the Lockheed-California and Georgia Companies

on subsonic transport designs for Langley. The subsonic
study results are reported in references 3 and 4. :

LHp fuel systems studies to date have covered cryogenic
insulation (Bell and A. D. Little); the effects of 1LHj

on the fracvure and fatigue properties of 2219 aluminum
and a total fuel system study recently initiated with
Lockheed-California. Final reports of these studies have
not yet been published.

In the airport requirements area Boeing and Lockheed~
California conducted studies for Langley and the results
are given in references 5 and 6,

Fuel productien studies covering alternate fuels from
coal by the Institute of Gas Technology and hydrogen
liquefaction studies by Llnde have also been supported
by NASA-Langley.
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NASA's plans for future studies will be covered later in
the paper. All in all NASA has invested abou.: $2,000,000
beginning in 1973 on various aspects of hydrogen fuel and
LHy aircraft design studies.

LIQUID HYDROGEN

NASA's reasons for renewed interest in liquid hydrogen
have been that it is

{a) an apparent alternate enerqy source

{b) there is the potential for the alleviation of
some pollution problems, and

(¢) experience in production, transport=ztion and
handling has been very successful in the space program.

The familiar characteristics (heat of combustion and
boiling point) listed in Table 1 in comparison %o Jet A
fuel are, of course, key to the impacts which LH, will
have on aircraft design, One immediately suspects that
the high heating value per pound for liquid hydrogen in
comparison to Jet A should provide the possibility for
lower gross weight aircraft but this is immediately
tempered somewhat by the poor volumetric efficiency
comparison. The problems to be created by the necessity
of maintaining hydrogen at cryogenic temperatures are also
recognized to have a profound impact on design. .

Subsonic Design Trends

The studies conducted by Lockheed for NASA-Langley covered
passenger and cargo type aircraft with external and in-
ternal tank arrangements for various ranges and payloads.
In all cases reference aircraft were also designed for

Jet A fuel use as a basis of comparison. Typical internal
and external fuel passenger configurations are illustrated
in Figures 8 and 9. The results of the studies are
reported in detail in references 3 and 4.

For brevity, some of the data for passenger type aircraft
has been extracted from these studies and displayed in
Tables II and III. Tables II and III list the aircraft
characteristics and economic and environmental charac-
teristics for 5 different missions ranging from a 1500 N.mi.
130 passenger vehicle to one with 5000 N.mi. radius and
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400 passengers, Characteristics are shown for LH, designs
and Jet A designs. All Ll designs cacry the LHj in internal
tanks since these have been determined to be the most
efficient. The 5000 N.mi. radius aircraft is interesting

in that it is designed for a nonrefueling mission,
Comparisons of estimated aircraft price, noise and on-board
energy utilization carry no surprises although one might

have expected LHp aircraft to be higher priced and with

much lower noise and energy utilization.

There are some general trends which may be estimated and
this has been done by attempting to show the trends of
some selected parameters. The product of range and pay-
load was chosen as a variable in an attempt to represent
productivity (since all aircraft were designed to tly at
about the same speed). This product, and gross weight,
noise, energy utilization and price ratios (Lll3/Jet A)
were calculated for the five aircraft sets of Tahles II
and III. The results are tabulated in Table IV and
plotted in Figure 10. It is immediately evident that as
the range and/or payload of this class of aircraft in-
creases, the gross weight ratio decreases markedly; side-
line noise is relatively unaffected and flyover noise
decreases. Energy utilization decreases for aircraft
with range x payload greater than about 4x10° but below
this point liquid hydrogen fueled aircraft are apparently
less efficient than Jet A types. On the price side, all
LHs fueled aircraft are more expensive than Jet A ones

. except for the 5000 M.mi. radius type which has a built~
in penalty to start with, hiving to haul over half the
fuel without using any of it on the outbound leg,

These data, in my view, are not anything to get very
excited about. If anything, about all they really prove
is that it appears to be possible to design competitive

Ld; transports if the cost of energy is not a primary
consideration, There iz a lot of fancy arithmetic that

one could do to establish at which point an L aircraft
becomes financially more attractive than a Jet A aircraft,
yet this will ultimately depend upon the relative price

in the future of the twe energy sources we are considering.

