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FOREWORD . o
Undee the provisions of Contract No, Nour~1172(00), ;
i Coleman Enginsering Company, Inc., canducted ageti= ) i
srslized study of the Aerojet-(lénsral Corporation's -
Hydroduct missile, its performance, and is capabilities ;
as an underwater weapon: The work was carried out > .
during the pericd -13 March 1953 to 14 Decamber 19353 ]
! fox ths Office of Naval Reseaxch and the Bureauof )
~ Ordnance. This reporipresents the rasults and findings '
{ . of the study, and its submittal Teprasenis completion of :
C , the contract as amended hy Amendment No. 1 thereto. » @
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SECRET &
; - ' _ A, INFROBUCTION - T = ?
Preseonted in this report-are-the resulis of a broad and generalized study @

of the AerojeteGeneral Corporationis '"Hydroduct” migsiles Thiz work was

undertaken in Maxrch 1953 for the.Office of Naval-Rosearch .and the Buresu
of Ordnance, aud was completed in.-December 1953

Briefly, the Hydroduct is 2 -high speed, underwater.missile operatingin
the manner of an unguidéd rookot. It was developed apecifically for undez=-- -
water operatica and utilizes he conversion of intake sea water to ateam by--
thie heat of reaction of a burning propeilant known as 'Alclo®, . a mixtare of-
¢ powdered aluminuny and -potassium. perchiorate. It-is-propslled by a high

velocity ‘‘yaporejet* consisting of the stesm and the producis of combustion, s
the former being fully condensible and .the latter dispersed-as minutesoclid
particles. Current versions of the Hjdvroduct are designed for speads as
high as 150 knots without cavitation ot depths grester than 50 feet, and as
a rasult ballistic dispersion is ostensiblylow. Although-its present power
q. plant configuration is inopcrable at-depths greater than 30G-feet, a modified »
version now under development, kuown as the "Hydroductor!; is considered -

capable of opctatien to dapths of 1000 foet-or inors,

(‘ Although no operational versions have been fabricated asyet, a 4. 5-inch
- diamoter test vehicle has undergone teets at both the Sip Clemente Island - s @

test facility snd the Morris.Dam Torpedo Range. Two operational vorsions .
: have been proposed for ASW use.. One of these is designed to carry a-

! 3S-pound eontact-fused warhead, with a minimum powered range of 1000 -

yards. Thia version is nine-inches in-diameter, 72 inches -in length, and has-

an approximate weight in aiv-of 215 pounds. The other version is scaled .

4 slightly larger, with a-maximam dikmeterof 10 inches, to accommodate a N

Sc-pmmﬁ warhead. b

- The misaile itsell is axtremaly.siraple in both principle.and design; has

no moving paris, and relies on-no.inatruments in ite flighs. It is, however,

¢ inoperable without sufficiant rem peessure to coable the fiow of inlei water- »
into the combustion chamber; andtharefore requirss initial-boost before free

flight can be sustained. ..

A more. ddhlhd hmmﬂMthm -paxformance is-given -
later- lslhorwt
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B. PURPOSE OF THE STUDY

Objectively,. the studv wes in part a generalized investigation of the basic
problems of developlag and utilizsing complote Hydroduct weapon s7stems.
s principle object, however, wes examination of the missile itzelf, its per
formance and ballistic-behavior, and investigation of certain hydrodynamic-
aspects of the ballistics problems.  The effects of cross currents and tip-off

.were of particular interest because it was thought-possible that a serious de«-

gradation of perforvnance might'bs omised thereby, and since such effecis -
wer? not experienced under-contvolled test conditions an analytical invese.
tigation was desived.
While the principle emphasis of the study was pliced ona the performance -
of the miasile itself, an sffort was made t0 examine the over~all aspects of-
complets weapon systems and certain operationsl probiems involved. This-
portion of the study was limited in axtent and sought only {0 investigaie some-
of the fundamental probiems and basic considerations. It should be pointed:
cut that the study was not intended to be an "evaluation' of the Hydroduct,
nor an attempt to prove or disprove the {oasibility of any application. It was

not of sufficient sgope or extent for sach purposes. While the results clearly

pertain {0 the questions of feasibility and may be helpful in appraising the
weapcu's potential worth, it should he apparent that considerable appended -

effort would be required before an evaluation of the-effectiveness of complete -

Hydroduct weapon systems. could be nwde.

&)




SECREY .

(_} ' © . RESUME OF-STUDY ACTIVITY

Work commenced in April 1953 with a general examination of the Hydso«
duct missile, and a roview of its development history. TKe period from.
April to July was spent primarily in general study of refercnce material amd- -
definition of problems associated with use of such & weapon. During July, -
visits were made to a number of agencies, both goverament and private, for-
discussions of problems associated with the Hydroduct and it¢ possible applls-
cations. Theso visits included the followings -

Buresu of Ordnance Office of Nival Research
% Evalustion and-Analysis Group Armament Branch
Washington; D. C. Washington, D C.
Bareau of Ordnance Oddnance Research Laboratory
Underwater Ordnance Fire Control . Pennsylvania State College
. Washington, D, C. . State Collage, Pennsylvania
Bureas of Ships Naval Ordnance Test Station
Sulenarine Sonar Design Section Thompson Laboratories
Washingion, D, C Pusadanz, California
. O California Institute of Technology. _ Naval Research Laboratory
Pasadsta, California Special Devices Section
.- ‘ " Washington, D. C.
Duvid Taylor-Madel Basin -
Washiagton, D, C. Stevens Institute of Techaology
Wdboken, New-Jersey
! Office of Ghjef of Nawal Operaticas -
Washington, D, C. Sebmarine Development Group 2:-
Bew London, Conneaticut
Office of Chief of Naval Operations -
Operations Evaluation Grouyp - TS+ Navy Underwater Sound Lab.--
' ©  Washingtom, D, C. Kéw: London, Counecticut

Thi purposs. of fhess visits was to obtain.information, data, and reference -
material on e f0l1owing subjectsy- ’

Hyrodynamic dsta appiicable-tc tho-Hyltroduct missile,

Charasteristios of sonar and ollisr gear utocta‘tll"a:viﬁ target
datection, tracking, and flere contesl.

