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Abstract

Lighter-than-air {ITA) craft were used with great
success by the Navy for scme fifty years. Consideration
of the unique cepabilitizs of these craft, particularly
rigid airships; suggests that they would be well sulted
to som2 present-day Navy misslions. This memoraadum
prvsents a resume of past experience with rigid airships
and outlines their performonce characteristics. IMe most
prominent of these include the ability to remain aiibomme
for great lengths of time carrying large payloads, the
ability to land and take off vertically and hover, and
thelr epparent compatibility with nuclear propulsion.

In view of the considerable technical potential, a mis-
gion-cxlented systems analysis of updated rigid eirship
designs is recommended.

Problem Status

This is the finsl report on ihils phase of the problem.

Manuscript completed; May 1971
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THE NAVY RIGID AIRSHIP

1. Coneclusions and Recomnmendations.
1.1 Conclusions.

Tuis memorandum presents a review of the past performance and ap-
‘ nlicatious of lignter-then-air (LTA) craft, particularly rigid air-
o ships, and extrapolates from this background to estimates of the perfoim-
4 ance of modernized deszigns.

i LTA craft possess & unique combinstion of operational cnaracteristics

5 wnlcn Is reflected in a unique combination of mission capabilities. Histor-

] ically, the most significant of these capabilities were long flight endur-

g ence and high load capacity: Navy applicatious have ranged from the use of
large, aireraft-carrying rigid airships as Fleet scouts to the use of the

non-rigid vlimps as pickets and convoy escorts. Capabilities such es these

remain attractive todey.

During the 1920's and 3%0's the Navy gair~3 a zreat deal of experience
with rigid airsnips of &ll sizes. 'Tne opersvional and loglstic problems
associated with these craft are well known, and the proper remediss are
worked out and documented. Further, scme of the most substential problem
areas of the past may be essentlally eliminetad by present-dey technology.

For example, the (over-emphesized) hazard of flignt in rough weather
would be reduced by the employrent of up-to-dste aeronautical instrweenta-
tion, corntrol systems, and radar. Also, the structure of the rigld air-
ship would be improved (in strengtn, lightness and skin smoothness ) by
using new materials, fabrication technlques, rad procedures for struc-
tural design and analysis.

Still another area vhere great strides have been made over the last
few decedes i1s tnat of power sources. Not cnly are aviation engines far
lignter, more powerful and more efficient than before; but a lerge rigid
alrsnip would appear to be the ideal vehicle Tor nuclear prop.lsion. The
combination of ruclear propulsion and a thorcughly modernized airsnip air-
frame would form a venlicle whose performance eclipses that of any hitrerto
known. It 1s reasonable to project paylcad cepacities cf 700,007 1b and
virtually unlimited flignht endurance.

For these reasons, the rcle of the rigid airsnip in the modern Navy
snould be considered anev.

1.2 BRecormendations

w‘._'.

E It is recommended that a systems anslysis be performed to estimete the

% mission capabilitiles and costs of wodern rigid airships in the context of

7 current and projected military requicements. The analgsisiqhould consider
the performance profiles of the exlsting small (3 x 10" ft’) and large
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(lO7 fti) designs, and the notentisl performance of very large (2 x 107 ft3)
sirsnips of advanced des’y.. 'The possible employment of nuclear propulcion
oy the two larger designs should elso be considered.

It is estimated that su . ar asalysis would require 1.5 man-years
and cost $60 K. Bhould its 71,2’ gs substeatiate the apparent military
potential of rigid alrships, an engineerinz study concerned with struc-
tural design, materials, fabrication, facilities, etc., would he indi-

cated, followed by a pilot production program at an estimated ammual cost
of &11 M.

2. Review of Airship Characteristics

Man's earliest successful attempts to fly were mede with balloons,
at first tethered and free fliight, later powered fliynt. The airship
has had a history of suzcessful operation both military and civilian
for muny years. In 1961 tne U.S. Navy closed out its LTA Program.
Since tnea ten ywars have passed. Over thirty rears have passed since
the last rigid alrship was constructed. The "Kindenburg" disaster
seems tc have effectively curtailed design, ccnstruction end use of
these veniicles, even though in that instence {lammable hydrogen was
used ratiner than inert nelium, and even though the suspicion of sabo-
tage has remained sgtrong.

There ure nany areas of militery need which entail the i1equirement
of a vehicle capable of carrying large loads for iong distances or for
great lengihis of time, or capable of providing a steady pletform cn
station for extunded periods. These areas of need are encountered in
connectlon with functions such as surface and underwvater surveillance,
AEW, ship escort, fast response transport cf men and materiel, ctc.

In many respects the rigld alrship presents an idesl vehicle For
guch needs. It has high load-carrying capacity, long flight endursance,
100 m/h speed, 1t can hover at low to moderate altitudes, and 1ts sheer
Inertia mskes it stable.
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2.1 Classification of Airships

Alrships may Je taken to comprise the cless of self-powered diri-
gibles. The term dirigible in iftrelf properly applies to aeny steerable
aerostat, powered or not. Alrships of the past have been of three
basic designs: rigld, semi-rigld and non-rigid. The first features a
mechanically strong hull of the desired form, while the other two rely
on {slight) internal overpressure to maintein the proper hull form.

The semi-rigid typ: 1s distinguished fram the non-rigid by having a
keel, s strong member which cerries the operational forces, while the
non-rigid distribute the forces throughout the fsbric of the airship
itself.

2.2 Design and Construction of Alrships

A1l airships have had hull forms approximating an ellipsoid of
revolution. During World War I, rigid alrships (Zeppelins) vere built
ag cylinders with elliptical ends since tais was quicker and cheaper.
The peacetime practice was tc taper the central section somewnat from
fore to aft. The non-rigid and semi-rigid types have laryely had hull
forms more uearly ellipsoidal (save for some very early specimens).

The 'fineness ratio' {length/diameter) strongly affects the dynamic
stability of the airship. However, values cf 4 to 8§ give satisfactery
results and the practice has been to build rigid sirsnips witn ratios
af 6 and non-rigid with about 4.5 to 5. The slenderness of the rigid
alrships was a matter of manufecturing convenilence more than a reasoned
choice.

The structure of the rigid airship was a frame of ring girders and
stringers {of wood or metal) covered with aoped fabric. The interilor
of the hull was cccupled by gas cells and passenger/cargo space. Gas
cells wvere constructed of gold-beater's skin, sad bulkheads between
them usually were a group of temut wires. The semi-rigid and non-rigid
types had envelopes of rubberized fabric and the envelcope was Tilled
by the ges cells, save for small communication passages. One non-rigid
airship, the U.S. davy AMC-2, had an envelope of very thin alwninum.

The rigid type has the advantagee that its hull is not deformed
appreclably by external pressure, so is capaule of aigher speeds then
the other types, and that space it avaliable withia the hull.