It is important to observe that no unusual configquration
arrangemenis have to be developed; in fact, all attempts
to improve on basic subsonic designs to accommodate LH»
have produced less efficient vehicle designs. One other
point which is obvious is that while the energy ratio
shows apparent gains for large LH; aircraft, this is only
the on-board energy; the total energy used from production
through conversion for LH3 aircraft is from 2 to 4 times
higher depending on the production process.
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Supersonic Design Trends

The subsonic studies just described were done in con-
siderably more depth than the SST design studies to be
referred to next. Lockheed studied a M=2.7 SST LHj
aircraft under contract to NASA-Ames; the results being
reported in references 2 and 7. 1In 1973, the NASA-

Lewis Research Center conducted an in-house study which
covered hydrogen and methane, reference 8, The NASA-
Langley Research Center also conducted a study with the
support of LTV Aerospace Corporation on a M=Z,7 LHjp

cor ~ept; however, the report is not available for distri-
b'.tion, These three studies were done on an independent
basis and in varying depths and do not provide much common
ground for comparison, '

Front views of the Lockheed M=2.7 Jet A and LH; concepts
are illustrated to the left in Figure 11. The impact of
the volume required for hydrogen tankage is immediately
apparent. the Langley LH; concept is shown in planform
to the right in Figure 11 in compariscin with their Jet A
version. In this appreoach it was necessary to greatly
increase the fuselage length and diameter to carry the
hydrogen. In both the Lockheed and Langley approaches,
the wing had to be resized for the most efficient overall
configuration.

The range, paylocad, gross weight and energy utilization
characteristics for the Lockheed and Langley Jet A and LHj
designs are listed in Table V as well as similar charac-
teristics for the lLewis designs of reference 8. The ranges
chosen vary slightly and the payloads are different.

There appear to have been major differences in the assump-
tions used for aerodynamic, propulsion and struct.ral
parameters as evidenced by the wide variation in gross
weilght and energy utilization ratios listed at the bottom
of the table. The Lockheed design is the most optimistic
in terms of these ratios while the Langley design is the
most pessimistic. The energy utilizaticn ratio for the
Langley design is so high that one would be tempted to
discard LHy concepts completely if this were the only data
available. The answer may lie in the higher propulsive
efficiency used for the Langley design computations,

Additional information on the Lockheed and Langley designs
is given in Table VI. Sideline noise and flyover noise
are seen to be reduced significantly for both LHy designs.
The Lockheed L/D for cruise is significantly lower for
the. LYy airplane whereas Langley's resized LHjp airplane
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maintains the L/D level of the Jet A version. The s.gni-
ticant differences between Lockheed an.. Langley sonic

boom cruise overpressures are not readily explainable
since both Jet A aircraft have the same weight and L/D.

As in the case of subsonic designs, it is my own view that
LH9 fueled SST's do not seem to provide any real break-
through possibility although there does seem to be a greater
payoff from a noise relief standpoint than for the sub-
sonics, This is not to say that the technology should not
be further developed, but the pace should be such to

assure that a careful loock has been taken at other alter~
nate fuel possibilities.

Fuel Systems

At the present time, the most critical technology element
associated with either subsonic or supersonic LH, aircraft
is the cryogenic insulation system for LH; storage aboard
the aircraft. While successful applications have been
made ‘in space programs, the useful life may not be suffi-
cient for aircraft use. It almost goes without saying that
the insulation system must be very light, ecoromically
practical and safe. The results of studies by Bell and

A. D. Little which cover ecryogenic insulation concepts
will be available later this year. These efforts have
involved the testing of available foam insulations and the
. formulation of additional materials.

The engineering analysis of the characteristics of the
total fuel system for LH72 aircraft being conducted by
Lockheed will include consideration of all compeonents of
the aircraft fuel system from the fuel tank to the com-
bustion chamber of the engine., The resuits from this
study will also be available by the end of this year.