_ The chavacteristics and -perfoFmiance, partttalarly maneuvera-
' hﬂ_ﬂy.- of submarinss.

Pige 3 of 94 -




SECRET
Vulnerability of submarines and passible surface vessel targets.

~——

b
] Tactical situastions in pro- ond sstisubmarine warfare in which _'
short range, high speed, unguided missilos of the Hydroduct &
type might prove to be an effoctive weapon.

Characteristics, capabilities; and limitations of torpedoes and R
other undarwater weapons. 4 b

Possibla ''secondary'! uses of Hydroduct-missiles:such as anti-
submarine use, ha ‘bor defensc, ald,-

"Muach of the informaiion sought wa s intendéd as background material to -
¢ © assist in further definition of Hydroduct-syatem probléms. The comments,
' opinions, and suggestions of perscansl contacted were very helpful and a
considerable amount of reference material was recommended, which the -
Oifice of Naval Research thereafter sought to chtiin for the study’s use.
Although time and availability did not permit recsipt of all matarial recom-

mended; a considerable amount was obtained and reviswed-to the extent per~ »
¢ mitted by the time remaining. '

{ » @
'
.- ;
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- for concern. Although there is a degree of uncertainty in this regard that

SECREY

D. SUMMARY

The examination underiaken -in this study of the hydrodynamic and ballis«
tic properties of the Hydroduct, and of possible degrading efiects in actual
operational condition: as opposed to tha "ideal" conditions of controlled test-
programas, does not indicate that the missiis's perfoymance would suffer a
serious degradation. The disturbing effects of cross currents and tip-off at -
launching produce deviations of the missilets flight path whick ars predict-
able i direction and 1r tude. The dynamic characteristica of the Hydroe=
duct tend to minimize the effects of these disturbances, and a wido range of
opersting conditions would be -available witk minimum correction of bias due-
to cross stream and tipeoff. However, under certain circumstances of
vehicle and launcher motion, the effects of such deviaticns, if not compensw
sated, could appreciably reduce hit probahilities, and under such conditions
the fire control system should be equipped to provide -the necessary compene

sation in computing the desired aiming point,

The possibility of randamn factors being introduced by these effects, such.
that compensation could gt be made in fire controt and aim, is the real basis

cannot be resolved by analytical study alone, no theopetical reasons for ex--
pectation of increased dispersion dus to either cross currents or tip-off at.
lmnching havse been found in this study,.and it appears & reasomsble conclu~
sion that such uncertainty is of relatively minor censequence to the wespon's
probable operational performance and offectivaness. Mutual interaction
effects between two or more missiles fired in closs proximity to one another .
might introduce random effects, but ripple fire in place of actual salvos
should reduce such effects to nagligible levels without having appreciable ine -
finence on hit probabilities.

‘The missile's characteristics appear to maks it inherently capable of
highly sccurate flight, and limited teats of the 4.5~inch teat version tend to-
verify this belisef. While a sufficient number of tests has nat been made as -
yet for precise statistical determination of baliistic dispersion, the tests indie
cats definite promise of low dispersion, and values as low as 10 mils laters:
ally and perhaps no more than 15 mils virticelly appear {0 be reasonable
poesibilities, especially considering the cxpectation of further ftaprovement -
over the past and present test versicas:- :

1t is the generalconclision of this study that the igdroduct micsile ig én-ite
self fundamentally sound, and capable of high performance under actual opera« -
ticnal conditions. The major areas of doubt regarding its potential worth as..
an underwatey do not, therefoze, appear to lie in the performance of -
the miasile, but in the uncertsinties of other componsits of complets weapon -
systems and in the uffocts of these uncartainties on over=all system performe.
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ance., As an unguided missilé, the Hydroduct must rely on adequate aiming; @
and as a2 weapon of limited range its value Jdepends heavily upon the oppor~ »

tunity that oxiste or can be created for its use. The definition of specific

applications and the developaent of suitable tactics are therefore of funda~-

mental concern for both evaluation of the weapon-and for dclineation of sys<-

tem raquirements.

v e o Mlne s e am b
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Given sn attacking opportunity, the accuracy with which ths miasile can be »
aimed becomes tha critical factor in the weapon system's performanze. The
problem of aiming has two more.-or less distinct aspects -« the determina~.
tion of the desired point of aim, which depends upon the sonar and fire conv
trol systems, and the accomplishment of that desired aim, which invoives- _
the maneuverability and controllability of the firing vehicle and the mechans »
< {ca of the launching system.

A genevalized examinatios of the over-all aspects of tactical applications,.
weapon system components, and the principal factors alfecting the systom
performance was conducted and is described in the text of this report. Bew
cause of {ts broad scope, any aitempt to summarize that material here would" b
be repetitious, and reference o the text should be made for discussion d‘ the
results of that portion of the study.

