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File 1 ¥ay 1959

Armour Research Founcation Contract Nonr-2389(00) - lotes on A.R.F.
Final Report concerning Aerojet Hydroduct = liydroductor ¥Project

{a) (Clearsnce Hemorandum dtd 28 Mar 199 = incorporsted into Contract
160ar-2LL{2L) (CONF) with CIT entitlec "Hvdrodynamic Problens
Associsted With Underwater Jet Fropulsion" (Hestricted)

{t) Aerojet lir to ithe (ffice of Nmval Hesesrch, Atins Dre &e de Seymour
dtd 25 Oct 19L9 rconcerning compsrative performance of underwster
Powey Flants

{c) First anc Second Endorsements (UMt & iA: Pasadena) forwarding
Aerojet!s Froposal for Hange ‘esting of the Hyvdroduct and
Hdydroducter dtd 25 June 1972, O, (ode 1H3, Attnt (Dl F. He Tucker
{COnT)

(&) ‘iemo to ¥ile frem (o Lo ‘urng dic 31 Awc 193 (0. 234=00k)
outlinir; Frobable Deficiencies of Froposed Aerojet dycdrouvuct
and Hydrocuctor Ranje Testing rro, ran ((RF)

(e) demo to File from LT He Ducknell ditd 10 Nov 1953 (#ile i 23L=00L)
reporting or a vislit to ferojet in Uc¢l 15:3 concerning the
lydéreduct Contract Honr<1002(00) {Ci4%F)

() Jwudrd lir to CHO Ser 30992 dtd % Dec 1¥56 forwerdin; notes on
Hydroduct Pro/ran preperecd by Keldd of Sulrd and dtd 27 Dec 1555
{CONF)

~~
N

vemo to (I Roper from (o ke bums dtd 10 dct 1956 (GR 23L=0CL)
concerning. rough draft of Conference Heport prepared by ir. tongwer
s n result of 28 Det 155 meeting with O (COLF)

(n) &ar Azuss First inde to (M, Ser 010lL dtd 1Y iLov 1956 forwarcin,
Final reft of Conference Heport prepsrec by Mre LON;Wer concerning
28 Oct 1956 Heetin; with M&® (CUIF)

(i) Memo to (:¥ Roper from . lle Furns di. 27 rov 1956 (s 23L=00L)
recommending analysis of Hydrocuct and iiyiroductor vroject by
an impertial group (COIF)

~
S
~

Yiemo to CIF Roper from (o Be jurms did 26 Dec 1956 (¥ 23L=00L)
concernin; discussicns with VOL and (atholic University
i.eoresentatives (CUNF)

(k) “emo to CIE Hoper from Ce Fe lamn&-dl@ eI 8%y 1557 (4R 23L-00L)
concernlng cost of and future cupport of Hydroductor rro; ram
at Aerojet ((NF)

{2



(1) Annex "2 i5 contract lionr=2389(00) with Amour Hesearch Foundation
dtd 15 Aug 1957 (CONF)

(m) Lir to Dre. Kitier from Code 42%¥ dt¢ 10 Jan 1558 ontlining answers
to questione cencerning the Hydroduct ané liydroductor which had
been discussed with Aerojet (C :iiF)

{n) Memo to File dic 28 Apr 19% spcrti:‘.\' Confer
kesearch group, Apr 22 through 2k, 1958, concerning preliminary
draft of Hydroduct = Hydroductor Final Heport (CC

(0) A.#.F. Heport DIY3 dtd dmy 1948, entitled, "hvaluation of an
Underwater Eocket! (CONF) (Supsrseced by Sept 1958 Report)

(p) Memo from OiR/Chicago (Hr. tiindsk) to (ode L63 (ifre Burns) dtd
6 Jun 1958 concerning Final Eeport AR.Y. D143 dtd Hay 1958 { COWF)

(q) Aerojet ltr to ONE Code 429 of 10 July 1958 commenting on Armour
Report NM1h3 dtd Msy 1958 which was cancelled and replaced

(r) O Lltr (Code 1i29) 1o C. A. longwer, Aercjet (eneral dtd 16 Oct 1958
requesting return of Armcur teport k3 dtd 4ay 1958

(s) Hewo to File concerning telerhone conference with Dre Ritter of
AR, in (hicapo, I11. and Dr, Vincent Cushing of 4JR.F. in
Yashington, De (o and Mr, C. Be Zurns of UIF in Washington, I's (o,
2l July 1958 (CONF)

{t) AE.F. keport 1143 dtc Sept 1956 entitlec, "Lveluations of An
Underweter Rockei"

(u) O 1ltr Ser C19L7 to Aerojet dtd 16 Kov 1958, forwarding two (2)
covies of Hevised Armour liepori reference (t) for comnent as
previousl ajpreed,

(v) Aercjet iteport Voe 156 ditd Fet 1959 submitting Commeris on
Arnour Hesearch Foundation Report "1L3 ctd Sept 1968

(w) Aerciet .eport YNoe. LZ815=L3 ¢t 15 hov 1946 (Example of inconclusive
ests, liesults reported b Coniractor)