2.5 Flight Performance Characterdistics of Airehips

Airships of 81l types have the characteriastic that che bigger
they are, the better: thelr virtues are vroportionel 1.0 volume, while
thelr faults are proportional to surfece aresn.
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2.3.1 Aevostatic Performance

Under standard conditione (temperature 32F, pressure 29.92 in lig)
dry air hes a density of 80.72 1b/1000 cubic feet, hydrogen 5.61 1b/1000
cubic feet end helium 11.1hk 1b/1000 cubic feet. It ie usual to take
the operational lifting capability of hydrogen as 68-70 1b/kf> and that
£ of helium as 62-65 1b/kf>. Hydvogen is sligntly cheaper than nelium,

b but highly flammable. It is used little (if at all) in manned aero-

; stats because of this, altnough the perils entalled are somewhat exag-
gerated. There are numerous instances of airships being struck by
lightning, ete., without harm.

P

The flight ceiling of an alrship for a glven load is determined
by the volumetric percentage fullness to which the gas cells are in-
Tlated at teke-off. If the cells are completely filled initially. it
is necessary to valve off some of the 1ifting gas as altitude increases.
In the interests of gas conservation cells may be filled to about 9(%
of capacity and a ceiling of some 35C0 ft resched witnout valving. The
resulting loss in take-off 1ift may be made up by cuperheating.
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It was usually the practice to valve hydrogen “o compensate for
the loss of weight fron consuming fuel. The introduction of helium
(much more expensive at that time) led to the developmnt of exhaust
condensers for ballast recovery. These devices condens:d the water con-
tained in the propulsion engine exhmust, end could recover up to 1.k 1b
of water for each pound of fuel burned. The anormal small variations in
total 1lift resulting Trom alr temperature fluctuations, uwneven insolation,
ete., were compensated by changing the trim of the airship, as tne dynamic
1ift is strongly dependent on tne angle of attack.
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2.3.2 Dynamic Lift

The airship derives some lift from its fins, and an approximately
equal amount from its hull, This dynemic 1ift mey be substantial, and it
was early recognized that paylcad could be increased by a running take-off,
This technique was used by the blimps.

2.3.3 Flight Performance

Airships can be optimized for practically any flight characteristic
except high speed. The high altitude versions of the World War I Zeppelin
were capable of flight ceilings of 20,000 ft, speeds of 80 m/h and pay-
loads »f 100,000 1b, Long rasge (7,000 m) models were under development
vhen the World War I ended. Postwar effort was pointed primarily to develop-
ing the capacity for carrying large loads for long distances or long pericds
of time. Continuation of this effort eyen after the sbandonment of rigid
airships culminated the large (1.5 m ft”) U,S. Navy blimps of the ZPG-3W
c¢lass, which could carry a useful losa of 23,000 1b and remain airborne
ifor about twe wecks, Shortly after demonstrating their unrivalled perform-
ance ai pickets, the Navy airships were abandoned in June 1961,

2.3.4 Problems of Rigid Airships

The majority of airship problem areas were of the sort which ere part
oi' developing any new device, and gradually vanished as experience was gained,
Some were solved by the introduction i new materiels and techniques through-
out industry generally. Yet others are intrinsic ln the nature of the air-

ship ard to these some accommodation must be made; it is to thece areas that
attention will be directed,

The area which has alweys present-2d airships with their greatest peril
is that of ground-handling. Being large and lighter than sir, airships are

blown around easily by the wind and can be difficult for a

a group of men on
the end of a line tc control, Many of the early airships (e.g., until the

end of World War I) were damaged by being blown intc buildings, etc., while
being held or muved by the ground crews. Wind ner se {8 no threat to an
airship., Since it normally flies at 100 m/h or more, it is cbviously
capable of tolerating winds of such speeds. However, it is the nature of
an airship Lo head into the wind, and if it is tethered in such a way that
the nose does 50 while the tail is preventied from moving, the resulting
bending moment can do damage. This situvation can be avoided by tethering
by the nose only, using a short mooring mast to keep vertical motions
small., This method was used guccsessfully with fairly large vessels., When
the very large ships 'Akron,' 'Macon,’' 'Graf Zeppelin' and ‘'Hindenburg'
appeared, the stern beam was added. This was a heavy carriage running on
circular railrcad tracks. The tail of the airship was tied to this, the
nose to a mooring post in the center of the circle and the ship oriented
to point into the prevailing wind., The stern beam alse restrained the




buoyancy when the ships were unlceded. At their home bases these large
sinlps were kept in hangars, and the mooring post and stern Team ran on
tracks so that the moored ship could be moved dirsctly from the mooring
circle into its hangar. With the development of this procedure ground-
handling of even such large vessels ceased to be & problem, but it
gshould bhe rememtered that there is an intvinsic propensity to trouble
in this regard ready to develop if prepe: procedures are not followed.

thougt. it was not identified ae such, the next most trouble-
some oroblem r.ree was that of structural analysis. Tnis was not an
intrinsic prublem, of course, but the inability to calculate airship
strilctural responses made it impossible to predict its vehavior ac-
curately, let alone optimize 1ts design.

2.%.5 Moder, Improvements

The rigid airship presents a2 structure in vhich gigantic imgrove-
ments could be made today. First, with today's large, fast computers
and modern knowledge of structural dynamics it is possible fo analyse
the airship's structure. The baslc procedure was to lay out a moment
diagram and determine requisite member strengthe by simple beam thecry.
In time, the deovelcopment of relaxation technigues allowed fairly sc-
curate analysis of some of the structural components (¢.. . ring
girders), but the structure as a whole retained elements of mystery.
Proven desijgn dctalls were changed witih reluctarce and to as small
an extent os possible. The evolution of rigild eirship structures was
accordingly slow. Most post World War I airships vere basically of
Zeppelin-type due to the fact thav ’eppelin Compzany had built Yar more
than anyone else. It war a proven, dependable ceslign, and while it was
recognized as inefficient, it was not possible to improve cn it at that
time by any method other than trinl and error. The present 8 ility to
analyse an ajrship structure as a couplete frame can be relied on to pro-
duce more efficient designs.

Modeim naterisls would elso have great impact. The early alrships
used vood, dvralumin, and steel wire for strength members, rubberized
cotton cloth and cow's intestines for fabrics. Materials available today
include plastics ard metals with much better strengtn/dencity ratios, and
plastic ilms are far superior in every respect to the fabrics. Use of
‘Myles' £ilm for ges cells, for example, should increase gis retention
timer from o few months to several thousand years. Even present-day
plyvoocds and duralumins are greatly superior to those of forty years ago.
In addition, the modern technology of composite meterials would permit
the properties of the individusl structural elements to be tailored to
whe requirements established by structural analysic.

e VTR ¢ SEAATY AWK
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Improvements in power plants have been substantial also. Today high-
vowered Diescl engines are avoilable which havz lezs then half the spac-
ific weight of earlier gasoline engines, and romparabl-~ upecific fuel
consumptions. If high-power Wankel engines Y .ccme available they would
offer even more improvemant, 7The possibilities of nuclear propulsion
should also be investigated., It would appear that the rigid airship,
particulerly vhen large, would be an ideal vehicle for this., The size
and weight of even a relatively large reactor can eesily be carried by
en eirship.