Tihe body of the zeport is presented in sections for ease. of rerence to

( - individual subjects of interest. Section II includes a desoription of the Hydro~
duct missile and a general discusaion of various considerations and problems
believed fundamental to development and synthesis of compiete weapon ays~
tems. Discussion of possible applications in pro- and antisubmarine warfare
and of fire control probiems and launching means {s included, Section III
deacribes the results of study and analysis of the hydrodynamic and ballistics ‘
problems, including the effects of cross currents and tipsoff and other possi~ "
ble causes of deviation and ballistic dispersion. Section IV presents a briet '
discussion and the resulis of a limited analytical investigetion of the possible
effects of dispersicn and various system errors on weapon system effective--
ness. A aumber of sppendices containirg mathematical derivations foliow the -
text, theae having been separated to avoid redundancy in the discussions. )

i - With regard to recommendations concerning the needs and directions of-
~Irther efforts to develop and exploit the Hydroduct, much {s cither expressed-
! or implied throughout-the tezt of the report and nead not be repeated in detail
herc. In general, it appears that coutinued activity should include further -
tasts of the missile to ensble the development of optimum physical configura= ’
tions and to astablish and confirm the magnitudes of dispersion and bias., K-
is also recammended that future studies of complote Hydroduct weapon sys=-
tems be planned and undertsken to provide more explicit definition of operas-
tional paramesters than has been possible within the limited exdent of this shudy,
In particular, the fire comtrol problem should be thoroughly {nvestigated, and:
¢ strong emphasis skhould be placed oun design studies and analysas of iaunching.
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mechanisms,. Such investigations would be indispensable to a walid evalaae- ' &
{3 tion of system: performance and reliable determination of hit and kill probes ’ 4
bilities. The broader operational analyaes of lactics and the sffsots therewd _
on system performance should be coordinasied with these investigations, and @
should bs crmsidered an integral part of any comprehensive sffort to evalu=
ate the potential worth of Hydroduct-wespon systems.
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A. DESCRIPTION CF THE HYDRODUGT-MISSILE

A broad program of rasearch and development i underwater propulsive
devices, beiz.j carried out by the Aercjet~General Corporation for the Office
of Naval Rasearch, has included s variety of methods of underwater propul«
sion. The term “hydroduct! was adopied to identify those systems in which
intake water is integrally invoived in producing thrast, and ‘'vapor-jet” is
used to distinguish jst systems in which water either reacts with a hydrofuel
to generate steam or is converted to stemn by the héat of a burning “propel-
lant,'? One such propellant is a stoichiometric mixdure of powdersd alumie -
nun and potsssivm perchlorate which, by being compressed into a cylindri~
cal sclid form and properiy sncased, can vef caused to burn in the mannerof
2 cigarette st an approximate temperature of 70000F, The abbreviated term
“Alclo¥ is used in reference to the aluminum-potassium perchlcrats mixture.

Daspite (e broad connotation of the term “hydroductt as deacribed above,
this report considers the “Hydroduct” missile to operate specifically on the
combinstion of Alclo, vaporwjet, and hydroduct principles. Ses water is
taken in under ram pressure through a small orifice in the nose, passes
throogh a diffuser and an sxial tube in the forward “warhead" section to the
center, or “propellant”, section where it bypasses the propeliant through ae:
anouisar channel, thus acting ss a coolant. It is sprayed on the burning aft
face of the Alclo grain, producing s vaporejet compoesed of steam snd the
products of combustion. The aft, or "nossia’, section coutains the combus~
tion chamber. "Mixing® in the combustion chamber i{s enhanced by “turbu=
lator rings™ located forward of the noasle. The jok is fully condensible, the
combustion products being dispersed as minute solid particles, giving the
missile the advantages of an sesentially wakeless flight. A schematic sketch -
of the miasile is shown on page 11,

The Hydroduct was devsloped specifically {or underwater flight, it is not
a rockst in the trus sense since it deponds on the futake of water under ram -
pressure tc produce thrust, and thus is more snalogous to a "ramjet" air
missils. In purpose and performance, however, il can ba classified a "high
spead, unguidod, underwater rocket”, and thus affers itself for uss in appli« -
<ations suitable for uch weapons.

In principie and in conitruction, it {s » relatively simple weapon. It em« -
ploys no moving parts and relies ou no instruments in its flight. Its flight is -
intended to be highly accurate and precision in mumfacturs is therefore rae
quired to minimise geaneivic malalignments and sssure congistent propulsion:
characteristics. In any form of mass production, however, its simplicity
should predominate as = cost factor and Hydroducts are polentially, therefors, .
low-cost missiles.,

Page 8 of 9¢. .
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In an effort to minimize the disperaion, the missile is intended to run
“fully wetted.” To this end, the "Lyon's Form A" was selected for the body
siepe t0 maintain minimum values of negative pressure coefficients. It is
estimated that cavitation will not be experienced at deptha greater than about
50 feet at maximum equilibrium flight speeds of the missile. Present ver-
sions employ a fineness ratio of approximately 911. Three firs of semispan
slightly greater than the body diameter arc relied on for stability and are
slightly canted to the longitudinal axis to produce a 'slow spin!, the purpose
of which is to minimize the dispersion due to malalignments. In the sbsence

of cavitation, relutively short fin-spans can be used to provide the required
stability,

The flight path of the missile is a ballistic type trajectory, the shape of -
which is dependent upon the »elative gravity, buoyancy, thrust, lift, and drag
forces involved, Thus, the range is limited both by the burning time of the
propellant and by the extent of gravity drop in flight,

Since water intake is required and sufficien: ram pressure must exist to
enable the intake of water against the chamber pressure, initial boost must
ba provided in launching, It is contemplated that initial boost capable of ime«
parting a launching velocity somewhat higher than the "equilibrium velocity"
of the missile in free flight will be employed. While this imposes a heavy
load on the design of the launcher, it materially aids the efforts to minimise
dispersions and deviations in the trajectory by eliminating an acceleration
period and initial low velocities during free flight.

Current versione of the Hydroduct ara considered inoper.ible at depths
greater than 300 fost. In an effort to eliminate this resiriction, development
of a "staam~injector condenser’ has been undertaken. This device is in-
tended to provide water intake ducts and a condensing chamber aft of the jet
nozsle such that jet stability could be realized at greatar depths. Versions
of the missile aperating on this principle are referred to as "Hydroductors”,

aud it is estimaied that successful operstion at depths greater than 1000 feet
‘can be sttained,

A small test vorsion of the Hydroduct has been developed for experimental
evaluation of the weapon's basic feasibility and its ballistic behavior. The
test missils has a 4,5-inch diamster body, is approximately 40 inches long,

snd has an air weight of 33 pounds. Using approximately nine pounds of Alclo
grain, s number of succesaful firings have been made at the Morris Dam

Torpedo Range in which maximum speeds as high as 250 feet por second and
ranges of batter than 1000 feet have been attsined. Folldwing early tests at
the-San Clemente Island range of the Naval Ordnance Test Station, sane 50
firings have been made at Morris Dam, Ewradis bahavicr and other mishape
were experienced with some rounds, but in geaneral the results are favorable
snd indicats considerable promiss of the development of Hydroduct missiles

with exceptionally low dispersions, speeds in tho order of 150 knots, and usa-
bie ranges of 4000 feet or better.