(x) Heao from C4 Fy Burns, Coce 463 to Uhk/Chiceyo {¥re Ke siindak)
dtd 26 Mar 1955, requesting Armour Resesrch to review the Aercjet
Feport 1556
Encl: (1) Copies of references (a) tirough {x)
1. Beginning in sbtout 1947 the Aerojet Corporation was lookin; for uses for
a metallic bese propsllent which they had developed and were attempiin; to
sell under the trade-nsme Alclo. One of *their interests was in the work being
cdone uncer our contract at CIT with Dre. E. Xnepp, under which we were atltemptin;
to solve some of tii2 problems associated with underwater jet propulsion. The
werk under this contract was pointed toward the de-.2lofment of a new type of
underwater missile as conisined in cleearsnce menorandum, reference (2). Ameng



the items incorpormied in ihe contract which wes initiated in April 194 were
déra. sffects; jet confi,urstiona snd bocy shapes as relnted to an ultimate
vehicle which it was hoped woald require no depth contirol or stesring at
renges lems than 300 varc¢s. In factl Aerojet had teen fcut in® on the efforts
of the Cermans to develop an ungulded short ramye underwater rocket for use
by their submerines; tut which would nave required the submarines to be
firigieve” Several other tvpes of underwater rockeis which had been under
c¢evelopment by the (ermans in World War Il were olso considered and referrsc
to Aercijety including the "lrsel Projectile" a short renge (100 o yarcs)
rocket wiiich could be fired by & subtmerine l:inj on ihe water cor bv a2 surface
ship # ainst enemv iair;els such ns ships of the "Picket (lass."

2e A work sl (1T coniinued, our releticnship with ire Knapp veceme sirained,
tecause his svalletle time had been overecomnittied and work on our project wes
peing deleved. Laler ferojet hired him as a consulient and this szain reducec
his time svnilable to work on our contract. This situstion became 80 critical
that this Branch allowecd the (I coniraci te lapse in 1953, ana the final report
was nrepared by Mre. Je P U'Heill who itook over I're Knapp's position, afier
rather extensive or anigstional changes within (iT. ihis report was rather
inrcorclugive and was not finelly completec until late in 195he In the inier-
vening periou, Aerojet had submitted a letter, reference (b) dated 25 Octoper
15L% to (oce L29, Attentiont UDire Le He Seymour, concerning "Performmnce of
Underuaster Power (lasis® gaon, wiilch were the Hydroduct and Hydroductore fthe
vehicle used to tesi ihe latter twe power plant itvpes piopulsion devices was
origirally o “K LS torpeco tody which later lock on the "Lyons" form, Lased

on work done at Y75 gno that vone b Dre Knapp sl (I7. OBince none of the
work done uncder Dre. fnapr at CIT or that done Ly Aerojet was conclusive, we in
Code L63 were rot enthusiastic about uidertskin. developuent of either the
Hrdroduet or Lydroductors

3. During the "Xorean trisis" in June 9.2, Aerojet submitted a formal proposal,
reference (c), to develer the Hvdroduct anc drdroducieor. After presentin; this
proposal, Aerojet put exiensive sales piessure on Codes Le5 and LO3 ancd perhaps
elsewhe:re to have the project activeteds. Iy resctiong snd objections to Aerojei's
proposal is contsined in reference (@) which ¢elineates the arems considered
bssgically deficient and wiilch woulcd subesequently sisll any sitempt to develop

an underwater missile except throuch a "Manhatisn FProjeci" type of approach.
bowever, O, including (i Fe Ee iucker, then heac¢ of the Armament irench,

were lookin; for s wespon and ny efforts to 1inlt the work 1o certain initisl
areas of research failed. A8 » 198ult, in September 1532, (ode L63 and Code L2y
entered into sn extensive developrent program wiih Aerojet entiiled *™Hange
“esting of Hydrocuct snd Kydroductor Test Vehicles." ihis situation was loter
verified, anc amplified by 1T H. Bucknell in his meno of 10 November 1953
reference (e) when reporting on the status of the Aerojet work as of 10 November
1953, He was not onlv concerned with their efforts to unreasonably advance
development, tut also their efforts to sell the Hydroduct as s weapon rathe:
than to "carry out research." In this memorandum, he advised CDi: ¥, Hs Tucker
as followa, "It is desired that furiher "sellin:® of the Hydroduct 85 & weapon
be held in ebevance pendin, completion of VAarious snalyBes." However, 8ction

to prevent further deve opment. was never irliiated by CDR Tucker for ressons
bevond my comprehension end we proceedec merrily on our weave Had work been




maintained at a bssic research level aven ai tiiis point the Lechnical deficiencie:
of the prcject would have been aware to all. e could also have saved a large
nercentage of the £1,3C0,000 spent by U'll, pius funds epent bty Lulrd and HOTS

on & project which was beset with Vbhagic deficlencles, yvet irented as a “cler -
cut development,”

L. The financins of the "Hanye Testing of Hydroduet and Hydroductor Test
Vehicles™ was divided tetween (odes L63 s8nd 42%., Certain elements of the
propulsion svstem development for the 7est Vehicle were supported by Code L
aunder Contracts Néori=10 snc Honr-1863(00) toth of which cover ;eneral projecis
in ihe fileld ¢f prorulsicn. Code L63 in Luwyn, zupporied only the .ange Teeting
of the "Jest Vehicles" known as the liydroduct and later on the Hydroductor

both under contract Nonr-l002(00). This program covered a pericd of somethin,
over five venrs and cost somewhat over §l,000,000 as pointed out in referonce
(ic)e Since all work under Code 427 contracts were not chargeable to the
Hydroduct or Hydéroduetor, we prorated thelr effort as bein; spproximately 600,000
nlus Code L63's expenditure of gpproximately §700,000. On this basis the
Hydroduct and Hydroductor progrem ag of Uctober, 1557, had cost the Office of
Haval Hesearch approximsiel: #1,300,000 wiich ¢id not include the use of
facilities =t Forris Dan that wers provided by the Bureau of Urunsncee. Neither
c¢id it include the salaries or overheacd of personnel at the HUTS fecility who
assigted lerojet to carr: cut the iest programe

e in carryim work in this program, it should te bore in ..nd thet the original
requirement for this t pe of undsrwater weapon was S0C yards -- an exiremely
short ranje == end 1000 foot depin, ihie latter sn exiremely optimistic hopee
The wespon,as envisioned, was to be firec¢ frox one of our submarines g2 ainst an
eneny satmerine or surface ship and would carry a relatively small warhead,