The power requirements for airships, particularly large ones, are
feirly substantial, It would be possible to utilize helicopter-type
propulsion rather than aircraft propellors. A large (50 £t dia.) heli~
copter rotor can support around 14 1b/hp, compared to the % 1b/hp of an
aircraft propellor. The potential trade-off of speed for increased
load cepecity for a fixed horse power is an area for consideratlon,

The application of automatic control to airship flight showid be
investigeted. The 0l4d wired control system would certeinly be replaced
by modern electro-hydraulic actuntors and servos., The addition of a
minicomputer to this system end placing e number of additionel strain,
force, and acceleration transducers ot appropriate points of the air-
shin would allow the control system to be progresmed so that the vessel
could never be operated unsafely, The cagputer could also take care
of nevigation, ship status reports, etc,

2.3.6 Operstional Paremeters of Rigld Airships

Some operational charac.eristics of rigle airships are functions
of their size, vhile others are generic, Among the latter are:

1. Vertical take-oft and landing

2. Ability to hover

3. titude can be con. © .:.ed without power

-+, Speed 1s low, probably sbout 100 knots es a practical limdit

oF titvde is relatively low, For purpeses of this study, the
service ceiling may be taken as 7500 ft, and 1ift coefficients given
below will be adjusted to reflect the gas configuration required to
sllow this ceiling. It should be borne in mind that this ceiling is
not & rigid barcsier: for & given mission, the service ceiling may be
set at up to 20,000 ft or more by adjusting the payload end fuel allow-
ance, and i during a mission it becomes necessary to exceed the service
ceiling it cen be done at the expense of dropping ballast (water) and
valving gas.
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6. Angular and alticude stability in flight are very good
7. Noise and vibration levels in [light are low

8. Tie greatest risk of damage lies in collision with ground-
based objects

9. The volume available for crew space is large

10, The volume available as cargo space for & given payload is
large

11. Loss of gas by leakage is negligible., Gas valved irntentional-
ly for maneuvering may amount to about 1% per mission.

Sore major parameters which depent on size are;

12, Propulsion system. A rigid airship of about lO( cu 't gas
volume shouid be an ideal vehicle for nuclear propulsion

13, Payload caparity increases non-linearly with size. For con-
ventional propulsion, a net 1ift capacigy of 28 to735 lb/lOOO cu ft of
gas may be assumed (volume range 3 x 10 to 2 x 10' cu %), aad this is
to be ghared between fuel and payload

14, For a given speed, ihe power required varies as the 2/3 power
of the volume by the formula

3,3

. 2
P = ,00357 v /
where P is the power required in horsepower. V is the ajr volume in mil-
lions of cubic feet, and U is the speed in miles per houwr. Cruising
speeds may be taken as 80% of maximum, and fuel consumption to be pro-
portional Lo the pover expended at a rate of 0.37 lb/hp/hour

-5. With nuclear propulsi9n the netvlift would beccome from 24 to
27 1b/1000 cu £t (volume range 10' - 2 x 10'), all aveilatle Tor payload

16. Flight endurance oi an airship with nuclear propulsion is
virtually unlimited. With conventional power it is subject to the trade-
off of payload and fuel requirements

17. Ground facility requirements, For small rigids {up to about
3 x 107 cu ft), ground facilities need be no more than a cleared cir-
cular areagbout 1500 {t across with a mooring post in the center, For
short <erm use, the same arrangement (with a larger cleared area) will
alse suffice for larger airships (e.g., 'lHindenberg' at Lekehurst), but .
83 a permanent base it is desirable to have a wooring circle with stern <
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3¢ ., & haugar, and some helium storage cepability. Satisfactory ground
Tacility requirements and operating procedures required for rigids of up
to 107 cu £t volume are well known and can be provicded, while those
required for larger vehicles are known cnly from sizable (but straight-
forwsrd extrapolation.

2.4 Performance of Post-World War I Airships

The safety record of commercial airship operations is remarkable.
Excluding Soviet operations, for which statistics seem not readily aveill-
able, commercial eirship opsrations carried 354,265 passengers for
4,412,672 miles in flight, time of 91,452 hours. The total passenger
Tatalities were 13, all on 'Hindenburg, ' and crew fatalities of 29,

22 of them on 'Hindenburg.'

In all military and experimental operations (including World War I)
762 vere kiiled. The automobile can match this production, in the U.§.
alone, witn one good three-day weekend. Of the 158 rigid airships which
have ealsted, only 12 were built after World War I, and two of these
were basically of wartime desipgn. The following table reviews the ca-
reers of the tvelve.

Name Whe e Wnen Last
Butlt Built [light
o Nordstern (17120) Germany 1918 1027 dismantled.
Bodensee (12121) Germany 1918 1920 dismantled.
R28 (ZR2) UK 1921 1921 structural failure
in flight .
Shenandoah (ZR1) U.s. 1923 1925 structural failure
in flight.
Los Angeles (ZR3) Germany 1624 1932 decomnissiored -
: dismantled in 1939.
Craf Zeppelin (LZ12T) Germany 1928 1937 laid up for can-
versicn to Helium.
Dismantled - 1540,
R1CO UK 1929 1931 dismantled.
R101 K 1923 1930 structural failure
in flight.
Axron {ZRSh) U.S. 1931 1633 crashed in stomm.
Macon (ZRS5) U.g. 1933 1§35 structural failure
in £light.
Hindenburg (12129 ) Germany 936 1927 burned.
Graf Zeppelin II (LZ150) Germany 1938 1940 dismantled.
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It may be noted that of these craft, six were peacefully dismantled after
useful careers averaging six years.
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It is instructive +o review the losses of the remaining six in same
deteil.

(1) R38 (ZRr2)

The 'R38' was built in the UK for the U.S. Navy. ts design was a
virtually exact copy of the German L-3%%, & high-altitude type featuring a
much lighter structure than the normal construction. During the acceptance
trials, 'R38' crashed and bumed while maneuvering sharply at lcw altitude. é
The Court of Inquiry found that weather conditions did not contribute to
the crasn, and that the airship's structure was not faulty in fabricevion.
Tne most likely explan.tion seemed o be thal the light structure, designed
for the modest flight loads at high-altitude, was ¢ erstressed by the |
flight loads associated witn low-altitude aercbatics.

CETF LR AR ey

(2) Shenandoah (ZR1)

The 'Shenandosh' was ondered by the U.S. Navy at about the same tilme
as ‘'R58,' but was designed and built in the U.S. Like 'R38,° its design
was substantially copied from a captured Zeppelin, in this case L-49. é
'Shenandcan ' was successful--anong her accomplishments were a 9,000 mile ‘
circumnavigation of the continental U.S. in 1924%. The Board of Inquiry
into the crash of 'Shenandoah' determined that she had been struck by a —
violent updraft in clear air and carried above pressure height, valving
off gas i an attempt to control the rise. This was followed by an egual-
ly violen’ downdraft, during which 'Shenandcah' dropped ballast, and by
another even more violent updraft.* At this transition from violentiy
falling to violently rising air current, 'Shenandoah’ apparently buckled
one or more lorgitudinals, tearing several gas cells whose complete
deflation led to yet more structural damege. The contrel car fell away
from the hull and ‘Shenandoah' broke into two parts--the forward part
was landed safely as a free balloon. while the after part crashed. The
Board findings were that the design, fabrication and malntenance of tne
craf't 's structure were in no way responsible for the crash, and whiile
critical of the fact that some of the gas cell eutomatic relief valves
her Heen sealed, tne Board found tha: they had been reactivated with-
vt delay when the need arcse. Damage fran gas pressure, therefcre, was
regarded es unlikely to have cantributed to the crash, vhich was at-
tributed to weather conditions of rare vi.lence.