Other major aspects of fuel system problems are in the
ground side or airport requirements. References 5 and

6 report the results of studies by Boeing and Lockheed

to determine the total ground systems requirements for

the provision of LH, for civil transports. San Francisco
International Airport was selected as the subject for

the Lockheed study and Chicago-0'Hare Intérnational Air-
port for the Boeing study. 1In both cases it was found

to be technically feasible and that LHs could be delivered
to aircraft competitive with Jet A fuel costs if these
are in the range of .72 to 1.50 $/gal. or 19 to 40¢/liter.
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The timing for the possible use of LH, for the first city
pair operation would require a high priority commitment

in 1980 to reach operational status in the mid 1990's,
Develoment of coal production capacity in order to meet
the requirements for manufacturing gaseous hydrogen biyond
present plans would be required in the United States.
While all potential technical problems lend themselves

to straightforward engineering solutions, additional tech-
; nology must be developed in the fcllowing areas:

: l. Ground to aircraft, fuel and vent connections
2. .Liquefaction cycle efficiency and control

p ! 3. Vacuum-jacketed line-failure sensing systems
4. Ground supply pumps

5. Means of recovery of gaseous Hjp

Obviously the above list is not complete and more detailed
systems and hazards studies are required to determine

. technical and economic characteristics that would affect
decisions regarding the adoption of LH; on a system
wide basis.

LIQUID METHANE

The first question is, of course, why consider methane as
& fuel for aircraft and the most obvious answer is that

it can be made from coal with relative ease and there are
estimates that there is a recoverable coal supply suffi-
cient for 500 .- rs., It appears to be cheaper to produce
LCH4 from coal uhan to produce either Syn Jet A or LHj; and
the thermal efficiency of production is higher. 1In addi-
tion, gas pipelines to almost all airports are in exis-
tence today so that distribution is not really a problem.

Some of the factors which impact aircraft design are

i listed in Table VII in a comparison of LCHy with Jet A

! and Ly, While LCH, does not have the high energy content

1 per unit weight of LH», it is 16% higher than Jet A and
the volumetric penalty is not as great as LH2. LCH4

} exhaust products are similar to Jet A's although the

- hydrocarbons are different; LH2 exhaust, of course, contains

- no hydrocarbons. Two other character’stics which should

- not be overlooked are the effects of temperature and con-
ductivity. With the very low temperatures associated




. with LH), oxygen and nitrogen can liquify on tank walls
whereas with LCH4 only the carbon monoxide and water vapor
in the surrounding atmosphere will liquify. A potential

for gaseous insulation exists with CH4 because of the lower
conductivity (.18 of H3). '

An interesting comparison of the cost and efficiency of
producing Syn Jet A, LH) and ICH4 is shown in Table VIII.
If it is assumed that coal will be useal in the future

to produce all of these products, it is immediately
obvious that LCH4 can be produced more efficiently and at
lower cost. Also included in the table are the efficiency
ratio and cost for producing LI from water using electri-
cal energy; it appears to be the least desirable approach
by foar.

The well~known physical characteristics of Jet A, LCHy
and LHy; are listed in Table IX for reference purposes,

Design Trends

Oonly very cursory looks have been taken at the possible
application of LCH4 to either subsonic or supersonic
transport designs by NASA. An unpublished in-house quick
lock of several years ago for a 5500 N.mi. range, 400
passenger subsonic design indicated that the on~board
energy utilization for LCH4 was 1996 BTU/passenger N.mi,
in comparison to 2020 for Jet A and 1724 for Lliz. If it
is assumed that all of these fuels were derived from coal
and water and the energy in/enerqy out ratios of Table VIII
were applied, the energy use per passenger nautical mile
would then be 3620 BTU for LHp, 3830 BTU for Syn Jet A,
and 3190 for LCH4. From this standpoint, methane looks
particularly attractive.

A somewhat more in-depth look at the application of LCHy

to supersonic transports is the study by Lewis (reference B8)
in which comparisons were made with Jet A and LMy desigas,
Some of the results of the study are listed in Table X.

In essonce, the LCH4 design is quite similar in size and
noise characteristics to their Jet A design with an energy
w.tilization almost as low as the LHp design. Results such
as these are encouraging encu:ih to cause us to consider
taking a harder look at methine possibilities in the future.