Un this tasis tire orlciral vehicle had heen considered as carrying a 10 pound
warhesd but after review and discussicn, this was increased to spproximately
30 pouncs, thus vasically fixing the configuration of the venicle which Aerojlet
was planning %0 design and develop. From time o time an examinstion of the
work Treing done hy Aerciet indiceted that little was bein; accomplished as
previously mentloned by LT Fucknell in reference {e) and that we were emeshed
in a development snd sesles pitch tvpe of pro.ram for which fundamental basic
weapon desi.n knowled e was lackin:ze. Iin addition to "short comings" such ss
depth sensitivity, lsck of depth and agimuth control, and fluctustions in
flight velocity other adverse factors yelated to the ceatustion and propulsion
systen were evide t. Some of the test results indicated that the Hydroduct
fired in shallow wster and for short ran.es 300 to LOO feet nad a fairly flat-
trajectory and mi:ht be useful for scme application other then a submarine.

At one time 1t was 8u;; estec the Hydroduct mipht be usec¢ in shallow underwater,
fixed insinllatior as an sntietorpece motor boat defense weapon or as & defense
weapon ayainst sinilsr saneak attacke by laryer ships, It was clear, however,
that it would we difficnlt to increase the ran.e of this type of device and to
fire it from varisble depthsg because of i‘s "depth sensitiviiy® and lack of
reimuth control, In addition, there were many more problems to be molved
before it could become & weapon, includin; seslin; & asinst waisr pressure at
vorious depths up to 1000 feet.

6o Ihe status of the Hydrecuct and Hycroductor was retie:r helero;eneous as
far rs the Zureau of Ordnance wae concernec, althou;h notes prepared by ihem



snc forwerced to CHC Ly reference (f/ indicaied Lhat ihere were some pecple
in that iuresu who hsd an idea thet the Hvdroduct ml:ht be placed on the
shelf ss s finished cesign or transferred Lo BuUrde Actually this hope wes
not borne out since furiher research snd deveiopmeni La3 demonsirated that
the “-drocuct and Hydroductor were bhoth ®depth sensiilve", lacked rance and
do not have underweter trajectories necessary o "kill" underwater or surface
tar;etse A recert review of reference (f) sgain indicates thet it was uore a
“staiement of ihe work" than o weapon mnsliysis. Actually the requirements io
be met by tre wesnon are rot spelled out, neither sre the teciical situastions
unaer which it could be used sisieds Had any one or sll of the several
{mportant factors been considered, reference (f) woulcd have been a useful
cocunent. rether Lhen to have indiceted that the "weapon and lsuncher" are
regarded as approximatelv resd for vlacing on the shelf or transferring to
HuOrc e

7e im Qctober 28, 1556, a meetin; ‘etween representaiives of their lranch anc
(oce L2% and Aerojet wes held to discusms further support of the iange Testling
Propram. The purpose of this meeting as i1t turrned oul was an attespt to "Sell
this Brench" on the ldea ihat further support of tihe Aerojet Hydroducior project
was worth wirilee The results of this meeting sre swmmarized in references ()
ancd {n)e i1 will Le noted that while some of Aerolet's effort wes besic, most
of ihe work with respect to the Hydroductor wes "cut and trye" In other worcs,
they were attempiing to develop cosponents such 88, sn "iynitor" that would
function uncer one set of specific starting conditicns ihal were critical cue

to Yseguences" ‘hew were also stiempting o develop a new "after end® of the
misslile degijned ‘¢ "eliminate depih sensitivit-e.% In sll of these approaches,
theyv were atlennting io develop yadgels or compornents and assemble into a unii.
Refervace (y) outlired mv cisacreement witl: any further support of this cevele
opment and alsc sug estec thet 1f we did any furtler worky it -should be at a
research level and thet we shonld secure the seivices of a fecllity staffad

to do baglc research. A3 » resuli of this situstion, this Iranch withheld
furiher support ol the Hydrocducieor program pendin; resulis of some tesis widch
Aerojet was zoing to run with a Prew configurstion® desiznes to elininate %depth
sensitivity." Realigin; that furiher iesis by ferojet could not be conclusive,
1 prepared reference (i) in which I #.ain pointec oui areas of deficiency in
the Hydroduct and Hycrocuctor cdesijns which should be investigated before we
put any more money in the program, slso the little likelihood of achieving
"depth _nsensitve" Reference (1) =lso pointec out that if Codes LOO and L&O
felt thet ithe Hidroductor program in 1is present form should be continued, they
should give Code 1129 funds for conpleie support Meven though there ig some
doubt whether the work should be cdone or telon;s in the latter coces" In ihis
menorancun reference (i), it was further recommerdec that we withhcld funds
desired by Aerojetl to "eoniinue range testing® until an indepencent analysis