(3) RIQ

The 'RICL' was constructed contemporaneously with the successful
'R1LOO, ' and used much the same type of construction. This departed fram . s

g, 1T 3

¥ Tt was estimated that the updraft velocity was around 80 ft/sec, while
25 ft/sec is corsidered extremely viclent (emd rure) by serologists.
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tne estavliched Zeppelin type by using & few strong frames rather than
many weaker ones. In the case of 'R1CL,' it seems thet no design snalysis
: vas performed, and the characteristics of the finished product came as
scmething of a surprise. In order to attain asdeqr ‘"2 1ift it was neces-

i sary to cut the creft in two and Incert an asdditicnal gsection. The
maiden voysge was to be a flight to India. V¥hile passing over France,

the craft was seen to be flying nose down end pitching, end she finally

% flew into a hill and dburned. The Court of Inguiry esteblisned that
% there was no control of forward ballast available from the control car,
- s0 that when the nose became too heavy for the elevators to overcome

; there was too little time for 2 man to go forward and dump ballast.
The Loss of nose buoyancy was tentatlvel y ascribed to logs of gas from
the forward cells in some manner undeterrined. The theory has since
been advanced that the nose-heavy condition may have developed through
taking on rain through the forward air-vents. The flight had beea
through steady rain and the curtallment of the trial Tlight program
could have prevented inadequate hull dralnage fron becoming apparent
earlier.

PRI i S WS B 1l g s P A S A S N R

: (k) Akron (ZRSk)

The 'Akron' was a large aircraft-carrying airship of extremely
strong de: ign ana construction whose loss was not atiributed to any
structural fault. Wnile on 2 routinc flight, 'Akron' encountered —-4_-?
severe storm activity. It is likely that the fuil magnitude of the
associated barometric low was not realized, and that (since cloud
cover prevented independent checks on the barometric altimeter)
"Akron' was actually flying considerably lower than the intended
altituce. The crart was eventually caught In & down draft of some
Torce, her descent bheing arrested by dropping forward ballast and
followed by an apparent rapid rise to cruise altitude. The altitule
wos probably substantially less than this because of uwltimeter error,
pernaps compounded by a local low pressure region. Then came an
obrupt entrance intec very rough air, ard another powerful downdraft.
Additional ballast was dropped, and the nose pulled up in an at_empt
to pull out on dynamic 1lift. 1In this altitude ‘Akron's' tail as-
sembly struck the water, and this tremendous dreg brought the craft
crashing into the sea.

{5) Macon (ZRSY)

The 'Maccon' was siater-ship to the 'Akron' lLence virtuelly iden-
tical In structure. Unlike ‘Akron,' however, 'HMacon' was lost because 5
of structural foilvre. An incipilent failure had been detected while
'Macon' was flying cross-country, and temporary repairs had been

effected in flight. After the ship usd participated in fleel maneu- o
vers in the Caribbem and returned to Califommie, considerable time and - é
11
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study were devoted to determining the sericusness of this weakness
and its implications. It wes decided that the weak element, a stern
frame, showld be reinforced with additional channels, but not enough
time was availabie to perform this work before the start of fleet
meneuvers in which 'lMacon' was scheduled to narticipate. The repairs
vere deferred until after the cumpletion of the fleet exercises. One
day vnile returning to base after the day's exercise, 'Maccen' sltered
course tou avoid a line squsll, and was apparently struck by an ex-
ceedingly sharp, violent gust wnile turning. The upper fin was torn
loose at the weak frame, teking part of the frame with it. Three gas
cells were torn open, and the tall-heavy conditicn pulled the ship
Lxrto so sharp an inclinatlon that dynamic 1ift was lost. Dropping
pallast and valving gas In an attempt to recover cenurol proved in-
effective, and 'Macon' settled gently into the ses.

(6) Hindenburg (17129)

Tne 'Hindenburg’ was the largest airsnip ever built, being
slightly larger than 'Akron' and 'Macon,' and was used in trans-
Atlantic commercial service. After more tnan a year of successful
operation, 'Hindenburg' caught fire while landing at Lakehurst
snortly after a thunderstorm had pessed throuvgn the area. Since
the ship was hydrogen-Tilled, destruction was complete. No satis-
factory explenation nas ever been suggested. ALl that can be deter-
mined is that somenow nydrogen escaped, and thai scmenow 1t was
ignited. The possivle cause offered as the most likely involved
'"Hindenburg' being struck by lightning in some lingering after ef-
fect of the earlier thunderstorm, althouwh there are several
recorded instances of nydrogen-filled ripgids being struck by light-
ning, and in these only minor damage was incurred. The suspicion
of sabotage was very strong, and remaiis so today.

2.5 DReliatility

To sun up the demises of the dozen rigid airsnips of 'modern’
construction, six ('Hordstern,' 'Bodensec,' 'Los Angeles,' 'Graf
Zeppelin,' 'RLOC,' and 'Graf Zeppalin II') were retired and dis~
mantled, one (R38) was the vietim of peculiar flying, one (R101)
was improperly designed and inadequately tested, one ('Akron')
lost to wireliable Instrmuments, one ('Macon') to impropsr mainten-
ance, and one ('Hindenburg') to mysterious circumstances. Only
one, ('Shenandoah') can b considered to have been simply over-
povered by the forces of tne air, and this was an early design
under extremely sever: conditions.® It is probable that the later
snlps would nave survived, and that betier weatner information
‘or radar) would have caused the area to be avoided.

#¥Jith the exception of 'Hindenburg,' all of these losses have been
considered by some observers to have been assisted by poor slimmean-
ship. Most of them are also considered by a significent body of
opinion to illustrate the results of subordinating the requirements
of sound tecnnical operation tc the demands of public relations.

12
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It is evident that 4 ser alrships vere strong enougnh struc-
turally to withstand winds, suvorms and what-have-you, or certainly
very close to it. There is no doubt that witu modern materials and
techniques they could be made stronger, and lighter as well. There
is a question as to how far this should be taken. There 1s probably
no sucn thing as focl-proof or completely indestructible structure,
nor ‘s there need for one. The experience of surface shipa over a
couple of thousand vears or so is that it is not economical, if pos-
sible, to build a ship which can operate to a set scheduwle of time
and plece no mati:r wnat the ses may do. Instead, it is accepted
“nat ships adavted Tor profitable commercial operations will be
facea with storns omien must be avoilded or ridden out, nurbors whicn
can be entered only 2t certain times, ard so on. The policy is to
build ships to cope vith practically any situation they are likely
to meet and equip them as well as can be to avoid any situation
vitn wnhich they cannot cope. Uo attempt 1s made to build them to
witnstand any combination of ecircumstances whichn cen concelvably
arise. Thne airsnip in its later development had reached a similar
state. Adrships such as 'Akron, ' 'Mecrn' and 'Hindenburg' were.
if" anything, more nearly capable of handling anything tnelr native
element could turow at them tnan are most surface ships.* The
fact that same alrsnips were lost, including one which was well-
found and well-handled, 15 nc more a legitimate cause for condem-
natlon of sucn vessels than the fact that surface ships are cc-
casionally lost would justify that abandcnment of the sea.