SECRET
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The Aerojot~-General Corporation-has proposed » 9«inch-dismeter version:
of the Hydroduct, the essential charvacteristics of which arce

B“Ydim'hrtioicnoliiiootvﬂ!ll."..l.;.'.'tn.l-oc 9 in
LMooooﬂuu--.unc-o.ooo-o.o--c-oooolo¢uq-.-o.o.o ?z m
Welght (81r) ...cveiveveneacanesnscscososasasveonas 215 15,
Warhzad (Canpositiona) P BT L IILEVIBRISSESITISISIORIETTSETSE 35 Ib.
Warhead fuge. coceceocoor cosotvosvstvescssssscsrves cmﬁct‘m
me‘ vel“ity(mdgpﬂl.’.'o.n..c-‘oqo-nucn0010.o Z50fpl

Maximum equilibrium velocity (frée flight, 50-1t depth). .
Minimwm equilibriun. veiocity (ffee flight, 300-£ depth) - 160 fps
m‘m’mrdflﬂl‘:u¢.oc*ut-on-rooo'ogoqooc.a.-o 1000 ﬁ

The predicted performance of this version is presented graphically in Figs.
2 andt-3, pages 12 and 13,

A 10«tnch diameter version has slso been designed t6 sccommodate a 50~
pound werliead, in case the 9-inch version should lack the desired lethality.
Thess particular versions wers designed for ASW use, with the intention of

providing » weapon capoble of rupturing the pressure hull upon contact with
ths cater hull.

Folure tests and development of the misaile can be expected to further im-
prove the missile's parformance. Optimized fin configurations, spin ratas,
eic. , can be expected to impruve consistancy of flight and enable miniomum
dizspersions. Devslopment of improved methods for Alclo grain compaction
will minimise inconsistencics of burning rate and thrust.

New configurations, versions, and cancepts of the Hydroduct are possible
by means of further exploiting the Hydroduct's propulsion principles. Depth
control and programmed guidance are conceivable possibilities, and "homing"
might be possible by the use of "staged flight, reducing self-noise to toler-
able limits -in the terminal phase by use of an auxiliary propulsion system.

It is not with such future possibilities, howevor, that the study has been con=
cerned.
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B. ADVANTAGES AN D-DISADVANTAQES

The following characteristics and operating requiremaents are considered.
to be the principal advaniages and-disadvantiges of the Hydroduct in . ils pre«
sent versions, and the predominant fuctors-t¢ be considéred. in appraising its -
capabilitiess.

1. ADVANTAGES-

a. Probably thie outstandivig advantage of the Hydroduct is it speeds
_Its ability to reach a target-at 1000 yards rangs in less than 20
seconds gives it an exceptional advantage over alternste weapons in several
vespects. '"Dead time' is minimized, redicing the targst's evasion capabil«-
itiss. The predicticn aspects -of tha fire control are greally simplified. Active -
scesr as 8 final correction in the fize contrel an-be employed-without mates
rially increasing the tavget's ability to thwart-the attack:

b.  The ability to run "fully weitad” Eonsiderably improves the miss -
stle's accuracy, enablitig use of Voptimized" pattern control in -
Mﬁpla firings and consequent increase in hit probabilities for a m e
ber of rmd-

9. Its simple design and ‘operaiing principles enable the sise and -
payload to bo adapted to mateh target vulnerability, Thus, if
Mgud for usa against highly vulnerabls tirgets such -as submarines or

small surface crait, optimum sizse and-warhoad can be provided and the wasts -
of “overkill' avoided,

d.. Ths missile contains virteally no "wastod" internal apace, and -
is divided into subassembliss such that "high densily' storage
and sase of handling are greatly facilitated.-

e. The sheractoristics of the missile-suggest the uss of small
rounds.-in multiple fire; eliminating the necessity of the "long"
minimum arming ranges -employed with heavy.ardnance - _3 protection to the: .
fiving vehicie.

f.  The simplicity, low-cost; and absetice of 'gadetry” combine to -
give the Hydroduct-reliability, low-cost,; s potentially high level-
of producibility) and litlle. maintenance-should.ba:required: -

i. DISADVANTAGES
a. It8 range is limitod both by its power endurance and the “fall o

in its trajectory. Eventual improvement over the currently con- -
tempiated 1000-yard versions is probabls; but-in ita preseni concepiion as an-
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ungaided Hpocket” it is essentialiy a “short rmge'! waapon by comparison
with other underwater ordiance.

b. The minimum depth for fieedom {rom cavitation is estimated at
50 feet for current versions, and the misaile is inoperable be-~

low 300 feet. Although cavitation may merely inorzase dispersion, and
periods of air flight are not inconceivable, current versions are intended for-
subsurface launchings, between these limits, at-silher surfoced or submergud-
targets. It sheuld be acted that the “Hydroductor”, currently under develop---
ment, utilizes thé basic Hydroduct principies with the addition of a "steame
injecter condenser" to achicve depth insensitivity, Succesaful operation to -
depths exceeding 1000 feet {s anticipated: It should also be noted that cavie -
tation at dapths of Ioss than- 50 feet could be prevented by sught reduction of-
speed,

© Because of {te speed and ricise ievel; guidance and homing are -
probably impracticable; and in-the-absence of any postfiring
corrections, the missile is as good as, and ounly as good as, the ability to-
aim it.

d.  Although not a disadvantage of the misaile.(tself, realization of
the value of low disperszich reguires high accuracy of aim, and

+ three-dimensional positioning of the target is required. Currently opera-

tional submarine gear does not provide for deiermination of targoet dopth and -
elevation angle. Safficient accuracy of range deicrmination would probably
require use of acho-ranging in the fire comtrol.