of the Hyroduct mnd Hydroducior progresm could he mace b an "impsrtial croup.®
Heference {j) summariges the results of our ciscussions with NOL and Ir. lertafeld
of Cathollc University concerning our desire to make sn impartisl analysis of
the Hydroduct snd Hydroductor Progrem. Later on cther proups, including the
Cniversity of Uiah and Armour Hesemrch Foundation were contacted to learn
whether they were interested in this sort of pio,remes As a result, Dr. A. L. ditter
of Armour Hesearch sutmittec » proposel in which he esmsentially outllinec s method




for the snalvsis of the Fvdrodact and iivdrocuctor Hissiles. ieference (k)
vhich was prepared in support of tne Armcur proposal, ocutlined our difficalty
of arousing the interest of potentiel contractors 16 d¢ ithis analyticeal work
and pointed cut that the Armour approach was accepiable. This reference also
celineatec the excessive cost of the Hydroduct and Hydroductor progrems which
had preduced nothing, bui had cost over 1,300,000 as of Hovember 197, In
addition thig memorandum recomnendec we undertalbe the stdy with Tre Ritiers!
zroup al Armour Research Foundmtion in ihe hope thei. we would obiain useful
informstion which mirht rdirvect our future efforts in the underwater rocket
fielde

fe He;otiations with ihe Armour Hesearch Foundation and ilheir representatives
resulted in Contract tonr-2339(00) under which they were suthoriged to begin
wvork on 15 August 1977 in accordance with reference (1) which is Annex "A" of
the (ontracte Iin the meantine, this oranch forwardecd to Amour copies of all
reports which had besn received froa ferojet under contracts Kbéoriel0, Honre
1863(00), anc Nonr-1002(00), thet is those reporta which were periinent to *he
dydroduct snd Hycroduclor research and development progrsm. Dre Eitier and

his group in reviewin: these reporits founc thet there were other reports
mentioned which were slso pertinent te the projects The Chicage Eranch Office
w88 requesiec to obtain ithese from the several sources end furnisn them to
Armour on an iacefinite loan basis, In the meantine, Ire Kitier and one of his
repregsentatives came ic Yashington to discuss a muaber of technical problems
ancd presented & list of ‘echnical questions wihich he woulc like to have answered
by Aerojete OSince Are S. We Loroff of Cocde L2% was  oing te visli Aerojeti, ih
list of detail iechnical questions wns taken up with him for a discussion with
Mre Te Ae Gonguwer of Aerojete ldre loroff, upor his return from derojet prepared
a letier 1o lr. 3diter, doted 10 January 1958 in whichk he set forth the answers
he had obtained as o rvesult of his discussion with lire vongwer of Ascrojets

These answers which sre contained in reference {m) were not conclusive and both
Tire Hitler and the writer hsd 8 {eeling Lhet other iest dala a8 well as infor-
mation considered propietar: by Aercjet, (or not officially tronsmitied to the
Office of Vavel Research) was beinp withheld, In view of this situation and
since we were dealing with besic engineerin; principles, further effort to
cbiain iesi datr or other informaiion from Aerojet was not presseds The analysis
was coriinuec on o theoreticsl basls using all bone-fide Lest and other data
which hac been presenied in report feorm te the Office of Haval Hesesrciie

9e In earlv April of 1%:%, we were advised tnat the preliminary craft of iie
Armour Hydroduct and Hydroductor report was ready for reviewe Accordingly,
Mre Re Mindsk of the Chicago Pranch Office ard the writer met with the Armour
Resesrch ;roup in Chicapo on April 22 through 2k, 1958. The purpose of tiis
meeting was tc go over the draft of ihe 1eport with Dr, Ritter and his group,
congisting of iessrse De Ss lincker, Paul lieberman, asnc several others who were
called in for specific items contained in the reports As a result of thls
neeting, a lar;e number of cerrections, both typorraphical and technical were
uncovered, 1n perticular, the conclusion portion of the draft required
revision both as to scopve and conteni since they were toc brief to "stsnd

on their own feet.™ In addition, the corclusion did rot clearly delineate the
real differences Letween the Hrdroduct and Hydroductor tipes of missile. Some



of the typosraphicel errors both in text and on thie graphs in some instances
distorted the entire mesning and were at varisnce with the conclusions. As &
result of their review reported in reference (n)all of ti:e proup fully agrsed
that a comprehensive review and correction pariod was necessary to insure a
factually correct report. Actually the Arzour ¢roup not only agreed te under-
take the review and make necessary corrections, but also indicated they would
include any other item which further stucdy revealed as pertinent to the revised
drafte The gquesiion of further reviewin: the revised draft was also discusaed
but since there had beern no disa:reement as to the need or tvpe of correctiona
required, it was su;gested that the Ammour croup mske all the necessary corrections
and revisions without further review on our part. Ii was agreed that after

a ithoreugh review within their own or:sanigzation, the report could be relessed,
‘he Armour ;roup proceeded on tils tasis and in late Hay, 1958 releamsed for
distribution reference (0), which is ARF report lh3, dated Mav, 1958, entitled
"Tvaluation of »n Underwater Rocket! (CONF).