FUTURE PROGRAMS

The technology requirements for the auplication of LH

to transport aircraft are shown on Figure 12. Essentially
the same list would be compiled for LCH4 applications
although, because of the higher cryogenic temperature of
LCH4, the problems tend to be less severe.

NASA's plans for the near term are to conduct a more in-
depth ILCH4 subsonic aircraft study; to continue testing
various insulation concepts, to begin LH, pump development
and to conduct an analysis of the capture and relique-
faction of hydrogen boiloff during aircraft fueling. It
is also possible that we may begin to take a harder look
at LCH, fur supersonic transports.

SUMMARY

Some general observations may be made on the basis of
studies conducted to date with regard to LHp fueled
alrcraft, as:

a) from an airfreme standpoint, the costs appear
competitive;

b) from an operating cost standpoint, a differential
of about $1.05 per 10® BTU still keeps LHs 1n a competitive
range with Jet A fueled aircraft;

c) LH; aircraft are quieter;
d) LHy aircraft are cleaner;

e} production and distribution problems are
significant,.

With regard to LCH4, it appears to be very competitive but
the studies to date have not been in sufficient depth

for really valid comparisons. The aircraft systems and
production and distribution problems are certainly less
difficult than for liquid hydrogen. Liquid methane also
appears to provide the greatest overall efficiency from
production through use in the aircraft if future-aviation
fuels are to be derived from cocal and water. '



10

It should be noted that all of the technologies being
developed for more fuel efficient conventional subsonic
transports will be directly applicable to either LH, or
LCHy4 aircraft, So perhaps in the early 1990's an active
control, all-composite cryogenic transport similar to that
shown in Figure 13 may be & reality.



2.

bo

5-

REFERENCES

Silverstein, Abe and Hall, Eldon W.: *Liquid Hydrogen
as a Jet Fuel for High-Altitude Aircraft"  NACA
RM E55C28a, April 15, 1955

Brewer, G, D. and Morris, R. E.,, lockheed-California
Company: "Minimum Energy Liquid Hydrogen Supersonic
Cruise Vehicle Study" NASA CR-137776, October 1975

Brewer, G, D. and Morris, R. E., Lockheed-California
Company: "Study oi LH, Fueled Subsonic Passenger
Transport Aircraft" NESA CR-144935, January 1976

Brewer, G. D, and Morris, R. E., Lockheed~California
Company; Lange, R. H. and Moore, J. W., Lockheed-
Georgia: "Summary Report: Study of the Application
of Hrdrogen Fuel to Long-Hange Subsonic Transport
sircraft" NASA CR-132558, January 1975

Preliminary Design Department, the Boeing Commercial

Airplane Company: "An Exploratory Study to Determine

the Integrated Technological Air Transportation System

Ground Requirements of Liquid~Hydrogen-Fueled Subsonic,

?ongnHaul Civil Air Transports" NASA CR~2699 September
97

Brewer, G. D., editor, Lockheed-California Company:
"LH, Airport Requirements Study" NASA CR-2700,
OctBber 1976

Brewer, G, D. and Morris, R. E., Lockheed-California
Company: "Advanced Supersonic Technology Concept
S5tudy - Hydrogen Fueled Configuration'" NASA CR-253%,
April 1975

Whitlow, John B., Jr., Weber, Richard 7. and
Civinskas, Kestulis: "Preliminary Appraisal of
Hydrogen and Methane Fuel in a Mach 2.7 Supersonic
Transport" NASA TMX-68222, May 1973