R L T e L S I ST R e T

5. Rigid Airship Designs for Haval Applications

3.1.1 Tresent Status

The variable of rigid airsnip design which yields the great-
est payof{ for military function is size. The ideal multi-purpose
naval craft would be very large, having some tnree times the pgas
volume of the largest yet built. Such a vessel is fundementally
vell within the reach of mcdern technology, bul the facilities
vnhicn designed, bullt and operated rigid airships largely ceased
to fusction 25 years ago. Bven the non-rigid blimps have not oper-
ated for ten years, save at football gemes. Vhol physical plants

*Tﬁgmonly comeclal employment of rigid alrships to any considerable
extent was made by the German firme ‘Delag' and 'DZR' with the 'Graf
/eppelin' and ‘Hindenburg.' The forwmer was used for seven years on
the South Atlaentic trade route to Rio de Janeiro, where severe veather
is constant asd unavoldable, and the latter for & year and a half on
the North Atlantic route to lakehurst. During this use these ships
achieved point-to-point speeds averaging over 509 of their nominal
cruising speeds.
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exist (primarily hangars) have been Aiverted to other uses, end in

any case are too small to be useful for the construction of very

large vessels. Tt is thus necessary to develop the capability %o
design, construct end operate large rigid eirships virtually from
scratch. This being the case, 't wonld be wise not to attempt the
ultimete at the outset, but rather to institute & more gradual program
utilizing such technical facilities, designs, information end people
as yet survive.

3.1.2 Development Progran

1t 1s supposed that a three-pnase desipn tnd construction program
would be pursued concurrent with development of opevuting and nandling
capubility. The design and construction program would commence with
existing designs: Pnase I, the ZRN,* authorized by Congress in 19383,
Phase II, the 7ZRCV designed in 1937. Phase II1 would be devoted to a
completely new design, the 7RCCH. It 1is nol propcsed that the ZRN and
ZRCV be constructed precisely as originzlly designed by BUARR. »nl-
though these are undoubtedly viasble designs produced by one of the
leading design groups at a time when airship technology wes at its
neight there have been pgreat advances in mntericls and structural de-
slgn technii~gy over the irtervening years. However, 1t is importunt
that these designs exist, since they provide as a startlng point work-
able vessels whilch could te constructed in existing nengars, such as
those at Molfett Field or Iukehurst. The program for developing operat-
ing and hzndling capebility would be lavrgely one of itraining personnel
in 'airmanship.’ Some facility construction would be necessary, mostly
in connection witn the 7RCON. A start need consist of no more than
reinstituting the Lighter-Then-Air training progrem for blimp service.

%2 ZRI
».2.1 Description

The 7RI ac orlglinally designed end authorized was a training ves-
sel Tor cirsnip crews and for pilots of the scout cireraft carried by
"fkron' and 'Macon.’

he designed; it represents the traditionel Goodyear-Yeppelin
style. Its length was 650 ft, diameter 103 £t (Tineness ratio 5.0},
gas volume %,000,007 ft), gross 117t 192,00C 1b and welgnt 115,000 lbu.

¥This nomenclature 1s that established by the Havy. The inltial '2'
Indicates « lighter-than-air vessel, and 'R' signifies 'Rigid.' Tne
designation- 7RN' and 'ZRCV' are those assigned te these designs in
tne later %0's.
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5.2.2 Static Performance

The gas volume of ZRN is 3,000,000 ft5 with a gress 1ift of
192,CC0 1v. If the structural weignt 1s cut to 75,000 1b, snd the
usuel %% of gress lift is devoted to emergency uallast, then sone
111,000 1b is free for fuel, crew, stores and paylcad. To aid in gas
retention, the service ceiling might be set at 5,000 ft, and the gas
cells filled to 35% at sea level. For teke-off, applying a super-
neat of about 30C would f1ill the cells to capacity and provide full
1ift. Onmce airborne, dynsmic 1ift can be relied upon 1° necessary,
but it would probably be preferred (particularly in a training craft)
to limit the useful load to 100,000 1b and remein slightly lighs.

3.2.3 Propulsion

The existing 7ZRN design incorporates four externally mcunted
T5C hp engines driving 3-bisded propellors. This a»rangement could
be retained, using the much lighter modern engines. An alternative
to be congidered w~:1d be to install a single 3000 hp engine internal-
1y and couple it to the propellors electrically. This would simplify
the Installation of exhaust condensors, save veight, complicate the
cocling sysiem, and enable the propelloms to e tiltable, like those
of 'Akron' and 'Macon.' The ability to vector propulsive thrust was
found to be of great value on those large snips, particularly in
mooring and takeoff. While nct essential in a small ship such as the
ZRN, it would certeinly be a feature of the larger ships to follow,
and ZRN would ve a training vessel for these. The available thrust
from 7,000 np would be around 12,000 1b, which could be a significant
addition tu tne total 1ift if required.

3.2.% Flight Performance
As described, the modified ZRN would have a structural welght
of perhaps 75,000 1b, carry emergency ballast of 6,000 1b and an
equal weight of expendable ballast for maneuvering. The gross 1ift
would be 192,000 1b, leaving 105,000 1b for crew, fuel, payload, etc.
With the essumed 3,000 hp the maximum speed would be, conservatlively,
75 m/n, cruising speed 60 m/h. If Diesel engines were used tne fuel
consumption would be about 1100 1b/hr. If all available lifting cap-
acity were devoted to fuel, the endurance would be scme 100 hours, a
range of 7500 miles. The enip might be expected to carry about LO men,
and an allowance of 10,000 lb for crev and provisions would bve gener-
oug. In view of the perforuwnce of :ne Zeppelin of Deleg ard DZR in
regular commercial service, a fuel reserve of 10f should be adequate.
'The flignt performance which cruld be expected is outlined in Table I.
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TABLE I

Lengtn 650 ft

Diameter 108 1t

Max Width 130 't

Mex Heignt 120 ft

Gas Vclume {ncminal) 3,000,000 ft5

Service Altitude 5,000 ft

Empty Weignt 75,060 1b

Gross Lift 192,000 b

Horse Power 3,000 np

S 75 m/n (max)

Ballast 12,000 1b (includes
6,000 1b
mareuvering
ballast)

Useful Load 95,000 1b

Range Unloaded 9600 miles (10% recerve)

Paylcocad for LUOO mile range 27,500 1b (10% reserve)

3.2.5 Applications

Tne primary purposes of the2 ZRN would be as & research vessel and
proving groun¢ for new construction techniques, and as a training vegsel
for airsnlp personncel. Its size and performance are comparable with Havy
vessels whicn nave existed in the past. Facilitiles exist in wnlen tne
ZRN can be built and housed. Handling and moorlng procedures are tnor-
oughly worked nut end documented. It wouid elso be well to institute a
study of warei-based operations, on wnich some work was done (by Germany
and the U.S. Navy) in the 20's and 3C's. The potential advantages of
such techniques with the very Jarge airsnips consldered leter are enormous.