10. A copy of ALF Report DLL2 dstlec sy 1958 had been transmitied to Mre He lincek
st the ‘hlceyo Ersnch Office in accordance with the distribution liet and he
¢alled me on the phone io advige that from his firsi reading il appesred the

report had been distributed w’thout proper corrections and that Armour wes
preparing e lengihy "errata sheet! which they were going to distribute in an
attenpti to clear up the ervorse Subsequenily, iir. dindak followecd up this
telephone conversation with a menorandum reference {p) in which he delineatec

scme of the more flagreni errors which had not been pointecd out in our discussions.
A copy of this report hac elso itransmittec to Aerojet by Code L29 which wes
contrary 1o our s; reement since we had set asice two coples o e report for
their official review and commeni. This turned out to be a serious error since
Armour had rot revised the draft before iueuing the Final Report. On this basis
fercjet's unfavornble resction, as outlined in reference (g) are nct on fim
fround. Ye contacted Armour and requested trev recall all coples of the report
sr also asked (ode L29 to do likewise with Aerojet. In refererce (r) Code 42§
askec Aerojet tu ciscouni the Armour Repori #nd return their copy to Oihe Their
cop- of the repori wnes returned but not until they had reviewed tne uncorrected
report which was their basis for preparing reference (q) and agein raising

their , eneral objectiors to our havin; Armour do the analysis indepenuvenilye

11, Ouviousl: the ilssuance of an uncorrected "Final Eeport" hacd created en
unsavory sitnation and placed us in a position for ell soris of criticisme

During conversations with Ure. Ritier of Armour he was askec to trin; a copy of
the errata sheel thev had prepared into our Cffice for discussion. As 8 result
of his visit to this Office and discussions, we opposed "the errats sheet

method" of correctin; & poorly unrevised, and uncorrectecd reporte Dre Hitter
was very disturbed bv what had happerned snd asked for time tu discuss tihe

entire situstion with the A:mour Research Foundstion manassement of his , roup,
namely Dre Vincent Cushinge On 24 July 1958, Dre Cushing visited this Office

snd gusvested we arranse 8 telerhone conference with Dre Ritter in Chicago and
Dre Cushing and the writer in this Offices This discussion ocutlined in reference
(8) resultec in Dr. Cushing deciding thet the final repori dated Hay 1558 ss
prepsred was in poor teate, had not been proporly edited or correctsd and siiculd
not have been reproduced and distributed. He directed Dre itter to take the
necesssry action to prepare e new finel report in correct fom end context and
re-issuc to the holders of the original documente The new report dated September
1550, reference (1) was subsequentil: compiled snc distributed with the request




that ile previous copy cetec Mav 1950 be returned (o Armour or cesiroyed
in accordarce with existing regulation.

12. wo copies of the Septenber 1558 Armour Keport were slso transmitted to
tercjet by reference (u) with the request that the; submit their comments to
this Office for review and distribullon by this Brancn to holders of the
Armour September 1958 Final Reporte The fact thet we had gone snead with an
independent analysis cf Aerojet's Hydroduct end Hydroducilor program and had
issued a Firal feport thet indiceted basic difficuliies in their vehicle desiin
resulted in ¥re (o Congwer's preparation of reference (v), in fact their
review of ihe corrected report dated September 1958 as contained in referance
(v) is an elaborate attemnt to defend their Hvcroduct and Hydroductor Programe
In this report Mre Con:wer alludes to '"other experimentsl evidence® conteined
in receni reports which had not been aveilable to Armour, %iiis rather pointed
ststement was checked and iound cenerally ircorrect as all reporte found
ava'labtle under the contracts had been sent to Armour officially. In addition,
fire Loroff of Code 429 had visited Aerojet and obtained specific irformation
desirec by Dre Hitter which he had trensaitted io Armour by reference (m).
Consequently, !ire ionwer's feeling that we dic¢ not attempt 1o sccure all daia
is fundamentelly incorrecte If dalm was mlssed it wes because it had noi been
included in the coniraci reporis by Aerojet or was insufficient gtatistically
1o be of real value to Armmours An exnsple of this latter situatlon is contained
in reference (w) which incicates that meny of the reports furnished bty Aerojet
contain 1ittle if any Ysuksisnce". The fact that we ¢id not request Aerojet
to 81t in on the Araocur Siudy or review their work was that we wanted an
independent analysis on & non-interference snd nonesales basis,

. I
13, ‘The writer im co,nizant thal while the Amour Report of Septeaber 1958
ig ot a perfect cocument it attempis to celineste the basic technicsl 'deficlencies
of the lydroduct = Hydroductor program and thet in so doing it "siirrec up®
nolitical implicationse The writer wes also disappeinted when Aerojet subtmittiec
reference (v) coniainir; their comments on the Armoar Report of September 1958
to the entire Jistriution list without adviging us of this sctions, As a
ronsequence ir: reference (x) we requesiec tlhat Armcur review Aerojet Report Ho.
15.6 and submit their comments for our reviews Pencing receipt of their comments
the followin; is a swwsry of amy review of Aerojet fevort Hoe 1556 which
essentiall: 1estates their belief in the Hycroduci and ivdroductor Frograse
However, their remort cdoes ncot mention eny of the following 1ecorniged deficiencies
or adverse factors in their progvam nor cdelineste how thev can be correcteds:

(2) Lack of a flat or icentical tiajeciory except at snori ran:es
{estimated 20 vards or less),

(b) Design factors preventiny an incresse of flat or identical
irajector+ to 50C to 1000 yards,

{¢) Taciicel deficiencies of the present devices for use in a
weapon system havin: & ranre berond 250 varcs (assuming that
adequate detectlon and fire conirol equinment is available).