I STABL -

Ly
(4} SEZZ-LLYY DH YSYN

A 00¥ 08 009°1S CHY

0tz 000°1ZE 00981 v i3r

n_u . “1YOo/Nig  "gv/nls 1304
1NIOd DNITIO8 NOILSN8WOI 40 Lv3H ‘

¥ L3r GNV CHT
- $31143d0Yd



134
4 10N (2wl OH WSYN

IT °TAa&g -

aL6'LL 0169 966 . ovz'o 086°¢ 099's 0864 08£'S 0462 068'¢
‘szz 52 61 6tz £61 oz sel £L1 £ii ort
082 vZe L'v6L viL 9°0L4 9'591 L2 £z1 0L 96
009'6y 00t'6E 00£°2E 00L'82 oLL'sz 0zL've 00£°SL 000's1 a0s'sL 000°21
) v v v v v v 12 z z
005266 00v'¢BS 002'€ZS  OOL'M6E 00E'POF  GO0Z'SEE 606'91Z  00S'6LL €0L'801  0DE'S6
v 13r H v A3f 21 ’ ¥ aar LT v 13r 1 v 13f CHl
ooy oov 0oy o0z oEL
_SNIgYY 000'S 005°S ¢0o’e 000 0051

JAVHOUIV 1HO4SNYHL JINOSENS V 13F NV CH1
40 SOILSIHILOVHVYHO

W OHAL.

‘% 1810 'Ol Hvd
1 39v13SNd

‘Y NYdS
51 "INIDNI/ LSNHHL

S3INIONI "ON

5q1 “1HOIEIM $SSOHD

swbuassed 'QvO1AYd

U 'IONYY



IIT =L1a®L.

Hote
R 18 COUSC-{evY O wsum

T m
=,
O M
i
g3
m ey
o =]
nnuu -
= m . Wy jea/n g
W m ozL'e 004" 08E"L op2'L 09Z'1 az'L orsL 09t 062’1 ore’L ‘NOLLYZIiN ADHINT
&O 00t £6 201 501 S0t t0L 98 28 6L 62 BPNd3 ‘3SION HIAQATL
‘€6 6 201 £01 L01 a0l ag 9g 98 93 8PNJI 3ISION INITIAIS
o0ov 0s8g av'sz 26'9Z L Yord IY'EZ £EEL S6'EL 15z S8'L° g0IS LIVHIHIV H3d ‘33i4d
v a3f Zuq v Aar 4Ty Y 138 ZH1 v 13r <1 v 13r LT
o0y oop ooy 002 (A1 . sasbumied ‘QuoiAvd
SNICYH 600'S 005's 000's 000 005't WU ‘IoNvY

14VHOHIV LHOdSHNYHL JINOSENS V L3 QY °H1
SOLLSIHILOVHVHO TVINIWNOCHIANT ONY OIHONOD3

) s S O iy vegp=- e




AT ®TQE]

CLL0Ey

1} 2052-4LWH DH YSEWN

OF THE

DUCIBIL
'g%n PAGE 18 POOR

L6
910't
LEO'L

op'L
oL

ollvd
3iud

asL £6' L't 268" g0l X 00
568" 86 66 0sL gL X 072
566 . e .66 2ce Ol X 0ZL
056" 56 00’ 528 0L X 09
ovo'L 00’2 00'L 506° g0b * S6'L

‘{ssebusssed x e u)
avOlAvd X 3ONWH
olLvY ~ OllvH | 0llvY OlLvY

AD¥INI  3SION HIAOATS ISION 3INITIAIS LHOIIM SSOUD

LAVHOMIV V 13F OL CH1 - OiLVY
S1HCASNVYHL JINOSENS - SNOLLVYIHVA JIHL3NYEYd




QOR

o THE

1Ty

yCcmil
AL PAG

FPROD
ORIGIN

R

LL0Z Y .
fL} YZ30Z-LLVH DH VS

A ®TQ®L
658" GL6" szl OllYHY NOILYZITiN ADY3INI
165" 0Ll 8Ls ~ OILYY LHDIAM SSOHO
v 13r/¢HT 011w
: . WU ssed/n 18
0925 0ZL9 YEZY ObEY £80Y 6819 'NOILYZITILN ADYINT
000'¥0S  000°Zv8 005'886  000°Z9L 000'S6E  000'Z9Z ‘9 "LHDIIM SSOHO
CH v 13r <HI v 13r CHT v 13r
05z rdiTA 2 XA s;ebuassed ‘QvOIAYd
000y 8ELY 00ZY w U 'JONYH
e AIIONY a3gHIDo