In eddition to fulfilling tnese purposes, tne ZRN couwld well be
applied to ctner Naval uses. The most obvious would be tnat of & radar
anl ASW picket. The ZRN has twice the gas capscity of tne ZPG-3W (the
last of the Navy's great blimp femily) end would carry a greater load,
even to mld-Atlantlic and vacx. It has additionel capability of hovering.
Tts aveilable range 1s also adequate for a convoy escort. In short, the
ZRN 18 capabie of doing enytning done by blinps, and doing it better.
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Like the blimps, the ZRN es deseribed would not have enougn endurance for
long-term fleet support activities. The ZRN was intended as & training
vessel tc replace the 'Los Angeles,’' would be about the same size as 'Los
Angeles' and wouldd nave similar but improved performance. It was 'Los
Angeles' limited endurance whicn was largely responsible for the construc-
tion of the large ZRSL and ZRS5, ‘Akron' and 'Macan,' 83 scouting vessels
to accompany tne Fleet. The usefulness of ZRN, particularly as a submarine
killer, would be greatly enhanced hy thc e2dition of aircraft, which the
originsl ZRW design is arranged to handle. Unfortunately the type of alr-
eraft for whicu it was designed were small, weigning sbout 2500 1b, and
such military aireraft nc lunger exist. It would no doubt be practicable
to adapt spotter and tralner aireraft to ASW appllcations.

:
|
|

3.2.6 Treining

Training of alrcrev and groundcrew would be an extension of the
Nevy's previous training program for ITA personnel. Free balloons and
small blimps still) operate, and the large ZPG-2W and ZP3-3W models could
be re-inflated. The value of bliwp training would be due to the size
(the ZPG-?W has half the gas volume of the ZRN) and rough similarity in
handling charascteristics. Thers are great differences due to the blimp's
negative buoyancy and pressurized null, and the true development of the
necessary skills can be expected to derive only from experience with the
ZRN. The production of fligh® simulators should be no great problem,
and extremely wvaluable.

3.3 ZRCV

The existing decslgn for,the ZRCV 1s thet of a large snip carrying 9
divz bombers. At 2,550,000 ftj, it would be the lergest sirship ever built
The alrcraft were to be stowed in lim= beneath the hull, wnere they could
be deployed within a few seconds. 4nls arrangement dictated a strong xeel,
and a design more nearly along the comventional Zeppelin lines than tnat 5
of 'Akron' and 'Macon.' Revisions to this design would incorporate the ad- i
vances proved out on the ZRN. Altnough larger, it 1s still close enougn
in size to previous ships to warrant caifidence that earlier hondling pro- ;ﬁ
cedures can be adapted successfully, and ground facilicies whicn exist can
accommodate a ship of this size.

3.3.1 Structure and Materisls

In many respects the structural problems associated with tne ZRCV

should be less challenging than {nose of the ZRN. Nov only would the

cornon questions of gas cell and outer covering fabrication nave been
enswered, but when an alrship reaches this eize the secale of structurel com-
ponents makes more materials usable. High-strength steels became attractive
for many girder applicaticns, expunded meteal becones a lighter materisl for
huill-forming panels then perforated plastics. Widespread use cf steel compo-
nents rather tnan, say, durslumin would leed to more economical construcilion,
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for not ouly is the mediwm cheap but the sssembly is simpler and faster.
The general hull form could be retained: length 897 f£t, diameter 148 ft
(fineness ratio 6.1), gas volume 9,550,000 £t , gross 1lift 592,000 1b,
welght 295,000 1b. Utilizing design and constructiocn advances vaiidated
on ZAN might reduce thne weight of thies ghip to 200,000 1b or less.

S e el g Ry M Y O

3.3.2 Static Performance

The gas volume of ZRCV is 9,550,000 ft'"', gross 1ift 592,000 1b,
we.ght 200,000 1b, ballast (emergency and maneuvering) 36,000 1b, crew
end provisions (60 men) 15,000 1b, leaving 341,000 1b for fuel. pay-
load, ete.

SRR

3.3.3 Propulsion

The present ZRCV design calls for eight T50-hp engires in four cars,
each vair driving a single four-bladed propellor. As with ZRN, it would
be preferable to arrange inboard installation and pivoting propellors, and
it possible a central engine room with electrical power trassmi-sion. Fuel
consumption would be about 2200 1b/hr. A resctor ¢f 5000 kw capreity would
welgh about 100,000 1b and hawve a velume of 5000 R AU, 1 velght, then, is
about the same as that of the fuel which would be consumed in U5 hours of
flight, its volume 1s tolerable, and nuclear power locks guite stiractive
for miseions of long duratilwi. The problems wnien frustrated attempts to
apply nuclear power to heavier-than-air craft sppear lesg challenging to an
alrsilp. Reactor slze asnd weight are no tarrier, protecting the aircrew
fron radletion is simpler, ground crew protection and handling problems no
worse thsn with airplene installation., Purther, alrshin crashes have gen-
erally been relatively leisurely affalrs, so that there should be less
danger to the public.

e I R A A LR SN
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3.3.4 Flight Performance

TABLE IX
iength 897 £t
Diameter 148 £t
Max Width 170 ft
Gas Volume (nominal) 9,550,000 Tt
Service Altitude 5,000 ft
Empty Weight 200,000 1b
Gross Lift 582,000 1b
Horse ~Pover 6,000 hp
Speed 75 m/h (mex)
Ballast 36,000 1b (includes 18,000
maneuvering balls .
Useful Load 341,00 1b :
Rorige Unloaded 10,000 mi (10} reserve )
Payload for 6500 mile range 132,000 1b (10% reserve )
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addltional 1ife frem upward-dirvected propellors would be 4 1b/hp x 6000 hp =
! 24,000 1b. If nuclear power were ubtilized, the last three items In Table II
! would becoms

Useful loasd 25%,000 1b

Range with ary luad up Unlinited
3 to 253,.GC00 1b

Payload for any range 25%,000 1b

In sctunlity, it would be necessary to carry additional supplies and per-
haps a store of ligquid helium to make uwp losses, both «f which wonld

& compremise the payload ¢ eeity. There i3 no doubt tnat the fiight endur-
ance would extend far *eyond the point at which the crew would consider
mutiny.

3.3.% Arplications

The primary nurpose of ZRCV would be as a cargo/personnel carrier.
Like che ZRN its research utility would be es a testing ground for experi-
mental construction and meterials end to gain experience in handling and
operating large airships. Unlike the ZRN, 1ts military utllity as a gen-
eral carrier is great and irmediate. Conventionally powered, the ZRCV can
carry heavier payloads for 6500 miles thaen any existing airborne meens,
although mere slowly. As a pergonnel carrier, it could carry 500 men for
this distance. Witn nuclesr power, it could cerry 1,000 men or an equiv-
elent weignht of cargo anywhere in the world. The only limit which might
be set would derive Trom the radlation level in the passenger area.

T

%.%.6 Special Problems

Pag ot £

There have been meny alrships about tne size of ZRN in the past,
soune sulteble facilities still exist, and procedures for operation and
handling were well esteblished. There snould be no problems attached
to these areas except those of teaching young dogs old tricks. The
ZRCV 18 begimning to %iwek nev ground. Its size 1is on the upper limit of
applicability of past methods. Hangars still exist of edequate size, but
they would te well 1'1lled by the ZRCV. The 'stern beam' metliod for
ground nandling is basically still suitsble, but it wmay be necessary to
consider larger beems and perhaps even partial deflation of the ship. An
arca which deserves particular consideration is thet of lceding and un-
leading cargo.