(d) Logistic disacvante;e of "flock shooting™ of the riydreductor
t've nissile from; a submarine, a swrface siilp end fixed
installaticns,



(e) Lack of "depth insensitiviiy® sc that either the liydroduct
or Hydroductor could be fired at various depins and yet
retain a flnt or identical irajectory.

{f) Heans for controllin: the irajector s for vsrioue depths from
100 feet up to 1000 foet,

(g) Means for overcoming adverse effect of tuoysncy at short
ranje 2°0 vyards and at lon; ran:es 500 to 1000 ysrds.

(h) Fundamental reasonin; behind elimination of cepth control

when obvicusl 1t is needed if rences in excems of 250 yards
nre required to kill the targete ("Excepi for "flock shooting™
from & fixed underwatler installaticn where ranges up to 1000
vards apaingt a surface target might be conseidered in spite of
loristic problems’, . However, under these condiiions we should
compare the Hyuroduct = Hydroductor sysiem sgainst 2 mine field
for effectiveness).

(i) Fundamentsal reasoning behind elimination of agimuth conirol when
obvicusly ihe tiszrget is moving with respect tc the missile
launcher or carrying ship and some azimuih control is needed,
excent for "flock shootin " at shori range. (Experience hLas
ghowr: that "lead angle®™ and "cead ti e" are iaportsnt items when
firing sgainst high speed tar;eis. Un this beslis the hiyh speed
(100 knots) of the Hydrocductor czmnot be fully compensatin, and
gome sort of contrel or homin: seems needed particularly st
ran;es of over 250 vards or when iarget is capable of evading)e

e In summary it is clear thet during the first pert of ihe prosram we could
have easily verified the deficiencies or thie Hycdroduct and Hydroductor pro.ram
at a very low cost had such an approsch bheen approvede In addiiion the
cancellation of the 00 vard renge requirement in the "Original Cperational
hequirement® Ly (I could have been used to recasi the work being done by
Aerojets Al least we could hsve saved a lar: e part of tine manpower and funcs
put into 2 program which hed so little in its favor with respect to its
cevelopment as a weapon for inclusion into s worthwhile weapon systeme
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VR 230-042/3-1h-k9 Restricted
Néonr-2Lili2) March 28, 19L9
California Institute of Technology

o Negotiations

On February 21, the Office of Naval Research wrote the Hydrodynamics
Laboratory requesting information as to whether the Laboratory would be in a
position to undertake a research project on some of the hydromatical problems
associated with underwater jet propulsion. This Office advised that if the Labor-
atory was in a position to undertake such a program that a proposal should be sub-
mitted prior to March 10, 19L9.

By letter dated March 3, 19L9, Miss A. He Walter, Contract Administrator
{for the California Institute of Technology; advised the Ios hageles Branch of the
Office of Naval Research that the program would be undertaken under the direction
of Tr. Robert T. Knapp of the Institute staff covering a one year period at a total
estimated cost of $30,000.00. Miss Walter further advised that an alternate budget
for a one year period in the amount of $45,000.00 was also being offered for con-
sideration by ONR. Enclosed with Miss Walter's letter were six copies of a pro=-
posal covering the study of the hydromatic problem associated with underwater jet
propulsione.

TI. Tescription of the Vork

Under this proposed Task Order the Contractor will conduct research in
connection with hydromatic problems associated with underwater jet propulsiom.
The prorosed research as planned will underteke to investigate the following:

(a) The effect of gas jets on the Stabl]_lty and drag of an underwater
g J /e
missile.

(1) The determination of the effect of the presence of the jet
on the pressure distritution on the surface of the missile
body ahead of the jet.

(2) The investigation of the factors which fix the size and
shape of the gas-liguid boundary of the jet. Come ¢f these
factors sre volume flow rate of the gas, velocity of the
missile, rate of entrainment of gas from the jet by the liquid,
and submergence. (ie Depth)

(3) Effect of yaw of the missile on the shape and behavior of
the jet and the influence of these jet changes on the pressure
distribution on the missile body.

(b) Body shapes suitable for underwater rocket propulsion.

(1) The analysis of body requirements for satisfactory underwater
missile performance.




(2) The effect of the jet on the cavitation characteristics of
the body.

(3) The effect of body shape on the prevention of forward mi-
gration of the gas along the missile body.

(c) Design of a hign speed, unguided straight line trajectory, short
range, rocket propelled underwater missile.

I1I. Information Regarding the Contractor

The California Institute of Technology has the necessary facilities and
trained personnel for successfilly conducting this research program. In addition,
the Contractorts free-surface water tunnel is well =dapted to this study. Instru-
mentation and high-speed photography equipment will be available for this work.

The jet propulsion laboratory, which is located off=-campus from the California
Institute of Technology, which is currently performing Bureau of Ordnance Contract
NOrd-9112, will if necessary provide equijment and other available assistance for
this program. The Office of Naval Research is contributing aprroximstely 25% of
the funds under that contract.

IV. Analysis of Cost Estimate

The budget for a one year period beginning April 1, 1949 and ending
March 31, 1950 is as follows:

Staff

Research Engineer #5,L00.C0
Research Assistant 3,600.00
Part-time service of Hydrodynamics Laboratory
staff ($500 per month)(L% of $12,500 per mo.) 5,000.00
Supervision by existing supervisory staff 1,000.00
TOTAL $16,00C.00
Overhead L0% of staff salaries 6,100.00
Total Staff 322,1,0C.00

Completion of high pressure air supply for jets
and modification of existing equipment for jet
studies 2,500.00

Model and instrument construction 2,500.00

Operating supplies, photographic materials, books,
report preparation, etc. 1,700.00

Travel (Two round trips to Washington, T. C.) 900.0C
7,600.00

Total $30,000. 00




V. Overhead

In accordance with an agreement between Mr. Fitzpatrick, ONR Cost
Accountant, and Mr. Green, Business Representative, CIT, the subject Task Order
will provide for a fixed overhead rate of L0% of direct salaries and wages.
The rate will aprly from April 1, 1949 to March 31, 1950.