L°¢ =N SSINHD
SLdIONOD 1SS CH1T



i 2ig- B R TR TR

T AT T AR A e R L AT L AT T s A e,

R A N S e e e T sy A e e o

e s R

LLO0ED
{1} 8Z0924LLYH DH VSVN.

gL ve
L8 LS8
v'L6 6901
£60L LELL
0069'vL " 009'LL
13roguni 13rogyunlt
00L°10L 005062
005885 000°z9L
ZHI v 13r
A3TONYT

IA STABL

Al o't
A g9'g
zZ'eol 0'80L
oroL 0°'80¢
608°CS 006'98
41Ha 41Ha
00v's8 00%°0€E
000'G6E 000'29L
2

v 13r

a33H01

L'Ce=N mm_:mo
(Q3NNILNOD) SLAIDNOCD 1SS CH1

e At A G

Z¥/s41 ‘3AsINYD Woos 2INCS
IsINYd /7

8PNd3 "3SION HIAOA1S
8PNd3 ‘3SION 3NIT3QIS

'Sl "INIONI/LSNYHL
ANIONI

91 “1an4 %2018

'sql ‘LHOIIM SSOHD



e T R T L T B T T L Tt S BT T T L e an AT 0 S Y L o 0 i B 0 ST P T IR & e b Ly it

LE02Y ITA 9THR]. : ~
L) £092-LLud OH 74§

NOILLYINSNI SNO3ASVO
HOd4 VILIN3LO0d

(€4 40 817}
ALIALLINANOD MOT - S133443 ALIALLONANGD
STIVM
MNVL NO A3INDI _
AdINDIN 0S¥ : NVO HOdVA NOLLIV43IN0I
NVD Cn anvy o HILVYM GNY 0D - NO S193443. 34HNIVYIdWIL
- SNOgHYD N
-OHGAH 1N3H344i0 HXD + O%H + .
¥ON 3WO0S ‘0%« 'V 13 SY 3WVS <03 + 02 + *ON '$19NA0Hd 1SNVYHX3
96C Z9'l L JWNTOA JAILYIIH UNVEI 13Nd
e gL°L o 1HOIIM LINN Y3d ADHINI
ZH1 7Ho v 13r

NOIS3d 14VYYHOuIY NO SLOVdil



LLB5Lp
{L) 9L¥2-LLVH DH YSYN

Tv0I NOL/0¢$ ,

0y Y
00'9L £
089 1'Z
05’ 6191
nig gol 1N05
S Nig

IIIA 81ael’

PHDT <m— HILVM + TV0D

CHY =B ALIDIYN 131 + HILVM

CHY <= YILVYM + TVO0D

dlf IH1IHINAS <= d431YM + V0D

SIAILVYNEIALTVY ATDHANZ NOWLVIAY IN0S

T L T DT T T Sy T e e s i




XI ®Tq®g -

L6y
(8} ¥L9Z2-LLYY OH YSYN

A 00%°0S 009°1S CH

662~ 005°p. 00S°ie YHo
012 000°121 009°g1L RN
4 WBINIE  8Wnig =204

A1NIOd DNIMIOY NOLLSN8WOD 40 LV3H

SIILYIJOUd STIN NOLLVIAY SILIHINAS



LL-ivy X 9149®Bj
(L) E£22-24VY DOH VYSYN

£6 ¥ 6'6 351INYD O/
1 -u aa3buassed/N1g

0S¥S 0925 0ZL9 ‘NOILVZI1iin ADY3N3
- (SHOSSIHddNS ON)
L'601 '801 00LL dPNd3 ‘3SION 3NI173aIS
61E 8Ge A4 "3 ‘H19N3T 39V13SNd
8yl 0zZL 951 "4 NVdS
4190 419d 4190 INIDNI
0002S2 000001 000LEE 'sq] 1304 X0079
00059 - 000H0S 000Z¥8 'sql ‘LHDI3M SSOUD
0Sz 052 0SZ ssabuassed ‘Qy01AVd
000t 000t coov W 6 'IJONVYH