T IR TR T
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Unlike the ZRN, the ZRCV was designed for long-range fleet support
raissiong. In its original form the ZRCV was expected to have an endurance
of 175 hours at 50 lnots while carrying 9 loaded dive-bombers each weigh-
ing 6,000 1b. This sort of perormance would have many fleet applications
today. Combined with this ultimate range of 8750 nautical miles is the
ability to hover and prcride en cutstandingly steady platform. With the
improvemsnts suggested, such as low permeability gas cells, computber-con-
trolled maintenance of flight program and stability, and (most of all)
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nuclear pover, the ZRCV would appear to be the ideal vehicle for long-
term picket duty, ASW, fleet support and escort missions. Vulnerahility
should not be a problem. With (say) 25 gas cells, the complete rupture
of one would mean a loss of only k% in gross lift. It would be possible
to meke up the loss of two cells cn dynemic 1ift alone, and drop ballast
for another one or two. The catastrophic loss of many cells is very un-
likely. TFor exemple, the usual result of a hit on & World War I Zeppelin
by an anti-aircraft shell was that tie shell passed completely through,
leaving a slow leak in one of the cells. Catastrophic logs of up to three
cells has been knuwn to happen, however ('Shendndosh' and 'Macon’) . The
fast, computer-controlled flight system would be capable of the immeaiste
response to prevent loss of the ship as a result. Detectability (radar,
etc.) remains to be determined, but the use of low density non-metellic
materials whersver vossible should offset the large cross-section. There
are no dive-bombers around today which weigh 6,000 1b, but there are
geveral airplanzs and helicopters in this range able to carry small
charges and fly slovly enough to hook on to the ZRCV. The effects of the
changing pattern of loads, buoysncies and hold-down forces resulting from
sddition end removal of cargo {probably ccmplicated by wind forces) must
be carefully explored.

3.l ZRCCN

The ZRCCN would represent a major step into completely new terri-
tory. It would be a vessel of 22,000,000 £t3 capacity, more than twice
that of ZRCV. No facilities cepable of Lousing such & vessel exist or
heve ever existed. 1Indeed, most of the o0ld airship authorities feit
that the optimum size was probabiy ebout 10,000,000 £t3. The outlay
for facilities vould be substantial, but the performance gsined would
a l1so be substantial. By the time experience with ZRN and ZRCV has been
assimilated the chaellenges may seem less formideble.

3.4.1 Hull Porm and Construction

Th hull would be a moderste speed (100 m/h) type wiith a fieness
ratio of =, and a length of 1000 ft. It may ve possible to congtruct a
non-pressurized all-metal hull no heavier, or perheps lighter, than one
of treditional architecture. If this should net be the case, a hull ~f
composite construction may be adequate, for exsmple using all metal a“resa-
ed-skin construction in the high-pressure region arcund the nose and
changing t0 more conventional structure in the less demandiling areas.

3.4.2 Static Performance

The gas volume of ZRCCN would be 22,000,00C £t3, giving & gross
1ift of 1,360,000 1h, the empty weight about 400,000 1b, end total bal-
last 85,000 1b evenly divided between emergency and maeneuvering tanks.
Allowance of 20,000 1b for a crew of 80 end provieions leaves & useful
1ift of 855,000 1b.
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3.4.3 Propulsion

Propulsive power could be Tuzwmished by light-weignt Diesel engines
contelned in the hull driving swivel-mounted propellors. Engine power of
about 20,000 hp would be required, with & total fuei consumption rate of
about T400 1b/hr. A reactor of about 18,000 kw cepacity would be prefer-
red; a conventional power-type design of this slze would have a volume around
8000 £t5 and weigh in the neighborhocd of 200,000 1b with minimum shielding.
This is the welght of fuel which would be burned in 27 howrs of flight, or
2430 miles with reserve. The remaining 655,000 lb lirt capgcity would be
available ‘or cargo on flights of any duration.

3.4.4 Flight Performance

TABLE ITI
Length 1300 £t
Diameter e )0 ft
Max Width 250 It
Max Height 220 {t
Gas Volume {(nominal) 22,000,000 £t3
Service Altitude 5,000 f¢
Empty Weight 400,000 1b
Gross Lift 1., 360,000 1b
Horse -Power 20,000 hp
Speed 109 w/h {max)
Ballast 85,000 1b (includcs b2,500
peneuvering ballast )
Usefvl Losd 855,000 1b
Range Unloaded 10,500 mi (10% reserve)
Payload for 6500 mile renge 326,000 1b (10% resexve )

With nuclesr propuleion, the last three entries read

Useful Load 655,000
Range with aay losd Unlinited
Payload for any range 655,000 1b

The additiomel 1ift from upward-directed propel tors would be & substantial
80,000 1b, or 280,0C0 1, in the alternative helicopter version.
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3.4.5 Applications and Special Problens

{ilitary epplications of the ZRCCN would probably lie exclusively in
1ts rcle as cerrier of very large loads or trocps in regimental strength.
The payoff of nuclear propulsion is so great as to render it virtually man-
datory. The resulting unlimited Tlight endurance combined with load capa-
clty will suggest edditicnal militery uses, such as cerrying long range
alr-to-surface missiles or aircraft.

Ground-handling problems may pe greet encugh to demand fairly elub-
orate terninal facilities. Scme capacity for partisl defiation and gau
storage would seem essential. I wind direction car: be relied upon to
remain reasonably constant during the turn-around time, brute-force nold-

down arrangement may still be adequate.

Stop~gap measures to provide an adequate nousing, at least during
construction, might include providing an existing large drydock with a

light roofing structure.

The following table compares the probable performance of the ZRCCN
vith that of the C-5A. In some regions, such as payload and iange, the
performance listed for the ZRCCK Jjs that for equivalent conditions, as
the C-5A is subject to scome limitations which do not exist for the ZRCCH.
In both cases loads and ranges are stated for 10% fuel veserve.

Parameter C-5A ZRCCN
Max Length a7 10" 1,000"
Max Width ope' 8 1/2" 250"
Mex Height 65' 1/2" 220!

Empty Weight
Max Payload

325, 244 1b
265,000 1b

400,000 1b
855,000 1b

Mex Take Off Gross Weight 764,000 1b 1,360,0Cu 1b

Max landing Gross Veight 635,850 1b 1,%60,000 1b

Crulsing Speed 541 m/h 80 m/n

Cruising Altitude 50,000 1t 5.000 £t

Stalling Speed 12k n/h 0 m/h

Take Off Run (Max Load) 7,300 it 0 ft

Take Off Run to S50 £t Altitude 8,300 £t 0 ft

Landing Run (Mex Load) 2,350 £t 0 ft

Landing Run from 50 £t Altitude 7,500 £t 0 ft

Range witz 20,000 1b Icad 6,500 mi 9,500 mi.