VI. Subcontracting

No subcontracting is contemplated under this Task Order. However,
one item of the budget specified an expenditure of $2,500.00 for model and instru-
ment construction.

VII. PFacilities

As set forth in paragraph TII, hereof, in more detail, the Contractor's
facilities are adequate for this work.

VIII. Other Pertinent Information

The Contractor will not accept foreign patents clause or the new termin-
ation clause. The same shonld not be included in this Task Order.

i¥. Reasonableness and Recommendation

Based upon the information set forth above and the recommendation of
the Scientific Branch, Office of Naval Research, this proposed contract appears
to be fair and reasonable to the Government,

James F. Bail
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b, Ueine AJuminum and Pctassiue~Perchlorate as the fuel,

{1} Hydroduct
(2) Hydroducter
{3) Condensing Steam Turbine

c. Seifecontained rocket with conventicnal fuels,

b The fact that the Mark L0 envelope will cavitate when operated
near the surface at some speed less than 80 knots has been neglecte
Presumably the length could be increased and the diameter decreased, keep—-
ing the displacement and resistance about the same, 7ith these chesnges
the Mark /0 envelope would not cavitate until much higher speeds were
reached, The envelcne cavitaticon limit does noct invalidate a comparison
af the power plants, and we are therefore justified in using the Mark LO
for comparative phrposes.

5e The perfermances of the varicus power plants are presented as
ots of speed versus range at different depths. The result is a family

pi

of curves on each chart, each curve showing perfomance zt a different
depth, Thesa curves can be considered as contour lines on a topographic
nap resresenting a surface inside 2 cube with the three axes, speed,

range and depth., Wherever 1% coula be dome readily, cuvrves of ucnsaanz‘j
2 s 4
have beern included on the plots. /5 is deflined as Zmo Where wyp is the
W'F *» " r

fuel {low rate and w, i the free water flow rate. 4 i3 a useful parameter
th

for application ‘o the Zwicky wLniverszl rust equation:

| / v A e
Us | . 1 ) R VER/RY
Uegs = == 1 /4 -1 \/1 SR A (1)
3 pl |
1 s B
whers: U,pe is the effective exhaust velocity of the fuel = T4, x
-

U, is the forward velccity

¥ x W*L is the fraction of the calorific value of the [fuel

is converted to useful work on the free stream plus propeillant masc.
his woric annesre zs part of the kinetirs energy of the exit jet.

6. To keep the charts as comparative and pertinent as possible,
some arbitrary assumptions have been made, Thls was necessary, since
otherwise g rigorous and detalled design analysis and some experimantal
investigations would be required for cach installation,

2. One of these assumpt 3
available to each power plant. For comparative purposes the engine-like
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power plants were zllotted 1 cubic foot of fuel each., In this category
are the Pump jet, the Hydropulse and the Steam Turbine drive. One cubic
foot (33 pounds of lithium) is mugmv the smount &f fusl the ¥k Lo
iorpedse with a pumpjet power plant is designed to carry and is 2z
reasonshie figure on which to standardize. Begause of ite high density,
this wolume permits carrying lLL pounds of Al + KC10j, propelliant for the
_steam plant, The fuel allotment is not based on welght because this
factor is relatively umimportant for ths type of misstile being considered.
Energy density and the volume required, rather than the weight of the fuel,
are the significant items {or unmdervater missile power plants. The simpler
Jet and rocket power plants are allotted two cubic feet of fusl
the reduction in the ampunt of machinery makes about this much more fuel
space avallable, while maintaining the same over-all volume for power
plant and expendables,

b. The hydrcpulse, when operated with magnaliwm, would give
the same performance as when fired with lithium, only presumsbly it could
rnot be adapted to a missile of this small size and is only of interest for
larger craft,

~

c. For some of the engines, range 1s directly affected by
cisncy, ¥ ., which is affected by the back pressure, P;, and

Ty o 3 ¥ - 3 - -~ . - - N 3 3
. The higher ihe maximum practical reacstion chawber

a® r
pressure, P, the hlgher the pressurc ratio &, and thus the efficiency
g

ssumed that strength and pressuriz-
of F_ over Py %o 1500 psi so that

Po - Py~ 15C0. The pressure ratic 45 then about 3:1 at 100C feet.

attainable =2t depth, will be 1
ing requirements will limit

o Using the maximum reaction pressure assumed above, the

......... P2 et H

variation of ‘,',,‘ vith depth can be computed by the annlicable farking cycls

formula.
i <1 - Fq \ g ,
/ i - ! (2)
t 1 -
\ Pd + 15

The value of ¥ was arbitrarily taken as 1.3, a representstive vslue for
G ?
#0681t vi ine working filulas, Eguation (1) gives the foll: ing table for

7 ; Yersus depth:
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When the thermal efficiency ©f the hydropulse is determined considering only
the heat in the hydrogen as cvailable, gocd agreement with the values sivan
in Table I is obtaired. Of all the other power plants covered herein; only

the self-contained rocket approaches the values of the 7)) given in Table I.
L zre not completely accurate either, bul seem

\

Il
guitable for comparative purposes, in view &f the other assumptions it has
beer necessary Lo nake.