¢.. TEe problem of vertical errors 16 particularly acute because of-
#he accumulative effects of small vertical-target dimensions,
inherently large veriical aiming errors, and sasceptibility of the missile to
larger veortical dispersions than lateral,

f. The logical compensation for the above-mentioned sources of
“yartical error” is a vertical line pattern in either galvo or
vipole fire, Thus the "waate' of unsuccessful rounds is introduced, offset«-
ting the previously described advantage of ability to avoid "overkill,”

g- The launcher constitutes a "desd weight” to the vehicle, this
problem being made more severe by the necessity of heavy ints-
tial boost. A "irainable launcher', though advantageous to siming, would -
introduce mechanical compiexities and further aggravate this problem., The-

possibla effacts on the performance and stability of submarine vehicles is a -
sarious Condidaiatiou. -

ke The preservaticn of jow dispereion would require low talerances
and precision techniques in mamufscture, and extreme care in -
shipping snd handling to avoid aven slight damage, particularly to tha fing.

SECRE?.-
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5 . G DEVELOPMENT OF HYDRODUGT WEAPON SYSTEMS

The conceyt of unguided, underwater rockets is not new. Germany is-
known o have sttempted the development-of such weapons duritng World War.
11, sad & number of investigations and exploratory test programs have been
. carried out inthis couniry in recentycars. The Nave! Ordnance Test Station
' conducted a series of exploratory underwater tests of rockets at the San-
Clements Iaiand range batwean early 1950 and 1953, Modified versions of:
- HVAR and HPAG rockets were fired underwater, and some tests were made-
of & specially designed undevwater rocket designated SPUR-3-C.

v Dasgite those earlier studies and invesiigations, underwatar rocket devel«
. cpment is in its early infancy, and no such weapons are knowr o have been
used or tested in githor actual or simulated operations. As a consequence of-
this and for want of past opoerational and waspon system studies, the potential
applications, uiflity, and effectiveness of woapons such as the Hydroduct are
v little more than supposition.

-.
!
B
s .
I :
'.
[
|
: .
i

_ There is liitle reason to doubt that the Hyd oduct offers a practicable un-
derwater rocket for which a high level of parformance can be anticipated. By
Uaracticable” it {s meant that thore are oo prohibitive features inherent in

D the missils ttself, such as excessive costs, delicats components, or other:

& ssrious ohotucies io producibility, mainteasnce, and reliable cperstion.
Examination of ihe Hydroduct’s ballistic behavior and performance character~
istics indicales that, within its inherent limitations as an unguided missile of .
limited range, it pecrnises to provide a weapon of exceptional capabilities.

No reasons have baen found in the couria of this study to doubt the basic feas~

R ibllity of the missile itself, The test program at the Morris Dam Torpedo
Range has proved that its operating principles are basically sound, and has
demonstrated ita capability of high speed flight without cavitation. Since
these tasta have been of exploratory nature and have involved a number of
configuration changes, there {s an insufficient quantity of data for iruc evalu-
ation of ballistic dispersions. Intuitively, however, it must be concluded that

‘ the Hydroduct is fundamentally capable of highly accurate flight, and the uiti-
mats development of optimum configurations might weill result in ballistic-
dispersions as low as 10 mils laterally, and somewhat highor values, but pere .
haps no mors than 15 mils, vertically, Theory alone can neither substantiate.
nor disprove such claims, snd to dwell on the subject would provide little .

. more than academis debate. It is the felure tests of optimum configurations -
that must be relied upon to determine actuai levels of dispersion. This stady
has sxamined varicas aspects of the hydro-ballistics problem in search of -
degrading factors, und has failed $o find any regions of serious uncertainty,.
or sources of degradation that could not be compensated in some reasonable

Y manner. It is the general conclusion of this etudy, thereiore, that the pri~

A mary arsas of uncertainty in attenpling to aporsise the weanon do not e in

SECRET
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the performance of the weapon itsalf, but in two fundamental questions. The
first is the question of “opporfunity” to use the weapon; the second the ques~
tion of "ability’ to use it, To resclve the former question; it must be shown
that its limited range dozs not preciude sufficient opportunity for its use.
The latter is primarily a question of ability to aim the weapon, If sufficient
accuracy of aim comid not be attained, the potential advantages of the mis-
sile's flight accuracycbviously could not be realiged. There are otheér ques-
tions, of course -~ kill versus survival, countermeasures, costs, produci=
bility, and many other less tangible-considerations -~ which, although indis~
pensable 0 a complete evaluation, are more concerned with-the weapon's -
practicality.than with its basic feasibility.

Whils continned development of-underwater- rocketry would undoubtedly
resulf in eventual imprevement over currently conceived versions of the
Hydroduct, the indicated performance of these present versions is such that,
if the Hydroduct Jacks feasible application as a weapon, it is probabla that
the smtire concept of using unguided; underwater rockets is not practical.

During the early phases of thia study it became apparent4that a wide diver~
sity of opinion exists on the utility of underwater rockets, and on the possible
applications for such weapons. It also became apparent that, for the most
part, there is litde in the way of operatiomal studies or "systems analyses'!
to support these conflicting viewpoints. The Hydroduct now oifers a realistic
basis for such studies, and a compelling reason.why they should be under-
taken. There is no means of eliminating diveraity and uncertainty of opinion
until applications hawe been subatantiated and the effectiveness of complste

weapon systems in smch applications evaluated by sound-and comprehenaive
means. :

As an unguided, “short” range weapon, the Hydroduet-is » contradiction to .
the emphasis on increasing attack ranges and developing moans for compen-
sating the inadequacies of tracking and fire controi systems. Long range
torpedoes, equipped with guidance and homing systems, are the "ideal"” weap~
ons by which the submarine can attack from beyond range of counterdetection,
and thus retain its primary advantage of stealth. The Hydroduct has neither
guidance nor homing, and its rangc is considerably less than that of modern
torpedoes, but it does have a number of distinot advantages over the torpe’
and, within its Limited domain, could prove superior for certidin applications.