Y1

CHI

v 13r -

AGNLS LAVHOHIY JOINOSHIALNS SIM=aT

e e o ——



T L T e T BTy N S ST E T o Ao s byt Ee ottty oy AP TS

Y

R P O I T T T AL TR N, T P e T SR e R S TN A T 2 et e 2 SRR T

,. Sw.n
L L 8Instg

14 €60'S2 IGNLLTY 0°2=W "14 000°08 IGNLILIY Si=W
¥3ZW08 JINOSHIANS HI2NOE8 JINOSENS

{661 WOHID)
SLdIDNOD LIVEDHIV ZHT AUV



T AR e AR A A T e

Fo iR T o S 2 Tt By e LERE . £ T S MR LN S ER e aL pe  PRE S L) S S e s el

z axudty

: LeLY
{1} ¥£22-2498 DH vsvN

SINIONT $0E 1IAON Z ©

4561 9 - NDISIA L3VHIOHIV 001D QIIHNDI0T @
INIDONT HIANVIX3 NIDOYAAH - ¥0E 13A0W @

1561 "1d3S - S1STL GNNOYD AINLIHM B LivHd @
CHY/LSTe

8561 "AON - S1S3L ANNOYD AINLIHM B LLvdd o

CHY/Se T
Vi58e

GG/¥561 - S1S31 LHDITNd YOVN @

IONZIUILHI INIDNT OGNV LIVUOHIY °H1T




T —— . —

3
wn
. B
~N
3
~
A <
- T
| K]
I
b}
3

S | T e .

PP TPy S LY

3

S

&8

2 A e




—_—

- e e R

REPRODUCIBILITY OF THE
ORIGINA! TAGE IS POOR




hh-h.v m O-Hﬂﬂwlcﬂ.m .
{1) TpZe-L4vY DH WYSYN

$31L1TOV3 SIILSID0T ¢HT ILVYNDIAVYNI @
FIBVNIVLLYNA SLNIANIYINDIY TYNOILYHIJO

NOILVNIHIL HOd SNOSYaY

Q3ILYH340 OGNV G3d0T3A3IC |
. W3LSAS 13N LNIANOHIANI |
-1v3Y 40 NOILYINWIS ANNOYD © P

——

G31V¥old8Vvd
ANY Q3NDIS3C MNVL 13Nd ©

g3LS3ai NV
LN8 ‘G3INDIS3A 2NIONI ©

@3ZITV3Y SSIHOHOoHd NOILVYNDIINOD

133F0Hd 00v-19

oy g o i



e e N R T e i o ey e sy o T S L S L 0 S T 0 A e, e e e bt g,

9 AaIn3Ty -

- Lt .
(L) L022-LLVY OH YSYN

ALILNYND
ALITN8YLINS
N 3JUNOS/SL.034 ADYINI
xS 4S00 NOILONQoUd
1S00 ALITIOVA

Isns3H
1v03D

“__ 13N
37VHS
FLYNYILIY o= oo oot 110

é
ALITYNOWINOD = HOIHM

w _ S V i I9HNOS 13N4

_ H31ivm

11S3IN0A

( ’ 9

NOILVIAY

SNOILYHIAISNCD 13N4 SLYNEILTY



(1218
1) L1v2-EL¥M OH YSYN

L SINITyH .

3 30007 ]
{ 331 Sv9 "1SNI B
2713
9KI1308
VIV
| yivanodas |
nuay |
| 1138 |
39173 |
3Y139 - 3¥1VD oy
LLGL 961 Gi6L vi6L €461 -

Ad

NOILIY43N01T NIDCUGAH @

0D HioHd $13n4 m;zmw._.._,q ®
STNLS MOLLINAOHS Tand

SINIWIHINDIY LEOJHIY

AGILS WALSAS 1304 TYL0L ©

-INSIL Y4
B LIVHY/ CHI/BATY 6122 @

ze_._.m.n:mzm ANII0AYD &
WILSAS T4 2

S1H04SHYYL HT MNGSHIANS ®

SLHOASNYHL ®HT aN0SENS o

SITMLS IINYY0IUIJ 14Uy

WVH508d ADOTONHOIL L4vHOUIY a313n2 >.W..d@©§m@o>m0




INTERNAL TANK SUBSONIC TRANSPORT MODEL

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

NASA HQ RAT77.2243 (3!