8. PUKPJET

"5y
vy

O]

the pumpiet operated with lithium, the fcllowing
calculaticnsg apply:

= 3 P4 1wy} B
y SpECLIIC impulLse

U = velocity - feet/sscond

2
Thrust = KV® pounds
K = ,3126 for V in kncts
. or K = ,1093 for V in feet/second

Vi « fuel load in pounds=

= E [}

£ pood experimental performarce value for the turbine is 2.2

pp— P B I O O —t o S | e TS - <8 d o e - | S & o

puunuu i LA Lild i ?'ti 251, YOV I vy QCEJE;WY'.X g ad Il asrra 4 Lo CAW‘J wTa Y iim v i %3
effective propulsive efficiency =il te 57%.

Therefore, the fuel consumpticn is 2,2/,57 = 3.87 pounds of
lithium per thrust horsepower hour,

The value ¢ 3.87 for cver-all economy is related to the product

O V by the following formula:

MRIDENTIAL
a & Nas
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I, x v = 22989000 | 13 000 propulsive foot pounds  (3)

i | e mapmmar Lop o eWes o
- per pound oi Lé‘uu\i

where 1,980,000 is the foot pounds in a horsepower hour, and Igpx V is
the foct pounds :f prepulsive work per pound of fusl.

Range, S, times resistance or drag is equél to the propulsive work
per pound of fuel times the pcunds of fuel available, so:

SX KV eI xVxw

Igp x VW

This is the range and speed relationship at the surface. T¢ obtain
range vs speed at any depth the surface range for a given speed is
multiplied by the ratic of the thermal efficiencies, at the desired depth-
and 2t the swiacé, This ratic is obtained from Table I. A charge in
thermal efficisncy directly affects the range since it directly affacts

the ‘S,p x V¥V, or the foot pounde cf propulsive work per pound of fuel.

Propuisive eificlency also affects this quantity, but it is & function only
cf the ratio of jet velocity to advance speeds ang would not vary with depth
or speed for a given design,

Thus; by the definitions of %  and 7
o p
Iep V.= hed Nen 7 (5)

he is the calorific value of the fuel

J 1s the conversion factor from heat units to mechanical units

of werk
1=l
n o oF P‘i—\ 4 ainl varies oniy wiih depih or F./ P
ith - * ;T’- ; o [«
v C g
Y i and varies only with a3 which is indspendent
' -  a ,

2 + SR

v cf speed and depth for a given design,




RN T EEETRIER W s
e —~—p

Office of Nawal Ressarch -6 25 Octcder 1949

‘?h&-rﬁdﬁo-ﬁt%ﬁmwwmv.

9. N
For the hydrepulse the curves ars cbtaired in the smse way -du‘,
in this case, mmmvnuots.zmamnw
power hour obteinsd 3t the surfece.
10, ETSOTGROsE
For the hydreturhoiet the curves are cbtained from sn emperi-
mental specific impulse of 1400 sec. for surface operation end are adjfusted

by the same derth law as befors. The value of T/Puwmcud speed
in this case since AV/V ic not independent of speed as before,

1. HYBROBYCT
For the hydroduct the value of P_ - P; is sgi equal to the ram
pressure. Therefors, the pressure yuls, and hemce ¥, is adjusted for
depth and speed by this consideration. Tp is slso adjusted for zpeed., The
curves are based on an experimental specilic impulse of 1200 sec, for sur-

fans cmarati The alwmd e g.--.&mnvq—h :gv\a.\‘ ant sdvas ~an.

e e & SEmEEI v PaTww wwes

siderably greater range than lithium because of its greater enargy density.

l2.  MIDBOVCTOR

For the hydroductor each peint of speed and depth is computed
sepurately. 8ince no experissatal performarce figures wmare svzilable, the |
celculated ranges were multiplied by 85 to allow a tyypical reduction from ]
theory to practice;

13. % ING STEAX TURBINE

For the condensing steam plant neither 759‘ nor 7)p is

affected by depth or speed, and the range curve at the surface applies at
all depths. A word of caution is offered in regard te this promuleiom
system because its successful operation is based on a process just being
dcveloped This is the burning of the aluainum plna potaﬂim-porchlorlta
propeiianit in leng irains throug: We meial LIoGK Of e EWeem o aauar. The
cepacity of the condenser and boiler mf&e& 12 20 restricted az to limit

ths speeds atiaingdles with this system to L0 kmots,
1L, SELF-CONTAINED RCCKET

For the se¢if-contained rocket power plant, the allowable chamber
pressure was assumed to follow the same law a3 for the hydropulss and pumpjet.

MBI P Y atT
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in this cade, however, the range varies as the square root of 7y, instesd
of as the first power of 7., as it does for the cther types previsusly
discusced, It is assumed that the nozzle throat would be increased in size
with depth to hold the thrust constant at a given speed, This would
necessitate varying the propellant flow rate. an I,p of 200 sec, was
assumed for surface operation of rocket motors. The pramigive affieiency

of roeket driven vehicles {s proportional to forward welocity in the speed
range oovered by this analysis,

AERCJET ENGINEERING CORPORATION

JS:CAG: e

DOWNGTRADTD AT 3-YLAR INTZIRVALS
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