" That domain is, of course, the closs range attack, and-the possible applications
include a varioty of sifuations i{nvolving a submerged firing vehicle or a sub- -
merged target, or both, .

Thers i{s an expressed need for short range, high-speed; underwator mis~
siles for use by submarines within the minimum sensitising and arming ranges.
of current torpedoss. The Hydroduct is -such a waeapun, and its devel.
opment might be justified on those groundsalone. However, to consider only
those situations where no alternate weapon is available as tha only possible

SECRET
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use of the Hydroduct overlooks much of its potential. Such an approach to
appraising the woapon would livatt the opportunity for {ts useto- "inadvertent”
close range contacts at less than the "minimum’ ranges of other weapons,

M and this would presume that frequency of such contacts would be the same
with the Hydroduct as without. Such arestricted effort toexploit the Hydroduct
would certainly impede, and perhaps preclude, its further development. The -
frequency of such contacts might not be suificient to substantiate the sacri-
fices of developing, installing, and operating Hydroduct systems.

The capabilities and performance of the Hydroduct, particularly as an
antisubmarine weapon, appcar to offer considerably more potential than a
stand-by weapon of such restricted opportunity. If it is to be fully exploited,
the Hydroduct should be considéred not marely as a possible supplement to
other ordnance, but as a potential complement of a complete balanced arm-
¢ ament system, Any target within its range would present au attacking oppor-

tunity regardiess of whether or not an alternate weapon could be used. The

Hydroduct might be the superior choice, depending on the spacific nature of

the situation. Although such opportunities might still be the result of “inad-

vertent” contacts, the frequency might be considerably higher and might be
‘ further increased by the effects of the Hydroduct!s presence ou tactics,

Given an effective short range weapon, the short range ‘contact should beless
feared, It cculd, in fact, be sought.

To define and substantiate the maximum "opportunity™ for the Hydroduct

would {nvolve a combined study of tacties and system performance, and

4 analyses of the effccts of each upon the other.~ Such operational studies and
analyses are the ultimste besis for evaluation and synthesis of optiruam sys-
tems. It is by such studies that maximum "profit" is sought. Itis readily
apparent that the "profit” of a weapon system is its ability to increaselosses
of the enemy, or reduce losses to the enemy, to extents exceeding tho total

P costs of its development, installation, and operation., It follows that the
fundamental measure.of a weapon’s effectiveness is its potential of creating
such "profit. " It should be apparent that probabilities of hit and kill are
little more thun parameters in the evaluation of a weapon. High probabili-
ties imply, but do not substantiate, actual net gain. Converasely, low probe-
abilities imply, but do not prove, =2 lack of worth. The actual demarcation

] hetween “profit" and "loss'" on the kill probabilily scale cannot be established

realistically until the weapon system's "opportunities’, as. wen as its capa-
bilities, have been adequately evaluated, .

The problem of evaluating the Hydroduat, then, cannot ba resolved simply
e by analyzing the pezformance of arbitrary system coafigurations in assumed
tactical applications.. The weapon’s opporfunities must first be defined and
substantiated, and their frequencies determined, Only then cas a roalistic
basis exist for the synthesis and optimization of complete woapon systemas.
This is not meant to imgly that rigorous evaluation shoyld be required to
justify continued development ydroduct systems. To require rigorous
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proof of fessibility and practicality as prerequisite to undertaking the devei-
opment of & new weapon sysiem would stifle thit development. Rather, it is
meant to emphasizs the imporiance of operatidha analysis as & conourrmmt
< part of weapon systems development.
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- D. POTENTIAL APPLICATIONS b |

i 1. GENERAL

It is readily apparent that any comprehensive sitempl to evalaate the .

camplete reaim of possibility for the weapon’s use would-involve broad and. .
extensive studies, and many complex and intangible considerations, Ques-

¢ tions of tactics with the wapon as opposed to tactics without it would be fun-
damental. The possible future davelopmonts in weapons and operational
methods of underses warfare coitld have considerable hearing, and the techs
‘4iques and problems of search, detection, tracking, etc., weould be basic
considerations not only to detirmining the possible frequency ol sitacking
situations Jor the Hydroduct, but also ihe exact nature of thosz sitaations.

¢ The intarrelation between the specific makeup of the attacking situation and
the performance required or desired of components of the weapon systam
such as the fir> control, launching means, etc., is clearly of basie concerns-
Before system rejuirements can be Jdelineated or system performance evale
uated, the specific attacking sitnaiions must be adequately defined, since it

P is these situstions and their probable frequencies that determine the perform-
ance required of system components. The investigation reported herein was
not of sufficient extent to undertaks the operational studies roquired to de-
fine and substantiate the weapon's pousible applications. The following ars
therefore based an considerable supposition and are meant {0 serve as exame-
ples of possible cases and to provide a basis for discusaion of fire control

4 problems and launcher considerations, -~

2. SUBMARINE.VS.SUBMARINE-

It is generally acinowledged that the antisubmarine submarine, whether-

p the SSK type or any other attack type used for such porpose, suffors 2 cure

rent need for improved weapons. This being a relatively new concept of anti--

submarine warfare, the past development of submarine ordnance has not

ized this need. In considering the possidie use of Hydroducts in

SS/ASW, the problem can be divided into two separate and distinct cases ~- i

the snorkalling (or surfaced) target submarine, and the completely submergal: :
¢ target submarine, The {ormer provides a known target depth to the attackerg

the latter does not, ’