a7



[ v

N avRETTTS LA

REPRODUCIBILITY OF THE
ORIGIN AL PAGE [

s POOR




0T 2andTd

SHIDNISSVd X "IN "N ‘AQYOTAYd X JONYY

0t X O os 02 oi 0
. i ] 1
g O o S g S
LR ¥ T
nwlr .
o JJVEﬂHMHﬂOI
- i L \llm O
——0 -0 o o
¢ . O o Or==0
{ 1 {

. \\..z:,
- 1 a8 ikt e e e P 3 e T e T
ot e T e bt ¢ty ey e ey Y e T T L e i i

(4510
L} SLYZ'LE¥Y DH YSYN

1}
301dd
bt
o
.
ADHINS
0}
rA
& 3SION
'L HIAOATN
e SLHOJSNVHL
JSION
L INITIAIS JINOSENS
V 13r ONY CH1
v - SNOILVIEVA
¥ lhomm DIULSNYHV
8 SSCUD .
0ot
QIV V¥V L3r OILVE
oIY o



s ea (e iers - s Bl 3 AP o W LT e, S Wt PR L NP P L 2000 Y P

T T e e ey ot N I AT e e AT LT T

L RAR S I LT R, T e T L TR T Ry M g

[t
) BIRE LD D wowT)

TT sandyy .

14 GOv

S

>~

"1d SiE

_ . f ‘id 9°ces A _
7 v i3r |
rWWf — S .

L'¢c W ISINYD
SLd3ONGO 1SS OH7

G3=2HX00T



i B O Y

g1 @2andty

9L1Z-L wmm_u_

i1} GE6L-9LVY DH VSVN
. STIdS
v

SINFNOYIANT HSYHD ‘IHII ‘GNNQHIY —AL34¥S ©

13 'S10HINGD ‘SIATYA ‘SdNNd HIT-ONOT
NOISNIdSNS ANVL ALALLINANOI-TWAYIHL MOT
INJLSAS F9HNd IHIIFMIHON

1061NOJ HNLIVHS TVINHIHL

NOILYINSNI 341T9NO1
IWILSAS B ©

1 ooo[] 000000000 [] ©000000(]

ﬂsﬁzvv " NOISN3dSNS /

ASOTCRHIIL
LIVdIdlY Jd04SRVEL GI130d NIDOLGAH GInni




{(ely
IE) ZIPZ LLvY DH vswn




"CEDOCAR

Ce docurent peut &tre obtenu :
=’ sur place,

& la Régie de Documentation Technique, 2, Avenue de la Porte d'Isiy - 75015
PARIS .

= ou par correspondance adressée,

3 la Section des Diffusions du CEDOCAR, 26, Boulevard Victor ~ 75996 PARIS '
ARMEES aux conditions suivantes :

= pour la France et le Marché Commun : 25F

_ = powr l'Etranger : 29"
paiement d'avance, par virement au C.C.P, 90 80 55 PARIS, ou par cheque bancaire
payatle & PARIS

Dépdt 1égal 3eme trimestre 1977 - n® I1309
ISBN 2-7170-0455-6



	GeneralDisclaimer.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf
	0001B07.pdf
	0001B08.pdf
	0001B09.pdf
	0001B10.pdf
	0001B11.pdf
	0001B12.pdf
	0001B13.pdf
	0001B14.pdf
	0001C01.pdf
	0001C02.pdf
	0001C03.pdf
	0001C04.pdf
	0001C05.pdf
	0001C06.pdf
	0001C07.pdf
	0001C08.pdf
	0001C09.pdf
	0001C10.pdf
	0001C11.pdf
	0001C12.pdf
	0001C13.pdf
	0001C14.pdf
	0001D01.pdf
	0001D02.pdf
	0001D03.pdf
	0001D04.pdf
	0001D05.pdf
	0001D06.pdf
	0001D07.pdf
	0001D08.pdf
	0001D09.pdf
	0001D10.pdf