Payload. for ¢,50C mi Range 80,000 1b 326,000 1b

Tange with 265,000 1b Loed 2,950 mi 7,250 mi
(Mex Ioad)

Puylced for 2,950 mi Range

22
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for the ZRCCN with nuclear propulsion, the last four entries read:

Range with 80,000 1b Loed 6,500 i Unlimited
Payiosd for 6,500 m! Range 80,000 1b 655,000 1b
Rsnge with 265,000 1b Load 2,950 mi Unlimited
Paylosd for 2,950 mi Range 265,000 1b 655,000 1b
5.5 ZRCVN

The ultimete development in the line of rigid airships might take
the form of o lerge, nuclear-povered carrier of strategic bombers. The
form would be that of & pair of ZRCCN's connecied bty & wing secticn,
powered by lerge helicopter-type rotors. Cargo space is avellable with-
in the wing section in addition to thet within the airship hulls, and
dynamic 1ift is greatly ennianced. The two hulls would be spaced 800 Tt
apart (center line separation) for en overall width of 1000 ft. The
intermediate airfoll wovld have a span of 60C ft and a chord of 500 ft
for an aspect ratio of 1.2. A maximum thickness of 90 f+ would be ap-
propriate.

3.5.%1 EBtatic Pexrformance

The buayent 1ift wo 1ld be much less .han that of £ ZRCCN's
because of the weight of the wing, which 10r the seke of argument
may be taken as 900,000 1lb. This round number glves a total struc-
wural welglt of 1.7 x 109 1b. The drag of the wing at 100 n/h
would require some 45,000 np in addition to that of the hulls, say
roughly 85,000 hp total. Applylng this power to 1ifting rotors for
takeolf x;'oulx‘l add .2 x 109 1b of 1ift for a total take-off 1ift of
3.9 x 102 1b. It 1s also possible, of course, to devote some of the
wing volume to lifting ges.

3.5.2 Propulsion

An airframe of this nagnituds presents & glorious opportunity
for nuclear propulsion. 'Tne flight power requirement of 85,000 hp
translates to 63,000 Xw, which would require a sizesble but not un-
reasonable reactor. A conventilonal water reactor of this size might
occupy about 30,000 ££2 and weigh zround 500,000 1b with minimal
shielding.

The rotors, 50 £t in dlemete1, would be driven electrically.
Most of them could be installed atop the wing.
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3.5.5 Flight Performance

Sy 3% A et

h TABLE IV
b
% Tength 1000
gf Diameter NA
%‘T Max Width 1120 £t
3 Max geight 220 't _
g Ges Volume (nominal) b, 000,000 £t
5 Service Alt!tude 5,000 £t
& (2,720,000 1b (static))
; Gross Lift (3,910,000 1b {(rotur
: thrust inciuded))
‘ Horse -power 85,000 np
Speed 102 m/h (max)
Ballast 170,000 1b (includes
85,000 1b
maneuvering
hallast)
Useful Lead 2,80C,002 1b {2,500,000
fly-on)
Range Unlimited

The very large fly-on derives from the dynamic 1ift of the serofoll sec-
tion. The static 11ft 1s not Jimpressive, less than that of a single ZRCCV,
because of the welght of the serofoll. It is firue that a running take-off
could derive some 1ift from the aerofcil, but the problems would be sub-
stantial.

3.5.% Applications

While the cargo capucity of the ZRCVN 1s enormous, most of 1t m st
be flown on and off. The obvicus ideal carvo would consist of eilrcratt.
The RCVN could carry 75 - 100 aircraft loaded with nuclear weapons, and
stay In the eir as long as desired. The ZRCVN would thus constitute &
very fast aireraft carrizr, immune to submerine attack, whose complement
conslsts entirely of bombers deployed for response within seconds. 1

3.5.5 Speclal Problems

The construction of a vessel such as the ZRCVN would be formideble
task, alleviated to an extent by the modular approsch of uasing ZRCCH's
s components. Ground-handling problems would be substantisl dus to the
vessel's tremendous size. Fully-loaded flight would be like that of no
other airship because of the relilance on dynsmic 1ift; loss of propuision A
povwor would require that most of the eircralt carried be deployed immedi-
ately. If power could rnot be regtored; these alrecraft would be faced with

2k
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the necessiiy to return to friendly territory on thelr own, and the
ZRCVN would take its chances ms a free balloon. If power were even
partially restored, tne alrcraft dropped could take turns hooking
on to refuel until the entire assembly had reached safety.
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5. APPENDIX - Applications of Lighter-Than-Air Craft

Listed below are soume of the past employments of IIPA craft, and
some possible future ones. Each category is divided into areas of
researcn applicaetic s and general nperations.

5.1 Past Applications
A. Researcn:

1. Development of radio-location anl navigation equipment
end procedures.

2. BSearch radar development:

e) side-looking radar
b) moving-target indicator
c¢) 3600 airborne radar.

3. dagar flight instrumentation development:

a) radar altimeter
b) Doppler navigator.

Lk, ASW System Deelopment:

dunting sonar

towed soner

alrborne MAD gear

Project CLINKEK

Project JEZEF®EL sensor implantation.

O 0 o
S N e N

5. Aerodynamics:

a) boundary layer studies

b) flying wind tunnel

¢) VIOL and STOL model studies

d) ice formation and icing cantrol studies.

L. General Operations:

1. Scheduled passenger service.

2. Transport of meil and priority cargo.
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: 3. Fleet support

a) long range reconnaissance
b) mine sweeping (towing acoustic mine detonstors).
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5.
6.

a) picket
b) hunter-killer
c) convoy sscort.

Radar pleXet.

Elect:onic surveillsnce.

5.2 Projected Additional Applicaetions

A.

Research:

2.

P

Development of nuclear propulsion.

Development of portable underwater sound gurveillance
systems.

Alrborne stable sensor plattorm for:

a) oceanography

meteorology

)
) visusl and IR mapping
) in-flight spectrography of re-entry vehicles.

General Operatians:

1.
2.
3.
b
p)
6
T

.
.
.
.

8.
9.
10.

Electronic surveillance.

Emitter location.

Alrborne EW radsr picket.

Alrborne command post.

C:.rrier for ASW hellcopter teams.

Secure transport of large, priority items.
Quick response transport vehicle for:

a) military cargo and/or persomnel
b) military rescue equipment (DSRV).
¢) civil rescue and disaster relief.

Adrovorne hospital.
Recovery vehicle for space-cvraft and personnel.

Disarmament inspection vehicle.
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5.3 Rigid Airship as a Military Carrier

Figures 6 and 7 outline the potential capabiiities of the airship
designs discusscd in thie memorandum as carriers of troops and suppiies,
the suffix (N) indicating the nuclear-powered versions, The periormance
of he CHA, the largest extant military airborne carrier, is shown for
cony :xison. The singlie~trip payload ceacities are shown in Fig. 6.

The C5A has different curves for troops and carge, ag the troop capacity
is limited by the volume erd configuration of the carrying space rather
than by weight consideraticns, These conziraints do not apply to the
airships, hence the same cu.-ves epply to both troops and general csrgo.
The right hand ordinate (Number of Troops) reflects an alluwance of

232 1b per man.

The total guantiiy of material which can be moved in a given time
also depends on the vehicle speed, as indicated in Fig. 7. 1In this i
Figure 1t has been assumed that the vehicles' operation will reflect {
that of U.S. commercial airfreight companies, namely an equivalent 1
full-load flight time of 1,073 hrs/annum/aircraft,

Thesge Figures relterate the advantages of large rigid airships
in regard to payload and range,
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Fig. 1 - ZRS5 ‘“Macon’’ in flight. Note the scout airplane about to

hook up o the trapeze. The hangar door is st
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