There is, of course, a wide variely of purposes and attacking situaticas -
that could be considered. Use of the Hydroduct as a primary or a secandary-
‘ weapon, deliberats closure versus inadwertent close range contact, individuat.
versus group tactiss, etc., are various considerations «esch of which sould”
inireduce its own unique opportunity for exploiting the Hydroduet. Uatil a
broad course of study. of the more complex and intangible possibilities can be

made, however; the following “basic possibilitiss appear td deserve primary
considerationt
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s, Submerged Attacker Vs. Snorkelling Target,
Deliberate Closing to Hydroduct Range

The attacking submarine is presumed to be ecithér the "“SSK",
"Guppy', or cther attack type adaptable to ASW, submerged to “optimum"
attacking depth as the time the snorkelling target enters attack range. "Cpti-~
mum’ depih is 300 feet unless shallower depths are required to adequately
track the target during the approach. Reduting the depth, howevor, reduces
the possible range of attack because of the irajectory "fall off” of the missile,-
The atiacker is assumed operating at "minimum' speed to prevent countar«
detection. The target is presumed to be similar to either the German Type
XXI or Type XXVI submarine snorkelling at its most probable transit epeed..

This situation presumes that the target submarine is not employing.
echoeranging during transit as a protection against such an attack., The
attacking submarine is thus enabled totrack passively, to close to Hydroduct
range, and to attempt the most favorable attack position. Once within range,
the attack could be delayed to increase the probability of succeas, since an
immediate attack could be made upon detection of countermeasures such as
sudden: changes in track or speed, or commencement of echo-rawging o con-
firm any suspicion of the attacker's presence.

" This is considered a possible example of primary cffensive use of
Hydroducts in SS/ASW, Echo-ranging, or perhaps future passive array sye-
tems, could enabls the transit submarines to prevent such an attack, sxcept
perhzps under sxceptionally poor sonar conditions. - In such cases, however,
the attacker's ability to datect and track would alsc be impeded.,

b. Submergod Attackar Va. Snorkelling Target, -
"Inadvertent” Contact Within Hydroduct Range

The possibility of an inadvertent contact within Hydroduct range be-
tween a submerged attacker and a snorkelling target offera a possible "sec~

ondary' offsnsive application for the weapon. Such contacts could result from

ac unanticipated ""chance'' contact during extremely poor sonar conditions, or
perhaps in the more likely case of a regained contact following a "f{ade~cut"
during the approach, use of the "primary" weapon having thus been provenied.

The significant difference between this case and the preceding one,.
insofar as the "system' and its probability of succeas are concerncd, is that
favorable target bearing and aspect ave less probable, and the attacker is
less likely t0 be at or near the "oplimum' depth. In such an "inadvertemt®
situation, immediacy is of vital coucern, and therefare ability to attain &
favoreble atiack position might be inhibited, A degradation in the quality of-
systam performance, particularly in the fire control, is also to be sxpected.
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. €. Submerged Attacker Vs. Submserged Targehi ¢ s '
y d Minadvertent” Contact Within Hydroduct Renge- &

"
ar il

This is the submerged~target comierpari-of the preceding case, -
and again presents the increased probability of unfivorsble bearing, aspect, &
and relative depths, and the urgency for-immediate stiack. its operational
background may be obscure, but ite consideration is warranted because of
the limited range of detecting the quieterunning, submerged target. The R i
possibilities of such contacts resulting from search in restricted areas such
as channaels, harbor approaches, etc., seem worthy of consideration.
Another possibility could be fallow-up search for-a lost contact, perhaps as
the result of submergence of a previcusly snorkellihg target.

d. Sabmerged Attacker Vs, Submergéd Tavgel; ] 4
Deliberate Closing to Hydroduté-Rangs

This is the submerged«target counterpart of-the first of the above
cases, and a situstion in which favorable target bearing and aspect, and opti-
mum relative depths would he sought during the approach. Such an attack N ‘
might be possible without logs of stealth if ihe sttacker were squipped with '
means of pussive detection sufficiently superior to thiit of the target. SSK's '
equipped with powerful array systems might exemplify such a possibility.

ﬁ There is aiso the possibility of attempiing to close to Hydroduct i
range making full use of active sonar, assuming that stealth has been 10st aa ;
a rasult of earlier unsuccessful attack-by Hydroduct or other weapon, or as ‘
a result of counterdetection prior to an attack. It iz conceivable that, undar : )
suck conditions, a high speed weapon might provide the only means of atteayi. :
ing to sustain an attack or sesk a follow-up opportunity. For example, the : 3
possible use of active sonar by a transiting submarine {o protect itseif Hop 4
- against a waiting submarged attacker could zesult in subinergence of the tar- 17

got and 1oss of passive contact. However, active search by the target having

been the canse for loss of stealth, active sonar could be employed by the

attacker to maintain the contact, and effort {o sitack could be continued by
means of echo-vanging,

- - - »

Although comprehensive consideration and investigation cf the preceding- :
examples would be required to detsrmine their feasibility, these asaumed !
casas provide sufficient variety {0 serve as .a basis for sxamination of the .

geaneral requirements of fire control and launching systems in the submarine.
vs-gsubmarine category.

3. SUBMARINZ.VS-SURFACE VESSEL:

Although the Hydro. ict could be used to attack victaally any highly vale-
nerable and lightly defended surface vessat, it is difficuit to conceive appre=
g cisble opportunity as an offensiva weapon in this categery. Its use in defense
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against attack by antisubmarine vessela, however, appears to offer an oxcei~
lent possihility, Although the submirine's initial effort-when under attackby
an ASY would be to evade and escape, aud the presence of the Hydroduct
would not be expected to alter this effort, the F-~droduct would provide the
submarine a weapon with which it could return ..ce whon brought within mrge
of modern thrown or propelled antisubmarine weapons., With presently con-
ceived versions of the Hydroduct, multipie hits would -probably be xcguired
to sink the ASV. However, a single hit would certainly hinder the attack and -
asist the submarinc's efforts to escape. The threat alone might greatly ime
prove the submarine’s chances by denying the antisubsiiarine vessel compleie:
freedoma o approach without fear of counterattack, One argument against
the use of such weapouns by a submarine under ASV attack is that the subma.
rine's presence would be confirmed, its location "pinpointed”, and its ad-~
vantage of stealth yemoved by the firing of such ordnance. On the other
hand, however, modern antisuomarine tracking systems leave the aubmarive
little stealth to protect when brought to close range, If the submarine faces
imminent destruction, having failed in its offorts to evade, thore should be
little reluctance to open fire on its attacker and to employ active accar to its
fullest advant age in the fire conirol.

--The evading submarine's probable effort to submerge to maximum depth
introduces one serious disadvantage to the use of Hydrodunis in: this applica~
tion. The submarine could not submerge below 300 feet of depth without
sacrificing the opportunity of using the weapon., This restriction would not
be present with the anticipated peyférmance of the Hydroducts , however,
sirce operable depths of better than 1500 feet are predicted,

Although this possible application for the Hydroduct is similar in many
respects tg the submerged submarine versus snorelling target case de-
scribed before, there are distinct differences which appear to be significant
to the fire control and the launcher, and o the over~all quality of the sys-
tem's performance. If it is assumed that the submarine would first attempt
t5 escape and would cpen lire only when its position were presumed known by
the attacking vessel, the submarine would be involved in evasive maneuvers
simultanecusly with attampting t¢ aim and fire the Hydroduct. Such maneu-
vars might include "zig zag'' courses and high submerged specds, which
would obviously have serious degrading effects on the fire control. Also,
since it is prcboble that the ASV would be astern the submarine, ability of -
the Hydroduct launcher to fire aft would be required,

4. SURFACE VESSEL-VS-SUBMARINE .

. The possibilities offered by the Hy-iroduei as an-antischmarine wespon
in this category appear particularly interesting, The advantage of being pro=-
pelled underwater at kigh apeed versus reliance on sinking to reach a sub-
merged target becomes increasingly significant with increasing target depth.
0 Some of the Hydroduct's potentialities for this possible applicatien are indi-
cated by the following comparisons to Weapon "A" .
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Weapon "A" (Note 1) Hydroduct (Note 2)

Maxiffiam range. .c.ccovsaessavoa 800 yd 1000 yd (Note 3)
Minimum range . ....covvvavcess 400 yd (Note ¢)
Missile
Diaeter:.....ccccvvevvvnee. 12,7510 9in
L cievsnssesessssenasses- 102.5 in 72 in
Wx’:.-.................... 560 1b 215 1b
Warbesd ..ccovicnransesassc. 26316 HBX 35 1b HBX
PUSe. ... ccviiionensarranans Influence Contsact
Lethal radius {est.).....0ccn. i9ft - 5%
'(riau toreuh'h’:gcctt 800-yards - .
approximately
Target 100 feet deep.......... IS sec (Note 7) (iNote 5)
Target 200 feet deep.......... 17 sec (Note 5)
Tavget 300 feet deap...oen.ce... 20 sec 10 sec
Target 600 faet deep.......... 28 szc - (Note &)
MOTES

(1) Values oblained from Reference 13, and do not include possibie improve=.
ments since date of that publiastion,

{2) Comparison here is made to present 9=inch version, although medificae
tion for surface-fo-submarine application would be probable,

(3) Maximum ussble rangs when fired from surface approximately 900 yasrds:.
(6} Minimum range would depend upon launcher trainability (in depression).

(5) At 800 yards range, target immune to Hydroduct above approximately
240 feet of depth becanse of trajectory fall-off,

(6) HEydroduct inoperabie below 300 feet.

{7) Based on air flight of xz seconds, and terminal sinking rate of 38 feet:
s per secound,

The figures presented here are meant for comparisons. only and should .
not be interpreted rigorously. Improvement in range of both weapons is prob«-
able, and larger versions of the Hydroduct could be developed for such appliie-
cntlou. perhaps with influence fuse mechanisms and larger warkeads, The

e of these comparisons lies primarily in the time to reach a target
300 fest deep at the 800-yard range. The "'dead tima" of the Hydroduct iz in -
thie case only half that of Weapon "A", thus materially roducing the probable.
evasion error of {he attack. In the camparieon made hore, the greater lethal
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radius of Weapon-A" {5 much in its favor, and its ability to sweep all possi-
ble depths of the target is a distinct advantage, particularly in compensating

for the large probable error-of depsa determination, Waapon A" further-

more allows no dapths of immunity to he target. The 300-foot depth limita-
tion of the Hydroduct appears to be a serious obstacle to its uss in this ASW
application, since its potential advantages over Weapon "A" are at the deeper .
depths, and an abrupt “‘cutoff' at the 300-foot level preciudes realization of -
these advantages. Development of the Hydroductor, enabling depths of 1000.
feet or better, would eliminate this obstacle,

The air flight of Weapon #A' has a dispersion of 50 feet at maximum ,
range, or a lateral dispersion of 20 mils. To this must be added the undera.
water dispersion, described in Reference i3 as "considerably smaller,"
Superiority of the Hydroduct in this regard seema probable if the presest
estimate of lateral dispersion can be attained. Depending upon the range and -
angle of water antry, the air dispersions of Weapen "AY are mz n'liz long’-
tudinally to give elongated sinking paiterns, which, if the target $ a2 iasd
from astern, are compensated by the target length. Because of the Hydro~
ducts suaceptibility to greater "vartical” than ""horisontal” dispersica, it
might possess no dispersion superiority ""longitudinally." Analysas to enable
direct comparisons of the two weapons would be required before firm conclue
sions could be made, but an over-all superioritr of the Hydroduct in this re-
spect seems posaible, ' .

Weapon "A' ia capeble of firing a tetal of 22 rounds in ripple fire at five-.
second intervals using a completely automatic "ready service" magasine, or
a total of 11,000 po